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A  Environment Fund to provide 
uies. 

nvironment Coordination Board under the chairmanship of the Executive 

addiionaI financing for environmental 

The General Assembly of the United Nations at its 27th session late in 1972 adopted 
Resolution 2997 (XXVII) declaring itself "Convinced of the need for prompt and 
effective implementation by Governments and the international community of 
measures designed to safeguard and enhance the environment for the benefit of 
present and future generations of man". 

The Resolution stated further that the Assembly was "Aware of the urgent need for 
a permanent institutional arrangement within the United Nations system for the 
protection and improvement of the human environment", and proceeded to create: 

1. A Governing Council for the Environment Programme composed of 58 
member countries elected by the General Assembly. 

2 	A small secretariat to serve as a focal point for environmental action and 
coordination within the United Nations system to be headed by an Executive 
Director elected by the General Assembly on the nomination of the Secretary 
Generci1 
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FORE WORD 

From the first session of the UNEP Governing Council, held in June 1973, the 
importance of environmental issues associated with industrial development was 
recognized and a programme of activities on environmental problems of specific 
industries was initiated by the Executive Director. 

One of the industries chosen for evaluation by the Governing Council was the agro-
industrial sector. In view of the expertise already available through FA 0 and the 
desire to make maximum use of existing U.N. activities, the evaluations in relation 
to the agro-industrial sector were undertaken jointly with FAQ. The first of these 
evaluations was on the subject of residue utilization in agriculture and agro-
industries, and a seminar on this subject was held in Rome in January 1977. 

This report gives the Proceedings of the Seminar, which includes the background 
papers prepared for the Seminar, as well as all the documents presented. 

The views expressed in this report do not necessarily represent the decisions or the 
stated policy of the United Nations Environment Programme or those of the Food 
and Agricultural Organization of the United Nations, nor does mention of trade 
names or commercial processes constitute endorsement. 





Introduction 
The Seminar was held in Rome from 18 to 21 January 1977 under the sponsorship of the 

United Nations Environment Programme and the Food, and Agriculture Organization of the 
United Nations. The Seminar was organized jointly by both organizations as part of their 
responsibilities and concern for the protection of the environment and the need of increasing 
food supplies. 

World food and feed production barely keep pace with popilation growth and reserve 
stocks have declined.. The traditional method of increasing food supplies is to pit more land 
into production and to increase the out jut per acre through the increased use of fertilizers, 
energy and improved genetic strains. It is equally important to obtain the maximum benefit 
from the existing agricultural products, especially from that portion which generally is 
considered a waste and can result in air and water pollution. 

In the context of this Seminar, wastes from agriculture and agro-indus'tries are the 
excesses and residues from the growing and processing of raw agricultural products, such 
as fruits, vegetables, meat, poultry, fish, milk, cereals, roots and tubers, and trees. 
These wastes are residues of production that have not been effectively utilized. 

With the developnent of intensive production and processing methods for animals, crops, 
fish and forestry, the problems of agricultural and agro-industrial waste management have 
drawn increasing attention. These problems are two-fold: under-utilization of available 
resources and environmental hazards. 	-nsiderabie experience has already been obtained 
in certain aspects of residue utilizaticn :tnd pollution control. However there remains an 
urgent need to use and develop environmentally sound technologies, adapted to and compatible 
with the economic, social and political situation. The ultimate goal is the better use of 
residues and by-products resulting in a maximum utilization of the raw material and serving 
the dual pirpose of resource conservation and environmental protection. Thus, agro-waste 
management becomes responsible resource management. 

The major objeotivea of the Seminar were to: 

nrovide a survey of the main prcblems as well as the occurrence of wastes and 
residues associated with agriculture, fisheries, forestry and agro-industries; 

review the available experience and technolo- for solving these problems; 

discuss economic, social and political situations that are compatible with and 
conducive to environmentally sound residue utilization; 

identify existing gaps and possible action programmes to fill such gaps; 

assess the relative importance and priorities of such action programmes, taking 
into account the particular interests and requirements of developing countries; 

outline a framework for international co-operation. 

Agricultural and agro-industrial residues are the end-products of production that 
have not been used, recycled, or salvaged. Their economic value is less than the cost for 
col'.ection and transformation for use. They therefore are perceived to have a negative 
value and are discharged as wastes. However, the increased environmental concerns and 
constraints result in an increased cost for treatment and management of these wastes prior 
to discharge. The collection, transformation and utilization of the residues may he lens 
than traditional treatment and disposal Lechniques. Both the environmental constraints and 
the need for better resource nanagement are causing residues to have a more positive value 
and residue utilization to receive more favourable consideration. 
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The intent of the Seminar was to increase awareness of the opportunities for improved 
residue utilization, to encoui'age governments and industry to initiate practical action 
programmes and to enhance continuing co-operation on this subject. 

Both UNEP and FAO have major responsibilities related to the objeotives and intent of 
the Seminar. Both are deeply concerned with the utilization of environmentally sound and 
appropriate technologies to increase food production, to reduce waste, to manage natural 
resources constructively, and to maintain the health and well-being of the people. At the 
conclusion of the Seminar, the participants expressed appreciation for the oatalrtic and 
co-ordinating role of both UNEP and PAO in developing and arranging the Seminar. The 
participants also looked forward to the implementation of the recommendations as soon as 
possible by tTNEP, FAO, other interested Organizations, and Governments. 

The Seminar was organized to provide for the interaction of the participants and the 
d.evelopnent of feasible action programmes. The Seminar was attended by a total of 218 
participants representing 41 countries, 45 industrial organizations and 11 international 
organizations. A complete list of participants is presented in Appendix A. The partici-
pants were invited experts from Governments, Governmental and Non-Governmental Organizations, 
and Industry. 

The Seminar was divided into four plenary sessions, one day devoted to separate 
working sessions on specific commodities, and a final day of discussions and finalizing the 
conclusions. The detailed agenda is presented in Appendix B. 

In t 	plenary sessions, Session I dealt with the problems and possibilities of 
residue utilization from a broad perspective. Session ha was devoted to the constraints 
experienced in residue management and utilization, and the incentives that may be needed 
to overcome these constraints.. Session lib illustrated existing situations using two 
major parts of the world (Asia and Africa) as examples. Information exchange was the subject 
of Session ho. Included was a report on existing facilities and suggestions for improved 
communication between people working in identical fields. Session III reviewed existing and 
possible end-use oriented technologies. Experts from FAO and throughout the world prepared 
and presented the papers in each session. 

During Session IV the participants were able to introduce subjects and topics that 
they felt were relevant to the Seminar objectives. In each session, ample time was 
provided for discussion and submission of information by the participants. 

The working groups analyzed the residue utilization opportunities of specific 
commodities and included the possibilities of the end-use technologies discussed in the 
plenary sessions. The commodity areas and their residues that were discussed included: 

- sugar by-products 

- cellulosic residues 

- oils and oilseeds by-products 

- cereal by-products 

- fruit and vegetable by-products 

- animal by-produots and wastes 

- residues of starchy roots/tubers 

- residues of the beverages industries 

- fish wastes 

- single cell protein 

The list of papers that were presented is given 	in Appendix C. Also included is 
a list of the other material and reports that were distributed or available to the 
participants. During the Seminar there was an exhibition of books and documents related 
to residue utilization organized by the FAO Library for the attention and inspection of 
the participants. Also on display were the draft Directory of Institutions (2nd edition) 
involved in agricultural waste management and residue utilization and the draft Compendium 
of Residues Technologies (1st edition). A Bibliography of books and articles on residue 
utilization as from 1970 also was distributed. 
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Strategies 

Each country and industry should establish definite, feasible residue utilization 
strategies and priorities for residue utilization that reflect realistic social, econocic 
and technical goals. The strategy must be compatible with environmentally sound decisions 
that reflect existing physical, human and other resources. Desirable residue utilization 
approaches will depend upon the use of the indigenous capacity to generate and operate 
economically viable appropriate technologies. Such strategies and priorities should take 
full account of the interrelated policy questions of land—use, energy and transportation 
as well as the various socic-.econcmic, ecological, and environmental considerations. 
This will call for co—ordination among responsible authorities in countries and may 
require the establishment of suitable mechanisms for this pirpose. 

Greater effort should be made by both industry and governments to reduce the quantities 
of agr&-industry wastes that are generated. In doing so, the efficiency of food production 
can increase and a greater quantity of food supplies will result. In each country and 
industrial operation, a major programme should be initiated to identifr, control and reduce 
the major losses in food materials, i.e., generation of residues, which occur in food 
processing between harvest and consumption. 

In developing strategies for implementing residue management policies, authorities 
should ensure that appropriate controls and regulations are based on sound scientific 
data, that they are enforceable, and take into consideration socio—econc*nic conditions. 
Care also should be taken not to create non—tariff trade barriers through unjustified 
import restrictions. 

Information Exchg 

There should be an interchange of information between adjacent or similar regions 
especially on local use technologies and incentives. Governments, international 
organizations and non—governmental organizations should assist in the developient or 
utilization of existing centres to encourage such interchanges since much information 
and experience on possible utilization approaches exist in local areas and regions. 

Incentives 

Greater incentives should be provided to reduce the generation of agricultural and 
agro—industrial wastes. Incentives such as stricter pollution control regulations, 
waste discharge taxation, subsidie8 to enhance utilization, and other possible incentives 
should be evaluated in specific social and economic conditions. Included in the evaluation 
of feasible residue utilization approaches should be an analysis of possible legal 
constraints. Guidelines for appropriate legal approaches, such as model laws, should be 
developed. 

Education 

Ways to educate the j*iblic, and inform industry and government concerning the need 
for low residue, environmentally sound agricultural production and processing methods 
should be explored. Educational approaches to increase the use of such methods and to 
achieve the acceptance of residue utilization products need to be applied more broadly. 
The success of utilization approaches depends upon the acceptance of an approach and the 
resultant product. 

Implementation 

a. Existing Institutes of similarly oriented ecological zones should co—operate for the 
,irpose of the joint organization of training courses, pro—investment feasibility studies, 
research and demonstration projects, incentive and market possibilities, evaluation of 
social, legal and economic impacts, and an information exchange system, based on the 

11 



At the opening ceremony, the De*xty Director-General of FAO, Mr. Roy I. Jackson, 
welcomed all participants on behalf of the Director-General, Dr. Edouard Saourna. Mr 
Jackson noted that "War on Waste" has long been one of the concerns of FAO, especialiy with 
the conservation of productive resources. The hope was expressed that the Seminai' would 
not only examine the available technolo'- for the utilization of residues, but also the 
ftmdamental problem of why present teohno].ogies are under-utilized. The need and expectation 
of proposals leading to measures for concrete action was stressed, as was the hope that 
there would be fUller utilization of national institutions and the training of local personnel 
in the transfer and use of appropriate technologies. 

The Executive Director of U1P, Dr. Mostafa K. Tolba, also welcomed the participants 
and stressed satisfaction with the help and co-operation provided by FAO in developing the 
Seminar. This Seminar is but one of 30 ongoing joint projects that focus on the environ.-
mental impact of man's activities in the field of food production and agricultural 
developeent. Dr. Tolba highlighted the important and urgent task of securing vastly 
increased food production without destroying the ecological base required to sustain it. 
The need to have recommendations for action programmes which will help to attain the common 
goal of "developnent without destruction" was also stressed by Dr. Tolba. The draft 
Compendium of Residues Technologies, which was discussed during the Seminar, was identified 
as the type of information that could serve all interested in this topic. 

I') 
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Agenda of the Seminar 

Tuesday, 18 January 

08.30 - 10.00 	Registration of Participants 

10.00 - 10.30 	INAUGURATION OF THE S4INAR 

- Address by Dr. Edouard Saouma, Director-General of FAO 
- Address by Dr. Mostafa K. Tolba, Executive Director of UNE 

SESSION I 	OVERVIEW OF PROBLZ'1S AND POSSIBILITIES 

lO.O - 11.15 	Utilization of residues from agriculture and agro-industry 
(Loehr, Cornell University, Ithaca, USA) 

SESSION II 	CONSTRAINTS AND INCENTIVES IN RESUE UTILIZATION 

SESSION ha Institutional Aspects 

11.0 - 13.00 	Socio-Ecoxiomic Aspects (Siczepanik, FAO) 
Health Aspects (Strauch, RHO) 
Legal Aspects (Cuttieres, International Juridical Organization) 

SESSION lib Regional Surveys 

14.30 - 16.30 	Report on the Asia Survey (Bharat Bhushan, Regional Research 
Laboratory, Hyderabad, India) 

Report on the Africa Survey (Stanton, University of Malaysia, 
Kuala Lumpur) 

16.45 - 13.00 	Information exchange (Barreveld, FAO) 

i4ednesday, 19 January 

SESSION III TECHNOLOGIES 

SESSION lila 

09.( - 11.00 	Energy from Organic Wastes (Stout, Michigan State University, USA) 
Food from Wastes and Nutritional Considerations (Kapsiotis, FAO) 
Microbial Conversion of Wastes (1) (Stanton, University of Malaysia) 

(2) (DaSilva, UNESCO) 

SESSION 11Th 

11.15 - 13.00 	Fertilizer from Organic Residues (Hauck, FAO) 
Anim. Feed from Residues (Chenost, FAO) 
Construction Materials, paper and paperboard from agricultural 

residues (Lintu, FAO) 
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SESSION IV 	PERCEIVED NERDS AND OPPOWTUNITIES INCLUDING TRAINING, 
RESEARCH AND DEVELOPMENT 

14.30 - 18.00 	Reports and suggestions from participants (see Appendix C(b)) 

Thursday, 20 Januy 

09.00 - 16.00 	Working Group Sessions 

Subject areas: 

- Sugar by—products 
- Cereal by—products 
- Starchy by—products 
- Cellulosic residues 
- Fruit and vegetables by—products 
- Beverage residues 
- Oils by—products 
- Animal by—products 
- Fish 
- Single cell protein 

FridaX, 21 Januaiy 

14.00 	Presentation of the Report 
Adoption of findings, conclusions and recommendations 

16.00 	Closing of the Seminar 
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Introductory Statement by Dr. Edouard Saouma 

"Jar on Waste" has long been one of the leit—motivs of this Organization. This is 
a slogan, and while slogans may be attractive, by themselves they are not of much help 
in solving problems. Words must be matched to action. We hope that this Seminar will 
point to courses of action. 

For many years "War on Waste" has been synonymous in FAO with the conservation of 
productive resources - our soils, our forests, grasslaids and fish—stocks - and with the 
protection of crops, livestock and harvests against pests and diseases. T1se problems 
remain with us and renewed efforts are needed to resolve them. 

However, this Seminar provides an opportunity to direct attention to another crucial 
aspect of wastage in food production. Agriculture and agro—industries leave behind large 
amounts of residues and wastes which could be utilized to serve man as food, feed, fuel, 
fertilizers and fibre resources. The fact is, however, the present trends in the 
intensification of agriculture and the development of agro—industry leave the impression 
that the amount of residue and waste is growing faster than the production of food and 
other agricultural commodities. 

It is our hope that this Seminar will not only examine the technolor already 
available for the utilization of residues but will also address itself to the more 
fundamental problem of why present technologies are under—utilized. Specifically, what 
changes should be made in the context of the development of a new international economic 
order to arrest this wastage so as to enhance the welfare and self—reliance of developing 
countries? 

I presume it is known to many of you that one of my first decisions after election 
as Director—General was to make a substantial reduction in the number of meetings and the 
volume of documentation in this Organization in favour of more concrete activities in the 
field. This Seminar, however, was retained On our schedule and you have before you a 
considerable amount of documentation. There are several reasons for this. Let me mention 
but three. 

This is the first time that FAO has attempted to address itself to the management of 
waste in agriculture in a comprehensive maimer. We are making an effort to bring together 
the expertise and experience available not only in the industrialized world but also in 
developing countries by undertaking surveys, in Africa and Asia, of the problem of 
wastage ixid of existing technologies which could help to resolve them. Second, in addition 
to management. all of the relevant aspects of the problem are being studied - socio-
economic, legal and, with the cooperation of W}D, the health aspects. Finally the efforts 
which have gone into the preparatory work over more than a year testify to the importance 
which UNEP and FAO attach to this meeting. 

I will be frank by saying that I will not be satisfied if this Seminar produces only 
a set of recommendations. I am confident that Mr. Tolba and all of you will share this 
view. 

I hope this meeting will reflect the change in attitude which is so necessary if we 
are to succeed in our efforts to increase food and agricultural production. Such a change 
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in attitude is needed not only by United Nations Agencies but also all who are involved 
in development activities including industry which has the technological know—how to 
assist in the formulation of new models of development. We are entering a new era when 
our finite world will have to solve its problems, not by consuming even more resources 
but by re—applying the old principle of good husbandry. This is particularly true in 
agriculture where wastes must be re—cycled and multiple use be made of all parts of crops 
and animals produced. 

Above all - and I repeat this deliberately for emphsis - I would ask this Seminar 
for proposals leading to measures for concrete action. It is my hope that special 
attention will be given to improving village level re—cycling as traditionally 
practised in many of the developing countries. The f'ller utilization of national 
institutions and the training of local personnel in the transfer and utilization of 
appropriate technologies, are other areas which should be emphasized. Action in these 
areas could lead to greater investment in projectE which stimulate agricultiral 
development, strengthen processing industries, and provide hi&ler levels of employment. 

I am gratified that so many recognized specialists have accepted the invitation to 
participate in this seminar. I wish to thank you all for coming and I wish you every 
success in your deliberations. 
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Introtbctory Statement by Dr. Mostaf a K. Tolba 

May I begin by expressing deep gratitude, personally and on behalf of the United 
Nations Environment Programme, to my friend and colleague Dr. Edouard Saouina, the 
Director—General of the Food and Agriculture Organization, and to his aaso.atee for 
their cooperation in making this meeting possible. In fact, I must stress our deep 
satisfaction in UNEP with the help and cooperation that characterizes all our 
relationships with our sister Organization, FAO. 

Collaboration between TJNEP and FAO is best illustrated by the fact that there are 
no less than 30 On going joint projects. While these include subjects as diverse as 
monitoring food contamination, monitoring and combatting soil degradation and the 
conservation of aquatic mammals, they all highlight the importance that UNP attaches to 
the environmental impact of man's activities in the field of food production and 
agricultural development. 

Viewed from the environmental perspective, the principal issue in the agricultural 
sector is the need to secure vastly increased food production without destroying the 
ecological base required to sustain it. The urgency and magnitude of the task of more 
than doubling world food production by the end, of the century, while ensuring the 
availability of supplies for the generations to come, cannot be underestimated. But 
simply increasing the production of food is not enough. We must overcome the problem 
of inequitable distribution of available food, and the tragic situation that an ever 
increasing number of people lack adequate food, an essential and basic human need. It 
is heartening that the international community considers the satisfaction of the basic 
human needs to be an urgent and fundamental task. We must find means of providing for 
those who lack the essentials - food, shelter, clothing, education, health, and 
productive work. And it is imperative that these basic needs of every human being 
should be satisfied on a long—term sustained basis without destruction of the resource 
base upon which the achievement of such lofty goals rests and without tranression of 
the outer limits of the carrying capacity of the biosphere. 

Rich and poor countries must find paths of development which are more rational and 
less arrogant in their demand On resources. This is especially true in the agricultural 
sector. Rational management of arable agricultural land is becoming increasingly 
critical. Each year more and more fertile land is being lost because of erosion, 
salinizat ion, urbanization and industrial development. Meanwhile, the poverty stricken, 
in their desperate endeavours to survive from one day to the next, are forced 
increasingly to resort to ever more marginal lands to produce their minimum daily 
requirerrents, a practice which often proves to be ecologically disastrous. 

Agricult'iral practices in the developed world have become increasingly enerr-. 
intensive. As the prices of ener'- escalate, approaching the point of diminishing 
returns, we should re—examine and perhaps re—orient some of our present agricultural 
production practices. The "green revolution" type of agriculture that has been exported 
to some parts of the developing world can no longer be considered a model. It is 
enerrintensive. The new strains of wheat, corn, rice, etc., need more fertilizers, 
pesticides and irrigation waters to provide maximum yields. The Green Revolution also 
puts genetic diversity at risk and produces crops highly vulnerable to pests, and even 
minor changes in environmental cor,litions. We must find alternatives, and there is 
certainly a case here for in—depth studies of the possible uses of native crops and 
underexploited plants which may not need such expensive inputs to produce high yields. 
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Practically all major agricultural practices can be environmentally damaging, and 
thus, in the long term, self defeating. But this need not be so. Let me give you some 
brief examples. 

Environmentally unsound irrigation practices lead to a host of hazards including 
health problems caused by water—borne diseases. Deterioration of fertility and loss 
of agricultural land in irrigated areas as a result of increased salinity, alkalinity and 
water logging is a common problem in many parts of the world. Irrigation schemes are 
essential to increased agricultural production but without the application of sound 
ecological and environmental principles right from the planning stages, the short term 
benefits are often offset by lone-term degradation. 

Fertilizers are indispensable for increasing food production but increasing 
reliance On chemical fertilizers has caused several concerns. Chief among these are the 
the contribution of phosphate and nitrogen fertilizers to eutrophication, and the 
possible risks to the ozone layer, with ensuing health and other hazards, as a result 
of increased use of nitrogen fertilizers. Available fertilizers should therefore be 
used with maximum effiqiency and biological sources of fertilizer, especially 
microbiological nitrogen fixation and compost, should be developed and expanded. 

An essential to increased food production is the control of pests which cause 
significant losses to crops worldwide. But pest control through increased use of 
pesticides has resulted, through natural selection, in the appearance and proliferation 
of new strains of pests which generally turn out to be more destructive and certainly 
less susceptible to chemical control. Existing methods of applying chemical 
pesticides have extremely low efficiency rates and create unnecessary ecological 
hazards. The highest pesticide concentration levels occur in the higher animals and 
man, because of selective concentration as they pass through successive levels of food 
chains. We need new concepts of integrated pest management, an ecological approach to 
pest control, involving optimal combinations of biological and chemical control 
techniques. 

Food losses and wastes can be appallingly high even in the most developed 
countries despite the sophisticated crop handling and storage techniques available. 
Prevention of these losses is another prerequisite to improvement of the world food 
situation. More appropriate technologies must be developed and employed in manufacturing, 
processing, storage and transportation systems. Processing residues must be considered 
as a resource for which uses should be sought, not a waste to be discarded, thereby 
contaminating the natural environment. 

It is our job in UNEP, to cooperate with other UN organs, who have vast experience 
and information, in the adoption of environmentally sound approaches to development as 
a programme of action for implementation by the UN system and others. A key element 
of our programme is the interrelatedness of environment and development. We are 
concerned that the development process, in rich and poor countries alike, should be able 
to continue without reducing the productive capacity of the environment or using 
resources wastefully. Within this broad context, as you are perhaps aware, UNEP is 
holding a series of seminars on the environmental problems of specific industries. 
The main purpose of these seminars is to assess the environmental problems and solutions 
relevant to the various industrial sectors. 

You will be interested to know that at an important consultative meeting of 
government and other experts, convened by UNEP last month, to discuss the objectives of 
the programme in relation to the environmental problems of specific industries, residues 
utilization and environmental impacts of agricultural and agro—industry development were 
considered by the participants to require priority attention from UNEP. This joint 
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UNP/FAO Seminar covers, of course, but one aspect of the complex issue of food and the 
environment. Equally important aspects are post harvest losses, use of fertilizers and 
pesticides and crop intensification within environmental constraints. All these issues 
require joint and systematic 1JN/FAO attention in close co—operation with governments, 
industry and concerned international governmental and non—governmental organizations. 

We hope that your meeting will help to attain the common goal of "developsent 
without destruction" • We need to ensure that the activities of agriculture and agro-
industry do not discharge harmful residues and wastes into the atmosphere, the rivers 
and oceans and the land we all live On. We snist not continue to regard the natural 
environment, man's common endowment, as a bottomless receptacle of man ' s wastes. We 
need to incorporate such "curative" measures as proper pollution abatement and waste 
treatment systems and at the same time we should aim at low—waste technolor systems and 
at systems under which wastes could be recycled or reused as raw materials for other 
needs. such endeavours would serve the dual prpose of resource conservation and 
environmental protection - a theme of this meeting. 

Turning finally to the specifics of this meeting, I note, with great interest and 
high hopes, the topics you will consider. 

I feel no need, ladies and Gentlemen, to elaborate on the various isBues of 
residue applications, since you are all experts and muóh more versed in the field than 
myself and since reports and background papers giving ample material for your 
consideration are already in your hands. 

Two points however are worth particular mention. The first relates to the first 
draft for a Compendium of Residues Teohnologiee which is presented to you for 
consideration in one of the sessions of this meeting. I believe that such a compendium 
could serve as an important source of information for those involved in residue 
teohnolo' activities. 

The second point is that this meeting has been structured so that one whole day 
is scheduled for working groups. I sincerely hope that this arrangement will enable 
those of you who have common areas of interest to get together to discuss in depth, 
exchange views and experience and reach - in your collective wisdom - the expected 
guiding principles and recommendations for action. 

Ladies and Gentlemen, you have a very full schedule in front of you and I shall not 
use more of your valuable time. I wish to conclude by suggesting to you what might 
emerge at the conclusion of this meeting. We look forward to: 

a better understanding of the opportunities for residue utilization; 

the identification of appropriate technologies for utilization of agricultural 
residues and wastes; 

the initiation of greater impetus towards the developeent, adoption and 
implementation of low waste technologies in all agricultural and food 
produ t ion systems; 

the enhancement of the knowledge base of residue utilization through the 
establishntnt of a continuously uptated Compendium of Residue Technologies 
which would ensure acquisition, analysis and dissemination of relevant 
information; 

the identification Of gaps that appear to require highest priority 
consideration and study in agricultural and agro—industrial residue 
utilization; and 

a comprehensive plan of action for implementation by all those concerned: 
governments, industry and intergovernmental and non—governmental organizations. 
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I know I am asking a lot, but, and I am sure that my dear colieagu' Dr. Saouma 
would agree, the presence of such a distinguished gathering of experts in this hail 
encourages us to expect free and frank discussions, and a sharing of knowledge and 
experience, which will permit the meeting to conclude with concrete action—oriented 
recommendations. That will help both of us to participate meaningfully in the inter-
national endeavour to meet a most basic human need: food. 

Thank you Ladies and Gentlemen and I wish you every success in the formidable 
task aheaá of you. 
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Summary of Presentations and Discussions 
SESSION I presented an overview of the problems and opportunities in the area of 

utilization of residues from agriculture and agro.-industry. This session was opened by 
Dr. Raymond C. Loehr, Director, Envirormiental Studies Programme, Cornell University, 
Ithaca, New York, who emphasized the following points: 

Residue utilization should he considered with optimism because of the large quantities 
of wastes that are produced, the obvious need to make better use of existing resources, 
and the successes that have occurred. However, this optimism must be tempered by caution 
since the result must be a usable product at an economical cost while not causing 
greater environmental or social problems. 

Residues should be considered as resources and not as wastes. Incentives will be 
needed to have such a change in philosophy. Existing incentives include the finite 
limit of the world resources, the increasing costs of raw materials, and the need to 
maintain a satisfactory quality of the emrironment. However, other incentives are 
needed ahich may result in institutional changes in the relations between governments 
and industry. 

Keys to successful residue utilization include: a) a beneficial use, b) an adequate 
market, c) use of appropriate technolor, and ci) an enterprise that is socially and 
economically feasible although not necessarily profit-making. Many enterprises may be 
satisfactory if the overall cost of waste management were less than other alternatives, 
or if they increased employment possibilities, or if local or regional food supplies 
were increased. 

Residue utilization considerations should include more than the technological aspects. 
Critical evaluation also is required of the economic, social and legal aspects as well 
as the developnent of environmentally sound approaches. 

For the most part, available information on the characteristics of agricultural 
residues lacks specificity on the important factors of distribution, seasonality, 
condition, changes in characteristics that take place with time, and the detailed 
characteristics. Greater detailed information is necessary at the local, regional and 
national levels to assist with residues utilization decisions. 

An important aspect in residue utilization is to minimize the residues that are 
generated, thus making better use of raw materials and obtaining greater efficiency of 
production. Such reductions directly increase the quantity of usable food supplies. In 
each industry and in each country, a major programme should be initiated to identify, 
control and reduce the losses in food materials which occur between harvest and consumption. 

Residue utilization methods rarely solve an entire waste xroblem, since the material 
produced or removed may be only a small component of the original residue. Thus environ-
mentally sound approaches will continue to be needed for the remaining residues and wastes. 
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The aeleotion of appropriate residue utilization approao)e. feqJ.ireeoaref1l stwy. 
The following factors deserve close evaluation: possible markets, health aspects, the 
level of economio and technological d.evelopent in the local area, available physical and 
human resourcies, social oh'tnges that may be needed to implement the approaches, research 
and developeent institutes which may be needed to explore potential approaches, industry 
and government policies, national interests, and possible legislation as well as other 
incentives. 

There is no one best approach that can be used in all residue utilization situations. 
In each situation, the possible alternatives need careful evaluation with the most 
appropriate approach chosen to provide the desired environmental, economic and social 
objectives. 

The q-uestions to be focused on are: 

- Is there adequate information upon which to make residue utilization 
decisions and if not how can it be obtained and disseminated? 

- that are the factors currently constraining broader residue utilization 
and what possibilities exist to reduce the constraints? 

- What are the promising technologies, end-uses and markets for agricultural 
and agro-industry residue utilization? 

- What priorities and action programmes should be established? 

- What incentives or education is necessary to increase the use of environmentally 
sound and socially feasible residue utilization approaches? 

SESSION II focused on the constraints and incentives in residue utilization. 
Session ha emphasized the institutional aspects. 

(A) Dr. E.F. Szczepanik, Senior Economist, Policy Studies Group, Policy Analysis 
Division, FAO, discussed the socio-eoonomic aspects. He emphasized the need to 
establish national research and deve1opient centres on residue utilization and 
recycling, the necessity for research on appropriate technologies, the need for 
research on the social costs of residue utilization, the need for social changes in 
attitudes, economic and social organization, and intersectoral planning, and the need 
for information and adult education programmes to create the required awareness. 

During the discussion the participants raised the following points: 

It was suggested that it might be advisable for governments to aim that animal 
feeding be restricted to agriculture and agro.-industrial residues, thus reserving 
grains for human consumption. 

It would be useful for governments to establish a mechanism to monitor and encourage 
developnents in the recycling of residues. 

The "appropriate" technologies should include those aimed at "reducing poverty", 
in addition to those aimed at specific products or markets. 

The definition of the optimum size of recycling units was found impossible in 
general terms without specific reference to the nature of residues, quantity, type 
and location of the end-use of the finished product, the infrastructure and personnel 
available. In developing countries, transport was perhaps the most important 
consideration and it was suggested that recycling units be installed at the site of 
the industry producing residues where feasible. 
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The cost of recycling the residues is increasing and, although the costs are 
possibly lower than the costs of treating urban effluents, the profits of recycling 
rarely cover the processing expenses. 

The necessity of co—ordinating the manifold aspects of residue utilization and 
management at the international level was s -tressed. This matter should receive close 
evaluation in considering residue utilization approaches. Such co—ordination could 
be done through national centres on residue utilization, regional centres, and/or 
international organizations such as FAO and tJNEP. 

The expression "waste", having the connotation of uselessness, should be replaced 
by a positive term such as "residues". 

(B) A discussion on the health aspects of agricultural residue utilization was 
presented by Dr. Dieter Strauch, Institute of Animal Medicine and Animal Hygiene, 
University of Hohenheim, Stuttgart. The presentation emiasized the need to minimize 
the transfer of human and animal pathogena when utilizing agricultural and agro-
industry residues, the types of infectious diseases that can be transmitted, 
technologies that can be used for control, problems with the use of antibiotics in 
animal feeds and their resultant concentrations in manures, and common hygienic 
problems such as soil and water contamination that result from excess application of 
manures to the land. 

The discussion following the presentation covered the following issues: 

It was not always desirable that straw surplus be applied to the soil since it took 
a long time to degrade in certain soils and the residue could hamper tillage operations. 
Excess amounts of straw applied to the land might produce phytotoxic effects. üth 
extensive crop production, the resultant crop residues could be more than should be 
applied to the aoil. 

Adequate testing of agricultural residues at the earliest possible stage should be 
a part of all utilization approaches. This testing should include testing for faecal 
pathogens and other possible health hazards. In doing so, decisions on suitable 
technologies or modifications in the technolor could be made in the light of the test 
results. 

Chlorine disinfection continued in wide use although there was concern regarding 
potentially toxic substances formed during the chlorination of heavily contaminated 
waste streams. Ozone and other disinfecting agents were under investigation. 
Effective disinfection works best on effluents containing low BOD and suspended solids 
concentrations. Thus removal of the BOD and solids prior to chlorination is desirable. 

In deciding upon suitable residue utilization approaches, consideration should be 
given to the possible transfer of metabolites, such as antibiotics, metals and similar 
material, when residues are used for animal feeds. Possible environmental problems 
need to be identified and evaluated. 

A balance must result between complete removal of health hazards and complete 
avoidance of environmental problems. In marnj oases, theae desirable aims are in 
direct conflict. It was also stressed that legislation prohibiting the use of certain 
materials in feeds or requiring specific health and safety measures should be based 
upon fact and supportable data. 
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(a) Information on the legal aspects of agricultural and agro—industrial waste 
management was presented. by Avv. Mario Guttieres of the International Juridical 
Organization, Rome. This presentation stressed the need for ftrther information on 
appropriate legislative and administrative instruments for waste utilization and 
control, especially in view of the requirements of developing countries. In most 
developed countries, legislative measures had been taken to promote rational management 
of residues in various sectors, but only few countries had enacted organic environmental 
legislation facilitating an integrated approach. A summary of the recommendatjons 
formulated by the IJO working group, both as regards improvements in national legis-
lation and as regards international harmonization of standards was presented. These 
recommendations included the following: 

Each government BhOUlCh 

- Integrate the different rules, regulations, and laws relating to residue 
utilization into comprehensive legislation to avoid duplication among agencies, 
departments, and ministries. 

- Reduce any administrative fragoentation relating to residue utilization to 
unifr as much as possible the various f\inctions and responsibilities and to 
better co.-orclinate environmental legal policies. 

- Help ensure local implementation of residue utilization programmes by jublic 
authorities and private organizations, possibly through a specialized 
administrative office. 

- Promote legislation to encourage research and developsent of residue utiliza.-. 
tion technologies. 

- Help ensure that common enviornrnental and sanitary standards are applied to 
products resulting from residue utilization for both internal consumption and 
export. 

- Develop training programmes that include specialized ooursee in environmental 
law and economics for the training of waste management and residue utilization 
experts. 

At the international level, action should he taken to: 

- Promote a comparative study of the most advanoed national legislation relating 
to agro-.waste management, to serve as background information for legal and 
institutional reforms in other countries. 

- Co—ordinate advisory services on appropriate waste management and residue 
utilization legislation that can assist developing countries. 

In the discussion, the following comments and suggestions were made: 

Because of the priority of technical and economic requirements over pirei,y legal 
considerations and because of the difficulty to reconcile conflicting legislative 
objectives, legislation, in order to be effective, should be (a) based on good 
scientific evidence, (b) enforceable in practice, and (c) fair to all parties concerned. 

National sanitary controls imposed by importing countries must not be used as a 
pretext for non—tariff trade barriers against products from developing countries. 4ith 
regard to the need for uniform safety standards for commodities in international trade, 
reference was made to indirect methods of international standardization which had proved 
to be effective even without being formally binding, such as the guidelines for novel 
protein sources. 
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Legal measures should facilitate systematic collection and international exchange 
of statistical data relating to residues utilization. 

Attention was drawn to the importance of legal liability incurred by the producers of 
residues hich are not recycled or treated in accordance with environmental standards, and 
to the need for a common legal and fiscal regime for agricultural and other wastes. 

In response to a comment, a clarification, supported by the Chairman, was made, that 
any harmonized strategies at an international level must take due account of national 
sovereignty and that the competent central authority mentioned in the recommendations, 
referred to co—ordination at the national level rather than at the international level. 

Session lib contained presentations on regional surveys in Asia and Africa as well 
as an information exchange. 

) The paper by Dr. Bharat Ehushan, Deputy Director, Regional Research Laboratory, 
ylerahad, India, assessed the availability and utilization of agricultural and agro- - 
industry wastes in India, Indonesia, Malaysia, Philippines, Singapore and Thailand. 
Potential possibilities for exploitation of these residues were also suggested. The 
mein fin lings of the survey were: 

- Rice is the major crop of the region and it generates an estimated amount of 
residues as follows: 270 to 300 million tons of straw, 20 to 23 million tons of 
husk and 3 to  3.5 million tons of rice bran. 

- Uncontrolled denudation of forests for lumber and fuel causing land erosion and 
floods. 

- Production of commodities obtained mainly by primary processing (e.g. palm oil, 
rubber, coconut, sugar, etc.) and inadequate developsent of secondary and 
tertiary processing industries. 

- The predominance of fishing and fish culture but, with the exception of Singapore, 
insufficient attention to livestock farming. 

- High post—harvest losses especially due to inadequate and poor storage facilities. 

- The capital—intensive and labour—saving technologies now being introduced in 
the region are in most cases not compatible with the social and economic needs. 

In the discussion, the following comments and suggestions were made: 

- In Malaysia, special attention should be paid to the utilization of agricultural 
aste and preparation for animal feed. At present nearly 2 million gallons of 
palm oil sluige goes to waste annually. However, this residue could be absorbed 
on tapioca chips to render it useful for animal feed. 

- In the Philippines, there is an urgency for the utilization of coir pith waste 
(dust) resulting from the manufacturing of coir products. 

- with regard to cassava, simple methods are now available to enable the roots 
to be stored for several weeks. 

(B) At the request of the Chairman, Dr. M. Fleischm'an made a brief report of the 
Proect of the American Institute of Chemical Engineers for the League for International 
Food Education (L.I.F.E.) sponsored by the U.S. Agency for International Developsent. 
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- In the Fiilippines, from the standpoint of environmental impact as well as potential 
residue utilization, distillery slops from manufacture of alcohol from molasses, 
reject bananas and coconut waste water from dessicated coconut factories are 
important considerations. In Thailand, sugar wastes, tapioca starch wastewaters and 
pineapple canning wastes are significant. In Indonesia, the emjEasis is primarily 
on food production and employment and not as yet on environmental matters. Another 
factor limiting 1;aste utilization is the largely rural based and widely dispersed 
food industry. Potential possibilities for residue utilization are wastes from 
palm oil, trash fish and wastewater resulting from coconut dessication. In 
Malaysia, palm oil wastes are of major environmental concern and hence are a major 
source of residue. Much work is being done on treatment and utilization of this 
waste for animal feed. 

- Attention was also drawn to the pilot plant in the Hiilippines, for manufacture 
of dextrine and single cell protein from coconut wastewater. 

(c) Prof. T.R. Stanton, Faculty of Sciences, University of Malaya, Kuala Lump.r, 
Malaysia, reported on the survey made in Egypt, Sudan, Kenya, Tanzania, Nigeria, Ghana 
and Algeria. The main conclusions are that with the exception of residues from starch 
and sugar production, the opportunities for residue utilization in the region surveyed 
are comparatively limited in the immediate future. The report also noted that throughout 
the countries surveyed, particularly those south of the Sahara, there was a shortage of 
food in general, as distinct from a protein shortage. Radical changes in agricultural 
pattern would need to be implemented to meet this need for food directly, by improved 
supply of primary products rather than by indirect supply of protein via animals. 
Grain legunes were noted to be the group of crops which can best provide an effective 
total utilization of the biomass grown. 

Comments and suggestions made in the discussion are: 

- In Nigeria, research is being carried out on the fermentation of over—ripe fruits 
such as bananas, plantains, and pineapples to produce alcohol. In addition, 
work is being carried out on the use of palm kernel shells to produce carbon. 
However, the existence of large deposits of crude petroleum in the country may 
not make this venture commercially and economically attractive. 

- In Ghana, agro—based industrial by—products are being investigated for use as 
animal feed, either as substitutes for expensive feeds or as supplement, 
especially where fodder is scarce or inadequate. Miong the items being studied 
are wheat—bran, rice—bran, corn—cob, spent malt, copra cake, groundnut cake, 
and peelings from cassava, pineapples and plantains. 

- In Egypt a new process for extracting pectin has been patented. Mango seeds are 
now used to produce starch, oil and animal feed products. Bricks, stronger and 
lighter than the conventional variety, are now manufactured from rice hulls. 

- In the Sudan, large acreages are now under cultivation for sorghum, wheat and 
cotton. However, about 30% of the grains are lost during the post harvest 
period. 

- The question of what is the stimulant for residue utilization was raised. The 
contention that technical issues are not of primary importance, but plant managers, 
farmers etc. must be motivated to utilize wastes, was also made. 

- There is a great need for small—scale driers, especially using solar enerr, 
for the drying of agricultural products. This comment also applied to other 
developing regions. 
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At the request of the chairman, Mr. S. Barnett made an additional report of the  
Project of the American Institute of Chemical Engineers for the League of International 
Food. Education, spon$ored by the U.S. Agency for International Develoixnent. 

- A conclusioi :f f he study is that there is a great need for small—scale driers, 
expecially using solar enerr, for the drying of agricultural and food rooesaing 
residues. 

- In Ghana, cocoa processing residues are a major waste. In the Ivory Coast, oil 
palm sludge is a major residue. hile pineapple canning residues were wasted in 
Ivory Coast and Ghana, they were used as cattle feed in Kenya. Although some 
countries waste molasses, Kenya is starting to produce animal feed from molasses. 

The topic on information exchange was introduced by Mr. W.H. Barreveld, 
Agricultural Industries Officer with FAO. Initiatives by FAO on information exchange 
with regard to agricultural residues began in 1973,  when the first international 
directory of institutions involved in residue utilization was published. This will 
be followed by the publication of a compendium of selected applied technologies and 
a bibliography on selected topics. FAO intends to regularly update these three 
publications. The second edition of the directory and the compendium were on display 
at the Seminar and aditional information or corrections from the seminar perticipants 
were requested.. 

Mr. L. de Rosen, Director, Industry Prograzme, UNEP, also described the concept 
and work of UEP's Information Referral System (IRS). 

For the discussion, representatives from the following countries provided additional 
information. 

- Erpt - The Academy of Scientific Research and Peohnolor, Cairo has information 
on residue utilization, pertaining specially to Erpt and would be willing to 
assist F4O/tSNEP. 

- France - The Centre de Documentation Internationale des Industries Utilisatrices 
d.e Produits Agricoles (CDIUPA) computerizes about 1000 publications and can 
provide references and abstracts on articles appearing in these publications. 

- The French Ministry of Industry is conducting a census on existing residue 
disposing and utilizing processes which have some economic viability. 

- Attention was drawn to the monthly publication, Resource Utilization and 
Conservation, published. by 11sevier Press. 

- India - A cogj of the draft status report "Tjtiliza±ion and Recycling ofwastes", 
prepared by the National Committee of Sciences and Technolor was provided. 

- USA - Mention was made of the work being done by EPA in relation to IRS as 
well as with the EPA bibliographic and documentation system and also of the 
facilities available at the EEC Documentation Laboratory on Computers located 
at ISPRA Italy. 

- The delegate from Sweden mentioned the catalTtic and co.-.ord.inating role of 
TJNEP. Other international organizations, especially within the TiN family, for 
example, TTIDDC, WHO, ILO are also involved in work that relates to and has an 
impact on the environment. These organizations must be cognizant of the 
environmental aspects of relevant problems and their respective activities. 

- Because methods of waste disposal may differ due to meteorological, topographical 
and other conditions, a classification of abatement techniques, for dissemination 
and exchange of experiences, was suggested. 

35 



- In response to a comment that often developing countries have a need, not only 
for abstracts but the complete article, mention was made that FAQ's Library and 
Documentation Systems Division can provide copies of documents available at FAO. 
If the material is not available then addresses of other possible sources would 
be provided. 

- The possibility of regional documentation centre(s) pertaining to residue utiliza-
tion was raised. 

- The UITIDO Internationa) Centre for Industrial Studies and the Industrial Informa-
tion Bank that provide information on technologies, policies, engineering and 
other aspects of industries were also described. U}IDO has considerable 
information available, part of which deals with the utilization of industrial 
by—products and the safe disposal of wastes. 

- The need for improving and u1ating information on residue utilization and the 
effective dissemination of this information was reiterated. 

SESSION III - Technology which may be considered for the utilization of residues 
was the subject of this third session and covered the fields of enerr, focd and 
animal feeds, fertilizers, construction materials and paper from wastes as well as 
the microbial converaion of wastes. 

(A) Ener,r from Organic aste was discussed in a report presented by Professor 
B.A. Stout, Agricultural Engineering Department, Michigan State University. The 
report reviewed the techniques available for converting organic residues to more 
directly usable solid, liquid or gaseous forms of enerr as well as the feasibility 
of various conversion processes. It also discussed the economics of production and 
suggests some incentives to industry and individuals for applying these processes. 

Note was taken that although enormous quantities of biomas (1 x iO11  t/a) are 
available for the use of man, there are a number of competing uses, such as food, 
clothing, construction, fertilizers, etc., besides enerr. The cost of collection of 
residues can be a formidable obstacle to their use as sources of enerr. Furthermore, 
quantity of enerr required to use organic wastes as a souroe of energy should be taken 
into account in each application. In general the growing of crops specifically for 
use as fuels is not considered cost effective. 

Note also was taken of a number of recommendations to governments, industry and 
international organizations: 

(a) To governments: 

- Initiate surveys and studies to determine the quantity of organic 
residues available for direct use as fuel or for conversion to 
more convenient solid, liquid or gaseous fuels. 

- Identify- and assess appropriate technologies for oonverting organic 
residues to more convenient solid, liquid and gaseous fuels and 
for useful work. 

- Suggest research and demonstration projects to more clearly define 
optimal use of organic residue as fuel, fertilizer, feed or for 
other uses. 

- Provide incentive programmes to encourage individuals and industry 
to take the necessary risk and make investments to develop and apply 
innovative technolo,r to utilize organic residues as appropriate for 
fuel, fertilizer, feed or other uses. Mount a piblicity campaii to 
advertise these new incentives and highlight sucoesef\xl adoptions. 
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(b) To industry: 

- Each industry and each company is urged to analyze its own operations 
to assess the potential for economic utilization of its organic 
by—products and residues. Industry should communicate to the govern-
ment the nature of bottlenecks and restraints which prevent more 
effective utilization of organic resudues and seek improvements in 
incentives and reduction of disincentives for adoption of new and 
innovative residue utilization practices. 

(a) To international organizations: 

- In collaboration with Governments, develop and encourage adoption of 
standard terminology and methodology for reporting data on quantities 
of organic residues available for use as fuel, fertilizer, feed, etc. 

- Develop and disseminate technical and economic jarameters governing 
optimum use of organic residues for fuel, fertilizer 1  feed or other 
uses. 

- Tabulate and disseminate examples of successful use of organic residues 
as energy sources and publish guidelines for transferring successful 
technology elsewhere. 

(B) Food from 'iaste and Nutritional Considerations was discussed by Dr. George D. 
Kapsiotis, Senior Officer, Food Policy and Nutrition Division, FAQ. The report dealt 
with production of foods from residues in the light of the two major world problems 
of food shortages and pollution. The types of food, products considered are those 
which are recovered as nutrients and those which may be transformed through bio-
engineering processes. Nutritional implioations of various available technologies and 
present practices are considered and guidelines already in use were stressed. In this 
context note was taken of the work of the Protein—Calorie Advisory Group of the tIN 
System (FAG). 

Consideration is given to the safety and wholesomeness of various foods from 
residues and the methods of testing and examination required are discussed. Nutritional 
values of foods are also discussed. The important questions of acceptability and 
tolerance by the consuner are dealt with as well as the need to adapt food regulations 
before commercial investment is made. 

Discussion focused on aspects of the production of single cell protein (saP). The 
reluctance of the consuner to accept new food, particularly derived from SCP, was 
observed, particularly under conditions of large traditional food surpluses. The 
present case of the skim milk surplus within the European Community was mentioned. 
It aas pointed out, however, that the situation varied in different parts of the world. 
Whilst the demand for SCP would not be competitive in the Western European market, it 
was reported that the U.S.S.R. and Venezuela are considering large investments in SCP 
production to supplement animal feed. Capital investment in SCP production facilities 
in urope had been made, but production awaited a decision as to safety of the product 
for specific uses. 

In developed countries, SCP production is apt to be promoted to reduce pollution 
because governments are imposing legislation to reduce industrial pollution and in some 
cases SCP production may offset wastewater treatment costs. In developing countries 
there is a shortage of protein and the use of residues to produce SCP is to produce 
protein and not primarily to reduce pollution. 



Whilst some delegates considered that the nutritional as well as the toxicological 
aspects of SCP had been solved for the most important types which have been developed for 
growth on n—paraffins and certain odd carbon fatty acids, others stated that the economic 
feasibility as well as the nutritional and toxicological considerations needed further 
examination. This raised the question of the use of SCP for direct human consumption as 
well as for animal feed. The value of exchange of experience amongst countries was noted. 
In this context the proposed compendium would make a useful contribution. 

Concerning the cost of SCP harvesting it was reported that whilst there were high 
costs and harvesting problems with chlorella algae, there were no problems in harvesting 
biornass from fermentation processes. 

Finally, there was a discussion on yields of protein from various conversion 
processes. It was reported that experimental evidence shows that ingested protein is 
converted as follows: 

by dairy cows to milk : 	30 to 337"o' 
by poultry (broilers & layers): appr. 	20% 
by pigs : 	appr. 	15% 
by ruminants (beef cattle) : appr. 	5% 

sheep : 	appr. 	8% 

Although the meat ruminants appear inefficient with regard to protein conversion, these 
animals (cattle, sheep, goats and buffaloes) feed on rough grazing and on hill or 
mountain pasture which is not likely to be cropped in any other way, hence they are 
more competitive in terms of protein conversion than the data suggest. 

It was noted that SCP is used mainly for feeding pigs and poultry and supplements 
the use of grain feedstocks which could be better used for direct human consumption. 

It was noted that there are different types of problems if the residues are fed to 
animals which are used for human food or if residues are processed directly as human 
food.. If the first approach is used., there can be fewer problems since the animal acts 
as an efficient biological filter provided that care is taken to eliminate non-
metabclizable contaminants such as heavy metals or substrate residues and pathogenic 
organisms which may be non—harmful to the animals but harmful to man. If the second 
approach is considered, there are more formidable problems and great care must be taken 
before the processed residues are used for human consumption, such as feeding residue 
generated SCP directly to man. 

(c) Microbial Conversion of Wastes was the subject of a report by Professor W.R. 
Stanton, Faculty of Sciences, University of Malaya, Kuala Lumpir. A presentation on 
the same subject was also made by Dr. Da Silva of UNESCO. 

Professor Stanton's report provided a systematic summary of the microbiological 
processes available for various residues, particularly cellulosic and starch wastes, 
sugar and mixed effluents, animal by—products and toxic wastes. Certain i'actical 
aspects were considered. Emphasis was placed on the need for more information from 
industry on the latest processes and it was observed that more information is available 
on the larger scale processes than the smaller scale processes. Comment was made on 
the need for more attention to be paid to microbial degradation of raw wood. ligno-
cellulose. It was observed that residues vary in quantity, condition and distribution 
and must be treated as found. In this context attention should be paid to dilution 
and contamination of the substrate. Finally, it was emphasized that, whilst most 
microbiological research has been carried out in the temperate climate countries, nary 
developing countries have high ambient temperatures and high and regular solar inixit. 
The "environment" of the microbial processes is paramount. Attention was drawn to the 
green algae, yeasts and laotobacilli. 
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Dr. Da Sjlva drew attention to the assistance usco is giving in establishing a 
data bank of culture collections in Brisbane and the training courses on microbiolo,r 
organized by the UNEP/UnSCO/ICRO Panel on Microbiology. 

There was considerable discussion on process optimization and the hazards of 
microbial toxins. It was considered that where SOP production has been developed under 
strictly controlled conditions, the danger of secondary rnetabolite production, e.g. 
aflatoxin, is minimized. However, it was pointed out that, in practice, many substrates 
differ in their contents clue to seasonal and other changes and it would not be possible 
to guarantee the same behaviour of the micro—organisms during the whole process of 
growing on such substrates. 

The optimization and consequent design of equipnent and its control system, by use 
of mathematical models to meet the requirements of chemically defined, but variable, 
wastes in activated sludge processes .as discussed. It was reported that mathematical 
models for multi— and sequential organism processes are not well advanced, and the 
models available treat the mixture of organisms as a non—variable factor. This 
simplification is, however, useful in practical designs. 

There was also discussion on the availability of nitrogen and phosphorous as 
feedstock for microbial processes. It was reported, for example, that lOOg of protein 
requires 19g of ammonia, 349  of urea, or 759 of ammonium sulphate. As SOP contains 
approximately 50% crude protein, very large quantities of fixed nitrogen are involved. 
It ;as noted, hoever, that the 50% fixed nitrogen recovery in fermentation processes 
contrasto with 11/" for agricultural processes. The need to optimize the prooess of 
fedstoc production by agriculture with optimal post—harvest technology was emphasized. 
Similar considerations hold for phosphorous. 

The representative of UNIDO reported on a pilot plant (10 tons/day) in Mexico to 
produce flour from algae. It was stated that methods have been developed for harvesting, 
cle—colourization, pirification and extraction of pigments from this material. 
Information on this plant was offered by UNIDO. A commercially viable plant for the 
production of Chiorella exists in Southeast Asia where there is a market for the product. 
This product is not considered solely as a source of SOP. 

(D) The paper on "Paste and Organic Materials as Fertilizers", prepared by the 
Soil Resources Develoxnent and Conservation Service, Land and wlater Developoent Division, 
FAG, as presented by Mr. P. Hauok of the Division. 	The increasing interest in 
developing and developed countries in an intensified use of organic materials as 
fertilizers as a consequence of the price increases and shortage of fertilizers during 
the recent energy crisis was described. The expected benefits from organic fertilizers 
include a supply of plant nutrients and the improvement of physical properties of the 
soils. 

Organic fertilizers should not replace mineral fertilizers. The experience gained 
in various parts of the world has shown that the optimal combination of organic and 
mineral fertilizers is the most efficient way of increasing and maintaining soil 
productivity and conservation on a long term basis. 

A number of constraints are limiting the wider use of organic materials as 
fertilizers such as; lack of knowledge of methodologies in processing and utilization, 
eccnomic considerations under certain conditions, and tradition and use of organic 
materials for other xirposes such as fuel and fodder. More intensive utilization of 
rural wastes is essentially a problem of infonnation and training and international 
assistance should concentrate on transfer of useful practices, training of staff and 
supply of teaching material. 

In the field of urban and industrial wastes, action is required on the development 
of more rational processing plants, on the organization of the compost distribution and 
utilization, and on 8peCial problems in relation to the control of toxic and hazardous 
waste components. 
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PAO is co.-operating in the field of waste and organic materials as fertilizers 
with UNEP, UNIDO and.bilateral organizations on this topic. Organic wastes as 
fertilizers will be a priority area in FAO's activities in the years to come. 

The comments following the presentation emphasized the following: 

- All forms of organic material can be considered as potential fertilizers, 
including green manures, peats as well as urban and industrial wastes. 

There is a need for simple methods for preparing residues, such as composting, 
for use as fertilizers and soil conditioners. With proper preparation, 
such residues can help restore the cjuality of soils and its organic matter. 

- The emphasis should be on methods that have a positive benefit, such as 
utilization, rather than on those of disposal or dumping. The emphasis is 
equally valid for both developed and developing countries. 

- Multi—disciplinary efforts are needed to achieve proper utilization of 
residues as fertilizers. The talents of engineers, agronomists and soil 
scientists are needed. Criteria are needed to use the residues as fertilizers. 
The criteria should recognize the differences in the characteristics of the 
residues, the type of soils, the crops to be grown and geographical differences 
of climate, temperature and humidity. 

- Then residues are applied to the soil as a conditioner or fertilizer, they 
should be applied at an appropriate rate to avoid contamination of run—oif 
and soil viater and to avoid odour problems. The residues should be applied 
at optimal rates to make best use of the material and to avoid environmental 
problems. Considerable research is needed to identifr the optimal rates 
for specific conditions and on the utilization of certain types of wastes 
requiring specialized treatment and control of toxic and hazardous waste 
components. 

- Priorities will be needed on specific situations, to identifr the proper 
use of residues for fuel, fodder or organic fertilizers since such uses 
could compete with each other in a number of countries. 

(E) Utilization of Waste Products in Animal Feeding was reported on by Mr. M. Chenost 
of the Animal Production and Health Division of FAO, who summarized the Consultation 
held at FAO in November 1976 on New Sources of Feed for Animals. This consultation had as 
its objective examination of the use of (a) low quality coarse forage, (b) agro-
industrial by—products, (c) by—products from the wood and cellulose industry, and 
(d) of the recycling of animal residues and municipal wastes. The following conclusions 
of the Consultation were reported: (i) by—products represent an enormous under—exploited 
potential; (ii) techniques exist for incorporating by—product residues in animal feed 
but their use is sometimes restricted by economical and technical considerations. 

The problem of the pharmaoeutioal product content, particularly of poultry manure, 
and the possible hazards to animals fed on processed manure was discussed. It was 
reported that these products may not be affected by any processes applied to treat manure 
used as a supplement in animal feed. This situation may call for government regulation. 

In relation to sugar cane processing it was observed that not all the bagasse is 
available for animal feed, since in practice it is used for fuel in the processing 
operations. It was observed that while bagasse is a suitable substrate for SCP production 
and subsequent use in animal feed, pre-lreatinent is necessary and this step could result 
in costs for protein being as much as 50% greater than alternative protein sources such 
as soya bean. 
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Successful experience in using onion peelings in animal feed was reported by the 
representative of Egypt whereas garlic peelings appeared to have an adverse effect on 
animal performance. 

It was observed that use of agricultural residues for animal feed may sometimes 
require sophisticated treatment and a certain density of animals in the production units, 
thus possib],y leading to additional pollution. Consequently care has to be taken in 
choosing priorities for use of these residues. It was also noted in this context that 
certain agro—industrial residues may have a negative value and it was recommended that 
further research is needed in finding improved or other uses. 

The opinion opposing the use of large quantities of cereals for animal feed was 
noted. Less intense animal production patterns may be required for more effective use 
of agricultural residuals in feed. 

(F) T4r. L. Lintu, Forestry Officer, of the Forest Industries and Trade Division of 
FAO summarized the paper on construction materials, paper and paperboard from agri-
cultural residues. Two groups of end—products were discussed - p.ilp for paper industries 
and non—wood panel board. Regional statistics on the quantities of residue used for each 
end—product were reviewed. Five requirements of a satisfactory supply of raw materials 
were enumerated: 

- The supply must be large to permit economies of scale; 
- It must be even throughout the year; 
- The supply must be guaranteed for the lifetime of the mill equipnent; 
- The quality of the raw material must be homogeneous and constant; 
- The oost must be competitive; 

The potential supply of agricultural residues far exceeds actual utilization because: 

- Agricultural residues are often widely dispersed and therefore costly to 
collect and transport; 

- The denisty is low and in some jases unwanted materials are included; 
The harvesting period for annual crops is limited toa few months; 

- Local weather conditions may adversely affect the supply of residues; 
- Some residues have an excess.vely high silica content; 
- Residue availability may be reduced by changes in agricultural policy. 

The use of agricultural residues in panel products and paper industries is restricted 
mainly by economic factors while most of the technical limitations can be overcome. 

No questions or corrections were subnitted by the Delegates. 

SESSION IV - The following contributions from participants were presented at the 
iednesday afternoon session: 

- Dr. James Parr, Chief, Biological Waste Management and Soil Nitrogen Laboratory, 
Unied States Department of Agriculture, Washington, D.C., talked about the 
recent conferenoe on the crop residue management systems, held at Houston, Texas. 
He focus on the need to change systems in view of the move to the introduction 
of reduced or zero tillage. Some areas of the United States of America have 
more than enot.gn crop residue to prevent soil erosion while other areas are 
less fortunate. The Oonfey'enoe discussed the related problems and suggested 
the need for further research to determine the amount of crop residues needed 
for erosion control, the amount which could be removed for fuel, cattle feed, 
etc., to determine the factors affecting decomposition when residues are left 
on or just below the surface in minimum tillage systems. It was also felt that 
plant breeders should develop varieties which will respond wGll under a trash 
tillage environment rather than clean tillage; similarly there is a need to 
breed higher nitrogen content resides, which would reduce the carbon/nitrogen 
ratio and the energy required to decompose the residue. 
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- Dr. Barnett of L.I.F.E. introduced some findings of the survey recently undertaken 
in some Latin American countries - Guatemala, Colombia, Ecuador, Peru and Brazi 
Reference was made to the high rate of waste bananai which amounts to 10-30% of 
the exported crop. A second product is pineapple waste, which only on one occasion 
was seen to be used as an animal feed. Rice hulls are burnt or piled up. No use 
is made of them. A process using Aspergillus fwnigatus is applied in Colombia, 
using cassava as a substrate. The fermented broth is pressed in common jute bags 
and farther sunftried and used as pig feed. 

A major waste in Brazil is stillage from alcohol produced for fuel from sugar residue 
The quantity of this waste is expected to increase. 

Bagasse is mainly used as fuel. Mention was made of a, sugar operation where the 
fil+ermud was used to feed a 900 head pig operation. In Peru citrus pulp is a 
worniient residue. Constraint for use is its high moisture content and deveiopnent 
of solar driers is recommended. In the discussion the question was raised whether 
the strain of micro organism used could not create a health hazard. The speaker 
indicated that no problems had been experienced. 

- Mr. AndrS Bonin of SODETEG, Franoe, presented a paper on electrod.ialysis. One of 
the appropriate technologies which can be used to convert effluent liquids from 
agro—industries is the system of electrodialysis. The system developed by SRTI 
gives a high rate of mineral salt removal, a low membrane surface area, a one 
or two—stage operation, a compact technology with low overall dimensions which 
consumes little electrical power. The system has been used with success in the 
French Dairy Industry to produce both acid and sweet wheys and has other agro.-
industrial application. 

- The National Swedish Environment Protection Board (Ulla—Britte Fallenius) introduced 
a paper on "Handling of Wastes in Food Industry': About 90% of the residual 
products in this industry is utilized for various purposes, frequently for animal 
feed. Utilization may yield an economic gain, however waste handling costs often 
exceed the value of the recovered products. Specific examples of concern and 
of successful utilization were discussed. 

- Non—fossil Carbon Sources (j.c. Shorrock, Battelle, Switzerland). The meeting 
was informed of the Battelle Institute's programme of research on non—fossil 
carbon sources and in particular the programme to demonstrate the technical 
and economic feasibility of using agricultural by—products as raw materials 
for the chemical and agro.-food industries. Particular mention was made of the 
project currently in the pilot plant stage to develop the acid hydrolysis of 
straw, bagasse and other cellulosic residues to C and C 6  sugars which can then be 
fermented to SOP or ethanol. 

- An Approach to 4aste Utilization in Rural India -(J.j. Patel, Bombay) The 
approach deals with the production of biogas, or gobargas, from the fermentation 
of cattle manure and other wastes. Data on the quantity of the wastes was 
provided. Most of the electricity in rural areas comes from such systems. 
This approach also conserves the nutrient value of the wastes and helps avoid 
the use of other scarce resources. About  30,000 plants are now working in 
India. 

- Bio—Gas (Gobar Gas) and Manure from the Waste of Farm Animals —(H.R. Srinivasan, 
Gobar Gas Scheme, Bombay). The paper is based on work done in India during 
the past four decades. The effect is to supply the rural population with 
efficient non—commercial fuel, reducing use of commercial fuels. The 
resultant manure from the gas plants is superior to available farm yard 
manure. Farmers using gas plant manure obtain 25 to 33% more yield from their 
fields. The gas is also used for domestic purposes as well as for the enerr 
needs of other operations such as poultry production and laundries. Inter-
national assistance is needed to expand and enhance the use of this scheme. 
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- Pig and Poultry Wastes in Hong Kong (P.C.G. Isaac, J.D. & D.M. Watson, U.K.) 
The seminar was informed of the problems of disposal of pig and poultry wastes 
in Hong Kong, presently the main source of organic pollution. Landapreading 
can do little to mitigate the problem in Hong Kong. The only answer is 
artificial drying to produce fertilizer or animal feed supplement. Pilot 
plants for continuous drying of poultry manure and a batch dryer for pig 
manure have been installed. The costs of the continuous process are 
presently rather high and require skilled supervision. Assuming f\irther 
modifications to the dryers it may be possible to considerably reduce costs. 
The products from these processes have a wide application, aspecially  as 
animal feed supplement. In answer to a question mention was made of the after 
burner which reduces any noxious odours. 

- A paper on the problem of the utilization of organic waste on Italian livestock 
farms was introduced by Mr. Domenico Siniscalchi of the Ministry of Agriculture. 
Some 100 million tons of animal waste are generated yearly, 20% of which are 
produced in intensive animal production units. Most of these latter wastes 
do not re—enter the productive cycle and are estimated to represent a loss 
of one hundred million dollars. The most severe problems are encountered by 
the disposal of waste waters from pig farms. Specific problems are existing 
in the Po plain where the concentration of intensive production units is very 
high. Lagooning is practised most frequently in Italy. After separation of 
the solid par-ta the liquid is used for irrigatioi. Also dry removal of animal 
manure is increasingly applied in modern production units. 

- Animal Feedatuffs from Waste and Surplus Fish (D. James, Fishery Industry 
Division, FAO, Rome). Fish meal production utilizes about 27% of the fish that 
are caught. Other processes include fish silage and fish powder. Fish ensilage 
could be on a village or industrial level for small fish oatches. There is 
need for experimental work in the mechanism for acid production and on feeding 
trials with livestock, particularly in the tropics. Possible constraints relate 
to taints in meat and eggs, the corrosive nature of silages, and the need for 
starter cultures of microorganisms. 

- Leaf Protein (A. Salgado de Oliveira, Talleres Ovidio Martinez S.A., Spain) 
The Seminar learnt with interest of experimental work carried out in Spain to' 
utilize the grasses which grow luxuriantly in the humid tropics during the 
wet season. In the past this grass has simply been burnt at the end of the 
dry season. The prooesS described produoes a number of products including grass 
meal, edible oil, leaf protein and fermentation products. The introduction of 
an orenator improves the ef'ficiency of the process. 

- Recovery and Utilization of Residues from Brewing and Other Fermentation 
Processes (R.M. Gray, A.P.V.) Five processes to recover protein—bearing materials 
from brewery wastes were discussed: waste brewers yeast, brewers grain 
processing, spent molasses wastes, distillers dark grains, and distillers dried 
solrbles. Installations have proved that in favourable circumstances, such 
operations can be economically attractive. Certain problems remain unsolved 
such as the use of large quantities of energy used in evaporators and driers 
and life of membranes in mechanical seperaticn methods. 

- A paper on Protein Recovery from Abattoir and Poultry Processing Wastewatera 
was introduced. by A 1watech, U.K. The Alprecin Process for protein recovery 
from meat and fish industry wastewaters is in fuliscale operation in several 
countries. The process e based upon protein recovery with lignosulçhuric acid at 
pH3, followed by dissolved air flotation; the flotated material is concentrated 
together with blood and dried with other products in a rendering plant. The 
safety of the recovered product in animal feed has been established, and the 
efficiency of the system for efflue'it treatment has been demonstrated at about 
80% BOD removal. 
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The economics of the process are usually good for units above a minimum size - for 
example, plants with a throughput of more than 300 cattle or 20,000 chickens pe: day. 

- The subject of utilization of wastes from agriculture and a.gro.-industry in 
Central America was introduced by Mrs. Schneider de Cabrera. The utilization 
of coffee processing wastes is a major problem in Central America. Coffee is 
processed by wet processing and there is coffee waste water, 40% by weight 
of pilp and 20%  mucilage. Fungi grown on coffee waste water produces an 
animal feed supplement. A pilot plant has been established in El Salvador. 
The high oaffeine and poly1ienolic content of j&lp has limited its use 
in animal feed.. A system of fermentation has been developed which reduces 
the content of these limiting substance8 so it is now hoped to start feeding 
trials. Work is being reactivated on methane production from pulp. The 
possibility of pressing the pulp so as to use the dry pulp as fuel and the 
liquid jliase as a fermentation substrate. The mucilage layer, having a high 
carbohydrate, mainly pectin, can be used as a substrate for f'ungal growth 
and also for the production of commercial pectin. 

- A paper on Considerations Concerning the Upgrading of Cellulosic Wastes and 
Carbohydrate Residues from Agriculture and Agro.-.industries was presented by 
Dr. J.L. Baret of Battelle Research Centre in Geneva. Various processes are 
considered in the paper as well as technological alternatives, their applica-
bility and their costs. The paper indicates that although use of cellulosic 
wastes remains limited, there are efficient, economically feasible, industrial 
processes for upgrading these wastes for further use. More research is 
required on the hydrolysis of cellulosio materials to produce sugars. Research 
was reported to develop a non-waste technolor in order to minimize the problems 
of biological sludge disposal, with simultaneous recovery of valuable materials 
as SOP. 

The following papers were distributed to participants but not orally presented to 
the Seminar: 

- Products based on sulite spent liquor (Ministrr of Agriculture and Forestry, 
Finland) 

- Processes for SOP recovery from agricultural wastes (Tate & lyle, Ltd., U.K.) 

- Stillage treatment in sugar and molasses distilleries 
Recovery of fat and solids from filleting waste waters 
Centriflow fish liver oil process (Alfa Laval, Sweden) 

- Waste bioconversion : environmental management for economic progress in 
developing countries (uNESCo/uNEP) 
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Summary of Working Gmups 

Working groups were established in broad commodity areas to draw upon the experiences 
of the participants, to identify gaps in existing knowledge, and to identify needs and 
action prograes to help fill such gaps. The following material summarizes the die-
cussion and suggestions of the various working groups. The recommendations of the 
working groups have been incorporated in Section II. The participants in each working 
group are identified in Appendix F. 

Fruit and Vegetables 

The following commodities were reviewed: tomatoes, peas, artichokes, string beans, 
potatoes, carrots, citrus fruit, grapes, olives, apricots, peaches, mangoes, guava, 
quince, onions, garlic, dates, cocoa, bananas, pineapples, apples, cherries and figs. 
Processing of these commodities produces the following residues: seeds, peels, cores, 
s-tones, husks, leaves, rejected whole fruit and juice. 

These residues occur in all geograiical regions and in various seasons, depending on 
commodity, but usually in short periods, thus creating problems of supply. The resUues 
occur mainly during canning or bo-t -tling but also when fruit and vegetables are picked 
from the trees or collected on the ground. 

The residues under review could be reduced by alterations in the main process or 
parent material, particularly by improving juice extracting eciuipnent and by genetic 
improvement to reduce peel content in citrus fruit and to increase the usable portions 
of fruit and vegetables. 

The most promising end—uses of residues include direct animal and fish feeding 
either in wet or dry form s  ftel, compost and oonstruction materials. 

The most promising technologies include composting, fermentation, drying, land 
filling. 

The main constraints in effective use of the residues consist of health and sanitary 
regulations dth regard to animal feed, irregular and thin geograioal spread of 
supply, lack of export markets and unfamiliarity with appropriate technolor. 

It was agreed that assistance should be provided to developixg countries in the 
processing of fruit and vegetable residues. The following commodities, among others, 
were recognized as particularly important: citrus fruit, bananas, grapes, cocoa, 
coffee and olives. Priority should also be given to enerr—reducing techniques, 
research programmes, demonstration units, and training programmes, 

Beverages 

The main residues from beverage industries were identified as: spent molasses 
liquor, spent brewery and distillery cereals, coffee grounds and spent green tea, and 
residues of fruit and vegetable juices, including wines, cashew ad apple. 

olasses, the by—product of beet and cane sugar, is used throughout the world 
for the production of industrial and beverage alcohol, citric acid and a number of 
other biochemical and çiarmaceutical products. The problem associated with molasses 
fermentation is the disposal of residues (distillery slop, stillage, vinasse). Some 
technolor for further processing, such as evaporation, anaerobic fermentation, yeast 
and protein separation, and desalination is available. 

The residues have a relatively high mineral content and high BOD which makes 
further utilization difficult. No satisfactory economical and commercial use of the 
end product has been found.? To the knowledge of the Group, there is very little 
current research work in this particular field anywhere in the iorld. 

iith the expansion of sugar production and concentration of industry, the problem 
rel-'ted to spent molasses liquor has become more acute. The problem for developing 
countries appeared to be one of usability of spent molasses liquor whereas for 
develop& countries the question was primarily associated with the prevention of 
serious pollution. 
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Jell developed teohnolor exists for the treatment of residues from cereal 
based beverage proc'sses to render them suitable for blending with other materials to 
form excellent feed materials. Present technolor tends to be enerr intensive. 
In some countries such tc'ohnolor was not comonl,y applied. This was attributed to 
comparatively low profitability, the absence of feed manufacturing industries in areas 
unfavourable to animal husbanry; and a lack of recognition of the potential by 
rossible users. 

The utilization of coffee grounds and spent green tea does not present serious 
problems. Research into farthe' utilization of these end products is well underway. 
with an increasing production of instant coffee in develoDing countries, new pathways 
of residue utilization might have to be pursued. 

Fruit juices are, for the major part, produced in tropical or semi—tropical 
countries. Residue utilization in the form of oil production, manure and fuel did not 
seem to present problems. Residues of several fruit juices are being utilized in the 
manufacture of natural colours. 

CeJu1 	esidues 

All plants contain cellulosio materials and cellulosic residues are therefore 
widely available. Plants can become a residue in four different stages: when being 
left unused such as the tropical grasses, after harvesting the main crop such as 
straw in cereal production, after pa'ooessing the plant iii industrial or semi—industrial 
operations, such as bagasse in the sugar industry, and after consumption of the product. 

Most of the cellulosic residues are available sesonal].y although there are some 
residues which become available continuously, e.g. urban solid waste. Ecological zones 
have an effect on the type of the residue. Develonent of new plant varieties affects the 
quantity and quality of residue. In some instances use of oellulosio residues can be 
improved through plant breeding. Quantification of the availability of cellulosic 
residues for any particular use always should tke into acoount the competing uses. 
An inventory by countries of the quantities and qualities of cellulosic residues 
available for use in each country should be made. 

Reduction of residues may be possible through genetic selection and during the 
processing stage of residue utilization, such as the example of the differences in the 
residues generated by the wet or dry methods for coconut husk processing. 

A great number of technologies for residue conversion to more useful products 
is available but their application conp 1 etely depends on the economical feasibility. 
For instance under present economical conditions, wheat straw, of which 8 million tons 
are produced in Denmark, can be successfully converted to feedstuff for cattle by mixing 
with other agricultural wastes. Of - be other methods for processing cellulosic residues, 
silage, composting, chemical hydrolysis and anaerobic fermentation appear to have 
economic possibilities. 

The proper end—use of cellulosic residues is mostly for feedstuff so far as 
industrial conversion of residues is concerned. The use of sea—plants may be new 
materials for feedatuff because they are not limited. Further research is requested 
on this subject. Other possible uses of cellulosic residues are as medicines, chemicals, 
energy sources. 

The economics of collecting and processing the oellulosic residues are the most 
severe constraint to their use. Identification of appropriate teohnologies, encourage-
ment to their use, and addjtiol basic research on the physical, chemical and biochemical 
proper-t. s of materials that is relevant to the residue utilization, could help to 
increase the use. Exchange of information on technical and economic parameters governing 
the optimum ue of residues as means for furthering their use is needed. 

Fish 

The fishery industries have a unique residue pattern which does not conform with 
that of other agro—indus-tries. The most pressing problem is the loss or wastage of high 
quality animal protein which results from ineffective utilization of what is harvested. 
The solution to this problem, whio)' is partioularly apparent in tropical developing 
countries, lies in a long and slow developnent effort to make more and better fish 
available for direct human consumption. At the same time catches not suitable for, 
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or surplus to, human requirements should be processed to high quality animal feedstuffs. 

The major residues and losses in the fishery industries are in three broad areas: 

in many fishing operations, particularly trawling, considerable quantities 
of low value or undesirable species are taken incidentally to the target 
species. Where the difference in value is great, such as in the shrimp 
trawling industry, the low value species are frequent]jr discarded immediately 
after the catch. It has been conservatively estimated that 5 million tons 
of -catch is discarded annually by shrimp trawlers. This represents a net 
loss as the fish is dead when returned to the sea. 

The second major area where high losses occur is where fish is allowed to 
spoil or lose nutritional value as a result of bad handling or processing, 
before reaching the consumer. Significant losses of dried fish also 
result from infestation by insects and rodents, representing a net loss 
of protein. It is difficult to quantify these losses, but an overall 
figure of 3  would not be unreasonable. 

Potential pollutants from fish processing operations which are discharged 
into water bodies or the atmosphere lead to environmental hazards as well 
as protein loss. These can range from the discharge of large volumes of 
effluent with high BOD to disposal of processing offal in unsanitary 
circumstances. There is no data to quantify these losses. 

By its nature, fishing is seasonal and losses are particularly likely to occur 
at peak fishing seasons. Most of the by-catch discarded by shrimp trawlers is in 
developing tropical countries. These countries also account for a high proportion of 
spoilage and infestation losses during processing and distribution. Additionally, 
economics force the population to consume some spoiled or infested fish. The only 
alternative is direct feeding to domestic animals (ducks and pigs) or farmed fish. 
In developing countries, potential pollution from fish processing is not considered a 
significant problem except where high rolume operations, such as fish meal production, 
are established. 

In developed countries, the by-catch is generally better utilized and spoiled fish, 
ihile lost to human consumption, is usually processed for animal feeding purposes. 
Recently because of stricter environmental legislation, pollution from fish processing 
plants has become a significant p'oblem. 

Considerable reduction of losses could be achieved in all areas of the world. 
However, this demands willingness to change traditional practices and the transfer 
of appropriate technolor. 

The priority area for attention is the increased use of marine resources as human 
f J. Introduction of new 	rhnolo, leading to reduced losses, will contribute to 
this aim. 

The resources which are available but which for one reason or another are surplus 
to present x -iuirements  should be converted to effective animal feedstuffs. The 
poibilit,r of ecbracting valuable industrial or pharmaceutical products from fish 
wastes shouli not ee overlooked. 

In all areas of fh production for human food or animal feed, low cost products 
generally demand low cost technolor. A number of low cost technologies are being 
developed to fulfil these nds. As examples there is a need for improved drying 
methods for fish where attempts are being made to introduce better solar driers and 
to use the waste heat from staticary diesel engines more effectively. Improved smoke-
drying ovens for fish have been developed and are being introduced. 
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The proper use of ice, and where appropriate the use of boxes, can play an important 
role in reducing epoiiage. At iaesent ice is expensive, but the developoent f wind-driven 
ice plants should significantly reduce the cost. 

Low-cost products can also be made by machinery which has been developed for 
separating fish meat from skin and bone. This method is particularly applicable to utili-
zation of mixed species from the by-catch. As a raw material this aearated fish can be 
used for soMstioated, blended and extruded products for developed countries. There are 
also opportunities for producing very low-cost products for low income consumers by mixing 
with salt or blending with cereal and frying. 

Apart from the well advanced fish meal technolor which is available, the most promising 
avenue for animal feed production would appear to be the ensilage of waste and surplus 
fish. Although a considerable amount of work is underway, a greater cleveloprent effort 
is needed. The major requirement is for intensive feeding trials under tropical 
conditions to establish the eoonomios and safety. 

Developeents in the technologies of FPC Type B pro'iotion for human feeding and fish 
hydrolysates as milk replacers should not be overlooked. However, these technologies 
are likely to be considerably more complex and capital intensive than those mentioned 
above. In addition they are unlikely to be applicabe at a village level. 

A great deal of effort has been pxt into control of pollution from large plants and 
processes, and an array of relatively expensive t€chnolor has resulted. It is clear 
that waste recovery will only be undertaken where there is certainty of profit from the 
sale of recovered materials or where the polluter must pay for the costs of waste 
treatment. 

Economics is the principal barrier to reduction of losses. As an example, the by-
catch situation could be improved by selectiie trawling and separation of the catch. It 
is still difficult to persuade captains and crews to handle fish of low market value. 
iconomio studies, including the use of collector vessels, have shown marginal profitability 
and legislation may eventually be necessay to ensure greater food production. 

To date the lack of motivation and interest has hindered more effective utilization. 
In addition it is diffioult to ohange ntrenched sooial customs and established food 
habits. 

Geograically the priority are 3. for attention is the entire belt of tropical 
developing countries where it is vitally necessary to develop efficient utilization 
practices. These will result in better nutrition whether fish is made available 
directly as human food or is cycled through domestic animals. In the developing world 
the technolo' introduced should be simple, cheap and foolproof without sacrificing 
hygienic standards. 

here are severe economic and nutritional problems caused by loss and wastage of 
world fish resources. As there is every indication that exploitation is approaching the 
maximum 	narr areas, the only room for ftrther increase of production will be by more 
effective utilization. There is an urgent need for develorinent of technolor in this 
area. 

5. Animals 

The topic is extreme.j broad. A distinction should be made between the utilization 
of by-products and residues of animal industries (meat, milk, leather and utilization of 
carcass offals) and the utilizion of animal manures. 

Meat processing whether at the .illage or industrial level, produces a number of 
by-products including hides and skins, intestines and paunch content; wool, hair and 
feathers; hoof, horn, bone and blood and eat trininings. Depending on the size of 
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operation, these by-products can be processed into a single product for fertilizer, or 
into a large array of products, such as through tanning, wet or dry rendering, fat and 
oil extraction and other processes. While the technologies for these processes are 
widely available, in many oountriee there are legal requirements which have to be 
considered. These legal measures have been introduced to protect the environment and 
to protect human and animal health in the case of recycling into the food chain. 

Some problems which require further researoh include the effective utilization of 
paunch content where it appears that after drying it becomes an acceptable animal feed 
supplement. This process has not been widely aooepted beoause of the eoonomios of water 
removal. The disposal of spent chrome tanningliquors is a recurrent problem for the 
tanning industry. There is also the problem of animal disease dispersion in effluents 
and in particular, dispersal of anthrax spores from tanneries which are importing their 
hides. 

In most of the developing world there is no major problem in the disposal of milk 
by-products since there is a ready market for fresh milk. In the developed countries 
there are major problems with regard to the disposal of whey. The disposal problems of 
seet whey are due to marketing problems whereas the disposal problems of acid whey are 
due to technical problems. Flash drying as well as reverse onosis and eleotrodialysis 
are possible technical solutions for acid whey conversion. 

The disposal of animal manure only becomes a problem where livestock numbers exceed 
vailale land for land spreading operations. Purification techniques may give good 
results provided that treatment processes are used which are adapted to this type of 
effluent. well designed aerated lagooning for example allows a purification rate of 
at least  95% of the BOD5. while standards for a livestock/land ratio should be 
eetablished, the standard will vary from place to place depending on such factors as 
climate, animal diet, species, and soil types. The aim of animal manure disposal 
teohnolor should be to concentrate the solid phase and to use it as fertilizer. 
Changing population patterns in rural areas are beooming constraints to the expansion 
of animal production near human habitatioi as the tolerance to odours is reduced. 
xperience with anaerobic fermentation to produce methane from manures does exist. 
Global co-operation in, and financing of research for, efficient methane utilization is 
needed. 

The Group noted with interest the Dutch experience of a "T1anure Bank" where about 
400,000 tons per annum are transported over considerable distances for subsequent land 
application. This calls for specialized tanker transport in order to avoid spillage and 
spreading of disease. 

Little direct experience on the use of animal waste for animal feed is available 
at the present time. However, the human health aspects of this problem were discussed 
at a JH0 Conference held in October 1975 at Bra-tislava. The seminar was organized by 
the echoslovak Research and Developrent Centre for Environmental Pollution Control - 
rnmp/oio programme, under the sponsorship of the Federal Ministry of Agriculture and 
Food and e Federal !iinis-try of Technical and Investment Developnent and in co-operation 
with .Jorld Health Organization Regional Office for Europe. Proceedings will be available 
in Icr 1977 frc Applied Science Publishers. 

The production f animal feed from ensuing mixtures of animal and crop residues was 
discussed. In considering the refeeding of animal waste, attention has to be paid to 
the danger of disease traimission, and build-up of toxiolty due to chemical compounds 
used as feed additives or in thera. 

In several countries the legal regulations on waste discharges are based on 
effluent technolor and sanitation r- pects. Other countries have proposed more stringent 
measures based on a "receiving water" quality standard. It is difficult to get 
environmental biologists to agree on such standards. 
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6. 	Cereals 

The cereals and their residues were discussed in their order of importance, i.e.: 
rice, wheat, corn, sorghum and millet, grain legumes, barley and oats. 

The production of rice is approximately 344 million toxmes, which can potentially 
provide over 60 million tonnes of husk, 12 million tonnes of bran and 1.9 million torines 
of oil. At field level, this generates close to 100 million tonnes of straw. Most of 
these residues are not optimally utilized and in many cases, up to 5C are wasted. As 
such, they are not only a loss but create disposal and environmental problems. Improvement 
of technologies for processing and optimal utilization of these residues could help to 
produce food for human consumption, animal feed, activated carbon, sodium silicate, silica 
molecular sieves, fti.rf\iral, cement and other construction material. Rice straw if 
collected oarefully, can be utilized in animal feed, manufacture of strawboard, and also 
as substrate for mushroom cultivation. 

The production of wheat is nearly 355 million -tormee. It is the largest food crop in 
the world. Although it occupies a secondary position in the diet of most of the 
developing countries, efforts should be made to introduce teohnologies which will ensure 
utilization of high extraction flour. This could increase food availability from milled 
'products by 20-25% and reduce corresponding residues. Where a sufficient amount of wheat 
germ can be collected for processing, it should be possible to manufacture germ oil and 
t000er3ls from it with the extracted material used in the manufacture of protein rich 
foods. Bran could be used in composite animal feeds. 

The production of corn is 322 million toitcs, that of sorghum 55 million tonnes and that 
of millet 46 million tonnes. These are important crops for dry land cultivation and 
deserve special attention in many developing countries. Their processing technologies 
should be upgraded to utilize them better for human consumption and also in the manu-
facture of composite flours. The residue from milling operations could be used in 
animal feed. 

The production of grain legumes is nearly 47 million tonnee. Although these are not 
cereals, they are the largest source of protein in many developing countries. Their 
improved storage and milling operations can increase the supply of edible material by 
5 to l and also improve nutritional quality. 

These crops are important for many countries, especially in the manufacture of 
composite animal feed. Barley has a very large use in the fermentation industry. 
3peoial attention should be paid to the use of spent grain from the brewing industry not 
only for utilization in animal feed but also to upgrade it for human food. 

In producing cereal crops, the quantity of straw that is produced is equal to or 
greater than the quantity of edible grain. Its utilization is therefore of great 
importance. A considerable amount of work has been done on the use of rice and wheat 
straw. New technologies have been developed for their efficient utilization in composite 
animal feed. Similar attention is required for straw from sorghum, millet, grain legumes 
and corn cobs. 

The main constraints recognized to cereal by—product utilization were: availability 
of information, transfer of appropriate technologies, research and developsent infra-
structure, training to build competence, practical demonstration of low residue processes, 
absence of integrated policies, allocation of adequate resources, collection of residues, 
management, marketing and distribution. 
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Starchy Roots and rTh.lbers  

Concentration was plaoed on residues from cassava, and potatoes since no industrial 
processing of other roots is known. Yam, sago palm and sweet potatoes were therefore 
not considered. Bananas were included in the disoussion since this commodity was not 
covered by other working groups and was of interest to some participants. 

The major residues that result are water slurries and solutions and solid residues. 
Crop residues such as stems and leaves from cassava also result. These residues occur 
at various stages of processing such as peeling when potatoes are used for French fries 
or mashed potato production, or when cassava is used for starch production. Slurry and 
liquii residues occur during washing, blanching, and trimmin. Cassava residues are 
produced practically all the year round in starch plants in developing countries as are 
banana leftovers and offgrades. Potato residue production differs among regions varying 
from three to six months. 

Residues could be reduced by better process operation controls during peeling and 
trimming and by water recycling improvements, particularly in cassava starch production. 

The most promising end—uses are recovery of starch for cattle feeds, proteins and 
sugar recovery from potato residues, biogas production and SC?, provided a useable 
concentration from the recovery is obtainable. 

The constraints which have to he overcome are: (a) the transport costs due to the 
scattering of residues and diluted effluents in small quantity, (b) capital costs and 
(a) lack of awareness of available technologies. A way to overcome this situation is to 
develop technologies capable of being used at local levels and at low level production 
plants such as those with 2 to 5 tons of cassava per day processing capacities. Another 
possibility is farm level production of SC? from agricultural starch (cassava or bananas) 
to feed directly to cattle or poultry and pigs and thus short cut marketing costs which 
would make such SC? uncompetitive to other protein products. 

Major priority areas are: 

(a) Where large industrial starch plants already exist in developed or developing 
countries; 

(h) 'There small quantities of residues are available with many plants located 
in the same area; 

(c) There the end use can be made valuable due to partial or total processing 
of the residues or due to pollution control regulations. Answers can be 
only made on a case by case basis and require detailed feasibility studies. 

Oils and Oilseeds 

The following commodities were reviewed: groundnuts, cottonseed, soyabean, coconut, 
sesame seed, sunflower seed, saffron flower, rapeseed, mustard seed, rice bran, palm oil, 
castor beon, tung seed, olive seed, kapok seed,linseed and rubber seed. The processing 
of these commodities produces the following residues: shell, husk, lint, coir, fibre, 
sludge, presscke and water. 

These reidues occur in all geographioal regions. However, they prevail in tropical 
zones and are seasonal, depending on the commodity. The residues occur mainly during 
the pre—processing s-tags ut also at the stage of refining and final processing. Some 
of these residues are unavoidable, whereas others could be limited. Ixcept for groundnut, 
cottcnseed, palm oil and olive seed, the occurrence of oils and oilseed residues may be 
reduced by alteration in the process or of parent material. 

The most promising end uses of these residues include direct animal feeding, 
fertilizer use, and for composting. The shells of some of the cii seeds also could be 
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used as raw material for the production of activated carbon. In the particular case of 
the palm oil industry they may be an important source of energy, possibly capable cf 
making a prooessing plant self—sufficient in energy. 

The most promising technologies include animal feeding, protein recovery, composting, 
procuction of lignin, pentosans, cellulose (firfiiral, zylitol), fertilizers for fast 
depleting arid lands, activated carbon, and production of various fibre—based materials. 
With palm oil processing, the importance of sludge may be minimized through better design 
of the manufacturing process. 

The main constraint in the effective use of residues is the difficulty of collection 
and transport to a central processing place, particularly in developing countries. Until 
such time as organized animal husbandry is combined with animal breeding, it may not be 
possible to make optimal use of some of the residues. Lack of an export market and of 
appropriate utilization technologies were also felt to be responsible for ineffective 
use of these residues. 

Prior to determining the end use of a residue, efforts should be made to quantifr 
the socio—economioal impact of the operation. Residue utilization in the case of oil 
seeds is a two—fold problem; one being an effective use of all products derived from 
the process, and the second being related to the protection of the environment. These 
two aspects are interrelated. 

Specific action programmes should depend on individual country or regional needs. 
Hoiever ;  high priority shouli be given to research on developing adequate technologies 
so that oil seeds could be defatted as completely as possible. The amount of residues 
might be reduced if a complete dehulling of the oil seeds could be achieved. 

The problems related to soap stocks and volatiles from de—odourization also were 
reviewed. It was felt that soap stocks should not be considered as residues and in 
fact they are not where appropriate facilities exist for fatty acid separation. 
However, such facilities are not available everywhere and wherever the oil extraction 
industry is not equipped to treat soap stocks, these could be considered as residues. 
Volatiles from the de—odourization, although they might constitute a problem in some 
countries, are not considered to be a major residue problem. 

iith regard to spent bleaching clays the Group could not envisage any possibility 
of recuperation. It was, however, suggested to bleach the clays in order to recover 
most of the oil. 

Spent liquor from animal rendering occurs after centriftgation and becomes a 
residue which might be reduced by concentration or the use of less water during the 
process. As a single product it might be considered as the largest oil source as 
compared with individual vegetable oil seeds. There do not seem to be any constraints 
in its effective use. Such uses could be in the pharmaceutical industries where it 
serves as a substrate for rnicrobially produced bio—chemicals. 

9. Sugar By—Products 

Sugar cane is an important crop for conversion of solar energy. In the fttture sugar 
cane product may be directed towards that of an energy crop, where not only crystalline 
sugar will be extracted. In practice, sugar cane by—product utiization must be 
considered on a country by country basis. 

The supply of bagasse for other uses or as a residue, is dependent on energy 
costs and the use of bagasse as a fuel. The quality of bagasse in terms of digestible 
carbohydrate (non—extracted juice) affects its value as an animal food. Bagasse paper 
is not highly valued and, therefore, is not competitive on the world market. The 
technolor for further processing of bagasse is well developed; though continued 
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research to produce structural materials is required. Bagasse is one of the best 
substrates for cultivation of mushrooms and the fermentation residue can be used as an 
animal feed. 

Total processing of sugar cane can be economically advantageous, if carefully 
managed., sinoe production of other products besides crystalline sugar may provide more 
flexible options. 

Account should be taken of the cost of pollution abatement. New developeents in 
decorticatio' (derinding sugar oane) may improve the utility 01 bagasse and so affect 
its economic value. Incorporation of bagasse into soil is not economical. 

In general bagasse is used as a fu.el in sugar cane except where alternative fuels, 
e.g., natural gas, are cheap. There is usually a surplus of bagasse, however, and 
this may be used for producing paper, board, or chemical3. These by—products, however, 
may not be produced competitively compared with alternatives, unless protected by 
tariffs. 

The present use of molasses is limited by cost and availability of transport. 
Attention is called to the OECD report on the world—wide utilization of molasses. 
Cuba has a full—scale process for use of molasses in feeding animals. The rapid 
ievelotnent of fermentation technolor will have an impact on the economics of 
utilization of both molasses and cane juice. Currently, molasses is the preferred 
substrate for bakers' yeast production and the present trend is the use of full—strength 
molasses as feedstock. 

The pollution potential, e.g. BOD of viiasse depends on the original substrate 
(sugar cane juice, molasses, wine, etc.). Vinasse contains biodegradable carbohydrates 
not available to yeast in relation to small—scale tropical distilleries, and continued 
research is needed on anaerobic, aerobic ienitrification and algae recovery for fodder 
feed. Vinasse may generate a heavy metal (non—fermentation toxic) load. 

Although the cost of fermentation alcohol is generally higher than chemically 
(C 2H 1 ) derived alcohol, it should be noted that the overall economy of a country might 
be srved by a controlled ethanol market. Brazil is a case in point. 

Citric acid may be produced from sugar by—products, but with the current world 
capacity for citric acid production, further developnent of capacity, except for local 
internal markets, should be approached with caution. 

The present potential of molasses for the production of microbial polysaccharide 
is recognized as being low. Glucose and sucrose are preferred feedetocks from a 
technical point of view. 

Thill scale integrated chemical and fermentation plants using molasses as a feed-
st 30k or substrate are in operation in certain countries where the politiceccnomic 
situation is appropriate. 

dater pollution problems arise not only from vinasse, but also from both cane and 
beet industrs through the incorporation of carbohydrates from various stages in 
process water. The level of pollution is higher for the beet sugar industry than for 
the cane sugar inistry. Abatement of these problems is required at a plant engineering 
level. 

Bagasse is one of the best oellulosic sources available for the production of 
pent osans, for which there ia an expanding market • A large range of other products 
18 theoretically producable from sugar cane, but other sources, feedstocks and 
substrates are economically superior for these end products. 
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Filter press mud, is usually dumped in rivers, a practice which should be avoided. 
It has been used (after cooling) in spreading on land, but this use should be treated 
with caution. The recovery of wax from the mud is considered uneconomio. The study 
of its use for soil conditioning and as a source of ±osphate and potassium could be 
recommended. 

The pollution problems arising from the sugar beet industry differ from those of 
the cane industry, due to the large quantities of water used in the beet sugar industry. 
The current practice of leaving the leaves in the field is economically preferable. 
Contamination by soil of the raw material is more severe for the beet than for the cane 
industry. 

Beet pup residues can be used as a feed, but it is necessary to press and dry the 
pulp prior to feed use since wet pulp presents a mycotcxic hazard in an aerobic 
condition and moreover is a source of bad odours. Extraction of specific amino acids 
using beet tops is not considered currently economic. 

In the future the world supply of sugars and sweeteners might be furnished from 
starch and cellulose raw materials. Industries based on developrent in sucrose 
chemistry might have an overall benefit on carbohydrate producer countries. Thus 
these industries might lead to improved per caput incomes. 

Over—enthusiasm for sugar cane production as a cash crop may act to withdraw land 
from food production. 

10. Siij Cell Protein 

General Position of SOP Production 

In recent years tremendous progress has been made in research and develojment of 
single cell protein production on unconventional substrates like gasoil, paraffins and 
methanol. The construction of production plants with capacities up to 100,000 tons per 
annum is announced for the United Kingdom, Italy and the Soviet Union and in a number 
of oases already completed. 

The develorrent as mentioned forms a stimulus for intensification of the study of 
the potentials of SCP production based on organic residues of agricultural origin. The 
Aorking Group focused its attention on this field. 

Requirements of SOP Production Unit for Agro—residues 

It was recognized that the logitio aspects concerning the substrates form a major 
problem. Seasonal variations in the supply of residues and the limited amounts 
available per production site lead to the conclusion that for most residues small scale 
production units of a relatively simple design are required. Capital and exploitation 
costs have to be low, technology involved should not be too complicated in order to 
make a project economically and technically feasible. 

Aims of the Production 

The production of protein rich materials for animal feed was generally recognized 
as more realistic than the direct production of human food. Animals can usually eat 
and utilize the whole content from the fermenter. 

Prom the U.S.A. as well as from Thailand the idea was launched that pollution 
control can be the primary object of SOP production, because the system uses residues 
that are otherwise discharged into the environment. 
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During fermentation the microbiological status of the residue may be improved, 
depending on temperature applied. 

In the case of algae, the production of pigments was considered as a valuable 
item. 

Nature of Substrates and Organisms 

A large number of potential substrates was mentioned. 

In particular the substrates rich in cellulose that ar available in large quantities, 
like straw (USA), corn cobs (Bulgaria) and collulose from wood (Finland) reached the 
level of advanced research-projects or even the production stage. Not everybody is 
optimistic about the economic aspects. 

Fruit ipp-prorluotF, distillery effluents and molasses were mentioned as substrates 

Fungi, yeati and bacteria are most frequently used as an organism. Their genetic 
iibi.l is of predominant significanoc for the success with which the substrate is 

ached and for the amino acid composition of the protein produced. 

Algae, usually riontioned together with the other categories seem to offer less 
bright prospects from the viewpoint of production technolor. 

Nutritional and Toxicological valuation 

The Protein Advisory Group of the UIT System provided guideline 15 for testing novel 
sources of protein. Such a full scale testing is costly and time-consuming. To 
provide applicable data, the testing has to be carried out with a standardized product. 
For economic reasons elaborate testing is impossible for the small scale production 
units under discussion. 

If the degree of novelty of suPstrate and of microorganism is limited, and 
o pratively small cjuantitative imicts  are to be expected, then safety and nutritional 
aspects can probably he determined at an acceptable degree by small scale experiments. 

These experiments have to be preferably carried out with the animal for which the 
iic'oluct is destined, the target species, because they respond often specifically. By 
aking use of young animals the amount of material required for testing can be limited. 

About the nature and eictent of testing required and about the evaluation of the 
data, an international body might give advice (FAO, FAG). 

Internationalization of Know-how 

It was mentioned by a number of representatives that research results and techno-
logical kno how should be made available for developing countries via FAO. 

It might be sefiil to select microorganisms and test their products under 
standardized conditions which are of relevanoe for the areas discussed. These micro- - 
organisms could then h made available for general use. 
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Recommendations 

Based upon the material presented in the papers and the oral reports presented at the 
Seminar and the issues and concepts brought out in the discussions and working groups, 
as identiied in Seotions III and IV, the Seminar makes the following reoommendatione. 

The Seminar participants recognized that in considering the utilization of agri-
oultural and agro-industrial residues, it is essential that the environmental impact of 
these residues be properly evaluated as a basis for work in the field. Enviroiinental 
protection implies more than the abatement of pollution. Some agrioultural residues may 
be of considerable environmental value, for example, in the prevention of erosion, even 
though it is difficult to place an economic value on such use. On the other hand, 
investments in residue utilization for environmental improvement may increase oosts of 
food and other agricultural products. However, such direct cost increase may be offset by 
the advantages gained by the public through the removal of the adverse effects of the 
residue or by the savings in costs to industry of complying with regulations imposed 
to correct the adverse impacts. 

A. IMPROVING INSTITUTIONAL CAPABILITIES 

1. National Centres 

Each country or region should establish or have available a centre to co-ordinate 
and carry out, as appropriate, the research, developeent and other investigations 
necessary for the evaluation and success of possible residue utilization approaches. 
Where needed, assistance from international, intergovernmental and non-governmental 
organizations should be provided to increase the oapabilities of such centres. 

The action programmes for residue utilization approaches must be multidisciplinary 
and multiranctionary. Co-ordination of these programmes is necessary to achieve desired 
results. The disciplines that should be involved in the approaches Include engineers, 
food scientists, microbiologists, agrioultural scientists, economists, sociologists and 
lawyers. 
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Strategies 

Each country and industry should establish definite, feasible residue utilization 
strategies and priorities for residue utilization that reflect realistic social, economic 
and technical goals. The strater must be compatible with environmentally sound decisions 
that reflect existing 1iysical, human and other resources. Desirable residue utilization 
approaches will depend upon the use of the indigenous capacity to generate and operate 
economically viable appropriate technologies. Such strategies and priorities should take 
full account of the interrelated policy questions of land-use, enerr and transportation 
as well as the various socio-economic, ecological, and environmental considerations. 
This will call for co-ordination among responsible authorities in countries and may 
require the establishment of suitable mechanisms for this parpose. 

Greater effort should be made by both industry and governments to reduce the quantities 
of agro-industry wastes that are generated. In doing so, the efficiency of food production 
can increase and a greater quantity of food supplies will result. In each country and 
industrial operation, a major programme should be initiated to identify, control and reduce 
the major losses in food materials, i.e., generation of residues, which occur in food 
processing between harvest and consumption. 

In developing strategies for implementing residue management policies, authorities 
should ensure that appropriate controls and regulations are based on sound scientific 
data, that they are enforceable, and take into consideration socio-economio conditions. 
Care alr should be taken not to create non-tariff trade barriers through unjustified 
import restrictions. 

Information ExchanKe 

There should be an interchange of information between adjacent or similar regions 
especially on local use technologies and incentives. Governments, international 
organizations and non-governmental organizations should assist in the developnent or 
utilization of existing centres to encourage such interchanges since much information 
and experience on possible utilization approaches exist in local areas and regions. 

Incentives 

Greater incentives should be provided to reduce the generation of agricultural and 
agro-industrial wastes. Incentives such as stricter pollution control regulations, 
waste discharge taxation, subsidies to enhance utilization, and other possible incentives 
should be evaluated in specific social and economic oonditions. Included in the evaluation 
of feasible residue utilization approaches should be an analysis of possible legal 
constraints. Guidelines for appropriate legal approaches, such as model laws, should be 
developed. 

Education 

Iays to educate the piblic, and inform industry and government concerning the need 
for low residue, environmentally sound agricultural production and processing methods 
should be explored. Educational approaches to increase the use of such methods and to 
achieve the acceptance of residue utilization products need to be applied more broadly. 
The success of utilization approaches depends upon the acceptance of an approach and the 
resultant product. 

Implementation 

a. Existing Institutes of similarly oriented ecological zones should co-operate for the 
pirpose of the joint organization ô± training courses, pre-investment feasibility studies, 
research and demonstration projects, incentive and market possibilities, evaluation of 
social, legal and economic impacts, and an information exchange system, based on the 
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important residues of agriculture, forestry, fisheries and related industries occurring in 
a zone. It is suggested that International Agencies support appropriate networks of 
institutes which could increase the capability of national institutions to provide required 
services and technical assistance. 

b. In a follow—up programme, IJNEP should give consideration to providing a forum for 
exchange of experience amongst countries in establishing and implementing effective residue 
management strategies ihich improve the quality of the environment and use of resources. 
Consideration should also be given to establishing one or more regional demonstration 
projects, of particular interest to developing countries, illustrating the application of 
environmentally sound and appropriate residue utilization techniques. 

C. Zach government and industry, through its existing laboratories and organizations, 
should initiate surveys and studies to evaluade the nature, magnitude and characteristics 
of their agricultural and agro—industry residues and their impact on the environment. 
Authorities should assess the residue utilization potential in their countries, calculating 
the types, quantities and distribution of these residues. The characteristics of 
agricultural and agro—industrial residues are vital information for sound utilization 
approaches. Information on the characteristics should include parameters to measure their 
pollution potential, their nutritional and enerr value, and potential health hazards. 
where such information is not available, adequate testing of the residues should take place 
for such parameters prior to decisions on residue utilization. 

ci. To enhance the 1cnoledge base of residue utilization possibilities and appro-
priate technologies, there should be a central information centre that would, over and 
above the information supplied by the IRS of UNEP, acquire, analyze and summarize 
information from diverse sources, and distribute it to potential users. Information from 
original sources is needed by those considering various utilization approaches. Existing 
research institutes, industries and organizations should be encouraged to supply information, 
reprints, articles, reports and similar material to the central information centre for 
acquisition by other interested parties. 

FAC has taken an important step to provide information in agricultural waste 
management and residue utilization. FAQ should uptate the material in the Directory of 
Institutions, the Compendium of Residues Technologies, and the Residue Utilization 
Bibliography at a minimum of every three years. 

k comprehensive assessment of traditional local village level residues 
technologies should be made to identifr possible application in other situations. 

Pilot and demonstration projects should be established on email community 
recycling systems and on small—scale processing facilities aiming at total utilization of 
resources. 

Ii. There should be experimentation with technolor adapted to local situations 
and there should be greater support for such experimentation. Governments and non- 
governmental organizations, including industry, should develop a detailed action programme 
to establish development and field projects with the appropriate residues and technologies 
in their region or country. 

4hen residues or products derived from residues are considered for use as human 
or animal food or as fertilizers, the presence of toxic substances and pathogenic agents 
should be monitored to avoid subsequent hazards to man, animal, crop or soil. Intensive 
and continued recycling of residues may result in a change in the character of primary 
materials and may result in unknown effects in primary products. 

To initiate a ohange in understanding and recognition concerning the potential 
value of agricultural and agro.-industrial residues, the discarded solids and liquids 
should, as often as possible, be referred to as 	rather than as "wastes". 
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B. MEASURES FOR IMPROVED RESOURCE MA1A'E?NT IN SPECIFIC AREAS 

Each of the working groups was requested to identif'r recommendations that would improve 
residue management in the commodity that the group discussed. These recommendations are 
presented in the following paragraphs. There were, however, a number of recommendations 
common to more than one working group. To avoid repetition, but more importantly to emphasize 
that certain recommendations were felt important by more than one group, these recommendations 
are presented first. 

General 

These recommendations were :resented by more tian one working group. 

Governments and agr.industries s}ould attempt to make the greatest possible use 
of residues as a source of raw materia1. 

Governments should establish regulations that would lead to a reduction of environ-
mental pollution. 

Governments, International Organizations, and agro—industries should support research 
and demonstration projects that more clearly define the proper use of residues as 
fuel, fertilizer, feed and other uses. 

Interna;tional Organizations, in collaboration with Governments, should develop 
and encourage adoption of standard terminolor and methodolor for reporting 
data on quantity and character of organic residues. 

Governments, International Organizations, and agro—industries should initiate 
surveys and studies to determine the quantity and characteristics of available 
agricultural and agro—industrial residues so that the optimum end use will be 
achieved and the best technolo,r utilized. 

1hen planning agricultural and agro—indusiry developnent, governments and industry 
should provide careful thought to the technical and socio—eoonomic oonsiderations 
of agricultural and agro—industrial residue generation and utilization. 

Appropriate residue collection and utilization technologies should be identified 
and utilized to obtain the greatest benefit from agricultural and agro—industrial 
residues by all concerned parties. Information on the successful utilization 
technologies, institutional approaches, and incentives should be broadly 
disseminat ed. 

1. Fruit and Vegetable Residues and By—products 

(a) Governments 

- Should provide, where necessary, technical assistance, regulatory strategies, 
and economic and other incentives to stimulate the utilization of residues. 

- Should undertake market research with reference to export outlets for end-
products of residues. 

- Should re—examine health and sanitary legislation with regard to animal feeds 
so that it does not unduly hamper the use of residues. 

- Should pay greater attention to the developuent of energy—saving technologies. 

- Should give special attention to the developsent of residue utilization teohnologies 
for small farmers and small—scale processes. 
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International Organizations 

- FAO and UNEP should ask member governments to provide information on the existing 
technologies for agricultural processing industries. 

- FAO and UNEP should encourage studies of the utilization of agricultural and 
agro—industrial residues with the view to improving these activities. 

- FAO should keep up to date the compendium on the residue utilization technologies 
and management. 

- FAO should collect and disseminate bibliographical information on residue 
utilization and management. 

- F.O and other UN Agencies involved should assist programmes for an effective 
transfer of appropriate technologies from developed to developing countries 
through regional and sub-regional centres or networks. 

- In the work of international organizations primary attention should be given to 
implementation aspects rather than research. 

- The Protein—Calorie Advisory Group (PAG) or its successor mechanism of the UN 
System should continue to review the appropriate aspects of residue utilization. 

- Aid—giving agencies should consider the possibility of providing the necessary 
financial and technical assistance to developing countries through established 
government and other agencies as well as research institutions or ad hoc 
investigations on residue utilization and management. 

Agro—Industries 

- Attention should be given to the potential use of residues as sources of direct 
energy-, feedstuffs, fertilizers and other products. Pull use should be made of 
hioconversion processes in various stages of processing. Full use also should 
be made of solar and other kinds of renewable enerr. 

- Industries should help as much as possible in research, education and training in 
the field of residue utilization and management. 

- In order to diminish the risk in marketing the end—products of residues, industries 
could try the method of vertical integration by forming suitable consortia which 
might have catalytic effect on farmers, co—operatives, etc. 

- As regards the priorities in industrial programmes, primary attention should be 
given to the maximization of yield from basic processes, followed by concentration 
on best utilization of one or two by—products, and in the last resort SCP pro-
duction should be considered. 

- The interest of producers of processing equipnent must be attracted in stimulating 
better utilization of residues. 

2. Beverage Industries Residues and By—products 

- Private and governmental institutions should be strongly encouraged to set up 
pilot plant studies to develop low cost, economically viable technologies for the 
use of spent molasses liquor and satisfactory means of disposal. 

- The production of animal feeds from residues of cereal based beverages should be 
encouraged where plants exist for the production of such beverages or where such 
plants are to be established. 
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This may be achieved by issue of information on feed material to users and to 
compound manufaoturers where they exist, bearing in mind, that utilization of residues 
from the brewery and distillery industries in new areas will ultimately depend on their 
marketability. 

3. 	Cellulosic Residues 

Governments: 

- Should support and conduct further research on the physical, chemical and bio- 
chemical properties of cellulosic materials and study applications related to 
residue utilization through subsequent processes. 

- Should provide incentive programmes to encourage individuals and industry to 
take the necessary risk and make investments to develop and apply innovative 
technolor to utilize organic residues as appropriate for fuel, fertilizer, 
feed or other uses and should mount a publicity campaign to advertise these new 
incentives and highlight successful adoptions. 

- Should encourage industrial companies to seek opportunities for commercial 
exploitation of agricultural residues outside their normal sphere of operation. 

Indu5try: 

- Each industry and each company is urged to analyse its own operations or production 
practices to assess the potential for economic utilization or reduction of its 
organic by—products and residues. Industry should communicate to the government 
the nature of bottlenecks and restrain-ts which prevent more effective utilization 
of organic residues and establish or seek improvements in existing incentives and 
reduction of disincentives for adoption of new and innovative residue utilization 
practices. 

(o) International Organizations: 

- Should analyse technical and economic parameters governing optimum use of organic 
residues for fuel, fertilizer, feed or other uses and disseminate this information. 

- Should collect and disseminate examples of economically viable and environmentally 
sound uses of organic residues as fuel, fertilizer, feed or other uses and 
publish guidelines for transferring successful technolo' elsewhere. 

- Should inform Governments of countries where conversion of available organic 
residues iould seem economically viable and of the possibility of developing 
industrial utilization of these residues. 

- International Financing Agencies should consider possibilities of financing 
national projects on residue utilization through a soft financing arrangement, 
since the residue collection and utilization may not be highly profitable. 

- The appropriate international organizations are urged to provide technical 
assistance in carrying out residue utilization projects initiated by the 
governments. 

- Should undertake a strategic study of land use planning on starch and cellulose 
as raw materials for sugar production and enerr and feedstook sources. 
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Fish Residues and By-products 

Priority attention should be given to developnents which will improve the living 
conditions of small-scale fishermen in tropical developing countries. 

It is recommended that relevant international organizations should intensify the 
level of technical and financial assistance in post-harvest aspects of fish production, 
particularly in the following areas: 

- There are latent prospects for establishing projects to utilize by-catch by 
developing products from minced fish in many countries including Mexico, 
Guyana, Thailand, Malaysia, Philippines, Indonesia, India, Sri Lanka. A 
variety of products and processes could be developed in these countries. It 
is recommended that promising projects be assisted by relevant international 
organizations to a point where commercial feasibility can be assessed. Transfer 
of the resulting information to other geographical areas should be encouraged. 

- Suitable technology for better solar drying can be developed in Asia, Africa and 
Latin America. Specific projects where assistance could be provided are under way 
in Bangladesh, Sri Lanka, Senegal, Mexico and other countries. Parallel 
investigations should be carried out to augment solar energy with other reasonably 
priced energy sources. It is recommended that assistance be provided. 

- As the major demand is and will continue to be for fresh fish, it is recommended 
that increased attention be paid to the developrent of less energy intensive ice 
production. Wind driven and absorption systems show promise and should be further 
investigated. Suitable locations would be Sri Lanka or India. 

- 4ork on the production of animal feed by ensiling is proceeding at a low level in 
a number of centres. Both acid and microbiological methods suitable for small-
scale production in the tropics are being developed.. There is an urgent need for 
more animal feeding trials which could be carried out by increasing the level of 
assistance to the FkO Programme of Co-operative Research in Fish Technology in 
South-East Asia. 

It is considered that assistance in developing these technologies could have a 
significant impact at the village level. As a result they would contribute to improving 
the living conditions of the rural poor in fishing/farming communities. 

Animal By-products and Residues 

In view of the fact that the animal by-products industry is constrained by failure 
to gain planning consents for new operations and existing operations are being closed 
due to the difficulties of controlling environmental problems, it is recommended that 
consideration be given to the following: 

- Investigation of low energy (cold processing) as an alternative to present hot 
processing techniques in so far as the products of these processes must be 
free from pathogenic and toxic substances and that such methods may conserve 
protein quality; 

- Research developnent, and increased application of techniques that will allow 
for the use of whey in human feeding; 

- Upgrading of materials such as blood and oertain other so-called non-edible 
offal by extracting protein for human use; 

- Where centralized plants involve high transport costs and deterioration of 
raw material, investigation of chemical control of spoilage between site of 
production and site of processing, using non-toxic substances; 
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- Effective recovery of all by-products, by providing suitabby sized integrated 
processing plants and mobile plants as an alternative to large centralized 
rendering plants; 

- In view of strong social pressures against environmental nuisances including odour 
and water pollution from the animal waste industries and from land spreading 
activities, every effort should be made to encourage co-operation between technical 
and legal experts involved in this problem; 

- Attention should be paid to maximize agro-industrial efficiency through technolo-  - 
gical and managerial in-plant improvements and thereby reduce the production of 
agr-industrial wastes; 

- As a general rule animal manures should be returned to agricultural land 
following any necessary treatment, as long as the danger of soil, surface, and 
ground water pollution is prevented. 

It is further recommended that: 

- When livestock wastes are used on the land, the ratio of livestock numbers to 
the available land should not be excessive to insure the efficient use of the 
plant nutrients contained in the manure and so avoid environmental pollution4 

- In tropical and sub-tropical countries where enerr may be limited, attention 
should be given to the conversion by anaerobic fermentation of animal manure and 
night-soil into biogas. Financial assistance on a soft-loan basis might be 
required to initiate applied research and for training; 

- In all technologies used to produce fertilizer, food or feed, and in manure 
transport measures must be taken to ensure that no disease is transmitted to 
humans or livestock; 

- In view of the dangers of environmental pollution from agricultural and agro-
industrial pirsuits, attention must be given to site selection so as to minimize 
this pollution and nuisance; 

- &'ttention should be given to the hazards arising under circumstances where 
infrequent, intensive slaughter of animals takea place; 

- The recycling of animal wastes as a feed deserves more attention in research 
and in practice. 

6. Cereal Residues and By-products 

It is recommended that governments, international organizations and agro-industries: 

- Identify and use available appropriate technologies that will reduce agricultural 
residues generated in processing of food grains and in their transfer and 
utilization; 

- Transfer viable technologies for utilization of cereal residues such as rice 
husk, rice bran, wheat and corn germ and the necessary adaptation and modifi-
cation of the technologies; 

- Train personnel to build competence in technolor transfer, research and develcp-
ment, plant operation and management; 

- Give special attention to the utilization of cereal residues such as straw and 
cobs for the manufacture of animal feeds and other industrial products. 
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- Develop a policy, as appropriate, and an integrated programme of action for improve-
ment of the food grain processing industry. 

- Create centres at national and regional levels for demonstrating integrated 
operations of the cereal industry generating low residues and utilizing them 
efficiently. 

7. Residues and By—products of Starchy Roots and Tubers 

overnments: 

- Should not only establish pollution controls and rules but also study location 
and industrial units to avoid pollution concentration and wherever possible 
anl economically feasible in a given context mix wastes from starch factories 
with municipal wastes to increase N and P contents of the mix for any biogas/ 
fertilizer production; 

- Should make every effort to obtain from international organizations and others, 
engineering feasibility studies to determine which technologies are more 
aoplicable to their national situation for starch/glucose/sugar production, SOP 
and biogas production from starch concentrated residues of bananas, cassava and 
rotat oes; 

- Should establish pilot demonstration projects for (a) starch recovery from 
effluents both for large and small starch factories and glucose/fructose 
proiuoion, (b) uses of starch for biogas production which residues can be used 
aain as fertilizers; 

- Should implement wherever possible, measures for regenerating the agricultural 
soil iith crop residues and used water; 

International Organizations: 

- Should assist in the technical and financial establishment of the pilot demon-
stration projects listed above, especially at small—scale levels; 

Agro—Industries: 

- Should carry out feasibility studies including the evaluation of starch residues 
using available technologies and make a special effort to produce economically 
useful products such as animal feeds, biogas, fertilizers, glucose/fructose 
syrup. 

3. 	Oils and Oilseeds' By—products and Residues 

As the optimal utilization of husk residue in the oilseed industry depends on 
many factors such as local situations, technological infrastructure and international 
market, the recornniendations are: 

flovernment s: 

- Should use husks linked with local requirements but in certain cases with 
international markets; 

- Should reduce environmental pollution by appropriate use of oilseed residues; 

- Should introduce technologies which are energy saving. 

Food Industries: 

- Should make special efforts by all concerned with coconut processing activities 
to find markets for traditional coir goods and develop new marketable coir products; 
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- Should encourage palm oil factories to optimize the use of residues and energy, 
give attention to selection of varieties with low lipane activity in the maturing 
fruit, encourage modification of pa]in fruit processing to minimize entrainment 
of extraneous mineral matter during harvesting and processing, encourage disaemin&-
tion of technical data on optimizing oil extraction to minimize the oil content in 
the residues and waste a-treams. 

Sugar Residues and By—products 

- Harvesting machinery for sugar should be designed to recover cane tops for animal 
feed; 

- Countries should investigate the "local" use of molasses in the production of 
secondary products; 

- Encourage investigation into greater recovery of sugar from molasses, including 
the study of the feasibility of the use of flocculants to improve recovery; 

- Further testing should be undertaken on the animal feeding systems using high 
rates of molasses in the feed; 

- Special training courses should be organized on water pollution control techniques 
for plant engineers in the cane and beet sugar industries; 

- Cane growing countries are encouraged to investigate the feasibility of production 
of pentoses or furfural from bagasse. 

Single Cell Protein 

- Special emphasis should be given to research and developnent that will indicate 
the approaches for the generation and utilization of SCP that will be applicable 
at the farm or village level; 

- To obtain rapid results in economic utilization and avoid the complicated 
technclor and regulations necessary to produce palatable and acceptable products 
for direct human consumption, SC? produced from agricultural residues should be used 
for animal feeding; 

- Attention should be paid to nutrients other than proteins which result from SC? 
production, such as oil, vitamins, etc.; 

- SC? production from residues should be considered as a means of oombatting 
environmental deterioration; 

- Adequate feeding tests regarding safety and nutritional efficacy should be carried 
out with the target species at an early stage; 

- Information regarding the technical, logis -tio and other aspects of SC? production 
should be made available to all interested individuals and organizations; 

- The International Fund for Agricultural Developnent should consider the inclusion 
of SC? develorments in its programme of work. 

C. ADDITIONAL REC0M?4ETDATI0NS 

Specific recommendations that were made following the presented papers, but which 
were not included in the working groups' recommendations include those for research 
which should be initiated or intensified in the following specific subjeot areas: 
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- Recovery of proteins from green plants, especially in the tropic regions; 

- Down—scaling of existing residue technologies for application in small—scale 
operations; 

- A comparative study of national legislation, with a view to harmonizing applicable 
standards for international trade and transportation of products resulting from 
agricultural and agro—industry residue utilization; 

- Assessment of the social benefits of residue utilization; 

- Investigation of the possibilities of utilizing suitable agricultural and agro. 
industrial residues for fertilizing forest plantations when environmentally 
and socially acceptable. 
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AN OVERVIEW - 

UTILIZATION OF RESIDUES FROM 

AGRICULTURE AND AGRO-INDUSTRY 

Dr. Raymond C. Loehr 

1. INTRODUCTION 

In the context of this report, wastes from agriculture and agro-industries 

are defined as the excesses and residues from the growing and processing of 

raw agricultural products, such as fruits, vegetables, meat, poultry, fish, 

milk, grain, and trees. These wastes are excesses of production that have 

not been effectively utilized. 

Traditionally, wastes have been regarded as the inevitable by-products 

of industrial activity, and the usual aim of waste managemcnL has been mini-

mum treatment and disposal. In only a few cases has residue utilization been 

practiced as a waste management policy. However, the dual concerns of ade-

quate food and environmental pollution have emphasized the inadequacies of a 

minimum treatment and disposal approach and have resulted in an examination 

of alternatives. The idea of the "finite earth" is becoming accepted, and 

increasing attention is being paid to the development of policies and prac-

tices that will minimize the problems of pollution and the wasting of natural 

resources. 

This overview discusses the possible utilization of residues from agri-

culture and agro-industry, rather than their treatment and disposal, and 

includes: 

-the amounts and characteristics of such residues 

-technology that can be considered to utilize these residues 

-non-technical aspects that may be constraints or incentives to 
utilization 

-examples of successful utilization 
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Residue utilization should be considered with optimism because of the large 

quantities of wastes that are produced and the obvious need to make better 

use of existing resources. However, this optimism must be tempered by caution 

since the result must be a usable product at an economical cost while not 

causing greater environmental or social problems. It makes no sense to take 

a waste or a residue that no one wants and turn it into a resource no one wants. 

Residue utilization needs to be viewed realistically with a reasonable 

perspective of the constraints and opportunities. This overview attempts to 

provide such a perspective. 

1.1 - General - Residues are those end products of production and consump-

tion that have not been used, recycled, or salvaged. They are the non-product 

flows of materials and energy whose economic values are less than the cost 

of collection and transformation for use, and they are therefore discharged 

as wastes. The volume and composition of these residues could be reduced 

if there were technological means for converting them into some usable product 

and if the value of the subsequent product were to exceed the costs of con-

version or if it were judged to be sound governmental policy to encourage 

recovery and reuse. 

If residues can be utilized for human benefit, they are no longer wastes 

but become new resources to augment limited existing resources. Residue 

utilization can be considered to be the equivalent of resource utilization. 

This relationship should receive broader recognition. Most current waste 

management approaches are methods of concentration and relocation of the 

wastes, such as waste treatment and discharge to the environment. Recycling, 

reprocessing, and utilization of all or a portion of the wastes offers the 

possibility of returning such residues to beneficial use as opposed to the 

traditional methods of disposal and relocation. The keys to successful 

residue utilization are a beneficial use, an adequate market, suitable tech-

nology to process the residue under local conditions, and an overall enter-

prise that is socially and economically feasible although not necessarily 
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profit making. Many such enterprises could be satisfactory if they caused 

the overall cost of waste management for the industry to be less than other 

alternatives. Others could be satisfactory if they increased employment 

possibilities or helped increase local or regional food supplies. 

The traditional focus on treatment and disposal of wastes can prevent 

material and energy resources from being utilized. The one time use of 

materials is a result of economic, political, and technical policies developed 

during abundance of materials and energy. If greater use of residue utili-

zation technologies is to occur, these policies should be rethought and recon-

sidered, technology must be developed and demonstrated, and information should 

be exchanged on as broad a scale as possible. Government, industry, and the 

general public must all participate in this effort. 

In considering residue utilization possibilities, more than the techno-

logical aspects require evaluation. Critical evaluation also is required of 

the economic, legal, and social aspects of such utilization since these can 

be important constraints. The resultant environmental impact of residue 

utilization, i.e., other residues or wastes that result and their impact, 

also needs evaluation. The broad rather than the narrow picture must be 

viewed. Residue utilization cannot be considered in isolation from the 

other concerns of the industry and the country in which the utilization is 

being considered. 

The success of residue utilization depends on cooperation of various 

parts of society such as: 

-local authorities who must be assured that health and environmental 
criteria will be met and that utilization will not cause larger or 
different public concerns 

-public and private groups that should support policies of residue 
utilization and resources recovery 

-public or private enterprise that must acquire the residues at 
reasonable cost and be assured that they will be able to sell 
the recovered material after processing. 
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The fact that residues are the by-products of production and processing 

after the values in the products have been extracted suggests a rational 

approach to better utilization of the residues - a) to increase the value 

of the residues and/or the products from residue utilization to commercially 

marketable levels,, or b) to make it profitable for producers to make better 

use of the original material, i.e., not to produce as large a quantity of 

residues or waste. Either of these approaches is likely to require insti-

tutional changes in the relations between governments and industry. Current 

approaches employ police powers to impose prol'iibitions or standards of 

acceptable levels of discharge. Alternatively, government can work with 

industry as an enticer rather than a prohibitor. It can create conditions 

in which it is in the interest of the residue generating industry or a suitable 

secondary industry to utilize the residues. 

Efforts are needed to develop technology and institutional arrangements 

to better utilize the residues from agricultural production. The need is to 

consider residues as potential resources rather than as undesirable wastes. 

This will require not only better use of technology and incentives but also 

a change in philosophy and attitudes. 

1.2 - Concerns - The concerns that have led to an increased focus on 

residue utilization are many. All fall under the broad topic of resource 

utilization. The finite limit of world resources, the increasing costs of 

raw materials, the need to maintain a satisfactory quality of the environ-

ment, and the need to meet world food requirements are providing motivation 

to make better use of the residues from agricultural production. 

Food supplies and demands in recent years have made it clear that 

increasing the rate of food production is the highest priority of mankind 

to meet the expected population growth and the need to increase the quality 

of life. World food demand in the next fifteen years is expected to grow at 

a rate of 2.5 percent per year of which 2 percent represents the population 

increase and 0.5 percent represents thcreased purchasing power (1). There 

are major differences between countries. In the developed countries the 
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growth rate of demand is projected at 1.6 percent per year,whi1e in the 

developing countries, it is projected at 3.7 percent per year. 

With increased affluence, people will spend more of their income on 

protein foods, in particular, proteins derived from animal origin. Promisir, 

areas for increasing and improving animal and human food include the efficie - : 

use of residues from agriculture and agro-industries. 

During the same period in which it has bqcome obvious that our resourL 

are finite and that residues from agricultural production need to be better 

utilized, these residues have caused a variety of environmental problems. 

Methods of handling, treating, and disposing of agricultural and agro-industry 

wastes may adversely affect air, water, and soil quality and may be a nuisance 

to those who dwell nearby. 

The trend toward industrialization continues in all countries for agri-

culture as well as for other industries. As production increases, both the 

size of facilities and the quantity of wastes will increase. The greater 

quantities of waste at a location increase the possibilities for resource 

utilization while at the same time increasing the pollution potential. 

Examples of adverse environmental quality problems attributed to agri-

cultural operations include: a) excessive nutrients from lands used for crop 

production or waste disposal that unbalance natural ecological systems and 

increase eutrophication; b) microorganisms in waste discharges that may impair 

the use of surface waters for potable or recreational use; c) impurities in 

groundwater from land disposal of wastes; d) contaminants that complicate 

water treatment; e) depletion of dissolved oxygen in surface waters causing 

fish kills and septic conditions; f) odors from concentrated waste storage 

and land disposal; g) air pollution that may be caused by burning of straw 

and crop residues; h) ammonia and other matter that is volatilized; and i) 

water pollution from surface runoff. 

Thus, the better use of residues from agricultural production can Welp 

accomplish two important objectives: a) better utilization of existing 

79 



resources to meet human and animal food needs, and b) reduction of potential 

environmental problems caused by such residues. 

1.3 - Non-technicalpects - The actual utilization of agricultural resi-

dues will be determined not only by technological possibilities but also by 

economic forces, regulations, regional customs, and institutional and political 

arrangements to enhance or constrain such utilization. 

The selection and/or development of appropriate residue utilization tech-

nologies requires careful study. The following factors deserve close evaluation: 

the level of economic and technological development in the area 
of potential utilization 

available physical and human resources 

social change that may be necessary to implement the technology 
or that may be caused by the use of the technology 

existing practices and technologies capable of use 

institutional arrangements to implement the technology and 
utilize the product of the technology 

available research and development institutes to help modify 
and develop suitable technology, to raise the level of application 
of existing technologies, to assist with production of new products, 
and to identify the market potential of the resultant product, 
including export possibilities. 

The successful application of residue utilization will require a systematic 

effort for the selection, modification, transfer and utilization of technolo-

gies for use in a specific location and with specific residues. The ability 

of local manpower to operate and service the various technological approaches 

requires careful evaluation. Specific educational programs may need to be 

instituted to assure qualified manpower. 

Achieving better waste management and residue utilization will depend on 

the development of the indigenous capacity to generate and operate ecologically 

and economically viable technologies. The technology for residue utilization 

has to be applicable to and integrated with the actual needs of a country 

or region. The level of operations, availability of raw materials, market 

demands, and trained personnel vary from region to region. Adequate research 



and development must be employed and modification of possible technology 

must be explored to meet the specific needs of an area. Market surveys and 

studies of the rate of growth of demand for the products of the residue utiliza-

tion also need to be undertaken. 

Residue utilization approaches that do not include adequate consideration 

of the socio-economic conditions of the specific region or country are less 

likely to succeed. 

Systems for residue management consist of a combination of: a) methods 

for reducing residual discharges, b) incentive s to encourage the utilization 

of residues, including economic and regulatory incentives, and c) institu-

tional arrangements to encourage and implement the incentives. Desirable 

implementation strategies are the combinations of methods, incentives and 

institutions which increase the utilization of the residues. 

Current and past approaches to residue management may have been ineffec-

tive because the implementation strategies have not functioned over a problem-

wide geographic area, have not integrated residue management into a unified 

program, have not included a sufficiently broad array of incentives, or have 

been otherwise unsuited to the problem. An important need exists to identify 

those combinations of incentives and institutional devices that would be most 

effective for enhanced residue management. 

The principal methods by which institutions such as governments or 

governmental organizations can influence residue management are direct regu-

lation, subsidization, economic incentives, or reliance on voluntary processes. 

In the field of waste management, and thus indirectly for residue manage-

ment, direct regulation is the most commonly employed method. It includes 

prohibitions, performance standards,.permit and licensing systems backed by 

enforcement powers such as for pollution control, and resort to the courts 

to enforce or to challenge regulatory requirements. 

81 



Under the heading of subsidies and economic incentives would be included 

grants for construction of processing facilities, tax relief, and the granting 

or withholding of various benefits. The capacity to subsidize residue utiliza-

tion is funded by the taxing, borrowing, and assessing powers of government. 

A "carrot and stick" combination of subsidy with regulation frequently can be 

observed. 

Residue management also may rely to some extent on voluntary processes, 

such as the perception of mutual advantage embodied in contractual arrange-

ments, profits from recycling, and voluntary cooperation in general such as 

pressure from citizens groups, boycotts, sensitivity to corporate image in 

the face of public opinion, or collective perception of costs and benefits to 

the community, region, or country. 

Considerations of alternative residue management approaches must include 

the social costs and impacts. To focus only on technological aspects would 

ignore some of the most important components of such approaches, namely the 

economic, social and institutional components. 

There-can be various mixtures of direct regulation such as tax policies, 

effluent or user charges, administered markets for recovered materials, and 

government subsidies. Changes can be induced in raw material inputs for pro-

duction processes, in process or recycling technologies, waste-generating 

sources, or in patterns of distribution to encourage better residual utilization. 

There is a bewildering array of alternative approaches and implementing 

measures, each with its own advantages and drawbacks when considered singly 

or in combination with others. The alternatives need to be evaluated from 

various points of view--technical, environmental, economic, institutional 

and political--with particular stress on the means whereby the power of 

government can be exercised to secure the desired results. 

The problems of agricultural waste management and residue utilization 

generally have been tackled in piecemeal, technical manner. They rarely have 
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been looked at in the context of resource management or on a regional and 

institutional basis. One of the larger problems is to provide the organi-

zational structure and authority to encourage residue management. Such 

management must be on a large enough scale to facilitate intelligent, cost-

effective choices among alternative control strategies, including those for 

dealing with conversion of residues from one form to another and for the 

resultant secondary residue utilization, treatment, or disposal. The need 

for regionalization can be clear, as where liquid or solid residues from 

separate locations can be brought to a centralized facility for processing. 

There are difficulties in providing the necessary organization and 

anthority for residue utilization. A major challenge is to obtain the necessary 

institutional arrangements, including inter-agency and intergovernmental arrange-

ments, to implement the required residue management strategies. Regionalization 

may increase although the degree of it, the form it takes, and the level at 

which it occurs will vary. Regionalization Le .L se is certainly no guarantee 

that an institution will function responsively to the public it serves and 

with sensitivity to policies or issues lying beyond its ken. In many cases, 

strengthening and coordinating existing institutions may be a preferable tack 

to follow. Not every problem must be solved at once; there still will be room 

for piecemeal, incremental progress and not every problem needs to be solved by 

bringing new institutions into being; there are perhaps too many of them 

already. 

The ultimate step of residue utilization is the application of suitable 

technology to the local situation and adoption of the technology as common 

practice. Demonstrations can be one of the most effective means of implementL 

a new practice or technology. Such demonstrations are necessary to obtain 

local, public, governmental and industry interest and cooperation and shoul" 

be planned jointly by the industry, those developiitg the technology, and t 

using the results of the technology. 

One of the needs related to residue utilization is for infoimtion syst'u 

which can be used to compare the advantages of a particular technology, the 
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quantity and physical, chemical, and biological properties of the waste that 

is or will be generated, the potential markets and distribution for recovered 

materials, and the institutional arrangements necessary to utilize the tech-

nology. Environmental, energy, and social costs all are factors which must 

be incorporated into decisions on residue utilization. Systems which provide 

this type of information will be invaluable to those attempting intelligent 

decisions about residue utilization. 

There is no one best approach to residue utilization. In each situation, 

the possible alternatives need to be carefully evaluated and the most appro-

priate single technology or combination of technologies chosen that will 

provide the desired environmental, economic, and social objectives. 
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2. RESIDUE GENERATION 

Residues and wastes always have been associated with agriculture and 

agro-industries. However, they have become more noticeable because the 

natural cycles associated with agriculture have been altered and in some 

situations broken. 

The basic needs of man include food, fiber, fuel, fertilizer, and shelter. 

Small farming operations can and do cycle available resources (Figure 1). The 

basic cycle is one of the land furnishing fuel, fiber, shelter, and food in 

the form of crops and animals to the consumer. Part of the residues resulting 

from harvesting and processing were used directly by the consumer, and the 

remainder were returned to the land for further utilization in additional 

crops. This approach had the benefit of proper utilization of the residues 

but resulted in a low level of agricultural productivity. 

Inexpensive fossil fuel, inorganic fertilizers, and greater mechaniza-

tion have been used to increase agricultural productivity and increase the 

food supply and standard of living in many countries. However, the consumer-

land link becomes weakened and can be broken. Residues are no longer as well 

utilized and the residues from agriculture and agro-industry become more 

apparent. 

Animal production offers an opportunity to examine the alteration of a 

natural cycle in agriculture and the resultant environmental effect. The 

basic cycle consists of the land providing feed for the animals whose waste 

is returned to the land to help produce more feed. The wastes also can be 

processed and beneficially utilized. With large scale animal production, 

fertilizer, pesticides, external energy and other inputs are necessary to 

obtain needed crop and animal production levels. As long as the resultant 

animal manures are utilized in the cycle as noted, the cycle essentially 

remains closed, external inputs are minimal, and environmental concerns 

related to the wastes are low. However, when there is.a lag in the cycle or 

improper management of one of the components, environmental problems increase. 

85 



cr- 
LU 
H 
—J 
LU 
I 
Ct) 

LU 

Li 
4. 

0 

0 
rill 

LJJ LJ 	LiJ\ 
-. 0NJ_\ 

LIJ 	LLcr1L/ 
LU 
LL 

Cd 

C) 

0 

04-
4.4 c 

N 
11) 
---I 

4-)  

(j) 
-J 

z 

(1) 

C) '0 
'0 r1 

LI') 
C) 

0 

4-4 
0 

00 
•N .-4 
4J 4-)  
C0 

C)'0 

C) 

'H Eli i.  

86 



When the wastes accumulate prior to land application, odors can result 

and precipitation can transport a portion of the wastes to streams. If the 

wastes are improperly applied to the land, nutrient losses and surface and 

groundwater pollution can result. The larger animal production units have 

increased animal protein production but can accumulate large quantities of 

waste, can weaken the waste-land link, can result in residues that require 

treatment and disposal, and can influence other natural cycles (Figure 2). 

The further from the basic cycle the situation is permitted to go, the 

more unbalanced the situation becomes and the greater the costs of proper 

waste management. The basic cycle is easier to maintain with animal pro-

duction than it is with food and fiber processing. Such processing is 

further removed from the site of original production, and a closed cycle 

is less possible. The food and fiber processing pattern is a sequence 

involving many natural cycles (Figure 3). Although closed cycles may not 

be possible throughout agriculture or agro-industries, the residues or by- 

products should be considered as resources to be utilized rather than merely 

wastes for disposal. 

The generation of residues from agriculture and agro-industry is a 

function of many factors. The quantity and quality of the residues will 

depend upon the type of raw materials, the production processes, the product 

mix, the production rate, the product output specifications, the prices of 

inputs and product, the regulations affecting product quality and use, and 

any constraints imposed upon residuals discharge. The generated residues are 

materials and energy. The material residues may be liquid, gaseous, or solid 

or a combination of forms. The principal energy residues are heat and noise. 

Residue generation is dynamic reflecting the requirements of laws, regu-

lations, and pricec of the inputs and outputs. As these factors change, the 

extent of residue recovery and utilization may increase or decrease. Knowledg' 

of the factors that can or do affect the quantity and characteristics of the 

residues is important to decisions on the feasibility of residue utilization 

approaches. 
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3. RESIDUE CI-LARACTERISTICS 

3.1 - General - The residues from agriculture and agro-industry are 

mainly organic and can be in a solid, slurry or liquid form. Significant 

amounts of these residues are generated each year. The feasibility of 

residue utilization for energy or feedstock production depends on the 

characteristics of the residue, the quantity that is realistically available, 

ties to existing or future utilization facilities, the continuity of supply, 

current uses, values of the residue as a useful by-product or raw material 

for other products, and the cost of residue collection. A few estimates 

of types of residue production have been made. For the most part, available 

information on the characteristics of agricultural residues lack specificity 

as to detail, distribution, seasonality, and condition. 

The basis of many discussions on the possibility of agricultural residue 

utilization is that residues are apparently available in some, generally 

undefined quantity and that, in general, technology exists for converting 

them to usable products. The characteristics of agricultural rcsidues must 

be known in greater detail. 

An estimate of the quantity and quality of the waste material is important 

knowledge that is needed to assess whether it is feasible to consider utiliza--

tion of a part or all of the wastes. Available waste characteristics rarely 

provide enough information on specific components that may be of interest. 

Rather, the characteristics are measured only in general terms, primarily 

to assess the pollutional characteristics, such as BOD, COD, TKN, suspended 

solids, and grease, rather than those that may be more appropriate for 

utilization. Until recenti)', the data rarely was in terms of character-

istics per unit of production, such as kilograms of nitrogen per 1000 

kilograms of product processed. Information on characteristics generally 

is available in concentration units, mg/i, which do not identify either 

the quantities of the waste material generated or the quantities available 

for utilization. 

Knowledge of the residue characteristics permits consideration of use 

of waste liquids for the transport of raw products, of recovery of specific 



components, of irrigation possibilities, of by-product development, and of 

fertilizer value. Therefore, an important first step in residue utilization 

is to determine the quantity, quality, and source of the residues actually 

produced in the industry. A water and mass balance on the processes used 

will identify the sources and quantities of the residues that are generated. 

With this information known, the feasibility of residue recovery and utiliza-

tion become better known. Examples of the type of mass balances that are 

helpful are noted in Figures 4, 5, and 6. 

Figure 4 indicates a flow diagram for a typical pigskin tannery noting 

inputs and outputs from each process including processed leather, by-products 

and wastes. While such a diagram helps identify possibilities of waste 

separation and possible utilization, greater detail on the quantity and 

quality of the residue streams is needed. Figure 5 provides information 

on the flow, BUD and suspended solids content of wastes from frozen potato 

product processing (2) while Figure 6 indicates the wastewater and BUD 

production from condensed milk processing. Even greater detail may be 

needed about the characteristics of the residues that are generated from 

a particular process. 

An accurate, comprehensive analysis of many residues is not available. 

Only by collecting such data can a useful evaluation of potential utilizatiou 

be made. Much of the published analyses of some of the residues are old or 

incomplete and others are nonexistent. Considerable residue analysis may 

have to be done before any residue utilization possibilities can be evaluated 

Many publications exist that identify the characteristics of various 

agricultural and agro-industrial wastes (3-8). This section will not duplicat' 

the material of these publications. Rather the intent of this section 

is to identify the types of residues that can be available, data on character 

istics that may not be generally available, information related to applicati'it 

of the available characteristics, and general illustrations of how the 

residues may be utilized. 
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3.2 - Meat and Poultry Processing - Meat processing plants conduct 

the slaughtering and processing of cattle, calves, hogs, sheep, and other 

animals for the preparation of meat products and by-products. Plants in 

this industry range from those that carry out only one operation, such 

as slaughtering, to comprehensive plants that not only slaughter animals 

but also accomplish various degrees of processing. A slaughterhouse is 

a plant that slaughters animals and has as its main product fresh meat 

in portions of the carcass, while a packinghouse is a plant that both slaughters 

and processes fresh meat to cured, smoked, canned and other prepared meat 

products. 

The non-meat portion of an animal results in significant waste loads. 

Wherever possible, such material should be separated from the general waste 

stream at the source. The main wastes originate from killing, hide removal 

or dehairing, paunch handling, rendering, trimming, processing, and cleanup 

operations. The wastes contain blood, grease, inorganic and organic solids;, 

and salts and chemicals added during processing operations. 

Meat processing plants produce both edible and non-edible residues. 

The edible items include lard, intestines, glands and blood. The non-edih1 

items include hides, hair, bones, horns, and hooves. Many of these residues 

can be utilized, and this industry is an example of the conversion of agricul -

tural wastes into useful products. Typical by-products and their uses 

have been: 

edible fats - tallow, grease 

meat scraps and blood - animal feed 

bone - bone meal for fertilizers 

intestines - sausage casings, surgical thread 

glands - pharmaceutical products 

The benefits derived from such utilization include-: a) improved sanitation 

at the slaughterhouse, b) establishment of secondary industries, c) better 

use of existing resources for animal and crop production and for human 

well-being. 
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Numerous opportunities exist for recovery of meat processing residues 

for by-product use. Detailed information on the characteristics and utili-

zation of meat processing residues has been developed (3). 

Recent data has permitted the residue production to be calculated 

on a per unit livestock basis. As in other industry categories, a wide 

variation exists in the waste characteristics from different plants. The 

average data from U.S. plants is reported in Table 1. Frequently, however, 

the data from different plants varied by a factor of 10 or more. As an 

example, in the simple slaughterhouse category, the BUD 5  data ranged from 

1.5 to 14.3 kg/kkg LWK and the grease data varied from 0.24 to 7.0 kg/kkg 

LWK. In general, increased water use caused increased pollutional waste 

loads in the meat packing industry. 

Poultry processing plants slaughter, dress or eviscerate, ice or freeze 

pack, and further process chickens, turkeys, ducks, geese, and other poultry. 

At these plants wastes originate from killing, scalding, defeathering, 

evisceration, washing, chilling, and cleanup operations. Residue quantity 

and quality depend on the manner in which the blood, feathers, and offal 

are handled, the type of processing equipment used, and the food and pollu-

tion control regulations that are enforced. 

Residue production data has become available on a per bird processed 

basis. The average data from U.S. plants is reported in Table 2; however, 

the characteristics between plants varied considerably. For example, for 

the chicken processor category, the flow data ranged from 15.9 to 87.0 liters 

per bird - with an average of 34.4 liters per bird. In the sane category, 

the BOD 5  ranged from 3.26 to 19.86 kg/kkg LWK and grease ranged from 0.12 

to 14.03 kg/kkg LWK. The average values for these parameters were 9.89 

and 6.91 kg/kkg LWK respectively. For both the chicken and turkey processing 

plants, the available data suggested that increased water use may result 

in higher raw waste loads as measured by ROD 5 . 

There are many opportunities to utilize the residues from meat and 

poultry processing. The recovery and scale of about 15,000 pounds of protein 
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solids per week is an example of one type of residue utilization that can 

occur in the food processing industry. A processor of specialty poultry 

products had discharged 25,000 gallons of cooking liquid each day to the 

local sewers. With the installation of a broth concentrator, a soluble, 

concentrated broth containing about 5-15% dissolved solids and almost all 

protein has resulted (9). 

Secondary industries, such as rendering, leather production, and animr: 

feed production have been developed to utilize meat and poultry processing 

residues. 

3.3 - Rendering - Rendering is a process to convert animal by_productr 

into fats, oils, and proteinaceous solids. Heat is used to melt the fats 

from the tissue, to coagulate cell proteins and to evaporate the raw materi 

moisture. Rendering processes feathers, bones, fat tissue, meat scraps, 

inedible animal carcasses, and animal offal. 

Both wet and dry rendering processes can be used. Edible rendering 

requires fresh material and is usually conducted by a wet or low temperatui 

process which does not evaporate raw material moisture during cooking. Th 

liquid separated from the edible product contains significant soluble org' 

and has a high pollution potential. Inedible rendering is accomplished by 

dry rendering in which the raw material is cooked without the addition of 

steam or water. 

The wastes from rendering also can be considered for possible furthe! 

utilization. Table 3 presents the characteristics of these wastes on a 

per unit of raw material processed basis. Considerable variations exist 

between plants and are due to different types of rendering and the gencJ: I 

management at the plants. 

3.4 - Leather Production - Leather is produced by the reaction of 

the collagen fibers in animal skins with tannin, chromium, alum or otLv 



TABLE 3 

Summary of Raw Waste Characteristics 1  for Rendering Industry' 

Parameter 	Average 	Range 

Flow 3260 470-20,000 

BUD5  2.15 0.1-5.8 

SS 1.13 0.03-5.2 

Grease 0.72 0-4.2 

COD 8.04 1.6-37.0 

Total Volatile Solids 3.34 0.04-13.1 

Total Dissolved Solids 3.47 0.01-11.7 

Total Kjeldahl Nitrogen as N 0.48 0.12-1.20 

Anmionia as N 0.30 0.08-0.74 

Nitrate as N 0.008 0-0.06 

Nitrite as N 0.003 0-0.04 

Chloride as Cl 	 0.80 	0.08-2.56 

Total Phosphorus asrP 	0.04 	0.003-0.28 

The raw waste loads are in terms of liters per 1000 kilograms of raw 
material (RN) processed for flow and in terms of kilograms per thousand 
kilograms (kkg) RM for the other parameters. All raw waste data 
represents the effluent following any in-plant materials recovery 
such as catch basins, skimmers, etc. 

W from: Environmental I?rotection Agency, "Development Document for 
Effluent Limitations Guidelines and New Source Performance Standards 
for the Renderer Segment of the Meat Products and Rendering Processing 
Point Source Category," EPA-440/1-74/031d, Group I, Phase II, Washing-
ton, D.C., January 1975. 
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tanning agents. The process of tanning developed as an art many centuries 

ago but has been modified by the application of scientific principles. 

There is a significant variation in processing techniques, even between 

two tanners producing the sane finished product. It follows that the residues 

resulting from the production of leather also will vary. 

In addition to the organic constituents resulting from the processing 
of the animal skins and the oils used to finish the leather, the residues 

will contain quantities of the chemicals used. Lime, sodium sulfide, sodium 

sulfhydrate, chromium sulfate, alum, vegetable compounds, mineral acids, and 

salts are employed in the various processes. The characteristics of the 

wastes from U.S. plants in this industry, expressed on a per unit of hide 

processed basis, are illustrated in Table 4. 

3.5 - Seafood Processing.- Fish represent a largely untapped source 

of large quantities of protein, particularly parts of fish or whole fish 
being underutilized or wasted. At the present time, more than two-thirds 

of the harvested seafood is not being utilized directly as human food. 

The residues generated in.seafood processing vary widely. Fish which 

are rendered whole to produce fish meal result in no solid waste. Crab 

processing results in up to 85% solid waste. Each fish processing operation 

will produce significant liquid flows from the cutting, washing, and processing 

of the product. These flows contain blood and small pieces of fish and 

skins, viscera, condensate from cooking operations, and cooling water from 

condensers. 

In this industry the residues result from the inedible portions of the 

fish carcass material. Fish processing by-products generally are limited to 

fish meal and fish oil. Other possible by-products include fish glue,  gelatin, 

vitamin concentrates, biochemical and pharmaceutical products, animal and 

plant food, and fish protein concentrate. Detailed information is available 

(5) for the processing and utilization of fish by-products. 
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Additional information on the wastes produced per unit of fish processed 

are available (Table 5). The various types of processing used will affect 

the quantity of residues that are generated. In the United States, Atlantic 

menhaden and Pacific anchovies are processed into fish meal, oil, and solubles. 

Table 5 notes the important role that waste recovery plays in reducing 

the pollution potential in the fish meal industry. 

The processing of bottom fish and finfish involves the preparation of 

fillets or whole fish for the fresh or frozen,market. The fish waste, 

usually heads, viscera, and carcasses are collected and rendered or recovered 

for animal food. Mechanized processing (Table 5) increases the waste pro-

duction from this category. 

Little of the fish which enter the processing plant need be regarded 

as waste. Stickwater (water which has been in close contact with the fish and 

contains considerable organics) and the non-edible portions can be collected 

and processed into other products such as fish meal or fish solubles. The 

waste solids can be ground, cooked and pressed to remove valuable liquids 

and oils before the resultant solids are dried. This fish, meal can be bagged 

and marketed for different uses .including fertilizer and animal feed additives. 

The liquids and oils from the processing of the cooked solids can be concen-

trated along with stickwater and ground viscera in a solubles plant. After 

concentration, the solubles can be marketed as animal feed and other uses. 

3.6 - Fruit and Vegetable Processing - Each food processing plant 

has wastes of different quantity and quality. No two plants are the same 

and estimates of residues generated from each plant must be regarded as 

approximate. Few plants have adequate knowledge of the volumes, characteris-

tics, and fluctuations of their wastes. At each processing plant, material 

and water balances on the inputs and outputs to the plant can provide reason-

able estimates of the total waste flow and residue generation. 

Much of the available information on food processing waste character - 

istics is not comprehensive. Average waste loads reported in the literature 
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should be regarded as guidelines rather than exact values that can be 

extrapolated to different plants. 

The effluent from fruit and vegetable processing plants consists mainly 

of carbohydrates such as starches and sugars, pectins, vitamins, and other 

components of the product cell walls which have been leached during processing. 

Of the total organic matter, 70-85% can be present in the dissolved form. These 

dissolved solids are riot removed by mechanical or physical separation methods, 

although they can be stabilized and/or removeç by biological or chemical oxi-

dation and adsorption. 

Food processing wastes result from the washing, trimming, blanching, 

pasteurizing, juicing of raw materials, the cleaning of processing equipment, 

and the cooling of the finished product. The characteristics of food 

processing wastes are such that they generally are low in nitrogenous com-

pounds, have a high oxygen demand, and undergo rapid decomposition. Some 

wastes, such as those from beet processing, are highly colored. Fresh wastes 

generally have a pH close to neutral. During storage the p11 decreases. In 

addition to the organic content, fruit and vegetable processing wastes can 

contain otker  pollutants such as soil, lye, heat, and insecticides. 

The pH values of some fruit and vegetable processing wastes result 

from the use of caustics such as lye in peeling. These caustic solutions 

can have a p11 about 12-13 and are discharged intermittently as they lose 

their strength resulting in slug loads to the waste treatment facilities. 

Pickle and sauerkraut wastes are acidic and contain large chloride concen-

trations as well as organic matter. 

Different food processing operations can affect the quantity and quality 

of the residues requiring treatment or being available for utilization. As 

an example, dry caustic peeling of fruits and vegetables results in less waste 

than that from the wet peeling process. The pounds of dry solids per ton of 

potatoes resulting from the wet caustic peeling system were about 3.75 times 

that for the dry caustic system. Similarly the pounds of BOD per ton of 
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potatoes were about 4.5 times larger with the wet system. These systems are 

illustrative of the changes in the quantities of residues that can result 

from processing plant technology changes. Residue utilization evaluations 

should consider the effect processing operation changes may have on the 

availability and type of residues. 

Information on the waste characteristics, expressed on the basis of 

the quantity of material processed or quantity of material produced, is 

presented in Tables 6 and 7. Table 6 presents the average characteristics 

for U.S. plants processing fruits, vegetables, and some specialty foods. 

Wastewater volumes and waste generation vary significantly between categories 

and between plants within categories. 

Table 7 indicates the average characteristics of wastes from U.S. 

plants preparing specialty foods. These plants produce wastes that are 

highly organic. The wastes are often deficient in nutrients and contain 

significant oil and grease where substantial frying is done. 

3.7 - Dairy Product Production - The largest wastes from dairy food 

plants are hey from cheese production followed by wash water and pastcuriza-

tion water. The manufacture of cheese from either whole or skim milk produces 

cheese and a greenish yellow fluid known as whey. Whole milk is used to 

produce natural and processed cheeses such as cheddar and the resultant 

fluid is sweet whey with a p1-1 in the range of 5 to 7. 

Skim milk is used to produce cottage cheese and the by-product fluid 

is called acid whey with a pH in the 4 to 5 range. The lower pH is the result 

of the acid developed during or employed for coagulation. Each pound of 

cheese produced results in 5-10 pounds of fluid whey. About 70% of the 

nutrients in skim milk are part of the acid whey. The BOD of whey ranges 

from 32,000 to 60,000 mg/i depending on the specific cheese making process 

used. Whey contains about 5% lactose, 1% protein, 0.3% fat, and 0.6% ash. 

The protein and lactose in whey could be used in many by-products if 

excess salts were removed. Investigations on the use of whey in food products 
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TABLE 6 

Raw Waste Loads" for the Fruit, Vegetable, 
and Specialties Processing Industry/ 

Flow BOD 	Total suspended solids 

Category gallons/ton lbs/ton lbs/ton 

Fruit 

Apple Processing 690 4.1 0.6 

Apple Products 1,290 12.8 1.6 

except juice 

Apricots 5,660 30.9 8.5 

Caneberries 1,400 5.7 1.2 

Cherries 
sweet 1,860 19.3 1.2 

sour 2,880 34.3 2.1 

brined 4,780 43.5 2.9 

Cranberries 2,950 19.9 2.8 

Citrus 2,420 6.4 2.6 

all products 

Dried Fruit 3,180 24.8 3.7 

Grape Juice 
canning 1,730 21.4 2.5 

pressing 370 3.8 0.8 

Olives 9,160 87.4 15.0 

Peaches 
canned 3,130 28.1 4.6 

frozen 1,300 23.4 3.7 

Pears 2,840 42.3 6.5 

Pickles 
freshed packed 2,050 19.0 3.8 

process packed 2,300 36.7 6.5 
salting stations 250 15.9 0.8 

Pineapples 3,130 20.6 5.5 

Plums 1,190 8.2 0.7 

Raisins 670 12.1 3.3 

Stra%%berries 3,150 10.6 2.7 

Tomatoes 
peeled 2,150 8.2 12.3 

products 1,130 2.6 5.3 

continued. 
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TABLE 6 continued. 

Flow 	BOD 	Total suspended solids 
Category 	gallons/ton 	lbs/ton 	lbs/ton 

Vegetables 

Asparagus 16,520 4.2 6.9 

Beets 1,210 39.4 7.9 

Broccoli 10,950 19.6 11.2 

Brussel Sprouts 8,720 6.9 21.6 

Carrots 2,910 39.0 23.9 

Cauliflower 21,470 10.5 5.1 

Corn 
canned 1,070 28.8 13.4 
frozen 3,190 40.4 11.2 

Dehydrated on ion 
and garlic 4,770 13.0 11.8 

Dehydrated 
vegetables 5,300 15.8 11.3 

Dry Beans 4,310 30.7 8.8 

Lima Beans 6,510 27.8 20.7 

Mushrooms 5,380 17.4 9.6 

Onions - canned 5,320 45.1 18.7 

Peas 
canned 4,720 44.2 10.8 
frozen 3,480 36.6 9.8 

Pimentos 6,910 54.5 5.8 

Sauerkraut 
canning 840 7.0 1.2 
cutting 103 2.5 0.4 

Snap Beans 
canned 3,690 6.3 4.0 
frozen 3,820 12.1 6.0 

Spinach 
ca.nned 9,040 16.4 13.0 
frozen 7,020 9.6 4.0 

Squash 1,340 33.6 4.6 

Sweet potatoes 990 60.2 22.9 

continued. 
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TABLE 6 concluded. 

Flow 	BOD 	Total suspended solids 
Category 	gallons/ton 	lbs/ton 	lbs/ton 

White Potatoes 	1,990 	54.6 	74.8 

Pot atoes 
frozen 	2,710 	45.8 	38.8 
dehydrated 	2,100 	22.1 	14.7 

SDecialty Foods 

Baby Food 1,770 9.1 3.2 

Chips 
corn 2,880 70.4 59.8 
potato 5,630 74.0 84.4 
tortilla 4,880 59.4 72.1 

Jams and Jellies 

Mayonnaise and 
Dressings 

Soups 

The raw waste load is in terms of the quantity of wastewater parameter per 
ton of raw material processed for fruits and vegetables and per ton of final 
product for the speciality foods. The values noted are the average raw waste 
loads for the available data.in  the categories noted. Except where noted, 
the raw waste loads are those generated from canning processing. 

from: Environmental Protection Agency, Development Document for Interim 
Final and Proposed Effluent Limitations Guidelines and New Source Perfor-
mance Standards for the Fruits, Vegetables, and Specialties Segment of the 
Canned and Preserved Fruits and Vegetables Point Source Category,t' EPA 
440/1-75/046, Group I, Phase II, Washington, D.C., October 1975. 

Environmental Protection Agency, "Development Document for Effluent Limitations 
Guidelines and New Source Performance Standards for the Apple, Citrus, and 
Potato Processing Segment of the Canned and Preserved Fruits and Vegetable 
Point Source Category," EPA-440/1-74-027a, Washington, D.C., March 1974. 
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and on the use of electrodialysis and reverse osmosis to remove the salts have 

been successful. The high bulk and low value of whey make it impractical 

to transport long distances and handling is difficult and costly. Whey is 

a good medium for bacterial growth and fermentation and has been used for 

microbial and yeast protein production. 

Data on the waste characteristics from U.S. plants processing milk and 

dairy products are presented in Tables 8, 9, and 10. A wide range exists 

in the characteristics from different plants and types of processing. 

BOD 5 /COD ratios of wastewaters from a variety of milk processing plants 

ranged from 0.40 to 0.97 with most of the ratios below 0.5. In addition to 

waste flow and BUD, other characteristics of these wastes can be of interest, 

such as suspended solids and inorganic constituents. Information on these 

constituents is less available than that on flow and BUD. BUD to solids 

relationship in dairy food plant wastewaters are noted in Table 10. 

3.8 - Grain Processing - The milling of grains dates to the beginning 

of recorded history. The cereal grains include barley, corn, grain sorghum, 

millet, oats, rice, rye, and wheat. The grains are milled by either wet 

or dry processes, each producing different waste volumes and characteristics. 

General characteristics of wastes produced from U.S. grain milling plants 

are presented in Table 11. 

The milling of rice differs from other cereal milling in that the 

product is whole grain rather than flour or meal. During the process of 

rice milling, the layer around the endosperm is removed. This layer is 

called rice bran. The bran constitutes between 6-10 per unit of the unpolished 

rice and contains about 15-20 percent oil. It also contains the vitamin B 

complex and amino acids such as cystine., lysine, histidine, tryptopharie and 

arginine (6). 

The oil in the rice bran can be extracted and utilized as edible oil 

after refining, for the manufacture of soap and for other industrial uses. 

The dc-oiled rice bran can be utilized as an animal feed. 
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TABLE 8 

Milk Plant Waste Water Coefficients' 

Waste Volume BOD 
(lb/lb milk processed) (lb/bOO lb milk processed) 

Type of Product Average Range Average Range 

Milk 3.25 0.1-5.4 4.2 0.2-7.8 

Cheese 314 1.6-5.7 2.0 1.0-3.5 

Ice Cream 2.8 0.8-5.6 5.7 1.9-20.4 

Condensed Milk 2.1 1.0-3.3 7.6 0.2-13.3 

Butter 0.8 - 0.85 - 

Powdered Milk 3.7 1.5-5.9 2.2 0.02-4.6 

Cottage Cheese 6.0 0.8-12.4 34.0 1.3-71.2' 

Cottage Cheese and Milk 1.84 0.05-7.2 3.47 0.7-8.6-" 

Cottage Cheese, 
Ice Cream, and Milk 2.52 1.4-3.9 6.37 2.3-12.9 

Mixed Products 2.34 0.8-4.6 3.09 0.9-6.9 

Overall 2.43 0.1-12.4 5.85 0.2-71.2 

'From: Harper, W.J. and I3laisdell, J.L., "State of the Art of Dairy Food Plant 
Wastes and Waste Treatment," Proc. 2nd Nat. Symp. Food Process. Wastes, pp.509-
545, Pacific Northwest Water Lab., Environmental Protection Agency, 1971. 

1'Whey included, whey excluded from all other operations manufacturing cottage 
cheese. 
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TABLE 9 

Milk Plant Processing Waste Data from Five Plants (mg/l) '  

Range of Averages 	Total Range of Data 

BOD 

COD 

Ammoni a 

Organic Nitrogen 

Alkalinity 

pH 

Total Solids 

Suspended Solids 

Volatile Suspended Solids 

940-4790 

1240-7800 

7-36 

36-150 

81-505 

4.8-6.8 

2280-6490 

360-1040 

300-1000  

400-9440 

360-15,300 

1-76 

9-250 

0-1080 

4.2-9.5 

1210-11 ,990 

270-1980 

200-1840 

From: Lawton, G.W., Engeihart, L.E., Rohlich, G.A., and Porges, N., 
Effectiveness of Spray Irrigation as a Method for Disposal of Dairy 
Plant Wastes. Wisc. Engr. Exp. Sta., Res. Rept. 15, 1960. 

1,343, 



TABLE 10 

Milk Plant Waste Characteristics-" 

BOD-Solids Relationships 1'  

SS/BOD 	TS/BOD 
Product 	ratio 	ratio 

Cheese 	 0.35 	1.6 

Butter 	 0.28 	1.65 

Milk 	 0.32 	1.7 

Combined 
dairy products 	0.35 	1.6 

Average 	 0.32 	1.62 

1Environnienta1 Protection Agency "Dairy Food P1an Wastes and Waste 
Treatment Practices" ieport by Department of Dairy Technology, Ohio 
State University, Columbus, Ohio, Grant 12060 EGU, March 1971, 
Washington, D.C. 

JSS = suspcnded solids; TS = thtal solids 
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3.9 - Animal Waste - Animals convert non-edible plants to high quality 

protein foods and therefore their wastes represent the results of that 

conversion. The proper handling of animal wastes is an essential element 

of any livestock management system. Along with its pollution potential, 

animal waste represents an economic loss to cattlemen as unused feed. 

In the United States it takes about 7-8 pounds of feed to produce one pound 

of beef. 

Large animal "feedlots" are becoming more common and continue to grow 

to meet consumer demand for animal protein. The amount of manure produced 

at such feedlots is large, often exceeding the capacity of the soil and plant 

cover in the immediate area to recycle it. 

Large numbers of livestock are raised with the result that in the United 

States over 2 billion tons of manure are produced ear year. Part of the total 

livestock waste production remains in the pasture and rangeland, but large 

volumes accumulate in concentrated feeding operations (feedlots) and niust 

be collected, transported, and disposed of in an economical and non-offensive 

manner. 

The characteristics of livestock wastes are a function of the digesti-

bility and the composition of the feed ration. The feces of livestock consist 

chiefly of undigested food, mostly cellulose or fiber, which has escaped 

bacterial action. A portion of the other nutrients also escape digestion. 

Undigested proteins are excreted in the feces and the excess nitrogen from 

the digested protein is excreted in the urine as uric acid for poultry and 

urea for animals. Potassium is absorbed during digestion but eventually 

almost all is excreted. 

The average characteristics of manure produced by U.S. animals is indi- 

cated in Table 12. Characteristics of these and other animal wastes are presented 

in greater detail in other publications (7). 

As with other wastes, there are variations in the characteristics of 

wastes from different animals and from different livestock feeding operations. 
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One must be cautious in assuming that results of waste management studies 

using wastes from one species of animal will be applicable to other animal 

species. One should be equally cautious about assuming that the wastes 

from animals in one country of the world are comparable to those in other 

countires, especially where there are different types of feed used, where 

different animal management systems exist, and where there are different 

climatic conditions. 

The above data provide infoniiation on the characteristics on livestock 

for food production. Knowledge of the characteristics of wastes from other 

animals may be of interest such as those from pets, stables, veterinary 

facilities, animal farms, and pharmaceutical testing laboratories. Such 

data are meager but some that are available are presented in Table 13. 
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4. RESIDUE UTILIZATION TECHNOLOGY 

4.1 - General - Man uses only a part of the crops that are processed; 

the remainder is wasted but can be considered as an unused resource. Agricul-

tural and agro-industry wastes are renewable resources in the sense that 

additional matter. will be produced through photosynthesis and converted 

into human and animal food by the general ecological cycles. However, the 

fact that the processed crops are renewable should not detract from the 

fact that the wastes from such processing are resources to be utilized where 

possible. 

The goal of environmental waste management, although difficult to 

achieve is low net "waste" production and where possible approaching "total 

utilization." The objective is to make productive use of everything harvested. 

Those familiar with agriculture recognize that the economic and efficient 

utilization of the crop or animal occurs when all parts of the raw product 

are utilized. In addition, such utilization also conserves natural resources. 

More efficient utilization could result from improved methods of recovering 

edible food products from the slaughter and processing of food animals and 

fish and from the better utilization of horticultural and cereal crops. Improved 

utilization of the about 1.2 billion pounds of seafood waste could provide 

significant quantities of high quality protein. 

Approaches to agricultural residue utilization should focus not only 

on the utilization of the residues that are produced but also on reducing 

the quantity of residues that are generated. Such reductions directly 

increase the quantity of usable food supplies. In each plant and possibly 

in each country, a major program should be initiated to identify, control, 

and reduce the major losses in food materials which occur in food processing 

between harvest and consumption. Overall it has been estimated that losses 

could be reduced by 30-50 percent thus increasing the available food supply 

by 10-15 percent. This would have the effect of reducing waste while better 

utilizing available resources. 
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The concept low net "waste" production is not new and has been part of 

waste management decisions for all industry including agriculture. For 

reasons presented earlier, greater emphasis and interest is being focused 

on such approaches. 

Residues from agricultural production have been utilized in many situations. 

Examples include: fruit and vegetable wastes utilized as animal feed, mushroom 

growing using horse manure as a medium, paper making from straw, chemicals 

extracted from organic residues, fish meal from seafood processing waste, 

and methane production from feimentation of organic residues. Several indus-

tries such as soap, leather, and animal feed manufacturing utilize meat packing 

wastes. Biochemicals such as hormones, vitamins, and enzymes also have been 

produced from pcckinghouse residues. Animal manure has been used as a soil 

conditioner, an animal feed supplement, for fertilizer, and to produce methane. 

Other examples can be provided and will he identified in subsequent sections 

of this report. 

While these and other methods can be used for residue utilization, they 

rarely solve an entire waste problem since the material produced or rcmovod 

may be only a small component of the original residue. There will be secon-

dary residues requiring treatment or disposal. Such residues will be either 

portions of the original residue or residues generated in the utilization 

process. Thus residue utilization should not be considered as a panacea or 

substitute for waste management. The goal of "total utilization" has not 

been achieved with most utilization approaches. 

Any residue utilization process will be subjected to the same pollution 

control measures and resource utilization concerns that have led to the need 

for better residue utilization. Provisions must be made for acceptable 

ecologic and economic disposal of residues and wastewaters from any residue 

utilization process. 
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In many areas, the basic technology for residue utilization is known 

and available. A combination of factors, depending on individual situations, 

contributes to a reduced technology utilization: 

-non-competitive costs 

-being accustomed to think in terms of disposal, not utilization 

-lack of managerial and technical skills to utilize the technology 
at the site of residue production 

-limitations on the end use of the produced product 

-lack of capital resources for the purchase and operation of the 
technology, especially for small plants 

-uncertainty about the marketability of the produced product 

-inadequate supplies of the residue for the technology. 

Knowledge that is needed for residue utilization decisions includes: 

-composition of the residues such as carbohydrate, fat and oi.l, 
moisture, protein and general nutrient content as well as other 
characteristics that are pertinent to the utilization technology 
being considered 

-availability - time, location, seasonality, and ability to store 
the wastes 

-convertability - handling, separation, transuortatiori, and physical 
processing of the residues and end products of the utilization 
technology 

-use of the end product - markets, demand and rate of growth of 
demand, storabili.ty, seasonality of use 

-socio-economic aspects - needs of areas, countries, and regions, 
overall goals, available skills, impact on the culture. 

•lnformation about the properties of agricultural residues is fundamental 

to the development of feasible residue utilization systems. Technology that 

may have been successful with certain residues may he less successful with 

other residues unless he Lechnology is modified to accommodate the charac-

teristics of the agricultural residues being considered. Agricultural and 

agro-industry residues vary in quantity and quality. Wastes from food 

processing generally are 1ow strength, high volume liquid wastes; wastes 

from livestock operations tend to be high strength, low volume wastes; and 

wastes from crop and forest production tend to be drier, bulky, and dispersed 

solid wastes. Solid wastes also are generated in food processing and live-

stock operations. 
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Agricultural residues consist of food processing wastes, liquid and 

solid animal wastes, waste packaging materials, agricultural chemical losses, 

crop and field residues, greenhouse and nursery wastes, and dead livestock. 

These residues are organic and biodegradable. Utilization technology must 

either use the residues rapidly or the residues must be stored under condi-

tions that do not cause spoilage or render the residues unsuitable for 

processing to the desired end product. 

Information on the frequency and quantity of available residues is 

necessary to design facilities that can handle constant as well as inter-

mittent residue supplies such as those due to the seasonal nature of fruit 

and vegetable processing. Identification of the residue sources within a 

processing plant also can be important since it provides information for 

in-plant separation of the residues. Separation of residues at the source 

is a major means of assisting residue utilization. Such separation gencrally 

permits less contaminated and more concentrated wastes and can enhance technical 

and economic utilization of the separated wastes. 

An important issue is the availability of or proximity to central loca-

tions for processing of the residues and distribution and utilization of the 

end products. Many residues, such as crop residues and animal wastes, are 

not utilized because of difficulties of collecting and transporting the waste 

to a central location for processing. 

An an example, in the United States, the total quantity of agricultural 

residues has been estimated at about 474 million dry tons annually - crop 

residues 322, manures 66, and forestry 116 million dry tons annually. The 

total amount currently collected has been estimated at 109 million dry tons 

annually with the following distribution - crops 7, manures 36, and forestry 

75. Thus only a small percentage of existing crop residues is collected in 

contrast to manures and forestry residues. The majority of the crop residues 

(about 75%) and manures (about 68%) are returned directly to the soil. Only 

a small portion of these agricultural residues are sold - crop 4%, manures 17%, 

and forestry 33% (10). 
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The application of science, technology, and economics to residue utili-

zation problems in a critical evaluative manner is a major factor in the 

development of solutions to such problems. To be fully realistic, all 

potential utilization of residues must be linked to local opportunities. 

Candid recognition of the economics involved in residue utilization is 

important. Solutions satisfactory for a given set of conditions may not be 

satisfactory under other conditions because of residue availability techno-

logical capability, and actual market potential. Numerous pertinent factors 

must be evaluated before the feasibility of any utilization concept can be 

established. 

Often an entrepreneur does not pursue a utilization scheme because he is 

unaware of how to ascertain the feasibility of a concept. The basic elements 

of such an approach include: 

- complete familiarization with the properties of the residue 

- an inventory of locally available sources of supply, skills, and 
facilities 

- thorough evaluation of existing literature to determine applicable 
technology 

- evaluation of available market potential 

- possibilities for change in the production process to generate 
a residue more suitable for utilization 

- determinati on of regulations governing the transport, processing, 
and utilization of the residue and any resultant residue product 

- overcoming traditional product use and regulatory barriers. 

Technical solutions to the utilization of agricultural residues exist 

and others will be found. The application of these methods will depend upon 

existing social, legal, economic, and political conditions and upon success 

in the marketing and public relations areas. 

Few really novel residue utilization technologies exist. A varlety of 

technologies have been tried at various levels including laboratory, pilot 

plant, and possibly full scale with at least one waste product. When con-

sidering residue utilization technology possibilities, it is important to 
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avoid reinventing the wheel. Available information should be critically 

analyzed to learn from and adapt the knowledge and experience that does 

exist. 

A key to the development and application of suitable residue utilization 

technologies is the ability to modify the technologies to the local conditions 

and the characteristics of the specific residue. Large scale pilot plant and 

full scale studies illustrating the application of technologies to different 

wastes and situations are essential to demonstrate their technical and economic 

feasibility. 

Information is becoming available for many technologies that permit a 

reasonab].e evaluation of their application to agricultural residues. On the 

basis of current information, many utilization processes have significant 

potential but will result in a low level of application until such time as 

social or economic constraints make their use more appropriate. 

The degree to which agricultural residues are utilized will depend upon 

pressures to force a change from present practice and the competition of the 

products produced with those available from other sources. The pollution 

concerns, the food and energy situations, and the need for adequate resource 

utilization are causing a change from existing approaches. 

There are many technologies that can be usd with agricultural residues. 

The intent of this section is not to provide details of all of thesavailable 

processes. Rather the following material will attempt only to summarize 

some of the processes that appear applicable to a variety of agricultural 

and agro-industry residues. In addition, their real or potential application 

to these residues is indicated. 

4.2 - Energy Generation 

4.21 - General - Man will continue to utilize renewable resources, including 

agricultural residues, to help satisfy energy needs. Biomass including wood 

125 



can be used directly as a fuel by combustion or may be fermented to produce 

methane with the subsequent residues applied to the land for crop production 

or as a soil conditioner. The particular approach depends in part upon the 

moisture content of the material. One advantage of such material as a fuel 

is the low sulfur content in comparison with most fossil fuels. 

When used directly as a fuel, the residues should be as dry as possible. 

The BTU values of wood range from 8000 to 9000 BTU per pound on a dry weight 

basis. Freshly cut wood has a high moisture content which reduces the heat 

value to about 2500 to 3000 BTU per pound. Other residues will have similar 

reductions in the heat value unless the moisture is decreased. 

The estimated quantities of organic residues produced in the U.S. per 

year are identified in Table 14. The reported values are not directly compar-

able (11), since some estimate the total amount produced while others estimate 

the amounts considered to be collectible in practice. However, the values 

indicate the order of magnitude of the available material. 1,Tiether all 

of the material could be used to produce energy will depend upon whether 

collection, transportation, storage, and processing costs can be economically 

justified. 

The agricultural residues are the largest component of the estimated 

residues (Table 14). Their energy potentia] appears attractive but must also 

be related to their moisture content, broad geographical distribution, and 

seasonal availability. Because of the latter item, the use of agricultural 

residues may best be integrated with other continuously available fuels. 

The possibilities of producing fuel from organic residues are schematically 

outlined in Figure 7. The feasibility of energy generation from agricultural 

residues depends on factors such as: a) the amount of recoverable energy in 

the residues and its relation to the total energy needed in generation process, 

b) compatibility of the form of the energy to the uses for it, c) the avail-

ability of equipment and skills needed to maintain the process, and d) the 

cost of using the system and of the resultant energy. 
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TABLE 14 

Estimated Quanties of Organic Waste Products (11) 

Million metric 
Waste 
	 dry tons per year 

Urban 

-sewage 
	 60 

- mun I c ip a 1 
	

160 

Agricultural 

-cereal stras 
	 132 

-other plant residue 
	 220 

-cow mmure 
	 210 

Wood 

-logging residues 	 50 
-manufacturing residues 	15 
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Two of the energy generating processes that have received considerable 

attention is recent years are pyrolysis and anaerobic digestion. 

4.22 - Pyrolysis - Pyrolysis can be described as high temperature decomposi-

tion of organics in the absence of oxygen. Reactor temperatures range above 

900 °C and high pressures are common. The products are ash, oils, and gases 

such as hydrogen, water, carbon dioxide, methane, and ethylene. 

The process is not new having been in usQ for many years in the pro-

duction of methanol, acetic acid, and turpentine from wood plus recovery of 

the residual charcoal. Pyrolysis has been investigated as a potential proccs 

for several types of agricultural residues (12). Low temperature pyrolysis of 

egg farm wastes (woodshavings as litter, dead birds, poultry waste) was found 

to require only a small energy input to convert the waste to a char. The 

char contained 3 nitrogen, 7 phosphorus, 6 potassiun and represented a 

50 to 80o weight and volume reduction. 

The pyrolysis of animal wastes ind:i cated that the heating value of gases 

from dried boef cattle wastes, dried poultry wastes, and dried swine wastes 

was about 4.4 x 106,  3.8 x 106,  and 3.2 x 106  ionles/kilograiii. The heat 

value of the remaining carbon char was 4 x 106  and 8.1 x 106  joules/kilogram 

for dry swine and dairy wastes respectively. In another study, the gas 

production from the pyrolysis of dry cattle feedlot manure was about 2.3 

to 3.5 x 106  joules/kilog rari. 

A full scale iyrolysis facility using dry wood residues has been in 

operation since 1972 without major problems (13). The system operates at 

lower temperatures (300 0  to 400 °C) and uses a unit partially open to the 

atmosphere. The generated gases were used to dry the input material and 

the char is mixed with the resultant oil for subsequent use. 

4.23 - Methane Generation - The interest in non-fossil fuel energy supplies 

has focused increasing attention on the production of methane from the anaerobic 

fermentation or digestion of organic matter. Agricultural residues can be 
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utilized for methane production. Table 15 indicates some of the agricultural 

residues that can be considered for this process. Some of these residues 

are being used as fuels or fertilizers. 

Benefits from the utilization of agricultural residues for methane 

generation rather than their direct use as fuel or fertilizer include the 

production of energy resources that can be stored. Indirect benefits of 

methane generation include the potential for partial ste -rilization of waste 

during fermentation to reduce the public health hazard of fecal pathogens. 

The fermentation process will also reduce the transfer of fungal and other 

plant pathogens from a crop residue to subsequent crops when the liquid 

residue from the methane enneration process is used as a fertilizer. By 

using some of these materials to support methane production, additional 

value can be gained, methane, while still realizing previous benefits. 

The original nutrients in the digested material are returned to the soil 

as a fertilizer and to improve soil structure and organic matter contact. 

During the anaerobic digestion of most agricultural residues, gases 

containing 60-80% methane can be produced when consistently high rates 

of digestion are maintained. These gases can be an energy source close 

to the generation site. Approximately 8-9 cubic feet of gas can be produced 

per pound of volatile solids added to the digester when easily biodegradable 

wastes are digested. Lower gas production rates result when less biodegradable 

wastes are digested. 

The production of methane from wastes is centuries old and the general 

technology is well known. The largest application of methane generation 

has been with munic1pal se.iage sludge. The captured gases frequently are 

used to heat the digester tanks and may satisfy part of the energy needs 

at the municipal treatment plant. The process also has been utilized when 

energy supplies have been rduced as in several countries during and after 

World War It. 
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TABLE 15 

Agricultural Pesidues Having Potential for MethaneGeneration 

-Animal wastes including bedding, wasted.feed, poultry litter 

-Crop wastes: sugar cane trash, weeds, crop stubble, straw, 
and spoiled fodder 

-Slaughterhouse wastes, animal by-products such as blood, meat, 
fishery wastes, leather, and wool wastes 

-By-products of agricultural based industries such as oil cakes, 
wastes from fruit and vegetable processing, bagasse, and 
press-mud from sugar factories, sawdust, tobacco wastes and 
seeds, rice bran, tea waste, and cotton dust from textile 
industries 

-Forest litter 

-Wastes from aquatic growths such as marine algae, sea weeds, 
and water hyacinths 
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In countries where energy supplies have been hampered by low natural 

abundance or inadequate distribution, methane has been generated from available 

residues to meet existing needs. Individual family methane generating units 

have been used in diverse climatic and cultural conditions. For example, 

several thousand units are operative in Taiwan using primarily pig manure and 

by-products from 'individually owned and operated pig farms. In India crop 

residues and cow dung have been used in family and village operated units. 

All organic wastes can be fermented to produce methane. The amount of 

methane which can be generated during anaerobic digestion is a function of 

the fraction of the total waste that is available to the anaerobic bacteria, 

i.e., the biodegradable fraction, and the operating, environmental conditions 

bf the process. The more biodegradable the waste material, the greater 

the quantity of methane generated per quantity of waste added to a digester. 

Table 16 indicates the estimated gas production using wastes from various 

animals produced under conditions in the United States. 

The biodegradable fraction of agricultural wastes will vary being a 

factor of how the wastes were generated and handled prior to digestion. For 

example, only 40 to 50% of the volatile solids of dairy cattle manure may be 

biodegradable and thus available to produce methane. To use anaerobic 

digestion effectively, the inclusion of inert material such as sand and dirt 

in wastes should he minimized and fresh wastes should be utilized. 

Caution is advised in utilizing design data obtained from residues having 

characteristics different from those under consideration. The biodegradable 

fraction may be different and the residues may have components that may caus'e 

inhibition of the digestion process. 

An important aspect to he considered with tb 	erohir digestion of 

animal wastes is that the total volume of residue that must be handled for 

final disposal is equal to or greater than the initial amount of animal wastes 

that are to be digested because of the liquid added to obtain a solids concen-

tration that can be mixed. Although considerable solids decomposition occurs 

in a digester, little redution of the total digester volume results. 
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TABLE 16 

Estimated Manure and Bio.-Gas Production from Animal Wastes (14) 

Dairy 	Beef 
Cattle 	Cattle 	Swine 	Poultry 

Manure production 
(lb/day/1000 lb live weight) 	85 	58 	50 	59 

Volatile solids 
(lb dry solids/day/1000 lb 

live weight) 8.7 5.9 5.9 12.8 

Digestion efficiency of the 
manure solids 	() 35 50 55 65 

No-gas production 
(ft 3 /lb VS added) 4.7 6.7 7.3 8.6 
(ft 3 /1000 lb live weight/day) 40.8 39.5 43.1 110.9 

(lb x 0.454 = kg: 	ft 3 /lb x 0.062 = m 3 /kg) 

133 



Residue from a digester operating on plant and animal residues will contain 

lignin and lipids, material protected from bacterial degradation, synthesized 

microbial cells, metabolic degradation products such as volatile acids and 

other soluble compounds, inert material in the original waste, and water. 

Anaerobically digested sludges can be stored and spread on land with less 

risk of creating conditions for odor and insect breeding problems than may 

exist with similar handling procedures for untreated or partially treated 

agricultural residues. 

Practically all of the nitrogen present in the waste entering a digester 

is conserved. If the sludge is properly stored and, when applied to soils is 

immediately incorporated to reduce the loss of nitrogen by volatilization, 

narly all of the nitrogen present in plant residues can be available for use 

by subsequent plants. 

Key items in the successful operation of a methane generation digestion 

system are: a) acceptance by the potential user; b) ability to store the 

gas or to use it when produced; c) sufficient: demand for thegas; d) enough 

raw material available to meet the production requirements; and e) suitable 

maintenance and operational control. 

The following exanpies indicate some of the current research (15) related 

to energy generation that is in progress: 

-The use of organic wastes for the production of methane gas and protein 

feeds - The methane content of the gas from the fermentation of poultry manure 

reached 87% at a digester solids content of 6.5 06. Utilization of the remaining 

nutrients in the digested effluent was achieved by the growth of bluegreeri 

algae to provide high protein feed. One pound of protein could be obtained 

from 20 pounds of dry manure and the reclaimed water after algal rcoval 

was recycled. The effluent had a very high nitrogen content and met the 

fertilization requirements for crops. 

-Solar energy fixation and conversion with algae-bacterial systems to 

produce methane - The study involves a solar energy conversion and waste 
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utilization system, whereby the visible light energy component of solar 

energy is fixed through photosynthesis as the chemical energy of algal cellular 

material growing on wastes. Through the process of anaerobic digestion, 

variable fractions of the chemical energy of the algae cellular material 

will, in turn, be converted to chemical energy in the form of methane. 

The nutrients in wastes and recycled materials will be rendered soluble 

and available for additional algae growth by successive aerobic and anaerobic 

bacterial action. 

-Utilization of livestock and agricultural wastes for feed and energy 

production - A study of systems for the treatment and utiUzation of livestock 

and agricultural wastes as alternate sources of animal feed, energy and ferti-

lizer such as: a) development of physical-chemi cal processes for recovering 

undigested grain, fibrous residue and protein from livestock wastes, and b) 

natural biological processes to treat livestock wastes and produce energy 

(methane gas), fertilizer and animal feeds (single-cell protein). 

-Anaerobic fermentation of organic material - Development and design 

of anaerobic fermentation reactors for the conversion of wet vegetable wastes 

to methane (fuel) gas. 

-Conversion of solid waste from grapes and apples to directly utilizable 

heat energy - The properties of apple and grape ponace are being studied to 

determine factors conducive to the manufacture of briquets. Dried apple 

pomace and grape pornace were found to contain 8000 and 8400 BTU per lb., 

respectively. These values were approximately 60-65 percent of the combustion 

energy of commercial charcoal briquets (12,800 DTIJ per lb.) and sawdust fire 

logs (14,000 BTU per lb.). When the pomace was subjected to peroxide treat-

ment and pyrolyzed before combustion, the BTU per lb. increased to 11,500. 

4.3 - Food Production and Utilization - Certain agricultural residues 

contain various quantities of protein which can be recovered. In addition, 

the microbial treatment of wastes results in the production of microbes 

and a transformation of the carbon and nutrients in the waste into microbial 
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protein. Single cell protein (SCP) has been produced by cells growing on 

a variety of agricultural and industrial wastes. The cells grown on these 

substrates are selected species of algae, bacteria and yeast. 

Single cell protein production is an attractive possibility as a potential 

inexpensive source of nutritional protein. Microorganisms are fast growing, 

have a high protein content of relatively good quality, and can flourish 

on simple organic nutrients and a diversity of carbon sources. 

Fungi, algae, yeast, and bacteria all have been produced for use as 

single cell protein. Fungal mycelia grow more slowly than yeasts or bacteria 

and have a somewhat lower protein content. They are, however, easier to 

harvest. Yeasts grow more rapidly than fungi but generally slower than 

bacteria. Yeast protein is of good quality and the concentration is higher 

than in fungi. Yeasts contain more nucleic acids than most fungi or bacteria 

but also more vitamins. Bacteria grow relatively rapidly on a number of 

substrates. They possess a high protein content. Bacteria are small and 

more difficult to harvest than fungi and yeasts. 

Successful production of microbial protein requires attention be given 

to engineering and biochemical fundamentals. These include adequate oxygen 

supply, mixing, no inhibitors, temperature control, and suitable microorganisms 

to metabolize the substrate. 

Many examples can be provided for waste recovery by microorganisms, 

including specific fermentation processes to produce fermented foods (16) 

and non-specific processes such as the activated sludge process which is 

essentially a treatment process. The following examples indicate some of 

the available information. 

The Pekilo process is a process for production of feed protein from 

carbohydrate containing liquors through fermentation with the microfungus 

Paecilomyces variotii. The research leading to this process was initiated 

over 10 years ago at the Finnish Pulp and Paper Research Institute. The 
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first full scale plant is in operation in Finland using spent sulfite liquor 

as a carbon source. The Pekilo protein is a safe high quality feed ingredient 

approved by Finnish authorities for animal feed. The protein and fat content 

of the dried product is 55-60% and 2-4% of the dry matter respectively. 

The aerobic microbial fermentation of spent sulfite liquor produced hig} 

yields of bacterial protein having a protein content of 66 to 70 010-  ( 17) . Approxi-

mately 20,000 wg/l of bacterial cells were carried in the fermentation unit. 

Nitrogen and phosphorus may have to be added to the waste sulfite liquor to 

have a nutritionally based medium for the microorganisms. Cell yield was 

about 0.4 pounds per pound of BOD added. It was estimated that a yield of 

200 pounds oll cells containing 68% protein could be produced per ton of pulp. 

Feeding sttidies on rats indicated the cell material was palatable, non-toxic, 

and an excellent protein supplement. 

Other investigations into sulfite liquor treatment have resulted in 

processes utilizing the liquor itself or its components such as the lignin. 

Vaii11in, oxalic acid, tanning materi al, road binders and alcohol and yeast 

are by-products made from sulfite liquor. 

Torula yeast has been produced by fermentation of the spent sulfite 

liquor. The protei.n content of such yeast constitutes about one-half its 

weight. 

Biological waste treatment processes, such as the activated sludge 

process • can be a viable treatment alternative for the organic wastes of the 

agricultural processing industry. One of the malor problems associated with 

such processes is the handling of the excess sludge which is produced. The 

handling of such sludge is both a technical and economic burden. 

The waste activated sludge consists of synthesized microorganisms. The 

waste activated sludge from agricultural waste treatment can be used as an 

ingredient in a properly formulated animal diet. As an example, waste acti-

vated sludge from the treatment of citrus wastes was dried and included in 
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the diet of broiler chicks and laying hens. The addition of less than 10% 

sludge did not adversely affect poultry performance. The value of the 

recovered sludge significantly reduced the total cost of sludge handling (18). 

The following summarize other examples (15) of the type waste residue 

utilization that is currently under study in the United States and other 

countries: 

-Single cell protein from fruit and vegetable processing wastes - 

Experiments are being conducted to study the growth rates of food organisms 

on selected substrates such as apple pomace, sauerkraut brine, and grape 

pomace under a variety of conditions. Progress to date indicates that under 

optimal conditions, up to approximately four pounds of single cell protein 

could be obtained from the waste effluents generated in the lactic acid 

fermentation of a ton of shredded cabbage. 

-Treatment of food processing wastes and production of recoverable 

protein - A continuous laboratory aerobic fermentor is be:ing used to identify 

the feasibility of effectively treating food processing wastes and producing 

protein. Results indicate that the protein content of grass straw can be 

increased by growing microorganisms directly on the solid substrate. Straw 

is first hydrolyzed by a mild acid treatment, then neutralized with ammonia to 

release fermentable sugar. The protein content could be increased from a 

natural state of approximately 4.5 percent to approximately 10 percent. 

-Use of radiation mutated microorganisms for protein production from 

waste cellulose - Radiation experiments on Candida utilis are to be con-

ducted to obtain mutant strains capable of using nutritive solutions with 

• high content of furfural compounds. These furfural compounds result from 

• hydrothermal degradation process of plant matter frequently occurring as 

waste substances. Tests will be made to ascertain whether Candida utilis 

can be genetically changed so that it can use furfurals as the sole carbon 

source. 
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-Enzymatic extraction procedures for protein recovery from crops and 

food wastes - The objectives are to determine optimum conditions for enzymatic 

hydrolysis of proteins in cottonseed meal, alfalfa leaf meal, stems and leaves 

of vegetables, and bean and pea processing wastes and to define optimum con-

ditions for extraction and concentration of these hydrolysates. 

-Protein concentrates from grasses for possible food uses - The objectives 

are to prepare protein concentrates from selected grasses; determine compo-

sition, nutritional value, and food use potential; and relate stage of 

maturity to yield and value of concentrate. Leaf protein concentrates that 

have been obtained averaged 50% protein. The filtrate left after precipi-

tation of the protein was a rich source of energy for microbes. The residues 

ledt after extraction of the juice contained substantial amounts of protein 

and could be used as animal feed. 

-Protein production from acid whey by fermentation - Fermenters convert 

whole and deproteinized acid whey to a feed product using Saccharomvces 

fragilis. No discharge of pollutants is contemplated due to planned evapora-

tion and spray drying of the entire fermented medium. 

-Fish protein isolates - Fish that is underutilized or converted into 

animal feeds, represents a low cost source of protein raw material that could 

be converted into functional protein isolates. The problems associated with 

the use of fish as a protein source for the preparation of protein isolates 

are those of isolating the protein(s), preventing adverse physical and chemical 

changes during processing, and maintaining organoleptic and functional sta-

bility during storage. The research is to explore the technology to prepare 

such isolates. 

-Preservation and evaluation of marine foods - The ohectives are to 

identify biochemical and chemical changes that take place in marine animals 

after capture which lead to the deterioration of marine foods, and to utilize 

marine species for human food, using nonconventonal techniques. The practical 

methods of control under study could he of value to underfed countries whe'e 

other protein foods are lacking, yet the fish protein is present in the 

nearby seas but cannot be utilized mainly because of its high perishabtlity 
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An intermediate product, frozen fish emulsion, was prepared which could 

be used to prepare various marine foods. An improved method of utilizing 

more efficiently the edible portion of the red crab was devised and the 

enzymes degrading fish flesh, fish liver, and also the edible portion of 

some molluscs as the clam and the mussel were under study. 

-Reclamation of protein and flavor materials from clam wash water - The 

objective is to convert pollutants from a clam processing facility into 

profitable food products. Wash water from tlw mincing and shredding of 

clams will be pulverized and clarified. The resultant mixture will be 

processed as clam juice. An alternate approach will be to recover the 

tissue particulates from the wash water and process them as a clam chowder 

base. 

-Utilization of latent marine resources and waste products - The 

objective is to investigate latent marine resources and available waste 

products as sources of protein and other nutrients for use in animal and 

human nutrition. 	A method for production of a low fat marine protein concen-- 

trate from hake and other latent species is being developed. The marine 

protein concentrate will be evaluated as a source of protein for use in 

human nutrition. Procedures are being developed for processing and storing 

shrimp and crab scrap. Acidification as a means of preserving whole ground 

fish for use as an animal feed is to be investigated. Use of latent marine 

resources such as anchovy, silver smelt and krill for use as human and animal 

food is under investigation. 

-Utilization of seafood industry waste - The objectives are to determine 

composition and nutritional characteristics of major seafood wastes, to 

evaluate visceral waste, to investigate means of separation and recovery of 

more valuable waste fractions, and to formulate mar}:etable products. 

-Utilization of slaughterhouse and meat processing by-products - The 

objective is to investigate the preparation of wholesome and nutritious protein 

products from slaughterhouse and meat processing by-products, for use as 
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human food or animal feed with special emphasis on control and elimination 

of Salmonellae. The possibilities of blending hide proteins with the essen-

tial amino acid constituents of blood to produce better edible proteins con-

taining Vitamin B 12  is to be explored. Studies on the conversion of hide 

protein hydrolyzates into cosmetic bases also are to be carried out. 

-Processing mustard seed oil into high protein food products - The 

objective is to find a feasible method of using mustard seed to produce a 

high protein nutritious food product free from the deleterious materials 

that occur in the seed. 

-Recovery of useful materials from potato starch factory wastes and 

other potato processing wastes - The approach is to reduce the hygroscopicity 

of dried products by either sequestering or separating fructose, evaluate 

products with or without complexed fructose as feed, develop a method for 

producing high quality fructose powder or syrup, and study methods for 

reducing potassillifi ]evels in dried potato solubles so higher levels of dried 

soliibles may be used in poultry feeds. 

A full scale example is the processing of grape and olive waste into 

oil and animal feed. Oil can be recovered from grape waste and olive press 

waste by solvent extraction. A coinp]ex incorporating such extraction has 

been reported on Cyprus (19). 

The general process for grape waste utilization is to remove the coarse 

impurities from the grapes as the)' are received from the wineries, following 

which the seeds and skins are removed and dried. The seeds are crushed, 

flaked, and subsequently extracted with hexane. The dried seeds contain 

some 7-9% moisture and 15% oil. The recovered oil is refined and the residue 

sold as animal feed. 

The dried grape pulp has a crude protein content of about 12%, fat about 

4-5% and fiber in the range of 16-18%. The dried pulp was ground and also 

used in the animal feed industry. The olive press waste was processed by 

the same equipment as for the grape waste. 
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The transformation of residues such as grape waste from wineries into 

oil, dried grape pulp, and dried seed cake was not only profitable but 

utilized an industrial waste which otherwise would be discarded. 

The above are merely il]ustrations of the type of utilization and human 

and animal feed production that can be contemplated with agricultural resi-

dues. Numerous other possibilities exist and are under study. As noted 

earlier, the success of residue utilization results not only from use of the 

appropriate technology but also may be constrained by existing social, economic 

and market forces. 

4.4 - Whey Utilization - The great quantities of whey that are produced 

annually have prompted considerable study of ways to utilize this material. 

Whey can be used as a partial animal feed, a feed supplement, a starting 

material for some chemical productions such as alcohol, and as a groi'th 

medium for microorganisms to produce organic chemicals. 

Liquid whey from cheddar cheese production contains about 54 of the 

nutrients from milk used, and the acid whey from cottage cheese production 

contains about 73 of the nutrients of the non-fat mflk used. Most of the 

whey is discharged to waste treatment plants and to streams thereby increasing 

the cost of the cheese production operation and national costs of water 

pollution control. Utilization of the whey offers possibilities to minimize 

pollution and to increase the nutrition of the world. Such possibilities 

include blending whey powder with basic food materials to produce new and/or 

less expensive food such as process cheese food, fruit sherbets, custards, 

and bakery goods. 

Dehydration of whey can be accomplished by roller drying and spray 

drying. Cottage cheese whey is difficult to dry by the roller or conventional 

spray process because of its high acid content. Foam spray drying can he 

used with all types of whey including that of cottage cheese. After drying, 

the whey powder contains about 11-13% protein, 70-75% lactose and 7-8% ash. 
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Cottage cheese whey can contain about 10-11% lactic acid. If the whey can be 

fractionated, the relatively pure protein, sugar, and other material may be 

able to command a price considerably greater than that of the whole whey 

powder. Research on methods and separation and utilization of whey is 

continuing. 

The salt content of whey, about 1%, can be a barrier to its use as a 

by-product. Desalting equipment, such as a combination of reverse osmosis 

and elcctrodialysi.s, may be used to produce a 'u-otein supplement grade of 

whey that may be economically competitive. The technical and marketing 

aspects of this approach remain to be evaluated in depth. 

The following exanpies indicate some of the current research (15) on 

whey and dairy product utilization that is in progress: 

-Utilization of cheese, fermented foods, and their waste products - 

The objectives include investigating factors contributing to ccessive con-

ccntratioiis of hydvogen sulfide in ripened Cheddar cheese and to discover 

control mechanisms and developing new flavored fermented milk foods and trans--

forming waLe acid whey powder into nutritious foods for humans and animals. 

-Demonstrate an ultrafiltration plant for the abatement of pollution 

from cottage cheese whey - The objective is to recover edible protein and 

lactose by ultrafiltration and reverse osmosis thereby reducing influcnt 

BUD by 99 percent and perform an operation, technical, and economic evalua-

tion of both a 10,000 lb/day pilot plant and a 300,000 lb/day full scale 

system. 

-Utilization of cheese whey for wine production - The technical feasi-

bility of producing acceptable alcoholic beverages from cheese whey is under 

study. Experiments so far have shown Montrachet yeast to be the most 

desirable for whey wine fermentation. Fermenting at room temperature is 

satisfactory. Yeast nutrients, such as nitrogen and B-vitamins, help little 

in increasing the rate of fermentation. To make clear whey wine, bentonite 

showed promise as a clarifying agent. 
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-Nutritious beverage powders formulated from whey solids and vegetable 

proteins and/or fats - The objective is to develop and evaluate new nutri-

tious beverage powders and improve existing products containing cheese whey 

solids and vegetable proteins and/or fats, thereby providing high protein 

food products for human use. Beverage formulations using whey solids in 

combination with soy, cottonseed and/or peanut proteins with or without 

addition of edible oils, carbohydrates, minerals and vitamins, are being 

developed. The effects of processing conditions on the chemical and physical 

properties and on the nutritive value of the final product are being determined. 

-Increased utilization of cheese whey solids - The objectives include 

finding new uses for whey, adapting vacuum foam drying to the hi gh protein 

fractions in whey, and separating the whey into components or fractions. Nutri-

tionally improved extruded products (pasta, breakfast cereal, snacks) which 

contain whole whey or whey fractions and which are suitahe for human use 

are being developed. 

4.5 - Animal Feeds - The traditional method of increasing livestock 

production by supplementary forage and pasture wsith grains and protein concen-

trates may not meet the increased meat protein needs. Use of the grain 

and protein for human food will compete with such use for animal feed. 

Increased use can be made of the residues of agricultural and agro-industry 

as animal feed. 

Many agricultural residues can be used directly for animal feeds such as 

paunch manure, fish meal, oil seed meal, whey, and vegetable processing resi-

dues. In addition, other direct and indirect approaches exist to use agri-

cultural residues for animal feed. These include refeeding of animal wastes, 

production of insect protein, and production of fish. 

The rumen content of cattle, referred to as paunch manure, contains a 

mixture of gastric juices, mocrobial flora, and remains of partially digested 

food. Dried paunch manure is nearly odorless and is suitable as an ingredient 

for animal feeds. It also is possible to use dehydrated paunch manure as a 

feed constituent in formulated feeds for pond-rearing of channel catfish. 
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Levels of 10 to 12% paunch manure were used without producing a significant 

reduction in growth compared to fish reared on a typical commercial feed (20). 

In principle, paunch and similar residues should be applicable as a 

feed constituent for pond rearing of Tilapia sp. and carp which are more 

important worldwide food fish than channel catfish. 

The use of biological methods to capture the nutrients in agricultural 

wastes was suggested many years ago when it was proposed that house fly larvae 

be used to consume wastes and then be harvested as a potential protein source 

for animal feed. Research has demonstrated that the method can be used with 

poultry manure to produce a protein source that can replace soybean meal in 

the diet of the growing chick (21). Analysis of the dried fly pupae showed 

that they were high in protein (63%) and fat (15%). In addition, the method 

deodorized the manure, removed more than 50% of the moisture, and reduced 

the manure volume. 

Details of these and other possibilities dealing with the reuse of 

animal wastes as an animal feed supplement, including problems associated 

with antibiotics, arsenicals, hormones, lai'vacides, and other feed additives, 

have been gathered in a detailed review (22). The review discusses the 

opportunities of refeeding animal wastes to poultry, swine, and cattle. 

If nutritional principles are followed, a portion of animal wastes 

can be used as a feed supplement for animals. IV'hcn adequately processed, 

animal waste and' poultry litter may be an economic source of nutrients and 

should berecognized as a possible feed ingredient. To be handled in this 

manner, such materials would be subject to feed control laws in the same 

manner as areother feed ingredients. In research evaluations, feeding 

processed animal manures has not altered the taste or quality of meat, milk, 

or eggs. Potential tiansfer of organisms can be controlled by dehydration, 

drying, composting, ensiling or fermentation. 

Residues used directly or processed in various ways for use as feed hold 

promise as a safe, valuable source of animal nutrients and energy. Further 

studies will be needed on the nutritional quality and feeding effects of 

specific processed and unprocessed agricultural residues. 
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In general, the nutritive value of incorporating animal wastes in feed 

rations is greater if the wastes of single stomached animals are added to the 

feed ration of ruminants and if the ruminant wastes are treated chemically 

before being added to feed rations. Wastes from ruminants are composed 

of a variety of nitrogen containing compounds, various vitamins, and undigested 

feed products composed primarily of cellulose, hemicellulosc, and lignin. 

Where bedding is used, the overall wastes may include low quality roughage 

such as straw, wood shavings, or sawdust. The composition of manure, as 

well as that of the overall wastes, is dependent upon the rations fed and 

the bedding systems used. If the forage is the sole constituent of the 

ration, a large portion of the manure, about 60, may be undigested plant 

cell walls. These undigested materials are resistant to natural decomposition, 

but contain a further potential source of energy in ruminant nutrition. 

If the resi.stant portion of ruminant wastes were treated and/or processed 

in a manner to allow subsequnt animal digestion by the rumen microbial 

population, these wastes cou]d become an available source of energy to th 

animal. 

Chemical treatment and use of manures in this mannei may offer an expe-

dient methdd of reuse and volume reduction of otherwise potentially polluting 

wastes. Studies have shown that the digestibility of the material in animal 

wastes can be increased by chemical treatment. The chemical treatments that 

have been explored include use of sodium hydroxide and sodium peroxide which 

reduced the cellulose, hemicellulose, and lignin to more digestible material, 

and sodium chlorit.e which altered the lignin content. heat treatment under 

alkaline conditions appears to effect hydrolysis of hcmicellulose solubilization 

of lignin but causes little change in the chemical nature of cellulose. 

tinder acid conditions cellulose is hydrolyzed to glucose. Hemicellulose 

also is hydrolyzed and chemically changed to furfural. Ligriin is little 

changed under acid conditions. 

Feeding experiments have shown that when chemically treated wastes were 

used in a corn silage ration, up to 25 of the dry matter was consumed by sheep 

equally as well as an all corn silage ration (23). Recent experiments (24) 

designed to increase the anaerobic biodegradability of municipal refuse 
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have indicated that acid and alkaline treatment of the refuse at elevated 

temperatures did make the refuse more biodegradable. For a given pH and 

time of treatment, an optimum temperature existed for the imprOvement of 

biodegradability. For one hour of heat treatment the optimum temperatures 

were: pH 1 - 130 °C; pH 3 - 175 °C; p11 7 - 185 °C; pH 11 - 185 °C; and pH 13 - 

200 °C. 	Maximum increase in biodegradability was found at pH 13. 

High temperature alkaline and acid treatment of many so-called "non-

biodegradable" residucs, including those from agricultural operations, industry, 

and municipalities, can modify the characteristics of such residues so that 

they are more susceptible to microbial degradation. Increased methane pro-

duction, protein production, or other beneficial use can result. The rela-

tive economics of this approach, including equipment and manpower requirements, 

need close evaluation when this approach is being considered. 

Several approaches for processing animal wastes into animal feed and 

other useful products have been developed. The wastelage system consists of 

blending 40% wet manure, at about 70-80% moisture, with dry standard feed 

ingredients followed by ensiling the mixture for over 10 days. Fermentation 

occurs in the silo and the pH decreases to near 4.0. This acidic condition 

inhibits most biological activity. The resultant wastelage can be fed to 

cattle and other animals successfully (25) . About 25% of the produced manure 

can be used in this manure 

The Ceres Ecology Corporation has developed a system to produce feeds 

for ruminant and monogastric animals from cattle manure (26). Three outputs 

can result: CI - consisting of grain and fiber particles which can be fer-

mented into a silage product for feeding feedlot cattle or dried, blended 

and pelletized for range cattle; CII - a dry pelletized product containing 

27-30% crude protein, 4% fat, and 25% ash, this material is fcrmented in the 

liquid phase to encourage production of microbial protein; and CIII - a 

compost like material suitable as a soil conditioner. These products have 

been used successfully in feeding trials with sheep, cattle, broilers, and 

147 



layIng hens. Available results indicate the products can compete economically 

with alternative sources of feed. CII also has been used successfully 

in rainbow trout rations. The system is being adapted to poultry manure. 

Many experimental studies have indicated that the nutrients in manure 

can be mixed in rations that are consumed and utilized by animals (27). The 

potential refeeding value of an organic residue is in relation to its nutrient 

characteristics. In poultry and cattle manure, the following percentages of 

original ration may be recovered in the manure: 50-75% of the nitrogen, 

50-80% of the minerals, and 30-50% of the organic matter. Manure character -

istics vary greatly, being a function of the initial ration, environmental 

conditions under which the manure was kept prior to collection, and conditions 

used for processing for refeeding. In considering the possibility of refceding 

manures, the actual manure characteristics should be determined. 

Available information on manure digestibilities and chemical character-

istics indicates that they may best be considered as low energy containing 

supplements of nitrogen and minerals, especially for wastes from animals that 

exist primarily on forage and hay. Levels of manures in animal rations 

reported as successful have ranged from 10 to 25% of the ration dry matter 

content. Most appropriate percentages of manure in animal rations are related 

to desired levels of animal performance and to the needed nutrient and energy 

content of the ration. 

As with any feed material, proper handling of the raw material and product 

after processing are needed to assure a satisfactory product for refeeding. 

In numerous experiments, no indication has been obtained of harmful effects 

in humans consuming meat, milk, and eggs that resulted from animals and poultry 

fed adequately processed wastes. In common with all utilization possibilities, 

practical application of animal manure refeeding is rclatcd to the economics of 

alternatives such as the cost of utilizing alternative feeds. 

Additional exaniples (15) of existing research on the use of agricultural 

residues for producing animal feeds include: 
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-Animal waste treatment and recycling systems - Cattle and swine feces 

will be recycled within and between species, and digestibility and palata-

bility will be measured. Continuous recycling of wastes within species is 

being studied. The digestibility of fresh swine manure fed to guts was: 

energy, 52.4%; dry matt.er, 52.7%; crude protein, 62.9%; crude fiber, 52.6%; 

NFE, 77.9%. Ensuing broiler litter with high moisture corn grain (1:2 ratio) 

reduced numbers of total coliforms and bacteria. Nitrogen utilization and 

digestibility by sheep fed the ensued litter-corn mixture were very good. 

-Livestock as an animal feed - Manure from feedlot cattle is being 

blended with other feed ingredients, subjected to lactic acid fermentation, 

analyzed chemically, and fed to cattle to measure nutritive value. Survival 

time in the fermented mixture is being determined for Salmonella typhimurium 

and Newcastle Disease Virus. Salmonella, Newcastle Disease Virus, and 

coccidea were essentially eliminated as disease entities in the ensued 

waste. Beef breeding animals continued to be fed on waste containing feeds 

and in third generation animals, health remained excellent and unaffected 

by the waste containing feed. 

-Organic waste materials as a feed for ruminants - The objective is to 

determine the nutritive value of organic waste materials such as field and 

horticultural crop, wood, and food processing residues as feed for ruminants 

and to determine accumulation of possible harmful chemical residues. 

-Use of wood products in animal nutrition - The objectives of the study 

are to evaluate a) the possibility of using suitably prepared wood residues as 

sources of roughage and bulk in high energy rations for dairy cattle, b) the 

physical and chemical pretreatments leading to the utilization of wood 

residues as energy sources in animal nutrition, and c) the use of paper mill 

wastes as feedstuff material. Results indicate that pulp fines can substitute 

satisfactorily for at least two-thirds of the total ration for beef cows and 

ewes. 
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-Utilization of logging residues as cattle feed - The approach is to 

ascertain preferential lignin decomposition by different isolates of white 

rotting (delignifying) fungi; develop procedures for rapidly growing large 

masses of mycelium in culture for inoculum and testing for toxicity to cattle; 

ascertain whether substances toxic to rumen microorganisms and to ruminant are 

formed; and follow degradation of pilot amounts of chip and sawdust inoculated 

with selected delignifying fungi under natural conditions in the forest. 

4.6 - Fertilizers - An important way to utilize agricultural residues 

is a soil conditioner and/or fertilizer. Before the introduction of mineral 

fertilizers about 130 years ago, manures and composts were practically the 

only source of nutrients added to crops. However, the availability of low 

cost mineral fertilizers resulted in a decreased interest in the use of 

organic materials as fertilizers. Nonetheless, the principles of such use 

of organic wastes remain valid and can be employed for better utilization 

of these residues. 

Certain agricultural residues, especially those from livestock production 

and processing can be desirable as a fertilizer. Residues of vegetative 

origin such as vegetable processing wastes and crop residues also can increase 

the organic content of the soil and add to its fertility. Organic residues 

from agriculture contain most of the elements needed for plant growth and 

can supply nutrients through decomposition at a rate comparable to that needed 

by growing plants. The current economic situation requires that a better use 

be made of organic residues as fertilizers and soil conditioners thus reducing 

the need for inorganic fertilizers while decreasing possible pollution hazards 

of such residues. 

Land that continues to be used for crop production without the addition 

of fertilizers will have the available nutrients seriously depleted. Main-

tenance of the fertility can be accomplished by the frequent addition of 

organic matter such as animal manures and other agricultural residues thus 

properly utilizing their nutrient and soil conditioning constituents. 
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Available infornation permits a perspective to be placed on the ferti-

lizer potential of agricultural residues. In 1971, the total availability 

of plant nutrients in developing countries from various organic residues was 

estimated to be about 48, 16, and 39 million metric tons of N, P, and K 

respectively (28). This is in comparison to the 13.2 million tons of nutrients 

used in developing countries in 1970-71. Using a conservative estimate, waste 

materials from animals, plants, and human origin can supply 6-8 times more 

nutrients than the consumption of chemical fertilizers in these countries. 

Over half of these plant nutrients are from cattle and farm compost. These 

residues offer a potential for suitable utilization if they can be collected 

and properly used as feyt iii zers. 

Nitrogen is one of the important components of agricultural residues 

that make them possibilities as fertilizers. Nitrogen is the pincipa1 

nutrient limiting crop production in the United States and Europe. It docs 

not accumulate or persist in cultivated soils as contrasted with phosphorus 

and potassium. Conservation of nitrogen in the residues and when applied to 

the soil represents an important utilization possibility. 

The components of the nitrogen cycle (Figure 8) influence whether the 

nitrogen in agricultural residues will he retained and utilized by crops or 

lost to the environment. The manure produced by farm animals in the United 

States contains about 7 million tons of nitrogen. Considerable amounts of 

the nitrogen excreted by animals are in forms which are quickly converted 

to ammonia. Volatilization of the ammonia occurs readily as the manure 

comes into contact with the air. Phosphorus does not have the same mobility 

in the environment as nitrogen (Figure 9). 

Greater than fifty percent of the nitrogen can be lost from these animal 

wastes using current waste handling procedures. On a nationwide basis, nitrogen 

losses from animal wastes may approach four million tons annually. This 

nitrogen has the potential to replace an equivalent amount of fertilizer 

nitrogen if the following were available: a) economically sound means of 

conserving the ammonia between excretion by the animal and incorporation in 

the soil, and b) utilizing the conserved nitrogen for crop production. 
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Alternatives to conserve and utilize this nitrogen include: 

technology to conserve the nitrogen prior to land application 

manure application rates that match the ability of crops to 
utilize the available nitrogen 

manure placed below the soil surface and under conditions that 
do not lead to denitrification or leaching losses in the soil. 

After the residues are incorporated in the soil, there are additional 

avenues by which nitrogen can be lost. Removal of fertilizer nitrogen in 

harvested crops varies from less than 25 percent for some fruit and nut crops 

to over 70 percent for some forage crops - with an average for all crops of 

about 50 percent. The nitrogen not removed is left in the sul in inorganic 

forms and as a constituent of the soil organic matter. The inorganic nitrogen 

is subject to losses by ammonia volatilization, by denitrification on poorly 

drained soils, and by leaching if water moves through and beyond the root 

zones. 

Proper understanding of the nitrogen and oilier nutrient cycles will iieip 

better retain and use the nutrients in agricultural residues as fcrtiliiers. 

In general, one of the best use of wastes and residues from agrcultural 

industries is to return them to the land and reincorporate them in the soil. 

In reality, the feasibility of this approach is influenced by factors such 

as: a) the economics of transporting the wastes to the land and incorporating 

them in the soil; h) the transmission of plant pathogens; and c) the need to 

avoid exceeding the capacity of the land to assimilate the residues. As an 

example of the latter factor, research has shown that 10 tons of dry manure 

per acre, applied to irrigated sorghum, provided the sane crop response as 

when anhydrous ammonia fertilizer was used. At higher rates there were 

increasingly greater degrees of plant injury, in this case due to toxic 

levels of salts applied to the crops. 

The application rates of agricultural residues as fertilizers must be 

determined by conditions at the localsite such as precipitation patterns, 

natural soil fertility, crop needs, quantity of needed nutrients, and factors 
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in the residues that may inhibit crop growth. Conservatively residue appli-

cation rates should be no more than twice the rate at which the nutrients are 

utilized by the crops. 

4.7 - Water Conservation and Irrigation - One of the approaches for waste 

utilization is irrigation of agricultural wastewaters to meet both water and 

nutritional needs of the crops. This approach is best utilized in areas with 

a deficit of available water during part or all of the year. 

Agriculture is a major user of water in the United States, primarily for 

water used in the food processing industry and through the use of irrigation 

in agriculture. Thus a major reusable by-product of the food and fiber 

industry is water. These waters can be reused in the processThg plants and 

for irrigation and recharge of groundwater. In-plant operational changes 

may he needed to best utilize the available water. These changes can be 

grouped into two categories: circulation and discharge of highly polluted 

water separately from the wash and cooling waters, and the eliminaton of 

some processes such as the lye peeling of potatoes which result in highly 

Polluted water. 

Land disposal of agricultural wastewaters offers possibilities for 

recharge of groundwater and water reclamation as well as utilization of the 

nutrients and organics in the wastewaters. The microbial and plant action 

in the plant-soil filter can remove organics, most inorganics, and bacteria. 

Upon reaching the groundwater level, the wastewater has lost its identity 

and has been renovated. The nutrients and organics can be incorporated in 

the crop grown on the irrigated site. 

Land disposal of wastes partially restores the nutrient cycle of food 

and crops which is interrupted by the disposal of wastes to surface waters 

and to the air. For agricultural wastes, such an approach often is less 

expensive than other waste treatment and disposal alternatives. It can be 

used for both untreated and treated wastewaters. 
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To utilize wastewater irrigation as a long term viable alternative, the 

concentration of salts in the root zone of the crops must be kept below 

detrimental levels. A balance must be achieved between the salts removed 

by deep percolation or drainage and the salts added in the irrigation water. 

With relatively large amounts of natural rainfall and wastewaters having low 

salt concentrations, detrimental levels rarely are reached. Irrigation with 

wastewaters having relatively high salt concentrations in regions of low 

natural rainfall can result in detrimental salt levels in the root zone and 

forage or cover crop inhibition. The latter ionditions should be avoided 

when considering or designing wastewater irrigation systems. 

Agricultural wastes and wastewaters are well suited for land disposal, 

since most agricultural operations are in areas where land is readily available. 

Irrigation has been used to dispose of wastewaters from dairy and milk pro-

cessing wastewaters, food processing and canning wastewaters, and treated 

municipal sewage. Through careful planning and control, irrigation of agri-

cultural wastewaters can be adapted to varioUs ground conditions and terrain. 

This method has been usee for both year round and for seasonal operations. 

Competent soil science advice will prove useful when considering this alter-

native. Pr-eliminary invcstigattons may be necessary. The ability to monitor 

the groundwaters, the soil water percolate, the soil characteristics, and the 

crops that are grown is desirable. It can be dangerous to assume that because 

the wastes are out of sight when placed on the land, that they can be forgotten. 

4.8 - Composting - Composting is a microbiological process that offers 

an opportunity to recover and reuse a portion of the nutrients and organic 

fraction in agricultural wastes. Important factors in the process include 

adequate mixing of the wastes, small particle size, oxygen for the microbial 

degradation of the wastes, time to accomplish the composting, and moisture. 

The composting can be done in open windrows or in enclosed environmentally 

controlled units. With the use of the controlled units, composting can 

be accomplished in 5-7 days, While in open windrows it may take 3-8 weeks 

or more to produce satisfactory compost. 
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The process of aerobic composting can be separated into distinct stages 

of stabilization and maturation. During the stabilization stage, the tempera-

ture rises to a thermophilic level where the high temperature is maintained 

followed by a gradual decrease in temperature to ambient conditions. As the 

temperature increases, multiplication of bacteria occurs and the easily oxi-

dized organic compounds are metabolized. Excess released energy results in 

a rapid rise in temperature. The temperatures at this time can be in the 

130-160 ° F range depending upon the method of operation. At these temperatures, 

the pathogenic organisms are reduced or destroyed. The ultimate rise in temp.-

erature is influenced by oxygen availability. Compost units kept aerobic 

reach and maintain higher temperatures than do those that do not have enough 

oxygen. 

When the energy source is depleted, the temperature decreases gradually 

and the fungi and actinomycetes become active. At this stage, the organic 

material has been stabi lized but can be further matured. During maturation, 

slow organic matter degradation occurs until equilibrium conditions occur. 

The final product is a mixture of stable particles useful as a soil conditioner. 

The moisture content of compost should be in the 50-60 range on a wet weight 

basis for optimum composting rates. 

The key to a successful composting operation is to have the environmental 

conditions satisfactory for the organisms that exist. The major objectives 

in composting are to stabilize putrescible organic matter, to conserve as 

much of the crop nutrients and organic matter as possible, and to produce 

a uniform, relatively dry product suitable for use as a soil conditioner 

and garden supplement or for land disposal. 

The operational fundamentals for satisfactory composting have been inves-

tigated over the past decades and the following factor3 CiUC 	L 

-Windrow composting in the open is a simple procedure. 

-Recycling of compost to the process for reseeding purposes is of 
little, if any, value to the process due to the sequence of organisms 
in the composting operation. 
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-Aerobic composting is actually a semi-aerobic process requiring less 
aeration than the tern! implies. 

-Simple turning is an effective way of maintaining needed aeration. 
Forced aeration is not necessary and can be difficult technologically 
on a large scale. 

-Fly control and destruction of disease vectors occur in the process. 

-Finished comuost is a low grade fertilizer, more valuable for its 
soil conditioning and moisture retaining properties. 

The composting of dairy, beef, swine, and poultry manure has been techni-

cally possible. Both windrow and mechanical composting of these wastes 

have produced suitable compost when the fundamentals of the process are 

followed. A number of studies have illustrated the value of adding dry, 

large particulate material such as ground corncobs, wood shavings, straw, 

sawdust, and dried compost to reduce the moisture content., facilitate air 

movement, and reduce composting time. On-site composting of poultry manure 

within the poultry house resulted in an odorless, fly-free environment, and 

was relatively inexpensive. Solid meat packing wastes also have been corn-

posted successfully. 

4.9 - Forest 2perations and P ulp and Par Production 	The residuos 

from forest operations include waste from si lvi cal tare •.perati ous ucb 

thinning and pruning, from logging such as bark , 1 eave 	branches :ud 	amps 

and from wood process i ng such as bark , sawdust , and iu I p and paper process i nc 

wastes. A considerable amount of these wastes can he uti Ii zed when the 

economic situation is favorable. Examples include bark used for fuel, horticul-

tural purposes, or in wood paneling; sawdust used for fuel and as a fermentati on 

base; resin used for turpentine and fatty acid production; and pulp and 

paper processing wastes used as a road binder, em vun 1  1 e produr ion 

for protein and organic chemical production, and tor fu: 

Paper is made from raw materi a Is cont aining Ndeqauc amounts of ccl lu-

lose fiber. Currently wood accounts for over 98 percent of the virgin fiber 

used in papermaking. There are several methods for pulping wood and freeing 

the cellulose fiber. Wood particles can he cooked with chemicals under 

controlled conditions of temperature, pressure, time, and cooking liquor 
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composition. hood also can be reduced to a fibrous state by mechanical means 

or by a combination of chemical and mechanical action. 

Each paper making process will result in different waste characteristics. 

Characteristics of pulp, paper, and paperboard mill wastes in the U.S. are 

presented in Table 17. 

In the chemical pulping of wood, 40 to 50 usually is recovered as 

the fibrous product, part of the original hemi 1 cellulose, and some residual 

lignin. More than half of the original organic material is not recovered 

as a product but results in a residue or waste for disposal. Opportunities 

for utilization of these wastes have been identified briefly above and in 

more detail elsewhere (11).  

In the forost products industry, considerable material such as sawdust 

and hark remain as reoidues for possible utili zation, Such residues have 

been used, either directly or as part of compost, as organic soil conditioners 

or growing mccli a for greenhouses in Europe and North tnerica. 

Many €ibrous agricultural residues and nonwood plant fibers can be 

used for the production of pulp, paper, paperboard and panelboard. These 

residues and fibers include bagasse and straw, plants and grasses (29). 

Of the many nonwood fibers considered for pulp manufacture, hagasse is 

an interesting possibility. Sugarcane is crushed in multiple mills for 

juice extraction. The fibrous material remaining after the juice is extracted 

is known as hagasac. Bagasse can he used as fuel in the boilers of the 

sugar factories and as a raw material for manufacture of paper. Bagasse 

is availaije in many countries including those having inadequate supplies 

of wood for pulp and paper production. 

Straw is another abundant nonwood plant material. Cereal and rice 

straw is being used in many countries for production of pulp. Total pro-

duction of straw pulp on a worldwide basis is about 1.36 million metric 

tons and has remained relatively constant (29). 
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Other examples of the use of such residues that are under investiga-

tion include (15) 

-Wood waste products in the culture of ornamental plants - The objet-

tives are to detennine the value of wood waste products as a supplement for 

peat in the growing media of container grown ornamentals; the value of wood 

waste products as a mulch for ornamentals; the cultural requirements when 

utilizing wood waste products; and the quality and type of waste product 

desirable for growing of ornamental crops. 

-Evaluation of bark for animal bedding and products foi soil application - 

The study will evaluate processed aspen pulpwood bark as animal bedding and 

poultry litter, and determine the suitability of the products as a soil 

fertilizer and amendment. 

-Wood product utilization - The study includes the use of bark as 

cattle fodder, as animal bedding, and as a muich:ing agent. The results 

indicated technical success but poor economics. 

-Bedding materials for stanchion and free stall barns - The inveti - 

gations will evaluate the feasibility of using various wood products such 

as shredded bark and sawdust for dairy barn bedding. 

-Paper mill by-products as a source of litter for broilers - The study 

will compare the use of paper mill by-products and wood shavings and deter-

mine the effect of various amounts on growth and quality of the birds. 

Preliminary results indicated that paper mill by-product is a suitable 

replacement for shavings as a litter for broilers and that there was no disad-

vantage in reusing litter. 
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S. SUMMARY 

Traditionally agricultural residues have been regarded as the inevitable 

by-products of agricultural production and processing. with notable exceptions, 

the usual approach for agricultural waste management has been disposal with or 

without treatment. Concerns of environmental pollution and adequate food has 

focused attention on better use of all resources, including agricultural 

residues. 

Continuing efforts are needed to develop technological and institutional 

arrangements to better utilize the residues from agricultural production. 

The need is to consider residues as potential resources rather than as undesir-

able wastes. This will require not only better use of technology and incentives 

but also a change in philosophy and attitudes. 

As this overview has indicated, many processes are avai 3 able for the 

utili zation of agr cultural residues. Other possible technoloics exist 

in addition to those mentioned. Few novel utilization processes exist. 

Any novelty tends to be more in the application of the specific technology 

to specific wastes under different geographic, climatic and cultural situations. 

The successful app3ication of residue utilization technology will 

require the selection, modification, transfer and adaption of technologies 

to local conditions. The ability of local maiipoer to operate and service 

the various technological approaches requires careful evaluation. 1fliere 

necessary, educational prograns may be required to assure qualified manpower. 

There is no one best approach to residue utilization. In each situation, 

the possible alternatives need careful evaluation with the most appropriate 

single technology or combination of technologies chosen to provide the desired 

environmentai, ecouuiuie, and social objectives. The latter objectives arc 

important since even when the costs of recovery, including return from sales, 

cannot be brought below the disposal cost, there may be sufficient social 

benefit to make government subsidization of resources recovery a rational 

and useful policy. 
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Achieving better agricultural residue utilization will depend upon the 

local or regional capacity todevelop and operate viable technologies and 

to utilize or market the resultant products. When considering residue utili-

zation possibilities, aspects other than identifying suitable technologies 

need evaluation. The economic, legal, and social aspects of such utilization 

can be important constraints and also require close evaluation. 

Recycling, reprocessing, and utilization of all or a portion of the 

wastes offers the possibility of returning such residues to beneficial use 

as opposed to the traditional methods of disposal and relocation. The 

keys to successful utilization of such residues are a beneficial use, an 

adequate market, suitable technology to process the residue under local 

conditions, and an overall enterprise that is socially and economically 

feasible. 

The need for better residue utilization exists and suitable technolo-

gies are available. The challenge is for public and private interests to 

develop suitable arrangements to encourage the application of appropriate 

technologies to meet the obvious resource and food needs. 
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SOCIO-ECONOMIC ASPECTS OF AGRICULTURAL AND AGRO-INDUSTRIAL RESIDUE UTILIZATION 

The purpose of this paper is to bring together the most important social and economic 
considerations which have been recently raised in the readily available publications with 
regard to the utilization and management of agricultural and agro-ind.ustrial residues. 
After the presentation of the main socio-economic needs for residue utilization, the 
paper deals, in turn, with demand and supply considerations. In the concluding section, 
the major implications for government policy are outlined. 

Unfortunately, because of the lack of data, it has been impossible to quantify and 
compare the demand and supply of various products obtainable by residue utilization. 
Moreover, for the sake of brevity, no attempt has been made to examine critically the 
actual experience in residue utilization by any specific process or in any specific 
country. Finally, although various uses of agricultural residues are mentioned, e.g. 
as fuel or raw material for chemical and construction industries, the emphasis is on 
food, and feed from waste because uses as a feed supplement and as a fertilizer or soil 
conditioner seem to offer the greatest opportunities for the utilization of agricul-
tural residues in the near future. 

1. SOCIO-ECONOMIC NEEDS FOR RESIDUE UTILIZATION 

Millenia ago man was a hunter and gatherer, and there was no conception, let alone 
problem, of waste. He used what he required, and whatever remained was readily absorbed 
into the ecosystem and recycled.. It was only when man began to settle the land and 
congregate in groups, and ultimately to live in cities, that waste became a problem. The 
Industrial Revolution not only exacerbated the existing problem, but also created new 
types of industrial waste, including materials which were foreign to the ecosystem. i1oday 
the time has come when a new type of Industrial Revolution is required - one in which the 
waste of the old system becomes the raw material of the new system (2, p.8). rjT}j5 also 
calls for policies which would ensure convergence- of private with public interests. 

Over the last 25 years the problems of agricultural and agro-industrial waste management 
have grown with an increase in the efficiency of farn and processing industry (2, p.58). 
Both animal and crop production, especially in developed countries, have been considerably 
intensified in order to meet the magnified demand for a good and constant quality product. 
However, the greater the crop yield or the number of animals reared per area of land, the 
greater the amount of waste produced, for instance, as straw in the case of cereals, leaves 
and haulms in the case of other plants, or as manure in the case of animals. Growth in 
processing the agricultural products has also increased the volume of residues. 

Concentrated agricultural production has intensified the waste streams at the same time 
that the public has joined the quest for a pollution-free environmcnt (7, p.14). Although  
the waste products of agriculture are not classed as toxic, when in high accumulations 
they can result in the same problems of pollution as encountered with factory pollution 
(31 p.59). Symptoms of this pollution are especially appearing near to him-density 
animal stocking areas. For example, lakes and inland waterways have been subject to large-
scale eutrophication caused by animal manures trickling from the land which has been 
biologically and physically overloaded. The by-products from cereal production are also 
causing a pollution problem. For instance, due to the development of monocultures and 
specialization, the straw stem left after removal of the grain must be lifted from the 
ground in order to control pests and diseases and to prevent fouling of the soil for the 
next crop. In some countries, most of the straw produced is burnt in the field, causing 
smoke and fire hazards and other ecological problems. Apart from reducing fertility of 
most soils, removal of the straw from the field is costly and is only justified where it 
is to be put to use as bedding or for non-agricultural uses. In such situations, the devel-
opment of upgrading methods for the recycling of animal and other agricultural wastes as an 
animal feed component could help to alleviate the waste problems of hii-density stocking 
and cropping provided that any process developed was quick, socially acceptable and 
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economically viable (2, p.60). The same considerations apply to agro-industria]. 
residues. 

Within the last few years, the concept of producing food from waste has become of great 
interest as a result of increasingly frequent food shortages and price rises. It appears 
that large production of food and feed from materials now classified as waste will be 
inevitable in a few decades because of the following considerations (2, p.264): 

unlike the population growth, exponential growth of future agricultural output 
is not plausible; 

engineered food would make too high a demand upon resources; 

public pressure against pollution is justified; 

d.) 	a population dependent upon food from fossil carbon would be courting disaster; 

e) 	largely unused organic wastes are a major renewable reservoir of carbon compounds. 

Elaborating these points, it should be mentioned, first, that there is rather 
widespread doubt as to for that period even the linear increase in agricultural output can 
be maintained. Improvements in fertilizer application, introduction of hin-yielding 
varieties and improvements in management practice are to a large extent exploiting once-
for all opportunities and, once such practices have been widely adopted, no other similar 
sources of improvement will be available (2,p. 266). This point cannot be affirmed with 
certainty but it appears that over the next two to three decades the battle to make 
conventional agriculture meet the needs of a continually expanding population cannot be 
other than a losing game. 

At the same time, there is fairly widespread agreement that complete chemical 
synthesis of nutrient from C0 9 , without intervention of biological processes, is incon-
ceivable for production of bu'k foods on account of huge demands for energy and capital 
(2, p.267).  The same is true of sophisticated systems for culturing micro-organisms from 
inorganic raaterials, such as those algal systems .thich depend upon artificial illumination 
and rapid pumping of the algal suspension. Algal systems which utilize sunlit as an 
enerr source are in a stronger position, but practical application on a large scale will 
remain dependent upon reducing the technology required to very simple terms and diminishing 
the capital requirements to levels appropriate to developing economies. 

As already mentioned, with the present agricultural and agro-industrial production 
methods, public pressure against pollution is a real and justified factor in promoting 
utilisation of organic wastes. As regards social justification, it is necessary to 
emphasize the recovery and reconditioning costs to other users of land, air and water; 
the reduction in environmental values for those who cannot afford such reconditioning; 
loss of health and beauty of surroundings; and reduced social responsibility due to 
frustration and lack of understanding of remedies. The effect of public pressure is 
indirect, however, since by penalizing pollution and creating a disposal cost it merely 
makes waste utilisation more attractive than it would otherwise be. The main direct 
incentive to waste utilisation will still be the future shortages of organic material. 

On the other hand, the conventional production of primary agricultural and forestry 
products is itself an extremely wasteful process. The inputs of energy for water transport, 
soil preparation, fertilizer, crop-care procedures and harvesting are usually many times 
greater than the energy content of the output; consequently the whole of the output, 
including residues, should be treated as a scarce resource and wholly utilised (.p.269). 

It is, therefore, socially and economically urgent to recogaize now that the 
pressures to recycle carbon without its return to the atmosphere will become irresistible 
and that foods and feeds must be produced from wastes on a large scale within a few 
decades. This change is likely to make new managerial, technological and public policy 
demands and will call for a high degree of flexibility of outlook in industry and govern- 
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ment and awareness of problems and possibilities on the part of the public. Appreciation 
of the inevitability of this change is crucial because without it the necessary measures 
cannot be the subject of enterprise budgets and plans. Without planning ahead, there is a 
danger of drifting into serious, ever worsening shortages of conventional resources and 
difficulties in adapting the technologies and management methods. Jhen such changes are 
introduced only from desperation there is usually insufficient time for research and 
development and they are accompanied by economic stresses which could be avoided. 

It slould be added that, apart from food and feed., many agricultural and agro—industriL 
residues can be utilised not only as fertilizer but also as fuel, starch, oil for chemical 
industry, medicines as well as for such purposes as production of construction materials, 
pulp and paper, etc. (i, pp.335-350). However, the existence of suitable technologies is 
not enou: it is necessary to examine in each case the social acceptability of the 
product and the economics of its production and distribution, including the social cost 
of accumulation and disposal. General principles of such 	evaluation based on the 
analysis of social benefits and costs are discussed below.1  

2 • DiD C0ITIDERATI0NS 

Increasingly frequent food shortages and rises in the price of food., as well as environ 
mental pressures, are the basis of current interest in re—using waste. However, can waste 
be directly converted to food which will be bourt in the market? There is obviously a 
serious problem of public concern about what is going into human food., and sources of 
waste which are not in themselves foodgrade will have difficulty becoming recognized as 
direct food. materials. Substances like cheese whey, for example, if handled under 
appropriate conditions of hygiene, can be considered foods as such or serve as raw 
naterials for other food products. However, other types of food waste (not food—grade in 
themselves), or SCP (single cell protein) produced under non aseptic and uncontrolled 
conditions from fungi, yeasts or bacteria would have to be considered for use only as 
animal feed. 

There are now guidelines available from the FAG (Protein—Calorie Advisory Group of the 
United Nations System) for SOP intended as food or animal feed. It is estimated that a 
complete testing recommended by FAG would cost about $5 00 , 000 , which seems a significant 
part of the necessary investment (2, p.16). Such costs will act as a deterrent to the 
application of certain types of waste utilization schemes, but it would be irresponsible 
to the health and safety of future generations to forgo or lower the FAG standards. 

Although the problem is purely semantic in nature, publicizing the idea of food from 
waste could in itself be anti—productive as a result of public misunderstanding. It 
ould perhaps be better to talk in specific rather than generic terms when describing such 
processes, in order to avoid the necessity of explaining how that which is clearly not 
food, i.e. waste, can be re—converted or reclaimed. It is obvious that many organic wastes 
are most unattract-ive materials - even offensive. Decaying vegetation, food processing 
wastes, mouldy materials, animal excretion, even 3 uman excretion are among the organic 
resources which cannot be ignored. It appears, however, that, if total organic matter is 
going to be scarce, it will not be possible to indulge prejudices against using these 
organic materials which seem disgusting. Subject to hygienic conditions being fully met, 
there is presumably going to be an economic pressure to utilize all forms of usable 
organic matter. No doubt these substances can be utilised in the community without being 
drawn sharply to people's notice, and this would be the best solution (2, p.273) provided 
that regulatory requirements do not prohibit it. 

3 T For more details, especially at micro—economic level, see reports of the Cornell 
University Conference on Agricultural Uaste Management (3). An example of sociological 
research on environmental problems is presented in jj ch.7. 
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Nevertheless, the objective of food and feed production from waste mut be to supply 
palatable cheap food ithich will be accepted by the indigenous population. For developing 
countries, the new foods and feeds should be stable and easy to sell without the need for 
elaborate distribution chains such as exist in the technologically advanced countries 
(2, p.?).  However, marketability, i.e. an outlet for the product at a fair price, is an 
obvious general prerequisite in choosing the food and feed materials and the animals for 
feeding on waste products. The acceptabilit will vary with the product; for example, 
pigs bred on domestic refuse and transformed into pork products would have less sales 
resistance than, say, ducks bred directly on sewage and sold for the table. Microbial 
protein produced from the cellulose fraction of refuse and used as protein enrichment 
in convenience foods would be more acceptable than rabbits, which have been fed on waste, 
sold as fresh aeat. 

Market research will be necessary to aid the selection of waste for food and feed as 
well as of animals, but it must also be observed that to meet world food requirements 
eating habits will have to undergo considerable changes (2, p. 283). At the same time, it 
must be recognized that there is a strong tendency to conservation in food habits. This 
as been seen both in developing countries, where there has been consumer resistance to 

new foods introduced to improve nutrition, and also in developed countries, where the 
consumer has clung to familiar foods in spite of advertising designed to change his 
habits. It is, therefore, reasonable to suppose that, as far Pos practicable, food from 
wastes will be used for production of familiar food items, and passage through animals 
for meat and milk production will be a common application. Where vegetable or fungal 
foods miit be used directly as sources of protein for human consumption, they will 
probably continue to be processed in formB which resemble as closely as possible their 
animal counterparts, e.g. sausages, hamburgers, etc. 

However, traditional societies will eventually need to change if the projections of 
world population materialize. Change must, thus, come also in food habits, if only to cope 
with the much greater numbers of children which now survive with the aid of modern medical, 
health and welfare services. In the long run, unavailability of certain foods or a high  
price will force people to change their food habits and to look for alternatives. For 
instance, when in the 19th  century bread became virtually out of reach for most of the 
working class people in countries like England it was replaced by potatoes, with all the 
nutritional consequences. Needless to say, a forced change from traditional foods to less 
appreciated ones may create social unrest among the consumers. 

1The conversion of waste into an acceptable food material is not the most difficult of the 
problems. It is susceptible to solutions by scientific study and it is encouraging that 
scientific interest is being generated in this area. But the world food crisis cannot be 
solved without also solving the problem of world poverty. People without work cannot earn 
money to buy the cheapest of available foods, and consequently the market for the produce 
will not be available. It is the solving of the social and economic issues which presents 
the greatest difficulty. 

Although the need for an increase in the production of food and other commodities is the 
most urgent in developing countries, the possibilities of meeting this need in such 
countries are very narrow because of demand restrictions, i.e. lack of purchasing power. 
Thus, in Africa, the opportunities in the immediate future for making use of agricultural 
waste are comparatively limited (13). Some possibilities of utilization exist for wastes 
in sugarcane production, treatment of nitt—soil, game cropping, sisal, oil palm and cocoa 
production. It appears, however, that food shortages in Africa must be met primarily by 
changes in the agricultural pattern, by improved supply of primary products rather than by 
indirect supply of protein via animals. 

Also because of market demand limitations, in South East Asia enorsous quantities for 
agricultural residues are generated which are not adequately utilized for food production 
or otherwise ( -i). However, some of the processing operations result in effluents which 

176 



cause serious pollution problems, e.g. wastes from pineapple canning, palm oil processing, 
rubber industry, slauter houses, sugar and distilling plants, etc. Utilization of these 
wastes mit become an important factor in Asian economic development. In this respect, 
the situation and prospects in other developing regions seem to be similar. 

As regards the demand dictated by pollution, a serious health hazard arises from human 
waste in urban areas of all developing countries. The solution appears to be via the 
treatment of the niit-soil to give a harmless material which provides both a liquid 
effluent and a solid fertilizer. This solution has been widely employed in China, where 
human excret4 became an essential factor in agricultural development (8). Studies in 
China had indicated that anaerobic (oxygen-free) digestion of nit-soil and manure over 
a 2-4 week period would destroy hookworm and schistosorne ova. Thus the fanner was 
exhorted to store his fertilizer in closed containers over a four week period prior to its 
application to the soil. However, the ascariasis egg is not inactivated by the four-week 
storage beside the field. WHO is, therefore, against this kind of use of niit-soil. 
Perhaps a more promising utilization of nit-soil is in combination with animal manure in 
village plants producing biogas as well as fertilizer, thus achieving two purposes of meet-
ing fuel requirements and retaining the soil nutrients of wastes (i). 

3. SUPPLY CONSIDERATIONS 

When considering the production of food from waste, due regard must be paid., first, to 
the proposed location of the operations (2,p.6). Waste material is available universally, 
e.g* sewage, waste paper, food factory effluents in the technologically advanced countries, 
and primarily agricultural residues in developing countries, e.g# sugar cane bagasse, olive 
press cake and citrus waste. A successful process will have taken into account all the 
local factors. 

In the developing areas, where the need for additional food supplies is greatest, it is 
perhaps going to be most difficult to implement the residue utilization schemes. A success-
ful operation must be assured of a reliable and adequate supply of materials, appropriate 
services such as electricity, water, etc., suitable labour to operate the plant, and an 
efficient infrastructure to permit distribution of the finished product. In the initial 
stages, numerous small-scale, low-energy processing plants will be needed, to save 
transport costs. However, waste recycle economies are marginal, especially where waste is 
allowed to accumulate or be disposed of at public expense, which creates a challenge to 
technologists to develop processes with low-cost inputs and equipment. It seems, therefore, 
that under the impact of continued strong pressure to protect human environment and 
increase food production, small inefficient plants will tend to disappear. In order to 
avoid a significant additional energy expenditure to treat the waste problems, a great 
deal of attention will have to be paid to more efficient plant and process design, and to 
public policy placing a cost price on accumulation and undesirable disposal. In some 
cases, the way will be to minimise the formation of waste in the first place, e.g. by 
genetic research or rec"iction of post-Jiaivest losses; in others, it may entail SCP 
production or by-product recovery. There is no ideal solution, only the most appropriate 
solution for a given situation. 

Economics is the overriding factor in the decision to implement any process. Althoui 
many waste streams appear to have zero or negative costs, there are often hidden costs in 
additional processing necessary to prepare the material for fermentation. Another signifi-
cant consideration is the availability of raw material with respect to quantity and 
distribution in time. Therefore, in order to understand the problem of waste in the 
general sense, one needs to consider for each type of food the total production, distri-
bution and consumption system. 

For example, in a country with scarce land resources and a primitive food distribution 
system, there would be great incentives to collect and recycle at the farm level all 
materials which could be converted to animal feed (2, p.9). At the same time, expense or 
unavailability of local energy supply may dictate that part or all of the waste be con-
verted to methane or hydrogen. In d.evelopei countries, materials which in the past served 

177 



as mulch or fertilizer may no longer be utilisable with modern agricultural practices. 
Similarly, concentration of production facilities, such as in modern poultry houses or 
cattle feedlots, has created concentrated waste streams which had not previously existed 
but could be utilized. The same applies to industries processing agricultural products. 

In general, waste streams from agricultural and agro-industrial operations can be 
divided into two general categories on the basis of their biological oxygen demand (BOB) or 
soluble and suspended solids content (2,p.10-11; It pp. 100-122 and 148-154): 

Low BOD streams, which are usually treated because of environmental pressures. ,fliere 
severe economic penalties are incurred for direct disposal, by-product recovery or fex'-
mentation may appear to be the more desirable disposal route. However, because these 
streams are so dilute, at present the disposal by microbial processes necessitates either 
pro-concentration of the waste stream, or a large capital investment per weit unit of BOB 
disposed. Hence many food plants would not be able to assume the cost of disposal, by 
microbial processes or any other procedure, without raising the sales price of their 
product to an uncompetitive level. Low BOD streams must, therefore, have a negative cost 
(i.e. a subsidy) associated with their disposal. 

Hi& BOD streams or solid wastes, which may be treated because of environmental 
pressures. TTowever, economic opportunities may also exist in the form of a marketable by-
product which may either be recovered directly from the waste stream (e.g. whey protein) 
or indirectly by fermentation. It is possible that the treatment process may result in a 
"spent substrate" stream which will require additional processing to lower DOD to meet 
regulatory standards. Two possible approaches to this final stream include recycling all 
or part of the water within the plant, or total evaporation of the exit stream to produce 
solids which may or may not be added to the product. In any case, the economies of treat-
ing high BOD streams by fermentation follow those of other single-cell protein (sc) 
processes, and an economically successful process will generally depend upon the local 
value of the substrate. 

The economic considerations of high BOB waste disposal schemes present the semantic 
riddle of whether something is a waste or a by-product. Obviously, once a waste stream 
achieves some :neasurc of value it is no longer waste, even though the original impetus 
for processing was the cost of disposal. In fact, the assigned value for a waste is 
often a question of locale, as for example, the fuel value of bagasse or suliite waste 
liquor (3c,  p.318). Depending upon tax laws and investment incentives, it might be more 
profitable for an enterprise to assign a negative (or positive) value to a waste stream 
at the expense of the main process. 

A problem in the case of many wastes is their content of non-fermentable substances 
which may accumu:Iate in the cells of fermenter effluent and which may be non-nutritive 
or even toxic (2, p.14).  Examples include lignin degradation products, heavy metals, 
agricultural chemical residues, etc. In such cases, it is hardly likely that the extra 
processing necessary to guarantee safety would be economical from the private point of 
view but it may be dictated by social considerations. 

In many instances, there has been considerable interest generated by wastes that offer 
Joint-production opportunities. An outstanding eamnple of this ty-pe ofwaste is the whey 
which is a by-product of cheese manufacture, containing both a high-quality protein and 
a readily fermentable sugar, lactose. There are a number of proposals for combined 
processes which recover protein and ferment the iactose to SCP for use as animal feed. 
The profitability of any part or all of' the combined operation depends upon how one 
wishes to distribut,e the total cost of sales. Although the combined process provides the 
most useful mann.er in which the whey could be processed, it also requires the largest 
capital investment and would need fairly large quantities of whey for optimum scale of 
operations. With the recent price increases in dried milk, dried whey has become a 
valuable material in its own right, and in some localities it is no longer available. 
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In general, from the point of view of food/feed supplies, it appears that waste—recycling 
for feed (and perhaps with some delay for food) has great potential. The speed of its 
development will certainly largely depend on the prices of the more conventional foods and 
feeds. At present, the utilization of agricultural and agro—industrial wastes is just 
beginning. Detailed information on the costs of most utilization methods is, therefore, 
scarce and must be developed before the broad value of these methods can be determined. 
A variety of costs must be known: the cost of the method, the net cost as it affects the 
profit of the producer, and the ultimate cost to the public (3b,p.126).  In some countries, 
especially the U.S.A., many of such data are already available (3d). Sometimes careful 
evaluation may prove that the process is uneconomic (4), but it could be undertaken for 
policy reasons such as pollution control, nutrition, employment, balance of payments, 
income generation and distribution, regional development, etc. (11,pp.223-236), i.e. in 
line with a broad concept of social welfare. 

4. POLICY INPLICATIONS 

The modern world is facing four main problems: its population, its production of food, 
its consumption of natural resources and its environmental pollution. They are closely 
interrelated. Taking population as given, the utopian welfare goal is to maximise food 
production, minimize energy input and simultaneously protect the environment. This com-
posite goal implies also residue utilization, but it is not at all clear that optimization 
of waste utilization from an energy point of view would produce te same results as 
optimisation from an energy point of view would produce the same results as optimisation 
from other economic points of view, particularly if the cost of energy is subsidised by 
the government. 

In search for an ideal solution, various methods of waste utilization have been proposed. 
The oldest method of agricultural waste utilization is animal husbandry whereby livestock 
converts organic materials not consumable by human - and often grown on land unsuitable for 
direct food production - into human food (meat and milk products) and other useful products 
(wool, leather, glue, fertilizers, etc.). It is of interest to note that in the heavily 
populated areas of China much of the animal food came from three scavengers: the pig, chicken 
and dog which fed themselves mainly from food wastes scattered around the houses. Follow-
ing this example, some writers have suggested the creation of the "city—farm", as one 
approach to the solution of the waste problems generated at all stages of agricultural 
production, processing and distribution (2, p.16). However, as is well known, no system 
operates in perpetul motion. No matter where the boundaries are drawn, an external source 
of energy will be required and somewhere along the way the system will also ultimately 
produce unusable waste. 

In a system called "Bioplex" (2,p. 280), the biological conversion of wastes would con-
sist of exploiting the chemical activities of living creatures in such a way that the waste 
from one creature becomes the food for another. In this way the productivity of any one 
site would be brount to a maximum whilst the waste is minimized. A further benefit would 
be that transport costs from one process to another are minimized and any changes due 
to biodeterioration during transit are prevented. It has been further pointed out 
(2,p.284) that microbes grown in large tanks or fermenters, or fish farms in deep silos, 
would be more acceptable to large urban communities than intensive animal farms, whereas 
goats and geese would fit more readily into a. rural "Bioplex" than the relatively complex 
bio—engineering equipment. Althoui this system requires further stux,y, it seems to 
deserve special attention from the agricultural point of view, especially the work of 
domesticating new species, fully exploiting the various possibilities for incorporation 
in "Bioplex" system and thus developing new ways of waste utilization. 

Reasoning along similar lines, the production of increasing amounts of waste material 
by rapidly expanding urban communities and as a result of more intensive agricultural 
practices, coupled with the need for increased amounts of protein, suggests the possibility 
of the application of algal culture techniques for waste recycling (2,p.114). Lagoon 
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culture of algae can produce higher dry weight yields of superior protein quality than 
can higher plants under similar climatic conditions if the lagoon is operated on a semi-. 
continuous basis using optimum catch techniques. Failure to use weeds growing in water 
is another conspicuous example of waste, ithich can be contrasted with China where, in the 
Yangtse delta, farmers deliberately cultivate water hyacinth as a pig food (2,p. 189). 

The opportunities to recycle and use the "wastes" are thus enormous and are limited 
only by man's imagination. Society will demand increasingly that the industries adequately 
utilize these wastes, since they are a valuable part of national resources. Irrespective 
of the system, probably the best way to ensure the proper integration of all the disciplines 
necessary for optimizing all waste and residue utilization would be the establiaimen-t of a 
National Research and r'evelopment Centre for Recycling. In such a Centre, many of the 
techniques would have to be looked at for their social, economic, legal and political 
effects. 

Through such organized research work it must be, first, ensured that the new technologies 
for residue utilization are "appropriate", in the sense that they possess the environmental 
characteristic of ecological soundness (i.e. harmony with the environment), the economic 
characteristic of reduction of inequalities between and within countries (i.e. satisfaction 
of basic human needs), and the social characteristics of participation and control by the 
people (i.e. self-reliance) (12). In the developing countries, there would have to be 
c?.pital-saving, energy-saving, employ -rnent-generating, small-scale and decentralized 
technologies, which are (a) based on local, renewable energy sources and natural resources, 
(b) capable of being grafted on to traditional skills, crafts and techniques, and (c) 
addressed overwhemingly to the basic minimum needs of those below the poverty line. In the 
developed countries, the preferences are likely to be for non-polluting and low-wasting 
technologies, directed towards durable products which can be recycled, and based on renew-
able resources. 

Secondly, serious research is needed with regard to the social costs of agricultural and 
agro-industrial residue utilization. Until recently, little attention was given to the social 
cost of the discharge of wastes into the environment (k). The society tended to consider 
the elimination of the wastes themselves as the solution to the problem. Solid wastes 
were incinerated or discharged into the environment, often without the necessary care 
needed to reduce the potential harmfulness of these wastes. However, with very few 
exceptions, fermentation and other waste effluents can no longer be disposed of for no cost. 
Uhether the waste is discharged to sewers, rivers or tidal waters, some expenditure is 
necessary for treatmenb or on a means of disposal that ensures that no harm is done to the 
environment (j).  The social cost of waste is thus determined by the sum of its intrinsic 
value, in terms of recuperable material resources, plus damage to animal and plant 
resources brought about by the pollution and the cost of waste disposal so as to avoid 
pollution of the environment (i). It should, furthermore, be borne in mind that the lack 
of a rational system of waste-management causes the costs of pollution of the environment 
to be "erternalized" and therefore borne by the community as a w!ole rather than "inter-
nalized' as a part of production costs. For this reason, the problem of recyclage and 
reutilization of wastes must be considered as one of public utility and interest, and a 
flexible programme must be established in order to determine the methods and a schedule 
for internalizing costs. 

Within such a programme, one possible measure might be to tax the raw materials at 
source on the basis of the cost of conversion or disposal of the worst likely final waste 
or pollution effect and to pay businesses and other groups for any subsequent preventive, 
recovery or disposal activity, inclid.ing payments to licensed disposal companies. This 
principle might be applied to agricultural and especially to agro-ind.ustrial enterprises.-' 

For a detailed discussion of problems and instruments of environmental cost allocation, 
see Problems of environmental economios, Record of the Seminar held at the OECD in 
summer 1971,  Paris  1972  (10). 
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It appears, therefore, that the failure of the market system to combat pollution and 
the necessity of a more wide-spread commitment in the field of recuperation and reutili-
zation of wastes, call for the intervention of public authorities, in the form of 
legislation, study, providing orientation and carrying out suitable environmental policies 
and educational activities in the field of agro-waste management (7,p. 454). Without 
government guidance it seems that private industry cannot be expected to harness waste 
materials efficiently and optimally from the social point of view. Ilost private industry 
acts in pursuit of short-term profits and, rather than plan the overall utilization of a 
resource, often selects the most profitable portions, leaving the residue unexploitable. 
Some government control, guidance and incentives will, therefore, be necessary to ensure 
the efficient scavenging of wastes in a private enterprise system. Given such action in 
good time it can be anticipated that industry would respond, but this again hiliats the 
crucial need for forward planning in this area. 

Adequate consideration has yet to be given to social changes associated with a shift 
from systems generating large amounts of waste to those minimizing waste and environmental 
damage. Maximization of resource conversion and conservation will require sweeping changes 
in social attitudes, economic and social organization (including types of inspection, 
enforcement and service mechanisms to firms, families and communities, changes in home and 
family organization and management) and in pattern of participation in public afsirs. 
Definitions of socially approved and rewarded actions will have to be revised, covering such 
subjects as the use of products from human wastes, food habits, public disapproval and 
severe sanction of all tynes of waste and pollution, including individual gain from waste-
ful and environmentally damaging methods of exploitation. Gr ater inter-sectoral planning 
will be required, and frugality may once again become a personal virtue. The awareness 
necessary to support such extensive changes will not be generated without information and 
adult education programmes on a scale which now exists only in a few countries. 

The pollution problem has so far attracted attention mainly in developed countries. 
Still, developing countries should take account of these considerations at an early 
stage before they run into the same problems. Otherwise, the danger exists that particular-
ly the polluting industries which face severe anti-pollution measures in many developed 
countries would shift progressively to developing countries (2 p.238). On the other hand, 
in those developing countries where pollution and environmental problems have already 
attracted adequate attention, the concern is that they would not now over-react to exist-
ing or potential problems, but would take national optimal decisions within the socio-
economic, geographical and environmental quality conditions that prevail in these countries. 

Implications from fairly quickly operating rational organic waste recycling would be 
enormous. The wealth of national economies may well come to depend largely upon their 
ability to produce and reprocess organic matter. 'The demand for investment and ingenuity 
would be unprecedented in the food and agriculture industries. All sources of organic 
matter would be treated on their merits according to composition, whether or not they are 
repulsive. Ultimately, by using wastes very efficiently for food production, waste would 
be eliminated. From thorouly scavenging present agro-industrial waste, a natural 
development would be to reprogranne agriculture to provide feed.stocks for bioengineering 
plants. The wild lands would be harvested., too, for their crop of miscellaneous organic 
matter. This is probably not a preferred wmty of life for mankind, but it is the direction 
enforced by the scarcity of world. resources. 
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HEALTH ASPECTS OF AGRICULTURAL RESIDUE UTILIZATION 
* 

D. Strauch 

1. 	Introduction 

Agriculture has made phenomenal strides since the beginning of this 
century. In spite of the rapid increase in population agriculture has been 
able to maintain an abundance of quality food and fibre crops, and has a 
potential to maintain this abundance for future years. 

These advances have benefited the consumer in many ways. However, 
they have been accompanied by some potential adverse effects in agricultural 
technology, many of which represent potential sources of environmental 
pollution and hazards to the health of man and animals. 

The term "waste" in relation to agricultural pollution refers to any by -
product or residue from agricultural operations that ma7 adversely affect the 
quality of the envimninent or the health of humans and/or animals either 
directly or indirectly (1). 

Difficulties in obtaining precise relationships between agricultural 
practices and environmental problems occur because of the widespread sources 
of agricultural residues and the many factors that are involved, some of 
which are not controllable by man. These factors include topography, 
precipitation, cover crop, timing and location of chemical or fertilizer 
application, and cultivation practices. 	The variability of waste discharges 
complicates assessment of the environmental impact of agricultural production. 
Agricultural wastes are often not discharged on a regular basis; food 
processing wastes tend to be seasonal with production a function of crop 
maturity, feedlot runoff is a function of rainfall frequency and intensity, 
fertilizer applications are timed for ease of distribution and maximum crop 
production, and land disposal of waste is related to need for dlsposai and 
ability to travel on the land (2). 

Agriculture has often been accused of being a major polluter of various 
segments of the environment. 	Some accusations are justified, but many are 
based on very limited factual information and often merely on speculation (1). 
Available information suggests that potential environmental quality and health 
problems due to agricultural operations my be more dependent upon the production 
practices and waste management techniques used by farmers and processors than 
on the size of the operation, the number of animals fed, or the amount of 
waste involved (2). 	This paper will attempt to summarize the health problems 
that can be or have been associated with agricultural production. 

* 
WHO Temporary Adviser 
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2. Residues from plart production 

2.1 Silage effluents. In p1st production, the residues are mainly so-called 
joint products like straw and leaves and stalks of beets, potatoes, and 
vegetables. Their utilization is generally possible via the soil or as animal 
feed. Public health aspects arise when such residues are processed as silage 
because of the production of silage effluent. This effluent is generally 
harmless for man and animals. But as soon as it is drained into surface waters 
it may be the cause of fish kills. In most countries where fish kills have 
been recorded, manure-silage drainage caused greater problems than mineral 
fertilizers. In the USA, the percentage of fish killed by farming sources 
rose from 8% in 1964 to 20% in 1970. In the Federal Republic of Germany and 
Switzerland, since 1960, up to 25 and 28% respectively of fish kills were 
caused by agricultural waste waters (3). 

Silage effluent his a very high content of easily decomposable organic 
substances compared with municipal sewage. For microbial decomposition of 
these substrates, large amounts of oxygen are needed. The BOD of these 
sewages ranges from 50 000 to 80 000 mg/litre. From these va1es a pollution 
load results for the effluent of one ton of silage prepared from sugar beet 
leaves of 15-24 kg BOD5 which corresponds to 280-445 population equivalents. 
Drainage of silage effluent into ground water causes severe health-hazards 
(changes of odour and flavour, ink-like tint, bacterial counts of over 100 000 14nJ-, 
and silting of water mains caused by Iron-, manganese- and sulfur-bacteria) (4). 

2.2 Straw. The surplus of straw is increasing in many countries. Consequently 
many farmers burn the straw in the fields. Apart from the fact that each year 
several people are killed and many are badly injured while the straw is burning 
in the fields, this method also prevents large amounts of organic stbstanoes 
from going into the soil which are urgently needed to maintain the biological 
activity and humus balance of a healthy soil. In farms where root crops are 
cultivated and in intensive grain-growing areas, the residues of roots and stubble 
plus an occasional green manure crop are not sufficient to cover the yearly 
reqtu.rements of humus aeraging 4 000 kg of organic dry matter compared with a 
former value of 2 500 kg. Therefore in such areas it is recommended that straw 
surplus should be applied to the soil as a matter of principle (5). In other areas 
it is not always desirable that straw surplus be applied to the soil since it takes 
a long time to break down in certain soils and, if it is not removed, subsequent 
arable operations are hampered. 

2.3 Food ;rocessing wastes. Although not a direct part of farming operations, 
usable products have been developed from the waste products formed during the 
processing of forest products, the slaughtering and processing of meat animals, 
the processing of dairy produots, the canning of fruits and vegetables, and the 
processing of grain products. 

Processing plant effluents are usually objeotional because of high oxygen 
demands. The oontribution of various processing industries to pollution in terms 
of BOB is shown in table 1 • Data on population equivalents represent the pollution 
equivalent of the waste compared with the BOD of normal sewage (i). 

The table shows that many of these prooessing effluents have a high organic 
matter content. It is well iciown that pathogenic microorganisms, once they 
are discharged into sewage with a high protein content, grow rapidly. So it was 
found, for instance, that in summer salmonellae quickly multiplied. 
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Table 1 Estimated loading of selected agricultural processing industries (1) 

Annual 	lb BOD/ 	Potential 	Potential daily Processing industry Prgduction 	103  lb 	daily load population 6 
10 lb 	processed 10 lb 	equivalent 10 

Canneries 	- - 1 300 8.0 

Dairy products 	- - 1 982 11.93 

Meat processing 	59 400 14.0 2 000 13.0 

Poultry 	8 200 10.0 225 1.3 

Potato 	processing 	18.4 89.7 347 2.11 

Sugar productIon (1976)189 600 6.0 1 600 9.6 

100 000-fold in river water with a content of about 100 mg protein per litre. 
Since pathogens usually occur in the effluents or sludges of milk, meat, 
poultry, and also fish processing plants there exists a certain epidemiological 
problem. On the other hand, one must admit that most of this sewage.in dsveloped 
countries finally reaches a municipal sewerage or a seige treatmit p]aut. )nIcil sewage 
usually contains considerable amounts of pathogenic microorganisms, since 
between 0.5 and 2% of a normal human population •xcretes pathogens without 
apparently being ill. 	Therefore any normal municipal sewage contains 
remarkable numbers of pathogenic germs which are not usually destroyed by the 
normal sewage treatment processes and, if the effluent is not disinfected, will 
reach the receiving waters and create a new health hazard for man and animals. 
It is not possible to discuss here the extensive complexity of sewage hygiene. 
But, one should mention that the question is under discussion as to whether 
Infectious effluents from food processing plants should be disinfected on-site 
regardless of the fact that they will later come Into contact with the still 
infectious municipal sewage. 	In any case s  on-site disinfection will reduce 
the microbial populati9n of the effluent and thus contribute to a reduction in 
the health hazards that originate from municipal sewage (14). 

Table 2 shows the possible uses of food industry wastes from the point of 
view of hygiene and environmental protection. 

3. Resjdus from animal production 

The problem of animal wastes as a direct or indirect source of human 
illness or of environmental pollution has been increasing in recent years as 
a result of development in different animal industries and changes in the 
density of farm and domestic animal populations. 
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Table 2: Utilization of food industry wastes (12,13) 

Product Fertilizer Animal Medium for Plant protein Refined 
(plough feed fermentation or products 
under the respective 
soil) product 

pples, 
pears 

eas, 
beans x x 

ish x x 

Grain 
ilil x x 
eeds 

otatoes x x 

ilseeds x x X 

et 
le
e
aves x x 

Asparags x x 

p1nach x x 

5tarch x X 

l'omatoes x x 

is tillaty 
brewery 
and x x x 
riflery 
ras te s 

ugar 
anufac- x x x 
.uring  
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Conventional methods for the disposal of animal wastes, carcasses, and 
manure, as well as slaughterhouseand other animal industry wastes, are now 
proving inadequate in rany countries. 	The actual numbers and densities of 
animal populations have increased both in rural areas (with the development of 
ever larger animal production units) and in towns. 	In many countries, 
significant expansion has also taken place in animal-related industries with 
the construction of more and larger slaughterhouses, rendering plants, feed 
processing plants, etc. 	Public concern about these problems has grown in 
many areas and is reflected in increasing demands for more stringent measures 
to reduce contamination and the nuisances associated with it. 

Safe means of disposing of animal wastes and dead animals are of great 
importance in countries with newly developing industries, as well as in areas 
which already have highly developed specialized industries of this type. 	They 
are essential not only for the reasons already stated but also for the control 
of epizootic infections within the food-producing species themselves, including 
many zoonoses, and for the direct protection of consumers of meat and other 
animal products. 

Such environmental health problems have been greatly aggravated where 
development of intensive animal farming has not been accompanied by appropriate 
systems for disposal of the tremendous quantitites of organic wastes. WHO 
collaborates with other services in order to collect basic data for the 
establishment of "pollution characteristics" and epidemiological data to 
identify areas and populations at particular risk. 	These data include 
information on the methods of accumulating such wastes, the amounts involved, 
the likelihood of their transfer to other sites by natural mechanisms, and any 
special problems they pose to human and animal health. 

In many developing countries, there is an additional problem when live-
stock also share the urban environment, often in great numbers, and pose 
major contamInation and health problems for urban health agencies. 	The 
management of such horses, cattle, buffaloes, swine, sheep, goats, poultry 
and other species, so that they do not constitute an overwhelming environmental 
threat, is a formidable task for an environmental health prograxnrne (6). 

3.1 Animal carcasses and slaughtere offal. Animal carcasses and slaughter-
house offal together with the so-called ttcoiiscatesI  (condemned meat or food 
derived from animals) usually contain large amounts of pathogenic microorganisms, 
some of which are the infective agents of zoonoses. 	These materials also cause 
heavy odour nuisances, especially in warm seasons and in hot areas, if, they are 
not disposed of very quickly. 	The ideal installation for treatment and 
recycling of such organic wastes under hygienic conditions is the rendering 
plant which thus fulfills a public task of environmental and healtI protection. 
These plants also have an economic value because they produce animal feed from 
the residues of animal production. 	In the Federal Republic of Germany the 
rendering plants work at present with a recycling factor of 73% and it is 
expected that, by 1985, this value will have increased to 94% (7). 

The fundamental aspects of hygiene necessary for the operation of any 
rendering plant have been established for a number of years. 	Thus, 
it is of paramount Importance that there be complete physical separation of the 
rleanht area from that part of the premises where the unprocessed carcasses 

and offal are handled. 
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The majority of rendering systems will produce a sterile end project 
since the raw material is exposed to a high temperature for an appreciable 
length of time. Recontamination of the end product commonly occurs and it is 
necessary to ensure that the "clean" area is capable of being kept in a clean 
condition. It is also self-evident that separate personnel and equipment must 
be used for the handling of the raw and the end products, and that no other means 
of recontamination can be tolerated on the premises, be it dogs, cats, vermin, 
or insects. 

In a number of countries, hides of condemned animals are removed for 
tanning prior to processing. This practice may present some degree of risk 
to public health and althogh it is a procedure that may continue it is 
necessary to take certain precautions, i.e. ensuring that personnel 
handiirg hides are not exposed to diseases communicable to man (zoonoses). 

It is recommended that all condemned carcasses and offal should be consigned 
to processing plants or destroyed by other means that will prevent the spread of 
pathogenio microorganisms. Special attention in future research has to be paid to 
the 000urrenoe of heat-stable toxio eubstanoes and heat-resistant mioro-orgam]isY 
in the products of processing plants. Legislation will be necessary to ensure this. 

It is a well established fact that the rendering system of disposal 
of carcasses and certain other products is preferable to any other means of 
disposal, since it has very many advantages from the point of view of hygiene. 
Thus, the disposal of carcasses and offal in rendering plants should be 
obgligatory by law. However, it may not be possible to use this system under 
all circumstances unless suitable rendering plants are available in the area. 
If this is not the case they should be built as a matter of urgency to provide 
a service to the community and as a contribution to the protection of public 
health and of the environment (8). 

3.2 Animal faecal wastes. Farming animals intensively has a substantial 
economic value but it can only be maintained and increased if animal health 
is preserved. 	The necessity for rational and profitable production in this 
type of farming is equalled by the need to ensure that neither the animals 
nor their products pose a threat to public health. 

The most usual method of disposing of animal faecal waste is to spread 
it on the land as manure. The hygienic problems involved with this kind of 
use must be considered under two aspects: 

Epidemiology of infectious diseases 
General principles of animal husbandry many of which are closely related 
to environmita1 hygiene (common hygienic problems). 

3.2.1 Infectious diseases. 	Epideniiological problems concerning large 
animal feedlots are closely associated with those of animal waste disposal. 
The incidence of latent infections increases when animals 'of homogeneous 
populations are concentrated in confinement. Most infected animals eliminate 
the pathogenic agent by way of the faeces or urine so that germs, ultimately, 
come into contact with the floor of the buildings. 	The fact that large 
numbers of pathogens are excreted has been shown in numerous studies published 
in the international literature (9). Results show that raw and even partially 
treated sewage fror!1 animal confinements possesses a high potential of micro-
organisms which are pathogenic for both man and animals. 
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3.2.1.1 Conventional waste handling. 	Conventional livestock units where 
bedding is used do not cause a special epidemiological problem because if 
proper management procedures are carried out, dung heaps develop such high 
temperatures that pathogens that may be present are destroyed. The safety 
of this procedure is demonstrated by it being stipulated in many countries in 
the official provisions for dung disinfection for the control of notifiable 
infectious diseases, in terms of so-called dung packing. After three weeks 
the dung is considered as disinfected and can be used for agricultural purposes. 

3.2.1.2 Liquid waste handling. Both intensive animal farming and modern 
rural livestock management have resulted in the introduction or systems for 
rational reasons. Straw for bedding is no longer used. Animal excreta are 
generally collected jointly in liquid form, the so-called "liquid manure". 
This mixture of urine, faeces, forage remains, and splashed water is also called 
slurry or "guelle". It is either collected and stored within the animal 
building or is drained off and keP in under or above ground reservoirs until it 
is used. No matter which handling or storage methods are used, spontaneous 
generation of heat that could entail the destruction of pathogens will not 
occur in this medium either in summer or in winter. 

Self-disinfection. A possible nasure would consist of awaiting a sort of 
self-disinfection of the slurry during storage. However, it has been shown 
experimentally that this does not. 	In fact, salmonella or stable forms of 
parasites remain alive in liquid manure for up to six months in summer and 
for much lonr periods in winter or in constantly cold areas. Other pathogens 
with a viability in slurry of several months include the viruses, especially 
when they are enclosed in tissue or in faecal segments. Most farms do not 
have the capacity to store slurry for many months. The average storage time 
is usually one to three months. 

In the international literature, many cases have been published which 
prove that infection of man and animals occurs via the excrement of animals 
before or after it has been distributed on the land. These published 
examples indicate that animal faecal wastes in the form of liquid manure have 
an epidemiological significance for the health of man and animals which should 
not be underestimated. 	It has been found that as many as 100 000 000 
leptospires may be shed per ml of urine of infected cattle. Other investigators 
have observed cases of leptospirosis, associated with aerosol-borne transmission 
fr c ri  the urine of infected cattle, in farmers, veterinarians, packing-house 
workers, and hunters. 

In acute cases of salmonellosis in calves, 10 000 000 salmonella organisms 
per gram of faeces may be discharged. In many countries salmonellosis is one 
of the major communicable disease problems. There are an estimated 2 million 
human cases per year in the USA and about 320 000 in the Federal Republic of 
Germany. 	Salmonellosis causes substantial losses both in livestock and in the 
food industry. The cost in the USA is estimated at $ 300 000 000 annually. 
Salmonellosis is a threat to everyone as a food-borne disease which usually 
originates from infected products of animal origin (9). 

Figure 1 shows that there are seven direct and indirect ways by which 
pathogens in animal excreta pass not only to other animal production units but 
also to man. 	In other words, the land disposal of infected animal wastes 	can 
result in transmission of pathogenic microorganisms both to man and animals. 
Thus, the spreading of germs by means of infected slurry must be prevented. 
Successful prevention is only possible if the ways shown in figure 1 can be 
blocked efficiently. Because of the many possible ways of disease transmission, 
a great number of measures would be necessary to block all ways of transmission 
unless epidemiological measures were launched before the germs were released 
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into the env.ronment. Therefore it is essential that the spreading of germs 
by means of infected slurry should be prevented by on-site treatment of liquid 
manure using chemical or physical-biological methods (10),. 

Figure 1. Animal faecal waste/disease relationshIps (15) 
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Chemical treatment. The aims of chemical treatment are: 

Improvement of the nutritional value of the manure for plants. 
Improvement of the consistency of the manure for further processing 
Improvement of the hygienic quality of the manure by disinfection 
which in certain cases can be connected with deodorisation. 

Disinfectants have to be chosen from the point of view that they 
should be harmless to the crops after the subsequent agricultural applica-
tion of the disinfected slurry, and that they should be allowed by the 
responsible authorities. 

Physical-biological treatment. The aim of this treatment is to reduce 
odorous substances, to destroy pathogenic organisms and to produce an 
acceptable organic matter content in the effluent. The following 
methods are used: 

Anaerobic treatment 
- lagoons 
- dige8ters 

Aerobic treatment 
- lagoons 
- mechanical aeration 

- oxidation ditches 
- surface aeration 
- rotating aeration 
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According to recent experiences none of these procedures is completely 
successful. The rotating aeration succeeds in so far as.hygienio measures 
are concerned. 

o) composting. 

By the traditional method of storing in heaps or windrows the mass is 
reduced. For the destruction of pathogenic microorganisms, higher 
temperatures are necessary. This can be achieved by compost lug faeces 
with bedding or by adding substances to the slurry which support aeration 
of the compost (e.g. straw, municipal refuse, leaves peat or dry compost 
from the return—flow of the same compost ing process.) 

3.2.2. Recycling. There has been a major trend recently to recycle animal faeces 
through animal populations as a souroe of food. For example, poultry manure is now used 
as cattle feed on a large scale in many parts of the world. Such practices, while 
in general commendable, introduce new risks, as for example the risk that man may 
acquire poultry zoonoses such as salmonellosis from cattle products. The waste for 
recycling, therefore, has to be free from pathogenic microorganisms and the level 
of residues from feed additives, therapeutic agents, and toxic substances should 
not exoeed the international standards (if there are any). 

Recycling of wastes in the aquaculture of fish and shellfish as fish feed often 
lacks hygienic precautions. Pretreatment of effluents is essential as shown by 
transmission of diseases through shellfish produced in polluted waters. 

Fish raised in oxidation ponds readily acquire objectionable tastes and odours 
from their environment and strict quality control prior to, marketing is required. 
Cleansing of fish or shellfish involves holding the animals in fresh water for appropriate 
periods. Oxidation ponds are often marginal or unsuitable for fish life. Hygienic aspects 
are also involved 1n the procedure of diluting effluents or treated effluents by mixing 
them as "fertilizer" with estuarine or fresh water. (8) 

Adequate testing of agricultural residues at the earliest possible stage should be a 
part of all utilization approaches. This testing should include all possible health hazards. 
In doing so, decisions on suitable technologies or modifications in the technology can be 
made in the light of the test results. 

As has already been shown in the seot ion concerning food processing wastes that 
municipal sewage contains considerable amounts of pathogenic microorganisms. Sewage sludge 
is a concentrate of all pathogens occurring in sewage. Depending on its origin it also 
contains toxic concentrations of heavy metals. Even if the use of animals to recycle 
such wastes could make a contribution to the solution of environmental health problems 
as well as to the campaign against human hunger, it should not be allowed at' the present 
time. Much preliminary research is still required. For instance, it is comparatively easy, 
with cost the only consideration, to destroy the pathogens in the sludge before it is 
used as animal feed. However, as yet, there is no known reliable method of eliminating 
the toxic heavy metals and other toxic substances. Furthermore, all methods of 
dressing these sludges as animal feed have to be economical because they have to compete 
with other kinds of feed available on the world market. 

The same hygienic principles must also be applied to sewage fanning. If the 
sewage or sludge is not disinfeoted before being used for agrioultural purposes, special 
regulations are needed ooncerning the crops on which it may be used, the duration 
and amount of spray irrigation, security distances from other fields, living quarters 
and public roads, and the period of time after irrigation which must elapse before the 
crops may be used for human or animal consumption. 
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Health agencies all over the world will not succeed with, eradication 
programmes, such as those for salmonellosis and tape-worm infections, if 
the recycling of animal and human wastes is not kept under their control. 
Many agricultural people still seem to be uncertain of the danger to 
themselves, their animals, and ultimately to the consumer, arising from 
the uncontrolled and aimless use of human wastes as a soil improver, 
fertilizer, or animal feed. 

3.2.3 Common hygienic problems 

3.2.3.1 Soil and water contamination. In numerous animal production 
units the number of animals compared with the agricultural acreage 
available is excessive. Therefore all the excrement cannot be spread 
on the agricultural fields available without impairing the soil and plants. 
Large amounts of slurry and nutrients being applied over several years 
make it impossible for the over-stressed soil filter to retain the 
nutrients absorbed along with the liquid manure any longer. The 
application of very heavy loads of slurry to soils with relatively high 
water saturation levels allows liquid manure to sink into lower depths 
or to flow over and run off. The consequence is pollution of ground 
and surface waters. Thus, in north-west Germany, a nitrogen 
concentration of 94 mg/litre was found in ground water under fields 
treated with excessive amounts of slurry. This is more than double 
the maximum value for drinking water recommended by WHO to avoid the 
methaemoglobinaemia in babies whose food is prepared with it. The 
possibility that runoff from manured fields may cause fish kills in 
surface waters has already been mentioned earlier. 

In some areas of the Federal Republic of Germany, the number of 
animals kept per hectare is extremely high and the above-mentioned danger for 
soils and ground waters is great. Thus, legislation is in preparation 
which allows only the "usual rate" of animals per unit area i.e. three 
"manure livestock units" (MLU) per hectare. One MLU is equivalent to a 
yearly excretion of 80 kg N and 70 kg P20 5 . 

The heavy manure load on the fields in some parts of the Netherlands 
is the reason why farmers ship their surplus of manure to other parts of 
the country. As the organizational basis of this transfer, so-called 
"manure-banks" have been established to act as a brokerage between farms 
with manure surplus and those that need organic fertilizers. Thus, 
in Holland in 1973/74 and in 1975, 75 000 tonnes and 395 000 tonnes of 
slurry, respectively, were transported in tank wagons to other parts of 
the country. But this transportation of manure of unknown origin 
could create an extremely high epidemiological risk for the importing 
farmer. Therefore an official statement from the responsible state 
veterinary officer is necessary to confirm that the transported manure 
is free from pathogenic microorganisms.() 

Microbial water contamination. Effluent from feed lots may contain 
large numbers of pathogens since some animals eliminate pathogens without 
showing any signs of infection or illness. Thus feed lot wastewaters 
discharged into rivers must always be disinfected as treatment by the 
settling of solids, aeration, or sludge drying usually will not eradicate 
the pathogens from infected liquid manures. Chlorine disinfection is the 
method most commonly used. When properly applied and controlled, this is 
an effective measure for improving the bacteriological quality of the 
wastewater and for protecting the human and animal population, ainst 
the transmission 'of enteric and other diseases by this route.kI  the other 
side there are ooncerns regarding potentially toxic substances formed during 
the chlorination of heavily contaminated waste treams. Other disinfeoting 
agents like ozone are presently under investigation in various oountries.In 
general it is to be stated that effective disinfection can only be achieved 
if effluents are low in susperxIed solids and BOD5 . 
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3.2.3.2 Problems with antibiotics. 	In the early 1950's, the feeding 
of diets containing low levels of antibiotics was found to increase the 
growth of farm animals. Commercially, this was a major breakthrough 
in the intensive farming of animals. However, it was soon found that 
the widespread use of antibiotics for non-therapeutic purposes resulted 
in the development of microorganisms which became resistant to antibiotics. 

The situation was made worse by the fact that some bacteria became 
capable of transferring their antibiotic resistance to organisms which 
had not had contact with these antibiotics. Although scientists 
recognize that the transmission of drug resistance poses a real threat to 
disease control in both man and animals, no one seriously recommends that 
the use or production of antibiotics should be discontinued. However, 
transferable resistance is a serious problem and everybody facing it should 
be aware of its public health implications. Understanding the phenomenon 
of resistance helps to explain why some patients do not respond to.the 
therapy. 	If transferable resistance proved to be more common than has 
been shown so far, and there is much evidence that this is so the 
discharge of feedlot wastes mut be considered as a massive source of 
resistant bacterial strains.' 9 1 

The nonmedical and indiscriminate medical applications of anti-
bacterial drugs have subjected most domestic animal populations in the 
developed countries to extensive antibiotic pressures. Products of 
these animals that enter the food chain of man are ideal prerequisites 
for the creation of ecological problems such as the administration of 
subtherapeutic quantities of antibiotics throughout most of a lifetime. 

The effects of widespread antibacterial drug use are dirficult to 
determine with the current state of the science. Many unanswered 
questions exist and basic information is lacking. Some public health 
investigators believe that domestic animals serve as reservoirs of 
pathogenic drug-resistant organisms or of nonpathogenic organisms that have 
the ability to transfer drug resistance to organisms that are pathogenic 
to man. 	The implications of feeding antibiotics to livestock and poultry 
with the spread of animal organisms on meat and meat products during 
slaughter, processing, and packaging are enormous. 	From other investigations, 
it has been inferred that animals cannot be a major source of resistant 
ccli bacteria for man since he is already the carrier of antibiotic 
resistant coil bacteria of human origin. 	In either case this problem must 
be scrutinized very carefully in the future. 

The ingestion of antibacterial drugs, their metabolites, and 
degradation products through the meat portion of man's food supply is a 
problem which can be corrected by satisfactory testing programmes as has 
been shown in some countries. A realistic random sampling programme with 
subsequent condemnation of the meat and enforcement of the existing 
regulations greatly minimized the residue problem in these countries. 
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Manycountries have begun to reduce the number of antibiotics which are 
allowed as feed additives, especially those which are urgently needed for 
therapy in human medicine. Furthermore, new substances on the market are 
reported not to be resorbed and hence will not get into food of animal 
origin. 	The manufactureres also claim that these antibiotics do not 
produce transferable resistance. 	If this can be confirmed in long-term 
experiments the problem will be closer to being solved. 	Thus, it seems 
that the problems man has created in his environment by the injudicious 
use of antibacterial drugs in animals can be greatly reduced. Possibly 
some interested groups will lose markets and income if more drugs are 
restricted and nonefficacious uses are eliminated; however, such benefits 
as a reduction in public health problems and more efficient animal produc-
tion will be appreciated by many.( 11 ) 
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I. TERMS MD DEFINITIONS 

To facilitate a better understanding of the use of different terms and 
definitions frequently adopted in this paper, it is indispensable to clarify the 
different meanings of such terms and definilions. This is particularly necessary 
in a legal paper dealing with teohnioal problems. In fact, in various glossaries, 
in texts on environmental law, in reports and papers of international institutions, 
in national laws on environmental protection, the basic terms do not always have the 
same meaning, and often there are substantial discrepancies between them. 

For example, as concerns the term "WASTE" there are two pranatic definitions 
from the point of view of economics. The first defines waste as: "matter which has 
no market value and which the holder no longer wants in a given place at a given time." Y 
The second one, considers waste: "any material which may have marketable value but is 
not utilized." 

In our opinion, the following definition is technically more accurate: "Any 
part (liquid, solid or gaseous) of a product, resulting from operation processes or 
from consumption, which can no longer be used for its originally intended purpose." / 

Likewise, the term "RESIDUE", refers to wastes in general, often with different 
meanings such as scraps and left-overe from working processes, byproducts, and broadly, 
substances, materials and energies still present in something after its primary use." 4/ 

On the other hand; the definition of "RESIDUE" in technical terms is: "that 
particular substance or active principle (i.e. radioactivity) which is still active in 
the environment after its initial use" (e.g. DDT, TCDD). / 

To stress our point, we refer to a report ECE, 22.11.1974 (FINV/R.24, p. 14, item 
54); where the expression "residual waste products" is used to indicate what should 
be considered reusable. 

We realize that these definitions are used conventionally, also according to 
subjective oriteria often partially or completely overlapping in their meaning. 

In law, uniform definitions are necessary to facilitate a better understanding of 
the subject matter and to avoid confusion in the use of the most frequent terms. 

After this short introduction, we want to mention what we oonsidar could be the 
final definition of some technical terms, and mean to expand further on these points 
during the preparatory work of the Seminar. 

]J Y. MAYSTRE General Report, ECE Seminar on the collection, disposal, treatment 
and recycling of Solid Wastes, ENV/SF)(. 3/R.1, 3 June, 1975, p.3, item 9. 

/ J.N. WINBURNE, A Dictionary of Agricultural and Allied Terminolo', Michigan 
University Press, 1962, term "waste" (1), p. 852. 

J EEC, G.U. n.C146/6 , 16th November, 1974; APHA et al., 
Glossary: Wastes and Wastewater Control Engineering, by W.T. INGRAM, 1969, 
term "waste" (3),  p.366. 

4/ See Introductory Paper by FAD on the Agro-.Wastes Seminar. 

/ J .N. WINBURNE, A Dictionary of Arioultural and Allied T.rminoloy, 
terms "Residue" and "Residual affect," p. 635. 

207 



REPIJSE: "any waste product of solid or semi—fluid materials". jJ 
RFSIDUE: a particular substance or active principle, which continues to be 

active in the environment after its initial use has terminated. / 
POLUJTION: the contamination of environment (of one or more of its natural 

resources, such as: air surface or ground waters, soil, wildlife) 
by any substances or active principles of such size, condition and 
quality as to determine undesirable biological, chenical or physioal 
alterations of the environmental characteristics and ecological balances, 
and consequent damages or noxious effects to human beings and their 
activities as well as to public or private property. J 

P0LUJTAiT: any agent causing "pollution" (see above) 

AGRICULTURAL AND AGRO—INDUSTRIAL ACTIVITY: an activity which produces agricultural 
commodities (plants, vegetables, crops and animals),and by way of 
processes and treatments, deals with the use and conservation of these 
commodities exploiting their full value. / 

BYPRODUCT: any part of a product which is not utilized by the main productive 
process concerned. J 

Examples: 

Productp Meat 	Byproduct: 	Skin, Blood 	Waste: Viscera 

of 	Wheat 	to 	Straw 	it 	Stubble 

It is evident that the two concepts of "pollutant" and "residue" are in a 
functional relationship to each other, inasmuch as the former is the noxious effect 
of the presence of a residue in the environment. 

The difference between "wastes", "goods", and "pollutants", is clearly outlined 
by Maystre Y according to whom waste is still controlled by man, whereas a pollutant 
is no longer subject to his control; thus its recovery from nature is no longer 
possible. It can only be abated or purified. 

jJ See Greece, San. Reg. n.E1B 301/10.2.1964, sec. i.i.) 

See Winburne, A Dictionary of Agricultural and Allied Terminology, 
Miohigan University Press, 1962, terms 1'Riide" and "ResiduaIfeot", p.536. 
See F.P. GRAD, Environmental Law, New York 1971,  par. 1.01 (i) p.7; CILF, 
Vocabulaire de l'Environnement, Paris 1972,  terms "Pollutant" and "Pollution" 
n. 315-316; DELL'ANNO, La Putela Giuridica Contro Gli Inquinamenti Ambientali, 
L'Aquila 1974. 

4/ See Winburne, A Diotionary of Agricultural and Allied Terminology cit. term 
"Agriculture". 

See Winburne, A Dictionary of Agricultural and Allied Terminology, cit. term 
"Wastes" p.  852. 
See P. 3-4, cit. 
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II GENERAL SURVEY OF EXISTING NATIONAL UXUSLATION 

2.1 Two directives have been followed for a general survey of legislations governing 
environmental protection in various nations, and,, more specifically, agro-waste 
disposal and reutilization. Firstly, research has been made on the legislation of 
various single nations; secondly a Questionnaire has been prepared and distributed, so 
that the most relevant problems could be adequately examined. In this Questionnaire, 
agro-wast es probl ems have been considered from two points of view: a) environment 
protection and human health and b) recovery, recycling and reutilization of agricultural 
and agro-industrial wastes with the final aim to obtain goods and sources of ener. 

The Questionnaire is worth careful examination as it may offer a useful methodo-
logical approach to the problem. 

The first problem taken into account was the approach of separate states to the 
problem of protection of the environment from pollution: 

2.1.1 Does present legislation inolwle an organic law for the control of 
pollution from agricultural and agro-industrial wastes? 

211.2 If so, does it take into account pollution from livestock? 

2.1.3 Is the legislative control directed to prevent air pollution? 

2.1.4/1.5 To prevent soil pollution and public property pollution? 

2.1.6/1.7 To prevent water pollution? 

The Questionnaire then investigates whether the setting up of equipnent and plants 
to prevent pollution is obligatory for obtaining a permit for certain agricultural 
activities, or if it is simply encouraged. 

2.2.1 Is the adoption of purification plants or other nati-pollution measures 
obligatory? 

2.2.2 Is the adoption of such installations encouraged by tax exemptions? 

2.2.3 By loan facilities? 

2.2.4 By other forms of assistance? 

In order to know if the State considers environmental protection as a primary 
objective to be achieved by prohibiting the dispersion of wastes and by providing 
incentives for their reutilization, the Questionnaire incliz3.es the following items: 

2.3.1 Does the legislation provide regulations with an aim to the prevention 
of pollution throui agricultural waste management and utilization? 

2.3.2 Is this utilization encouraged by tax exemptions? 

2.3.3 Or loan facilities? 

2.3.4 Or other forms or means of assistance? 
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As reutilization of agro-wastes, and especially organic wastes raises particular 
problems from the hygienic and sanitary points of view, more information is required: 

2.4.1 Does sanitary legislation regulate disposal of wastes from agrioultural 
operations? 

2.4.2 Does it oover the utilization of livestock wastes (excrements, horns, bones, 
nails, feathers, viscera, fats etc.) ? 

2.4.3 Can wastes be utilized for human food? 

2.4.4 For livestock feeding? 

2.4.5 As fertilizers? 

2.4.6 For other uses? 

Most infectious cattle diseases are spread by wastes and residues. In view of this, 
the Questionnaire makes the following enquiries on veterinary measures: 

2.5.1 When wastes are utilized for livestock feeding, are special precautions taken in 
order to prevent and avoid the spread of infections disease? 

2.5.2 If wastes can be used as fertilizer, is adequate treatment in order to avoid 
the spread of infectious diseases mandatory? 

2.5.3 Is waste purification treatment subject to public control? 

Since the purification or reutilization of wastes may frequently not be carried 
out at their source, the following enquiries were made concerning legal measures 
concerning transportation, import and export of residues and wastes: 

2.6.1 Is the transport of residues of agricultural production practices subject 
to authorization? 

2.6.2 Is the import of wastes permitted? 

2.6.3 Is the export of wastes permitted? 

2.2 From the answers to the Questionnaire and the research on single legislations, it 
is possible to establish general trends in environmental protection, particularly in 
agrioultuj'e. Almost all the examined countries have a law or at least a group of norms 
oonoeming environmental protection. Only a few countries have adopted an organic law 
providing for environmental protection from all the possible sources of pollution (usA, 
Canada, United Kingdom, Denmark, Sweden, Norway, Switzerland, Federal Republic of Germany, 
Japan). 

The same countries have enacted laws governing the protection of the environment from 
agricultural and agro-industrial pollution. 

Certain oowrtries have special provisions for feedlots (Italy, Federal Republic 
of Germany). 

In other oountries, norms governing agro-pollution are often to be found in laws 
not dealing epeoifically with the environmental laws, (criminal laws, water legislation, 
sanitary and veterinary legislation). 
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Air pollution control: nearly every country considered has legislation regulating 
air pollution control. Pollutants from agricultural activities, however, are governed 
in a generical manner and sometimes leave important pollution factors such as odors and 
noise unprovided for (e.g. Japan only, has specific regulations concerning odours and 
noise). 

It should be mentioned that oontrol of air pollution in countries with a market 
economy is affected to some extent through the mechanisms of private law when damage to 
private property is a direct result. In such cases the private citizen or enterprise 
is empowered to act through administrative or jndicial action in order to impede pollution 
and claim damages by the polluter (Italy, Federal Republic of Germany). 

Soil pollution control: National Legislation generally go-verns only solid waste disposal, 
considering the fact that underground or surface water may be polluted through the soil. 
Only in a few countries, e.g. Norway, Denmark and Federal Republic of Germany are there laws 
providing a fixed maximum to the quantity of manure that can be spread on a field. 

Water pollution control: Nearly all the legislation contains provisions both for public 
and for private waters, if existing. The control of pollution sources is partioularly 
rigorous for water supply systems. Moreover, in water resources protection areas, several 
oountries prohibit the spreading of manure on the fields (e.g. Canada, United Kingdom, 
France, Denmark, Sweden, Greece, Bulgaria, U.S.S.R.). 

Anti-pollution measures: The use of depurating plants for agricultural and agro-
industrial activities which pollute is provided for in all the member countries of EEC, 
in Greece, Norway, Sweden, USA, Japan. 

A number of laws fix obligatory measures so that pollution from agricultural activities 
may be eliminated or reduced. (e.g. Switzerland and Finland establish a store capacity for 
liquid and solid manure to be dealt with). 

The adoption of depurating plants is encouraged by tar exemptions (Federal Republic 
of Germany, Japan), or by other forms of inoentives(in Moscow, USSR, the correct use and 
running of depurating plants is a prerequisite for the quarterly production award to 
industrial managers in Moscow 1  and in Japan financial facilitation in provided particularly 
for small and medium industry). 

Recovery and reutilization of agro-wastes: The laws of few nations are specifically 
oonoerned with the problem of the recovery and the reutilization of agro-wastes, to 
avoid pollution and to reutilize available natural resources. 

In most countries, this problem has been given little legislative attention and laws 
on the subjeot are at an initial stage. 

Health protection: Considerable legislation provides for disposal and use of agro-
wastes, so that harmful effects for human health may be avoided and that epizootic 
diseases may be prevented. For example, Greece prohibits the use of agricultural 
residues for human consumption. Hygienic problems arise in many countries when the 
products of agro-wastes used as animal feed may eventually be consumed by humans. 
(e.g. in the USA the use of fish viscera is not allowed for animal feeding,, and in 
Denmark strict norms fix the sterilization of products used for animal feeding). 
National legislations have a different approach to the use of agro-.wastes as fertilizers: 
some of them prohibit the use of waste waters from certain sources for irrigation. 
(Czechoslovakia, for example, from meat processing plants, plants for processing roast-
ing poultry and other agro-indimtries), others specify special treatments before spread-
ing, or for the use of crops so treated (Federal Republic of Germany, Norway, Finland, 
Israel, South Africa, USA). 
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For public health protection, limitations are very often established regarding 
transport, import and export of agro-.wastes. 

In order to indicate the types of existing legislation, the following countries 
have been chosen as prototypes of different legislation: 

United States of America 
Canada 
Union of Soviet Socialist Republics 
Italy 
Federal Republic of Germany 
Denmark 
Greece 
Japan 

In the course of preparing the present paper, the International Juridical Organization 
has carried out research on the legislation of other countries. The additional country 
studies, together with an introductory analysisd' socio-economic aspects of legislation, 
were also submitted as part of the IJO report to the Secretariat of the FAO/UNEP Seminar, 
but for reasons of space could not be included in the present paper. 
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* 
UNITED STATES OF AMERICA 

In the United States the past 10 years have been of particular importance for the 
develor*nent of legislation governing waste management and residue utilization in general, 
and of agro—waste and agro—industry management in particular. 

The Environmental Protection Agency (EPA, established in 1970) has the responsibility 
to see that certain federal environmental legislation in the United States is enforced and 
effective. 

At the federal level, the basic laws are the following:- 

the Water Quality Act (1965) which requires establishment and enforcement of standards 
for all interstate waters; 

the Solid Waste Disposal Act (19 65) amended in 1970 as the Resource Recovery Act, states 
(Sect.209 (a)) that the guidelines for solid waste recovery "shall be consistent with water 
and air quality standards, public health and welfare considerations, and land use plans", 
(see National Symposium on Animal Waste Management, Animal Waste Management, Warrenton VA, 
1971 P. 13), and that the Act applies to agricultural waste management systems, including 
animal waste management; 

o) the Federal Water Pollution Control Act, as amended (1972) emphasizes the develop... 
ment of teohnolor—baaed effluent limitations in the control of waste discharge point 
sources, including feedlots. All the laws provide federal supervision of pollution 
control. Each State is empowered to develop water quality criteria and the relative 
enforcement measures. These laws stress preventive as well as corrective measures. 
Noxious wastes are to be kept out of the water rather than reduced or counteracted. 

The Federal Water Pollution Control Act, indicates three control levels and their 
respectively different technologies: Best Practicable Control Technology Currently 
Available (hereinafter BPCTCA) and Best Available Technology Economically Achievable 
(BATEA), both applicable to existing sources and to be applied at five—year intervals, 
and Beat Available Demonstrated Control Technology (BADCT), for new pollution  sources, 
all of which were to move towards the goal of elimination of the discharge of pollutants 
into the navigable waters of the United States by 1985. This Act enumerates a number 
of agricultural operations (dairy product processing, fruit and vegetables processing, 
seafood processing, feedlota and fertilizer processing) to be included among the point 
sources subject to effluent limitations. The stream however is on the aim to be 
achieved, not on the means to be used, and sources are to be controlled through effluent 
limitations. 

EPA's action has been moving in this direction by evaluating all the relevant 
factors, particu.larly the costs of the three levels of technology, which have been 
calculated by considering capital investment, operating and maintenance costs and energy 
and power cost. The factors relevant to identifying the technologies stated in the Act 
are:— (see Loehr and Denit, Effluent Regulations for Animal Feedlots in the United States, 
paper presented at the International Seminar on Animal Wastes, Bratislava, Sept-Oct 1975 
pg. 6). 

of  a) the total cost of application of the technology in relation to the effluent 
reduction benefits to be achieved from such application; 

b) the age of the equipment and facilities involved; 

* 	ctraois from internal reports by P. Foster and M. Traylor. 
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It c) the process employed; 

the engineering aspects of applying various types of control technologies; 

process changes; 

the non-water quality environmental impact inc lusiing energy requirements" 

(see Loehr and Denit, cit., pg-5-6) 

The trend is then to achieve "the ma.xinmm use of technology within eoonomio limits." 
(see Loehr and Denit, cit, pg. 4). 

The Agency (using a procedure proposed and partly put into practice in 1971 by the 
Corps of Engineers) has been able to promulgate regulations for all discharges 
including feedlot operators, to obtain permits governing the issuing of permits by the 
States (1972)  and governing permits issued by EPA itself (1973). 

Both regulations specify that all discharges of pollutants from all point sources 
into navigable waterways are unlawful unless the discharger has a permit or is exempted 
by statute from having such a permit. (see Foster cit, pg. 20). 

At the same time EPA has dealt with the specific problem of discharge of animal 
wastes, including those from feedlots, proposing to exempt all feedlots with less than 
1 000 animal units, a proposal which was later (1973) changed, exempting all except 
about 4 105 feedlota from the programme. 	This programme has led to the "National 
Pollutant Discharge Elimination System" (NFD) permit programme which has been amended 
(March 1976) to reach the following structures:- (see Federal Register, vol. 41 n.54, 
18th March, 1976 pg. 11458). 

Feedlots with 1000 or more Feedlots with less than 1000 but Feedlots with less than 
animal units with 300 or more animal units 300 animal units 
Permit required for all Permit required if feedlot- No permit required (unless 
feedlots with discharges 1 )discharges jJ  pollutants case by case desigoation 
of pollutants J through a man-nade conveyance, as provided below). 

or Case by case desigoation 
2)disoharges jjpollutants only if feedlot- 
into waters passing through 1 )disoharges pollutants 
or coming into direct contact through a man-made con- 
with animals in the confined veyance; or 
area. 2)discharges pollutants 
Feedlots subject to case by into waters passing 
case desiguation requiring through or coming into 
an individual permit only direct contact with the 
after on site inspection animals in the confined 
and notice to the owner or area; and 
operator. After on site inspection 

written notices transmit- 
ted to the owner or 
operator. 

J Feedlots not subject to requirement to obtain permit if discharge 000urs only 
in the event of a 25-yr, 24-H storm event. 
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As a matter of fact, emphasis is on the flexibility of controls ("the oase by 
case" desiguation) within the boundaries of very definite standards. 

We may now examine State laws on agro and agro—industry waste management. State 
powers include police power which in the United States is carefully reserved to the 
States. 

At the present time State statutes carry the heaviest burden of pollution regula-
tions in agriculture, and each State may have its own code of pollution regulation 
statutes, varying from State to State as a function of its geographical and economic 
factors. (see Traylor, Prototypes: New Jersey, Pennsylvania, Ohio, California, 
Waste Management and Residue Utilization). 

The structure of State pollution regulation laws are quite similar and generally 
have the following pattern:- 

Statement of purpose and definitions of pollution and its expected sources, within 
agriculture and agro—inxIustry. 

Setting up of an administrative agency staffed by experts and provided with power 
to establish regulations, including standards and measurements of pollution, to be 
applied by the field officers of the agency. An administrative tribunal is always 
included within the agency itself where conflicts may be resolved. These tribunals 
are usually staffed by attorneys having special expertise for pollution oontrol. Access 
is always guaranteed to the regular court system by the statutes after the administrative 
judicial remedies have been exhausted (which fulfills the constitutional requirement of 
due process of law). An example of a specific method of judicial review of pollution 
often applied to agriculture and agro—imiustry is the procedure in Pennsylvania where a 
pollution control enforcement official may issue a swmnons to the person responsible 
when he notes an infraction. The case is then handled in a court of initial jurisdiction 
in the area. Appeal through the regular judiciary system is available. 

Establishing of sanctions of a criminal nature which may give rise to civil 
liability. Municipalities as well as individual citizens who provide their services 
for a fee are responsible for checking on infringements. 

A more specific survey of State statutes shows a problem that has only recently 
been solved - the definition of the boundaries between agriculture and industry, 
especially for agro—industries. By now, a threefold distinction has been set up:- 

- solid waste 

- water pollution by waste 

- air pollution (toxic and noxious odours and matters carried into the air by 
open burning). 

There is a Solid Waste Disposal Act in most States which may regulate how waste 
must be transported, stored and processed, with possibly a difference between regulations 
for large and email fa:'ma. In the case of agro—industry, waste products from industrial 
prooesses must be removed from the area of production. 

Regarding air pollution, the traditional practice of controlled burning is no longer 
satisfactory where residential develoçments have been set up in rural areas. Some State 
statutes provide means by which agriculture and forest management officials may acquire 
permits to burn under controlled conditions of air movement and time limitations. (i • e. 
in California). 

One advanoed example worth considering is the New Jersey statute whioh makes solid 
waste collection and disposal a public utility, so that the services rendered are publioly 
administered and financed like the provision of electrical service. This operation is 
regulated and controlled by the Board of Public Utility Coninissioners as well as by the 
State Department of Esvironinental Protection. 
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CANDk 

In Canada the responsibility in the field of agricultural and agro—industrial waste 
management is divided between the federal departments of Agriculture and Environment on 
one side, and of provincial Agriculture and Environment Management departments on the other. 

Two areas of direct involvement by the federal government are tax exemptions and import/ 
export controls. 

Tax exemptions are regulated by the Accelerated Capital Cost Allowance Programme, a 
federal programme designed to encourage business to control pollution. Under its terms, an 
eligible taxpayer may write off the total cost of equipment or processes installed for the 
prime purpose of controlling air and water pollution over a two year period, that is 50% 
per year. The expenditures may cover the cost of prevention, reduction or elimination of 
pollution. Air and water pollution are specifically dealt with, while there is no specific 
regulation concerning land pollution. This programme, administered by the Environmental 
Protection Service of the Department of the Environment, has been extended for two years 
until the end of 1976. However, the pollution control assets must be acquired to abate 
pollution caused by operations which were in existence at a site in Canada prior to 1974- 
If pollution control assets are acquired for a building or plant, construction of that 
building or plant must have commenced under agreement in writing prior to 1974. 

The Farm Credit Corporation (FCC), furthermore, administrates the Farm Credit Loans: 
these are credits for upgrading or developing manure management systems or for the 
acquisition of equipment for manure handling and storage programmes loaned to livestock 
operators. 

In the area of export and import controls, there are no controls on the export of 
agricultural wastes. However, it is doubtful if any country would allow the import of 
untreated wastes, so the question is purely theoretical. Certainly, untreated animal 
wastes are not allowed to be imported into Canada, and any wastes which have been treated 
by composting require authorization for import from the Federal Department of Agriculture. 

A general survey of the existing situation both at federal and at provincial level is 
offered by Table 1. 

In any case, and generally speaking, a comprehensive approach to pollution control 
and agro—wastes management has been adopted by each province through sanitary legislation, 
controlling water pollution phenomena that may be dangerous for public health. 

Specifically at provincial level, in a few cases legislation is rather general and 
may be applied to livestock operations if necessity arises. In a few provinces (British 
Columbia, Manitoba and Ontario) there exists a distinction between different agricultural 
activities, and those considered normal are exempted from regulations concerning waste 
management. Cooperation between interdepartment or government agencies and agricultural 
operators is essential: see Table 2 for more specific information. The current instruments 
used are codes of practices, information or guideline programmes, Certificate of Compliance 
programmes, etc. 

In several provinces land use zoning which could effect the actual location and 
manure handling programmes in livestock operations has the priority. In Ontario, a Minimum 
Distance Separation (MDS) formula system has been adopted, which consists of three different 
levels for three different situations. In Qucbec, regulations for land zoning are based on 
the soil/climate relationship to agricultural productivity. 

A more detailed survey f the situation existing in Ontario shows that the Waste 
Management Act specifically indicates research for waste management and disposei, and the 
Government is empowered to make grants and loans for the development of waste management 
facilities in such amounts and upon such terms and conditions as the regulations may 
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pisoribe (S.3). Depositing, emitting or discharging pollutants into the environment 
(S.5.(l)) in an amount, concentration or level in excess of that prescribed by the regala,-
tions, is prohibited. 

In case of violations or danger to public health, the Director of the Department of 
Environment is empowered to issue control orders or stop orders. 

Any new installation or modification in plants or processes which may become a source 
of pollution must be approved by the Director, who must be informed of its location and 
technological characteristics as well as of the quality and quantity of discharges. The 
discharge or depositing of pollutants, noise, noxious odors harmful or dangerous to persons, 
fauna, flora or property is likewise prohibited. 

However, such regulations are not applicable to agricultural activities, as the law 
expressly stipulates (S.8.(4); 14.(2); 15.(2)). In particular, the prohibition of. depositing, 
emitting or discharging pollutants (S.5.(l)), does not concern animal wastes disposed of in 
accordance with normal farming practices (S.5.(2)). 	Likewise, existing legislation in the 
Provinces of British Columbia and Manitoba, provides that reasonable land disposal from 
traditional farm operations is exempted from certain requirements of their Acts. 

According to the above-mentioned nvironmental Protection Act (1971)  in Ontario, the 
user or establishment of a waste management system or a waste disposal site are subject to 
the approval of the Director, subject to revocation because of violations or danger (S.31). 
The Director indicates the conditions (including financial grants or deposits) to be 
observed by the interested party. No waste discharge is allowed outside of waste disposal 
sites. Violations are subject to fines up to USS 2 000, 

The use of pesticides and herbicides is subject to license or permit issued by the 
Director of the Department, which may be revoked because of violations of laws or regula 
tions or because of incompetence. 

A procedure of compensation for damages to livestock, crops, trees or other vegetation 
has been provided for as well. 

After the foregoing survey on a federal as well as on a provincial basis, a recapitula-
tion of the existing laws on the subject shows the following characteristics: 

- there is no lack in legislation affecting agricultural and agro-industrial waste management, 
whereas there is a lack of awareness of the importance and effectiveness of such laws. 
Generally these laws have been used in a restrictive sense and instead of using them 
preventively they have only brought remedy to damages aireadydone; 

- in many cases, intensive livestock operations have been dealt with as agricultural 
activities, not as industrial complexes; they have been e'rempted from industrial 
effluent requirements, or their discharges have not been considered as environmental 
polluters; 

- the activity to be developed in the future shall be based on the following characteristics: 

- guidelines, codes of practices, recommended practice programmes shall develop in a 
uniform manner and minimum standards for livestock concerns effluent regulations shall 
be prepared; 

- provincial authorities shall regulate their own programmes of standards and regulatory 
action on the basis of national guidelines under the joint responsibility of the 
Federal Departments of Agriculture and Environment. 
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TABLE 1 

LISLATI0N RELEVANT TO LIVESTOCK MAi1JRE MANAG4ENT IN CANADA* 

Province 	 Legislation 	Administration B4  
Reponsible for 
Implementation 

All provinces and 	The Fisheries Act, 1970 	 Environment Canada 
territories under 
Canadian Jurisdiction 

Nswfoundland and 	Waste Material and (Disposal) Act '73 Dept. of Provincial Affairs and 
Labrador 	 Environment Stipulations for Livestock Operators** 

Dept. of Provincial Affairs and 	id. id. 
Environment Act, 1973 
The Waters Protection Act, 1970 	id. id. 

Dept. of Health Act, 1970 
Prince Edward Island Environment Control 

Commission Act, 1971 
Public Health Act, 1951 

Nova Scotia 	Environmental Protection Act, 1973 
Public Health Act, 1967 

New Brunswick 	Clean Environment Act, 1971 

Water Act, 1961 
Health Act, 1952, Regulation 66-43 

Quebec 	Environment Quality Act, 1972 

Guidelines for the development of 
livestock production facilities *** 

Public Health Protection Act, 1972 
Regulation 15 

Ontario 	The Environmental Protection Act, '71 

Ontario Water Resources Act, 1970 
The Public Health Act, 1970 
Waste Management Act, 1970 

Manitoba 	The Clean Environment Act, 1972 
Regulation 34/73 
Public Health Act, 1965 

Saskatchewan 	The Pollution (By Livestock) Control 
Act, 1971 Regulation 204/74 

Department of Health 

Prince Edward Island Environ-
mental Control Commission 

Dept. of Health and Welfare 

Dept. of Environment 

Dept. of Public Health 

Dept. of Fisheries and Environ-
m ent 

id. id. 

Dept. of Health and Welfare 

Environmental Protection Servi-
ces (Dept. of Environment) 

Minister of Social Affairs 
(Dept. of Health) 

Ministry of Environment 

id. id. 

Ministry of Health 

Environmental Management Division 
Department of Mines, Resources 
and Environmental Management 
Department of Health 

Department of Agriculture 

* Dwyer Rigby M., A Review of Legithtion affecting Manure Management in the Canadian Livestock 
Industry, 1975 

** Draft form only as of December 1974, not legislation as yet. Intended to be amendment to 
Section 23 of Waste Material (Disposal) Act. 13 point stipulation programme was used 
experimentally during fall of 1974. 

*** Pogranne is operated under the auspices of Environmental Protection Services, not legisla'.-
tion as yet. Jurisdiction - falls under Section 30, Regulations, of the Act. 
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TABLE 1 (con-t'd) 
Administration Body 

Responsible for 
Province 
	

Legi8lation 	 Impl ementat ion 

Alberta 

British Columbia 

The Clean Water Act, 1971 
The Clean Air Act, 1971 
The Public Health Act, 1970 
Regulation 297/72 
The Pollution Control Act, 1967 

The Health Act, 1973 

Department of the Environment 

id. Id.. 

Dept. of Health and Social 
Development 

Pollution Control Branch, Dept. 
of Lands, Forests and Water 
Resources 

Inspection Services, Department 
of Health 
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TABLE 2 

PROVINCIAL PROGRAMMES AIMED AT R3ULATING OR STANDARDIZING LIVESTOCK 
MANURE MANAG4ENT- DECVtBER 19 74* 

Province 	Responsible Government  

uT.wfow4land 	Environment Division 

Department of Provincial Affairs 
and Environment 

Programme 

** "Stipulations for Livestock 
Operations" a 13 point programme 
related to the standards expected 
in the operations of livestock 
facilities is in experimental use. 

Prince Edward Island Department of Agriculture and 	***"Guidelines for Livestock Manure 
Forestry and Environmental Control 	and Waste Management in the 
Commission. 	 Atlantic Region" is in draft form. 

Nova Scotia 	Department of Agriculture and 	*** "Guidelines for Livestock Manure 
Marketing, and Department of 	and Waste Management in the 
Environment 	 Atlantic Region" is in draft form. 

New Brunswick 	Department of Agriculture and 
Rural Development and 
Department of Fisheries and 
Environment 

Quebec 	Department of Environment 

Manitoba 	Environmental Protection Branch, 
Environmental Management Division 
Department of Mines, Resources and 
Environmental Management 

Saskatchewan 	Family Farm Improvement Branch, 
Saskatchewan Dept. of Agriculture 

*** Guidelines for Livestock Manure 
and Waste Management in the 
Atlantic Region" is in draft form 

Livestock operators with a liquid 
manure system are required to 
apply for a permit to operate 
their facility. "Directives to 
livestock operators for the 
prevention of pollution. 

Voluntary Certificate of 
Compliance Programme 

****"Agriculture Code of Practice for 
Ontario". Farm Pollution Advisory 
Committee is responsible for 
assessing problem cases not 
rectified through government/ 
operator cooperation. 

Regulation 34/73, Livestock 
Production Regulation. All live-
stock operations which fall into 
the size in terms of Animal Waste 
Units (LWU's) or into the location-
al asnects allocated in the regu-
lation are required to register 
with the Branch. 

Reg. 204/74 all new or proposed 
expanding livestock facilities which 
fall into size or location catego-
ries specified in the regulations 

Ontario 	Ministry of the Environment, and 

Ministry of Agriculture and Food 

* 	Dwyer-Rigby, M.A., A Review of Legislation affecting Manure Management in the Can&lian 
Livestock Industry, 1975 

** The material is being implemented in an experimental programme form, it is not yet legislated. 
*** A Certificate of Compliance Programme will be implemented in conjunction with the Guid.eline. 

acceptance. 
**** This Code is being revised and expanded. The new version should be available during the 

first half of 1975- 
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Table 2 (corit'd) 

Province 
	

Responsible Government Agency 
	

Programme 

are required to apply for a permit to 
develop an Intensive Livestock 
Facility (ILO). 
"The Saskatchewan Intensive Livestock 
Operation Code of Good Practice" 
under the Pollution (by Livestock) 
Control Act, 1971. 

Alberta 	Department of Environment and 	Voluntary Certificate of Compliance 
Department of Agriculture 	Programme. 

"Confinement Livestock Facilities 
Waste Management Code of Practice". 

British Columbia 	Department of Agriculture 	"Animal Waste Management Guide" - 
Guidelines for Poultry, Swine, Dairy 
and Beef operators in British 
Columbia. Sanitation Committees are 
responsible for assessing problem 
situations. 

221 



UNION OF SOVIP SOCIALIST REPUBLICS - USSR 

The directives for environmental protection throui public intervention may be in 
large part suxanarized by a decree of the Supreme Soviet of USSR dealing with the 
"provisions for the ulterior improvement of the environment and the utilization of 
natural resources," issued September 20, 1972.  This decree specifies and reaffirms that 
state ownership guarantees proper utilization of natural resources and an effective means 
of protection of the environment in USSR. Under these conditions planned management 
and rapid economic develorinent are facilitated. 

Rational utilization, conservation and renovation of natural resources which will 
protect the environment are a few of the provisions proposed in the OCIV Session of the 
CPSU, and molded in the 1971-1975  five year plan for economic develorinent. 

In the 1976-1980 five year plan jJ, particular attention should be given to 
various directives which are designed to protect and improve environmental conditions 
in USSR. 

Scientific and technical progress is considered a determining factor in the battle 
against the phenomena of waste and improper management. 

A policy which unifies all sectors of the national economy must be adopted for the 
protection of the environment: Steps should be taken to implement techniques for the 
improvement of production as well as to control natural resource oonaumpt ion, to increase 
investment returns, and to mend working conditions. 

The above mentioned directives stress the importance of maximum utilization of all 
resources by minimizing losses, and the develotient of effective depuration plants in 
factories. 

New methods have been suggested which will fiit against noxious substances discharged 
in the air, excessive noise during production, transportation, etc., and the vibration and 
effects of radiation and of electrical and magnetic fields. 

Forestry resources must be rationally utilized in the European part of USSR by 
inoreasing the amount of commerciable wood extracted from each individual woodland, 
and by accelerating the production in plantB which process (throui mechanical and 
chemical means) wooden by-products and low-quality timber. Paper pulp in the produc-
tion of paper and card board must be utilized more efficiently. Technically advanced 
machinery which raise the rate of productivity of wood, oelulose and paper are needed. 

Systems and methods which will improve the fishing industry are needed as well. Again 
new machines, instruments and mechanisms must be developed which will mechanize and 
automize the fishing industry and the technical processing of fish and other sea products 
in order to raise the level of utilization of fish products in an assortment of foodstuffs. 

Industries processing complex animal feed should increase their production by ixtiliz-
ing additives. The production of meat, milk, bone and fish surrogates should rise to meet 
zooteohnical needs. 

Microbiological industries must be developed and improved to assure an increased 
production of proteins used in animal feed, premixed products, and microbiologioal 
preparation which protect agricultural and agro-idustrial activities. Scraps and by-
products of food industries must be utilized more extensively as animal feed. 

/ Prinoiple Directives of Economic Develoinent for 1976-1980  (five year plan), 
Moscow, Dec. 1 975. 
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A more organized method of food waste collection in commercial enterprises and 
inhabited areas, in general, should be adopted. 

Livestock and poultry breeding must increase by improving maintenance conditions 
and nutrition and by applying the most advanced mechanical and technical systems. 
Veterinary assistance should also improve. ProviBions for the perteotion and reinforce-
ment of services for the protection of cultivations in agriculture must be taken. 
Ulterior improvements for the protection of laths from fires, harmful insects, and 
diseases are to be made. 

The principles established in the Final Act of the Conference on Security and 
Cooperation in Europe which ensure international collaboration in the field of "economics, 
science and techniques for the protection of the environment," are to be respected. 

The report included in the state plan for the develoi*nent of Russia's national 
economy for 1976  of the vice president of the Council of Ministries of the USSR and 
president of the Gosplan, deputy N.K. Bajbakov, J establishes specific objectives for 
the protection of the environment and for the rational utilization of natural resources. 
In 1976 an increased construction of plants for the protection of water bodies from 
the discharges of industrial and zooteohnioal activities is anticipated. An increase of 
water reutilization and recycling by 7% in respect to 1975  is expected. The plan also 
contains objectives for the protection of mineral waters and underground waters. Further-
more, the number of plants which detect noxious impurities in gases freed from industrial 
discharges will increase. 

There are numerous observations to be made concerning the legislation and the 
administrative structure regulating environmental protection in the USSR. The State 
Committee for the Planifioation of the Council of Ministries of the Soviet Union 
(Gosplan) regulates the use of natural resources while environmental control is 
directed by the single competent ministries. 

The following laws concerning environmental protection are applicable in the USSR: 

- Legal principles in agriculture, 13.12.1968 ; 

- Legal principles in water management, 10.12.1970; 
- Legal principles for public health, 19,12.1969. 

The norms regulating and controlling the use of waters for agricultural activities 
request that all waters being publicly owned, their special use may only be permitted 
by a specific conoession (art. 14 and 15 of Fundamental Principles in Water Legislation 
of the USSR and of the Federal Republics; at Vedomosti Verohovnogo Soveta, SSSR, n.50, 
December, 1970). "Special use" defines those aotivities of installations or technical 
constructions whioh alter the characteristics of the waters. This special use includes, 
therefore, irrigation and draining plants belonging to state organizations, colcos, 
sovcos and other consumers. Specific conditions control these special uses in order to 
avoid damage or waste. The irrigation of lath by liquid run-off and drain water is 
permitted, provided there is also the authorization of the sanitary and veterinary 
authorities. 

The protection of waters from pollutants of agricultural origin is also achieved 
by obliging the state water administrations, the colcos, the sovoos and every enterprise, 
organization and plant to avoid contamination of waters with animal feed and toxic 
substances used in the proteotion of cultivations. 

J Pravda, Mosoow, 3/12/1975. 
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The legal principles in agriculture underline that "the rational and scientifically 
justifiable utilization of as much land as possible as well as the increasing and protect-
ing of the soil's fertility comprises an important capital for the entire population." 

Certain articles determine the duties of the farmers as they relate to the rational 
utilization of the land and the concrete adoption of provisions for the improvement of 
the State. 

The legal principles set forth both penal and civil punishments for farmers 
conducting anti—economical, deteriorated or destroyed cultivations, or for those who do 
not take into consideration the necessary provisions which protect and combat against 
the process of soil depletion. 

Ample legislation exists also in the various Federal Republics. For example, art.223 
of the penal code of the Russian Republic states that "pollution of rivers, lakes and 
other water bodies or sources of discharge of waters which are not purified or noxious in 
any way, or utilized for industrial or agricultural waste disposal, (...), 

which cause 
or may cause damage to the health of persons, to agricultural production or fisheries, 
as well as air pollution of harmful industrial discharges, are punishable with sentences 
of up to one year imprisonment or with fines of up to 300 rubles. " 

Even in the planned management of the economy some forms of incentives are present in 
the Russian system. For example, the municipality of MoBoow does not facilitate financially 
those new industrial activities which have not obtained a special permit released by the 
offices of the sanitary service, with reference to the operation of depuration plants. 

Furthermore, a prize is awarded trimestrally to the managers of enterprises which 
have demonstrated not to have violated the dispositions on the use of depuration plants. 

After having examined the present conditions in Russia, it is necessary, in order 
to complete the picture of the problems concerning environmental protection in general, 
and more specifically waste management, to include a report on OMEA before reaching any 
conclusion. 
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ITALY 

Italian legislation does not include speoific organic regulations which protect 
the environment from sources of pollution in agriculture. Partially, this may be 
explained by the lesser harm which the agricultural pollutants may cause (most polluting 
substances in this field are easily biodegradable), and also the agricultural activities 
themselves are founded substantially on enterprises of modest dimensions managed primarily 
at the traditional family level in which the wastes are reutilized to fertilize the land. 
In the case of large extensive agricultural enterprises spread over considerable areas 
(i.e. mountainous regions), the problem of waste accumulation and disposal does not create 
a major one. 

Provisions for the pollution caused by agricultural activities appear only in 
fragmentary form in various norms as for example in the Sanitary Laws (Testo Unico, 
R.D.L. 27th July, 1934,  n.1265, articles 233  to 240), providing specific rules for the 
construction and maintenance of compost heaps in order to avoid the dispersion of 
liquid wastes and thus preventing the creation of swamps. Such provisions, however, are 
inexplicably directed towards cattle raising, while the major attacks on the environment 
notoriously derive from pig raising. 

The same Sanitary Law (Testo Unico, art. 203)  established precautionary measures 
for the setting up of plants and the operation of gins for textile plants (linen and 
hemp) and for rice culture (art. 204-215). These norms establish general criteria and 
leave specific regulations to the local sanitary regulations (communal and provincial). 

The law dated 20 March, 1865 (art. 8) already prohibited the discharge of waters 
and therefore also of zootechnical liquid wastes and re-used irrigation waters into 
drainage trenches along public roads. 

The pollution of sources of potable waters by poisoning or adulteration whether 
fraudulent or unpremeditated is punishable through the Penal Code (art. 439 and 452). 

In 1976 a new law on water pollution came into effect (10th May 1976 n.319) which 
repealed all preoeding norms dealing with water pollution. This new legislation 
establishes in effect that any discharge in public waters must be authorized by a public 
administration. Some perplexity was caused by the fact that the authcrozation to discharge 
(controlled by means of depuration, decantation, etc., ) establishes limitations to the 
pollution standard of each discharge activity without specific reference to the total 
tolerance capacity of the receiving body. One may criticize the excessive leniency in 
the time allotted (up to nine years) to the industries to regularize their discharges. 
Penal procedures pending against polluters who presented to the communal administration 
on application to discharge within two months after this new law came into effect, were 
annulled. Therefore penal sanctions are avoided even though the municipality may deny 
the request and prohibit the discharge. 

Article 844 of the Civil Code which deals with the problem of air pollution, permits 
the emission of fumes (odours, vapours, fumes etc.) from neighbouring properties as 
long as they do not exceed a standard of tolerance taking into consideration the nature 
of the area. In addition the Penal Code (art. 674)  prohibits and punishes the emission 
of noxious gases and vapours unleBs they are expressly authorized. The law dated 13th 
July, 1966, n.615, which establishes norms against air pollution is scarcely applicable. 
The law, in fact, pertains only to activities in thermal and industrial plants and the 
use of motor vehicles which cause the emission of fumes, dust or gas into the air. 

While Italian legislation includes a complete and organic law dealing with the 
disposal and reutilization of urban refuse, its normative provisions only partially 
regulate the disposal of reutilization of agro-wastes. Because it was created during World 
War II, the law regulating urban wastes (dated 20th March 1941, n.366) had as its chief 
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objective not only municipal street cleaning and refuse collection services but also every 
form of waste, maximum reutilization of refuse, in accordance with sanitary and economic 
needs. This principle has not been very carefully applied to the present time. 

The Sanitary Law (Testo Unico) and the norms on Veterinary Cleanliness (D.P.R. dated 
8 February 1954,  n. 320) set forth precise limitations in the utilization and transport of 
animal wastes in order to avoid the possible diffusion of infectious diseases. 

The slaughter of infected animals is mandatory as well as the incineration or the 
sterilization of litter, manure or other substances in contact with infected animals. 

Under the Regulations on Veterinary Cleanliness, plants which utilize animal carcasses, 
tanneries, hide storehouses, tallow refineries, as well as industries which process blood, 
viscera, bones, nails, harris, wool, feathers or bristles are subject to veterinary care. 

Even the gathering of such residues is allowed only after a permit has been obtained 
from the responsible veterinarian of the Province, while their transport is subject to 
particular precautions in order to avoid the spreading of infectious diseases. 

The Regulations on Veterinary Cleanliness provide norms for import and export not 
only of animals and meat but also of animaiwastes, in order to avoid the spreading 
of infectious diseases. These norms may be limited by ordinances issued by the Ministry 
of Publio Health prohibiting imports from certain countries to avoid the spread of 
disease. 

The Ministerial Order dated 8th March, 1973  is of great interest since it provides 
for an organic hygienic regulation of animal feeding obtained from food wastes or other 
wastes. The above mentioned order (art.2) prohibits use for animal feeding of urban 
solid wastes. If food residues are used for animal feeding, they must be previously 
boiled for not less than one hour or given other suitable treatment. 

A000rding to art. 4, "centralized plants" must be used to depurate wastes and 
residues; by "centralized plant" is meant a complex designed to depurate wastes from 
different sources and furnished with installations and equiinent adequate for the same. 
The norm is applicable to food wastes from ships and aircraf -t whereas no limitation 
is provided for food residues produced inside the farm, which may be fully utilized. 
Animals may be fed with raw meat, viscera, slaughtering residues and byproducts, only 
after they have been considered safe by the responsible Veterinary office (art.12). 
The abovemantioned order does not apply to byproducts and wastes of oheese processing. 

The prooeasing of agriou].tural and agro—induatrial wastes is ooneidered as 
"unhealthy activity" and, acoording to art. 216 and 217 of "Testo Unioo" on sanitary 
laws, is subject to speoial precautions in order to avoid harmful effects to the 
employed workers. Among the activities considered, the Ministerial Decree dated 
12 February, 1971 enumerates viscera processing, production of animal glues and gelatines, 
tanneries, prodition of fertilizer from animal wastes, animal fat blending, processing 
of horns, nails, skins, feathers eto. 

Italian laws do not provide for fiscal or financial facilities for encouraging the 
reutilization of agro—wastee. The financing of construction or installation of depuration 
plants or oollecting facilities is through normal credit channels. 

Special forms of credit at low rates of interest are available to farmers (credits 
for operational costs for one year and for property improvement for several years). Such 
credit facilitation has now been extended to the "regioni" after investigation and approval 
of the provinoial agricultural inspector concerning the utility of the project and the 
legitimacy of the expense. 

In conclusion we see that Italian law does not organically and speoifioally regulate 
agricultural activities with a view to preventing pollution of the environment. Such 
regulation, where possible, can only be effected through the general provisions governing 
protection of the enviroreieni. 

226 



FEDERAL REPUBLIC OF GEWY * 

The awareness of the necessity to shape environmental protection regulations into a 
separate body of laws is entirely new in the Federal Republic of Germany. 

Regarding air pollution, the sharpest means of defence against harmful effects 
(odours, smoke, noise etc., ) is the private citizen's capacity to sue when nuisances 
go beyond tolerability standards or are expressly prohibited by the law. 

The basic regulations are to be found in 9  1004, 862,  903, 906, 907 of the Civil 
Code (3rgerliohes Gesetzbuch). Besides these injunctions against nuisances, private 
citizens are also allowed to oppose the setting up of plants, which may prove harmful 
or troublesome, in their property. 

Past experience has shown that the private-law way rarely leads to success 
because of problems such as difficulties in coordination, in the identification of the 
responsible disturber in a chain of cause and effect, in the recovery of existing 
rights, and beoauae of the fact that the private parties are often unequally balanced, 
as for instance in the case of a claim against a disturbing factory. 

The trend now is to aim at an institutional consolidation of the legal protection 
of organizations created by private citizens for the defense of their own interests and 
able to sue for these interests. 

To a oertain extent, a kind of 	control, in relation to single laws, is 
abodied in the person of the so-called factory-representative for pollution jJ and waste protection al. Besides, apart from legal proceedings, citizens can turn to 

Petition-Coissions of Federal and State Parliament. These oosmiissions correspond to 
the institution of an Ombudeman (a government offical - as in Sweden or New Zealand - 
appointed to receive and investigate complaints made by individuals against abuses or 
capricious acts of public officials). 

The attempt to gather all existing scattered laws pertaining to public law, under 
the heading of environmental protection and to give a legal solntion to all problems 
which, specially in oases of water and air pollution had come up in practice, was 
admittedly undertaken for the first time in connection with the Environmental Programme 
of the Federal Government of 14th October, 1971, which sets down the fundamental laws of 
Environmental Policy as follows:- 

Environmental policy is the totality of all measures necessary in order to: 
- secure an environment for man such as is needed for his health and the pursuit of 
an existence worth living, 
- prot sot soil, air, water, plants and animals from damaging effects of human 
interventions and eliminate the damages or drawbacks of such interventions. 

In principle, costs of environmental damages have to be paid by the party who causes 
the damage (principle of the causing party). 

National economic production shall not be overburdened by the realization of an 
ivironmental progrannne. Environmental protect±on must be backed by financial and tax 

policies as well as by the neoeasary technical installations (infrastructires). 

*Extract - Internal Report by C. Netzer and B. Bendel 

!/ Stated in Par. 53 Federal Pollution Protection Act (BImSohG) and in the 5. and 6. 
&ecutive Decree relative to the BImSchG of 14.2  and 12.4.1975 - BGB1 1S.504/727 
and 5.957) a! Stated in Par ha of the Waste Disposal Act - AbJ) 

227 



The state of environment is determined by technology. Technological progress 
must take place in such a way as to protect environment. Burdening the environment very 
slightly or not at all through an "Environment Protective Technology" is one of the aims 
of this programme. Hereby tecInical progress and economic growth do not have to be 
hampered. 

Environmental protection concerns wery citizen. 

In decisions relating to questions of environmental policy, the Federal Government 
will increasingly turn to scientific advice. For this purpose it will, among other things, 
call a board of environmental experts. 

The last four paragraphs specially concern the role to be played by environmental 
education, and the need for a close cooperation between States, Governments and communities. 

Subsequently a series of laws and decrees related to environment appeared in rapid 
succession, those already existing were worked over and expanded and fitted into the newly 
formulated principles. 

Acispertaining to the argument in question include: 

- Act concerning disposal of waste, 

(Waste Disposal Act - German abr. AbfG) of 7.6.1972 (Bundes.-.Gesetz-Blatt I, p. 873), 
laaamended 21.6.1976. (BGB1. I p.1601). 

- Act concerning the protection from dangerous environmental effects caused by water 
pollution, noises, vibrations and similar events (Federal 	- pollution protection 
Act - BImSchG) of 15.3.1974 (Bundes-Gesetz-Blatt I, P. 721), last amended 4.5.1976 
(BGB1. I p.1148). 

However, the attempts to create a consitutionally guaranteed fundamental 
environment protection law have so far been unsuccessful. 

Environmental damages stemming from agriculture should equally be avoided 
particularly through the above mentioned Acts, the Waste Disposal Act and the Federal 
Pollution Protection Act, as also through the Water Act which appeared earlier 
(WHG of 27th July, 1975 - BGB1 I p.1110/1386, last amended 26.4.1976 - BG31 I p.1109). 

These are Federal laws valid in all states of the German Federal Republic and they 
have been integrated by legal state operative measures. 

According to Par. 5 of the Federal Pollution Protection Act, establishments requir-. 
ing authorization are to be built and to be run in such a way as: 

not to cause adverse environmental effects or other dangers, not to cause 
considerable disadvantages and considerable disturbances to the cormminity and the 
neighbourhood, 

to prevent adverse environmental effects, specially through those measures which 
correspond to the technical possibilities of pollution limitatione,and. 

to utilize residues generated by the functioning of the establishment, according 
to regulations and without causing damage or, provided it is not technically possible 
or economically feasible, to dispose of then as waste according to regulations. 

According to Par. 22 of the Federal Pollution Protection Act, establishments 
not requiring authorization are to built and run in such a way as: 
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i) to avoid adverse environmental effects, in so far as the standard of technolor 
permits, 

to reduce to a minimum the technically unavoidable adverse environmental 
effects, and 

to be able to regularly dispose of waste generated during the functioning of the 
establishment. 

At present a decree is being prepared by the Federal Govermment stating the 
standards which an establishment not requiring authorization must come up to, in its 
construction and management, in order to protect the conununity and neighbourhood from 
adverse environmental effct a. 

In certain special cases it is therefore possible that the setting up of 
pollut ion minimizing plants be ordered. However, experiments with similar measures 
have not proved adequate, i.e. to reduce odours. An obligation to cultivate plants 
as pollution protectants can, on the other hand, have another legalorigin, namely 
the Nature and Agricultural Protection Act which, to this extent, substitutes the 
other abovementioned environmental protection acts. A general Nature Protection Law 
for the entire German Federal Republic is now about to be completed. 

Tax facilitations for income tax payment are again granted today - after the 
decree had been invalidated for a certain period of time - to the extent that purchase 
and installment of environmentally favourable property entitles the taxpayer to a 
certain percentage of deduction in the computation of taxation liable profits. Besides, 
according to the mentioned law for sewage cleaning plants, an extra deduction can be 
expected. 

As previously stated, the Waste Disposal Act, the Water Regulation Act and the 
Pollution Protection Act, also serve to avoid environmental pollution through 
agricultural waste disposal. Private waste disposal prohibition is already a stimulus 
to the reutilization of residues, inasmuch as a substance atill having a potential value 
cannot automatically be considered waste in the connotation of the Waste Disposal Act, 
and, therefore, is not subject to its regulations. Considering that the Waste Disposal 
Act does not draw a clear line - as the more recent Federal Pollution Protection Act, 
for instance, does - between waste and residue, in many oases there is uncertainty 
whether certain byproducts resulting from the agro—industrial complex are to be considered 
waste at all, and whether Waste Disposal Act regulations can be applied to them. 

Regulations in the field of health organization start out with the fight against 
certain diseases and refer mainly to persona and not to -things. Health protection is 
also amply included within the framework of waste disposal regulations, therefore there 
are no provisions in the special health law regulations concerning animal waste 
reutilization. 

Epidemiological laws, particularly decrees relating to epizootic law, which have to 
be complied with, whenever residues are used as animal fodder or fertilizer, are mostly 
regulated by the same juridical subject matter and partially overlap, so that they will 
be mentioned jointly in the text that follows. 

When fertilization is planned, it should be kept in mind that commercial circulation 
of fertilizers is controlled by law and that limitations can ensue also from these 
instructions. Within the framework of the Waste Disposal Act, the control of certain 
substances is included in Par. 15 concerning their processing. 
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A000rding to the Epizootic Act of 19th December, 1973 (BGB1. I p.1974) last 
anierxled on 2.9.1975 - BGB1. I p.2313) the following measures among others can be 
enforced to protect livestock from permanent danger of epizootic diseases: 

- 	Control of the installation and management of establishments for the commercial 
production and preparation of fodder which can be a vector of contagious diseases 
(Par. 17 Nr. 14); 

- 	Control of the use and disinfection of food waste which can be a vector of 
contagious diseases (Par.17 Nr. 19); 

- 	In mass livestock breeding, specifications concerning litter and liquid manure 
and fodder processing within the concern itself, and litter and liquid manure disposal 
as such (Par.17b Nr. 4). 

On the basis of Par. 17b  Nr. 4 of the Epizootlo Act a decree of 9.4.1975 
(BGB1. I p.885) has already been passed as protection against epizootic diseases in 
large pigstock raising concerns according to which, if stocks of more than 1250 
head of pigs are kept in a concern, severe standards in hygienic precautions are 
requested also in connect ion with animal waste, as prot eot ion against infect ions. 

To what extent the problem of residues will be limited in the future throui the 
Fertilizer Law, it is not yet possible to say, because a new law is being prered 
presently. For the time being, the following limitations are still valid: 

- 	Law ooncerning handling fertilizers (Fertilizing substances Act) of 14th  August, 
1962 (BGB1.I  p.558;  last amended on 2.3.1974,  BGB1. I p.469) and the relative 

- 	Fertilizer Decree of 21st November, 1963  (BGB1. I p.805; last amended on 29th 
January, 1976, BGB1. I p.245). 

A000rding to the guideline of the Council of the European Community of 18.12.1975 
concerning uniformity of legal specifications of member states for fertilizer substances, 
the abovemerxtioned specifications will be thoroughly altered. Thus the irisdiotion of the 
forthooming law, aaopposed to the one still in force, will also apply to the so—called 
commercial fertilizers, i.e: litter, dung, liquid manure, fresh manure, compost and, in 
agriculture, plant residues. It is antiolpated that the responsible Federal Minister 
will be authorized through legal decrees to prohibit or limit the circulation of 
certain fertilizing substances and therefore also of oommeroial fertilizers, to the 
extent to which it is necessary in order to protect soil fertility or human and animal 
health. 

The problem of residue disinfection before their utilization as fertilizers is 
examined, for certain substances, explicitly in Par. 15 per 2 AbfTL. According to this 
regulation, the responsible Federal Minister is entitled to require that the utilization 
of sewage waters, sludge, excreta and other substances such as liquid manure, dung and 
litter on agriculturally, silviculturally or hor -ticulturally exploited soils, shall be 
subject to the examination, disinfection or disintoxication of said substances, or to 
compliance with certain quality standards or to any other adequate provisions that may 
be deemed necessary. Accordingly, two decrees are being prepared, of which the one 
concerning aluige and similar substances requires specific disinfection proceedings, while 
the draft of the decree concerning excessive utilization of liquid manure, dung and litter, 
lacks for the time being such requirements, but forbids, in principle, all utilization 
going beyond the customary agricultural fertilization. In any case, the relationship 
between the extent of farm land and number of animals must be respected i.e. the number 
of animals on a farm should be in proportion with the extent of land to be fertilized by 
liquid and solid manure produced by them. 
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Regarding the hauling of agricultural residues, especially the transport of dung, 
liquid manure and litter, is regulated by various administrative district and municipality 
decrees. The purpose here is to avoid street soiling and offensive odours when driving 
over local roads and streets. 

Summarizing the legal regulations in connection with utilization and control of 
waste and residues in the agricultural oomplex, the main points are the following: 

i) In relation to the Pollution Protection jot, technologies permitting elimination 
or limitation of pollution by treating, storing or otherwise influencing waste and 
residue as such (i.e. in the reutilization) have been hardly developed yet, so that 
it will not be possible in any foreseeable future to meet the very exacting legal 
requirements, if only for the abovementioned reasons. 

As concerns health protection of man, animals and plants, legal measures, by and 
large, even though there are differences between various sections, are rather all-
inclusive and efficient. The aim to protect the citizen in his physical and morsi well-
being, to safeguard the economic, natural and ethical bases of life for him and develop 
them for his sake and use, has given origin to decrees of immediate or indirect applica-
tion which avoid dangers to the life or health of man through waste and residue also from 
agriculture and silvioulture, or at least reduce them greatly. 

In the German Federal Republic, environmental damage due to utilization and 
disposal of agricultural and silvicultural waste has not yet reached such importance 
(in proportion to industry, households and traffic) as to create the necessity to 
influence market mechanisms through direct or indirect interventions, price controls, 
import limitations or export facilitations or similar measures. 

The possibility for official publie intervention so far developed, with its first 
attempts to apply the law of torts, the possibility to punish transgreasore of 
prohibitions and laws, and to sue the responsible party for damage, have proved 
sufficient so far to stimulate the develomient of technologies for environmental safe-
guard and utilization of agricultural and silvicultural residues. Besides, they have the 
effect of a et irnulus to search for economically rewarding alternatives and to ut il ize 
them thoroughLy, specially when waste and residue materials beoome necessary as alternative 
products. 
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DJMAR1C 

The Environment Protection Law (1973, efictive 1.10.1974) is the organic law 
governing environmental problems. The law covers a wide range of phenomena whose control 
is mostly delegated to Public Authorities. At Government level, the Ministry for the 
Environment has jurisdiction over problems of environmental protection and projects of 
land planning, both for rural and urban areas. 

Regarding the control of pollution sources, land planning laws are to be considered 
first: 

- 	the Land and Regional Planning Law (1973) and the Zoning Law (1972). 

Even if rural area plans are at an initial stage, the regional plans, prepared by the 
County Councils and approved by the Ministry for the Environment, are binding for local 
authorities and govern the location of industrial settlements, on the basis of their 
possible pollutant effect. According to the Zoning Law, the country is divided into urban 
and rural areas, the latter being governed by precise norms prohibiting activities other 
than agriculture, forestry and fishery, if a permit has not been previously delivered by the 
public authorities. 

Finally, in accordance with the Environmental Protection Law, Chapters 4 and  5, 
industries, plants and equipment which may cause excessive air or water poilution, are 
subject to a preventive permit covering their location, their installations and any 
constructional and operational changes. The law covers incinerators, fish meal factories, 
farms for animals whose skin is used as fur, slaughter houses, plants for the treatment 
of wastes and others. 

If the resulting pollution is dangerous for human health or goes beyond the standards 
provided for in the permit, a stop order for the activity may be issued. In any case of 
pollution however, local authorities may intervene with specific orders and prohibitions 
concerning the general and particular activities of the plants. 

A general rule prohibits the discharge of pollutants into water or their storage 
near waterways (see Environment Protection Law, par. 17). A permit may be issued for any 
discharge, direct or indirect, into waterways. Local authorities, while preparing land 
plans, may draw up special projects for such discharges. 

Specific norms are provided for the protection of drinkable water supplies by the 
stipulation of protected areas, where industrial activity a' well as gatherings or 
storage of substances which could pollute the water supply plant (e.g. the use of fertilizers 
on neighbouring land) are prohibited. Depuration plants for liquid run-off may be 
compulsory, but they are not granted economic or fiscal facilities. Discharging effluents 
onto the ground may be permitted by the county council, if it contains only organic 
substances and nutrient salts, but in practice this provision applies only to effluents from 
dairies and other foodstuff factories (order n. 174,  1974,  par.33). 

Regarding dung-hills, liquid fertilizer tanks and silage tanks, special regulations 
are provided in Chapter 5 of the Environment Protection Law. 

Agro-wastes and animal droppings are governed by the above-mentioned basic law, on 
the basis both of general and of specific provisions. In particular, the disposal of 
sewage and dung is dealt with in Chapters 3, 4 and 5 of the Environment Protsotion Law 
and in the Order no. 170, March 19, 1974. Local plans are expected to provide for sites for 
the discharge or the destruction of wastes, under the control of the county councils. 

Waste deposit and disposal are considered as pollutant activities, and they are 
subject to the control of the Ministry for the Environment through local authorities. 
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The Environment Protection Law (Chapter 2 and 4) provides for animal wastes to be 
destroyed by incineration and transported to factories which process wastes to provide 
animal feed. Orders on this subject are completed by regulations concerning food. 

If private enterprises cannot manage 'wastes correctly, local authorities can issue 
mandatory orders on this subject. 

The Environment Protection Law specially provides for containers and transport of 
animal wastes, under the control of Public Authorities, who are also empowered to issue 
orders regarding waste management and reutilization (e.g. manure heaps and similar stocks 
of solid manure must be sited at the minimum distance of 15 m from residential premises 
on the same terrain). 

In Denmark, more than a half of wastes produced are destroyed by burning. 
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vironmental competence is exercised by the various Ministries (Justice, Social 
Services, Internal Affairs, etc.), and both Central and Public Authorities. 

There is no specific law governing agro-wastea. The prevalent aspect under which 
the disposal and gestation of wastes are controlled is sanitary one. 

The principle legislation is contained in the sanitary regulation of the Ministry 
of Social Services Dated 10.2.1964, "Refuse oollection transportation and disposal" and 
in the Ministerial Decree dated 29.11.1975,  "Requirements for the treatment of solid 
waste and food remainders used as animal food". 

The regulations of the law on "Sanitary Regulation, 1940"  deal chiefly with solid 
wastes of urban origin (refuse). Its objeot is to prevent unhealtkr situations, such as 
the proliferation of animals which are oarriers of infection, the pollution of surface 
and underground waters, the contamination of animals and the defacement of the landsoape. 

It includes regulations governing the modes and systems of harvesting, transportation 
and waste disposal (subjeot to the authorization of the Prefect and the Sanitary Centre). 
In addition it sets up local authorities with power of control. 

The disposal of wastes on land is permitted provided specific measures are 
observed - a distance of at least 1,500 m away from inhabited areas, a reasonable 
clearance from water mains, a system of fencing which prevents acoese to animals. 
The discharge of wastes in the seas, lakes or rivers is forbidden (art. 5,1.1.). 

Composting is another approved method for waste disposal. The conditions 
required are the following:- 

Location outside inhabited areas; 

transport, treatment and storage in a way which will avoid noise, dust, 
offensive odours, conditions which attract insects or rodents; 

the oomposting product should be stable so that further decomposition 
or production of offensive odours is prevented and should be free of 
pathogenic micro-organisms, intestinal parasites or their eggs; 

In oases where waste is sorted, the stabling or feeding of pigs in the disposal 
sites is forbidden. 

Sorted fod&br for the feeding of pigs should be protected from flies and should 
be boiled within 24 hours after sorting for at least half an hour and before 
transportation to the plaoea of consumption. 

Sorting foods for human consumption is completely forbidden (art. 50.6.). 

Ari'.l corpses should be collected and transported for burial or other suitable 
disposal within 24 hours after their death, at the expense and responsibility of the 
owner or the user. (art.6,3). 

Aji4il manure shall be oolleoted daily and both the stables and the surrounding 
area should be kept clean and free from manure, food remains etc. The floor of the 
stables should be made of impermeable material and should be well drained. The 
aurrouuilng area should also be well drained so that any escaping manure or food 
remains be kept dry thus preventing the attraction and breeding of flies and other 
insects. 
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Collected manure should be stored in refuse or in dry, well-drained pits or tanks 
made of impermeable material at a distance of at least lOni from houses and nearer to 
the owner's house than that of any others. 

Manure placed in pits or tanks should be covered after each deposit with a layer 
of soil at least 0.15m thick, and always be kept covered. Manure placed in refuse bins 
should be kept separate from other wastes and should be collected at least twice a week 
and should be transported to the fields where it should be suitably disposed of as 
provided by law. 

Issuance of a permit is required for the operation of stables and special 
regulations with regard to the collection, transportation and disposal of manure 
should be followed. 

Decree n.51/8233 of the Ministry of Social Services, dated 29.11.75, determines 
the kinds of solid waste that may be treated and used as animal food, as well as the 
processes to be followed for their treatment. 

This decree also determines the regulations for buildings and mechanical 
facilities. Limitations as to the source of solid waste are imposed as well as 
provisions regarding the distribution procedures of the treated waste. 

In addition, penalties for violations of these regulations are provided. 
Police and Health authorities are empowered to enforce these regulations. 
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JAPAN 

A rew series of laws and. administrative regulations governing environment 
protection have been adopted in Japan during the past ten years. 

On 25th Decnher 1970  a number of laws amending the Basic Act for Evironmental 
Pollution (1967) were passed; they specifically regulate air, water, sea, soil 
pollution and provide norms for noise, odours, vibrations, the use of chemical 
fertilizers in agriculture and so on. 

On 1st July 1)71 the task of restrmc-turing the environmental sector was completed 
with the creation of the Kankyo—Cho (National Environmental Agency) with a 
consenuent unification of the spheres o2 authority of the various previously 
operative agencies. NFA's main tasks are the following: 

- to fix environmental cuality standards, to control the enforcement of pollution 
control laws, to provide recommendations to the various Linistries and to make 
proposals to the Covemment. 

As far as we know, the disposal and reutilization of agrowastes is not 
specificalLy regulated.; many laws, however, provide for direct and specific 
regulation of agricultural and agro—industrial activities. 

As an example, the Offensive Odour Control Law (1971) is applicable to 
agricultural, forestry and fishing activities and industries (such as dead animals 
processing, stsckbreeding factories, fertilizer blending), which produce more than 
one third of the whole quantity of malodours emitted in Japan. Thirteen malodorous 
substances are classified by this law: the density of these substances in the air 
is considered as an indicator of the existing odour (among these substances ammonium, 
hydrogen soiphide, trimethylamine are in the agro—industrial sector). 

Odour control areas, desigoated by prefectural governments, are established by 
the law; in these areas, factories and other productive installations are subject 
to controls according to five classes of odour control standards, fixed on the basis 
of odours perceptible to man; the density of such malodorous substances in the 
atmosphere is the criterion to he adopted (e.g. the fifth class is 1.500 ppm of 
methyl mercaptan). 

Prefectural governers may issue orders or recommendations to a factory for 
improving anti—pollution measures when the density of malodorous substances exceeds 
odour control standards. The Water Pollution Control Law (1970 n.138) and successive 
amendments by the Act for the Establishment of an Jvironmental Agency (1971) govern 
water pollution control, and fix standards for the whole country governing the 
maintenance of uniform sanitary conditions for environmental protection. These 
standards are differentiated as a function of the uses to which water containers are 
put. 

The abovementioned quality standards are established by NEA, while orders and 
regulations issued by prefectural governments may provide for stricter effluent 
standards. 

Plants discharging harmful substances (among which about 500 have been already 
classified) must present a report to prefectural governments on the basis of which 
the anti—pollution measures to be adopted will he decided. 

Afterwards the prefectural government is empowered to impose changes in the 
installation and in the production or waste processing procedure or to close down the 
plant when effluent standards are not met. 
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Dwnping or discharges may bepithibited when the pollution level in the area concerned 
exceeds fixed standards. 

Violations of water control nonris are punishable with fines (from 50,000 up to 
200,000 yen) or with imprisonment (from three months to one year). 

Regional pollution control plans, the Urban Planning Act (1963) and the 
Agricultural Development Areas (1969) govern urban and rural planning in Japan. 
These norms also provide for zoning restrictions, land development permits for 
designated areas. The complexity of these regnlations shows how comprehensively 
the problem of land management and consequently the probiem of agricultural pollution 
sources management is faced. 

The dater Pollution Control Law provides for facilities to improve diochar Te 
disposal plants by anpropriation of funds or technical assistance to oerators. 
rediurn and small enterprises are given special attention. 

The special task of managing public funds to subsidize industries when setting 
up depuration plants and to help the victims of pollution is the responsibility of 
Evironmental Pollution Control Service Corporation, established in 1 965- 

Japanese laws are still lacunal concerning the control of pollution from 
agricultural sources and agro—waste management, particularly if one considers the 
present day problems of the country and the ever—increasing rhythm of development both 
in industrial and in agricultural activities. techanization and the use of advanced 
technologies should be taken into account, and effective waste management norms must 
be put into practice. 
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EUROPEA1 ECONOMIC CO&UNITY - EEC 

The European Economic Community is well aware not only of rational environment-
management and natural resources protection problems, but also of those problems 
related to waste reduction and disposal. 

The Action Prograinmeof 22 November, 1973 pointed out that farmers' activities 
represent a unique form of soil and landscape maintenance, while they simultaneously 
create situations which often affect environment itself. 

The 1977/81 Environmental Prograniriecaitemplates a thoroui study of the effects 
of agricultural activity on environment in order to gain a better understanding of 
the causes which damage soil, air, water, wild life and landscape, and to acquire 
a greater capacity to protect them. 

This new knowledge will prove useful in elaborating adequate measures to 
enhance the favourablefects of agriculture on environment, and to eliminate or 
reduce the unfavourable ones which, very often, are secondary and unknown. 

Particularly, pesticides application and waste disposal on feedlots, have been 
examined as part of this action programme. As to the application of pesticides, the 
reduction of noxious effects will be obtained by: 

- prohibiting the use of the more dangerous products; 

- con-trolling all treatment products before admitting them on the market; 

- improving methods and means of application in order to reduce concentration 
and quantity of pesticides in general, and by 

- developing non—chemical alternate methods of fiting pests. Concerning feedlots, 
their three main sources of pollution are: odours, wastes: (principally exoreta) and noise. 
To reduce pollution from wastes, measures are necessary to prevent and limit liqi.iid manure 
run—off and percolation into the soil, and technical devices to reduce the emission of 
bad odours during waste collection, storage and utilization. These measures will consist 
essentially in establishing technical characteristics of waste—collecting and stor.ge 
devices and in limiting waste diffusion on cultivated soil, according to sanitary criteria 
as well. 

Action must be taken also concerning mineral fertilization to avoid waste pollution 
of surface and groundwaters. 

A project against dispersion through a waste recovery and disposal policy and waste 
formation prevention, represents a specific part of the 1977/81  Programme which states 
explicitly (Tit.III., Chap. I., Section II): " ... These problems are a matter of great 
concern to the Community which, for various reasons, has the duty to promote an active 
campaign in this field with the aim of: 

- reducing pollution created by waste accumulation and treatment; 

- contributing to the harmonious develonent of economic activities acoording 
to its EEC function, in an attempt to overcome difficulties such as unfavourable 
raw material costs increase, Community and Mber States' dependency on supplies, 
and, on the long run, predictable scarcity of certain materials and their consequent 
price increase; 

- avoiding unfair competition and trade complications which would inevitably arise if 
decisions concerning wastes were taken exclusively on a national level; 

- improving knowledge about these problems and past experiences in the field ...' 
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The directive of 15th July, 1 975, referring to solid wastes (excluding agro-. 
wastes), contemplates that: "Member States shall adopt adequate measures to promote 
waste prevention, recycling and transformation, and extraction, from the above, of 
raw materials and eventually of energy, and shall f'.rther adopt any other method 
allowing waste reuse", and whatsmore: "that Member States shall inform the Commission 
in due time of any project having the abovementicned purposes, and specifically of any 
legal project relating to: 

utilization of products apt to cause technical disposal problems and excessive 
disposal costs; 

furthering the elimination of certain types of wastes, encouraging waste recycling 
and reuse, and raw materials and/or energy—product ion recovery from certain wastes; 

use of certain natural resources, including theenergetic ones, for purposes allowing 
substitution with recovery materials." 

As mentioned before, besides promoting waste reuse and recycling, the EEC also 
intends to encourage preventive measures in order to limit waste production itself. 
This requires the use of materials or techniques alternative to those producing 
excessive wastes, or wastes difficult to reuse. Simultaneously, a campaign is planned 
to direct consumers towards product—consumption not entailing excessive waste formation 
or particular environmental damage. 

An initiative of the EEC worth mentioning in this context, is the project of 
gathering all environmental legislation of the nine member countries according to 
systematic criteria, integrating this work with comments on the practical aspects of 
the various norms and regniations. (see bibliography). 
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COUNCIL FOR MUTUAL ECONOMIC ASSISTANCE- CMEA 

Information on the cooperation of the CflEA countries in the field of environmental 
protection and improvement, and in the related rational use of natural resources. jJ 

Cooperation between CKEA countries in the field of environmental protection and 
of the rational use of natural resources has increasingly intensified during the past 
few years. In 1975, as a consequence of the cooperation under "The Overall Programme". 
the CIIEA institutions, the Council of Plenipotentiaries and experts of CIll?A research 
institutes drafted more than 260 projects on environmental protection from the 
sociological, economical and legal point of view, elaborating advanced technology 
processes. 

At present this cooperation involves more than 360 research and planning 
institutions from CMEA member countries and from Yugoslavia. The interaction 
between economic, social, legal, technological and biological factors and their 
influence upon environment has been carefully considered. The economic aspect of 
the man-environment relationshp is to be a fundamental tool in the development of 
economic planning, inclixling the rational use of natural resources. 

Terms and definitions of current use have been prepared in Russian, for a better 
comprehension of legal regulations on the subject matter, and a general report has been 
set up for an overall view of existing international legal norms concerning environmental 
protection in the CtFA countries. 

Concerning "Hygienic Aspects of Environmental Protection", a classification of 
hazardous atmospheric pollutants has been set up by scientists and experts of 
hygienic institutes of the CNEA member countries. Environmental hygiene has been 
planned both from a scientific and a technological point of view, up to 1990. One 
result of the joint work of MEA member countries experts was represented by the 
introduction of a practical technique for the treatment of waste gases from fluorides 
and chlorides. 

Techniques have been elaborated to evaluate the impact of chemistry on agriculture, 
specially on the quality of surface and underground waters, and measures to prevent 
water pollution were studied. Reaiiirements have been detennineci for the protection 
of surface and underground waters and of coastal sea areau from pollution. There has 
been an improvement in the methods to predict the quality of water in water bodies under 
the impact of contaminated waters. Studies have been carried out on the impact of 
discharged heated waters on the thermal and biological status of water bodies and 
standards have been established for water economy needs. 

As a result of cooperation between interested OMEA member countries on the 
problem of "Disposal and Reuse of Household, Agro-Industrial, Agricultural and other 
Wastes", definitions of solid and liquid industrial, household and agricultural 
wastes have been worked out, and the concepts relating to neutralization and utiliza-
tion of wastes, standardized. A common technique was elaborated to determine the 
physical and chemical properties of wastes and to predict the total amount of resultant 
household wastes and their major components. 

J Report by the CNEA Secretariat for the fourth session of Senior Advisors of the ECE 
Member Governments on Environmental Problems, Geneva, 9-13th February, 1976. 
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In the field of agriculture we have: better utilization of the natural economic 
conditions of CA member countries for the purpose of a more rational agricultural 
development and an increased food production, also for the improvement of livestock 
raising and agricultural products in general. Teasures were elaborated dealing with 
the comprehensive solution of technical and organizational cuestions reducing losses 
of raw materials and finished products during production processes in the CIUCA member 
count ries. 

A joint prograrne of ccoporation, lasting until 1980, between member states of 
CIflA and Yugoslavia, in the field of environment protection and improvement, and of 
associated natural resources exploitation problems, has been approved in October 1 97.1 . 

The programme implies elaboration of 150 subjects grouped in eleven sub—sections 
which include: social, economic, juridical, organization and pedagogical aspects 
of environment protection. As to the sanitary aspects: utilization and treatment 
of household. ,  industrial agricultural and other wastes; protection of universal resources 
and national use of natural resources in connection with improvement and protection of 
the environment, have been taken into consideration. As concerns dispcsal and recovery of 
general, industrial and agro—wastes, technological processes are to be elaborated for the 
collecting, transport and storage of said wastes, keeping in mind the necessity of waste 
disposal, including incineration. 

Cooperation is well underway towards developing methods, eguipnent and facilities 
to incinerate sludge produced during the purification process of effluent waters, as 
well as of liquid and solid wastes from chemical, pulp and paper industries etc. 

Cooperation also aims at working out definitions and standards for long tern 
facilities to be put into production, at desigaing purification systems for reclamation 
of wastes for reuse and of industrial and agricultural wastes, including rational 
utilization of wastes from cattle breeding, of wood wastes and also of organic food 
industry wastes. The function of a coordinating centre for these problems is held by 
the Inst±ute of Economics and the Organization of Construction in the city of Budapest 
(Hungary). 

Prompted by the spirit of mutual cooperation, CPEA member countries and the Council's 
bodies are seeking to develop their ties with other international organizations. Currently, 
they are taking steps to further cooriinate their activities in environmental protection 
and improvement, carrying them out within the framework of the OMEA. In this field ECE, 
TTET and other organizations cf the UN family are pardicularly active. 

Thus, CI1EA member countries are following the recommendations adopted by the 27th 
Session of the Council, namely to contribute actively to the expansion of cooperation 
with all interested countries and international oranizations in dealing with 
environmental problems. 

Along the directives of CiA member countries, which so willingly follow a policy 
of broad international cooperation, the Council for ;:u.tnal Economic Assistance is firmly 
detenoined to contribute, within the realm of its own competence, to the implementation 
of the main principles and provisions mentioned in the Cection on "Cooperation in the 
Field of Economics, of Scionce and Technoioj and of the Eviromment", in the Final 
Act of the Conference on Security and Cooperation in Europe, availing itself to that 
end of an active cooperation with the UN, HOE, UNESCO and other international 
organizations. 
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At present, scientific and technological cooperation is being organized between 
interested CMEA member countries and the Republic of Finland in a number of areas, involving 
environmental protection and improvement, including social, economic, organizational, legal 
and pedagioal aspects of environmental protection; protection of the atmosphere from 
pollution with harmful substances; elaboration of methods to forecast possible changes 
in water quality as well as neutralization and utilization of industrial, agricultural, 
household and other wastes. Not only are exchanges of information and mutual participa-. 
tion in various activities well underway, but proposals are also being worked out for 
joint develonent of programmes relating to the problems listed and, thereby, the first 
steps are being taken towards the practical implementation of the provisions of the 
Final Act of the Conference on Security and Cooperation in Europe to the effect that: 
"many environmental problems, particularly in Europe, can be solved effectively only 
through close international cooperation". 
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III. GENERAL CONSIEATIONS AND APPROACHES TO 1CISTTG NATIONAL LEGISLATION 

3.1 With the exception of public health measures embodied in much older legislation, 
specific norms regulating waste disposal are very recent. Agricultural and agro-
industrial wastes, in particular, represent a new environmental problem in developed 
areas. 

Consequently the need emerges for a new environmental policy which takes under 
consideration economic and technological factors. This policy tends to create 
managerial systems that protect the environment and optimize the reuse of material 
goods and residual substances. 

There are very few environmental laws which deal directly with the problem of 
waste. Those that do exist throughout various countries are generally only "framework 
laws". These laws delegate to the local authorities the responsibility of waste 
disposal. In fact, central authorities are detached from the reality of everjday 
environmental problems. Rarely do these laws deal with matters of technical and 
administration organization, or with agreements between economic parties (public and 
private waste producers, users of recovered material), as these aspects of the problem 
are handled by local authorities and by industry itself. 

Presently wastes are generally maiged by small local units without an economic 
programme at a national level and without any coordination with the other local 
units. In the futurethis work should be done by large units covering consid.erable 
areas. For this reason the treatment of wastes must be coordinated by a large system 
of economic management where efficient waste treatment methods are planned on the basis 
of large areas. 

The approach to the problem of waste management in agriculture varies from 
country to country according to the following characteristics: 

Countries in which the problem is confined to the removal of wastes for the 
protection of public health; 

Densely populated countries with a high degree of industrialization, mechanized 
agriculture and intensive livestock breeding, where the waste problem is more 
extensive and includes the necessity of saving natural resources and raw materials. 
In this case, economic considerations play an important part in the protection of 
the environment. 

3.2 In some national laws, specific norms may be found which do not limit themselves 
to the protection and conservation of the environment, but which also deal with 
problems of agricultural production. In many countries, the establishment of extensive 
livestock concerns and waste disposal plants are subject to approval. These plants 
must operate under specific conditions, without causing harmful effects. 

The fol lowing exaznpl es concerning industrialized countries may be useful: 

The manuring with liquid, semi-liquid, and farmyard manure is relevant to the 
environment only in so far as it exceeds the usual level of agricultural rertilizatiori; 
official control may begin only beyond that level; 

Sewage, sewage sludge, and faecal matter may be used as fertilizers only if they 
meet certain bonditions of hygiene; 
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c) Standards have been set up in many sectors of agriculture (e.g. concerning the 
distance animal houses should be situated from residential areas, or the content of 
dust emissions from silos containing chemical feed, or noise levels for tractors). 

3.3 For an approach to a comprehensive environmental legislation which will achieve 
a deeper integration, a new philosophy of production and utilization of material goods 
must be developed. In fact,not only are technological solutions for manufacturing 
processes needed, but also an improvement in the mechanism of industrial development, 
achieved through incentive measures, in which the costs of environmental protection 
(including waste disposal) are internalized into the production system. 

A deliberate connection between the system of economic incentives has become 
essential with the new philosophy concept. The concept "the polluter pays" implies 
that a social cost may be appropriately measured. Investigation must be made to 
determine the total socio—economic cost of environmental protection in order to establish 
a new price system for more rational decisions in respect to scarce natural resources. 

3.4 A modem and organic system of management and reutilization of agricultural and 
agro—industrial wastes must be conceived along the following fundamental lines: 

preservation of natural resources; 

reduction of pollution and environmental nuisances; 

saving of energy and available resources; 

reduction of costs of agriculture and agro—industrial production; 

reduction of costs of waste management and reutilization; 

ensuring health protection of the personnel engaged in recovering and reusing 
waste materials (protective masks, gloves, special uniforms); 

avoiding the risk of pollution or spread of infective diseases, after reuse; 

avoiding air and water pollution in connection with recycling. 

Such aims must be pursued through anti—wastage measures which tend to reduce 
consumption of natural resources, introducing alternative technologies which require a 
decreased use of same or through alternative methods (technological abstinence) involving 
a smaller ql.1antity of wastes (e.g. the substitution or integration of pesticides with 
methods of biological warfare against crop parasites). Moreover, it may be necessary 
to increase the recuperation and reutilization of byproducts and refuse where technically 
possible (e.g. slaughtering wastes - viscera, horns, nails, feathers - to be used as 
fertilizers after due stabilization). 

To alternate the costs of waste disposal, management and reutilization, the 
government may allow tax reductions or grants for waste collection and treatment 
plants particularly in the form of cooperatives. Public installations for these 
purposes might also be provided. 

3.5 The role of public authorities is the same both in countries with planned economies 
and in countries with market economies. Public authorities must promote and coordinate 
activities in order to rationalize waste disposal and utilization of material goods and 
energies. 

For this purpose, the following activities should be promoted: 
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The stixiy of all stages of technical processes in waste recirculation (recycling, 
recovery and reuse); 

the installment or promotion of planto for waste disposal, with the adoption of 
the most advanced technological methods; 

the adoption of special controls to protect against hazardous wastes; 

the establishment of emission load staraxüs; 

the coordination of the management of industrial, agricultural and urban wastes; 

the organization of a system of infornation exchange concerning technological 
and economic aspects of waste management, among different countries, international 
organizations and institutions; 

the utilization of mass—media in order to increase public awareness on the importance 
of citizens' participation and cooperation. 
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IV. RECOI1MDAT IONS FORA CONPRE}tESIVE APPROACH TO 1STE n. ANAGIEM PROBLFIS 
4.1 Specific legal proposals aimed at facing the agro-wastes problem organically and 
rationally can be formula-ted or motivated only during the final report, at the end of 
the Seminar. 

Indeed only a close interchange of experiences between technology on the one hand, 
and law and economy on the other, can bring forth measures adequate enough to protect 
environment and avoid wealth destruction in availing themselves of recovery, recycling 
and reutilization of wastes. However, it is possible to suggest the following 
recommandat ions: 

4.2 Creation of a complete and organic domestic system for agricultural and agro-
industrial wastes management. Therein a legal framework should specify the purposes, means, 
rulings, sanctions, incentives and local regulations (regional or municipal) which - in 
accordance with land-use planning - would actually regulate agricultural and agro-industrial 
activities as concerns waste-management and also organize a technical assistance programme, 
along national guidelines and, further, create and manage public collecting centres and 
public wastes recycling-installations. 

4.3 In principle, a legislative and managerial national policy concerning agro-wastes, 
should contemplate: 

a competent oerrtral authority having the task of programming and coordinating 
agricultural and agro-industrial wastes, and being in a position of availing itself, 
on the operational level, of local authorities and bodies existing in the various 
countries; 

coordination between aims and means of agro-wastes management and other economic 
and social development programmes; 

establishing national standards for agro-wastes as well as for commodities resulting 
from recovery and recycling processes; 

c.1 Axv-wastes: standards must include: 

(i) 	waste characteristics 

waste release practices (as for instance seasonal restrictions in 
spreading manure on the soil,) or utilization restrictions (permissible 
dilution of wastewaters or maximum permissible amount of manure to be 
spread in a given area); 

codes of practice for agricultural management (good farming practices), 
(maximum quantity of animals in a given area),(relation with other 
agricultural activities in the neighbouring areas). 

Performance procedures for treatment and disposal plans. 

c.2 Standards for resulting commodities (or recovered goods) should coxxern: 

quality requirements of the products; 

permitted use (as in human and animal nutrition, fertilizers etc.) 

tolerance threshold of wastes. 
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a) Land-use planning according to criteria of agricultural area-zoning, and industrial 
settlements depending on their probable environmental impact (specially as concerns 
water and soil) and their compatibility with other produc -tive settlements, as well as with 
other land uses; and, last but not least, according to their economic projection; 

licensing procedures which should take into account the technical and economic 
aspects of non-polluting productive activity development, and evaluate the relation 
between the activity to be licensed and the geologic, pedologio, hydrologic and climatic 
features of the involved area. 

severe hygienic and sanitary control of disposal, collecting, storage, transport, 
handling and recycling processes of wastes and their by-products intended for animal 
nutrition, or somehow connected with animal raising; equal sanitary control on any 
other waste reuse (also as fertilizers) requiring sanitary precautions. 

flexible norms and the possibility for agricultural and agro-industrial activities 
already existing and representing pollution sources and dissipation of wastes, to conform 
gradually to general standards; 

sanctions and penalties against whoever causes pollution (including the refund of 
damages and the reclamation of the polluted environment, whenever possible), as well 
as against concerns dispersing wastes which could easily and usefully be recycled; 

fiscal and financial incentives to study and adopt techniques of recovery, recycling 
and utilization of agro-wastes 

the management of off-site agro-wastes should be carried out directly by the local 
or national public authority or by specialized agencies which, if private, must be subjected 
to a system of public licensing and control. In case of on-site management, the farmer or 
the agro-industrialist, should observe all the provisions issued by the competent public 
authorities; 

economic and financial measures to encourage the adoption and improvement of non-
waste technologies, the creation of closed-cycle agrc-waste productive systems and the 
setting up of national agro-wastes recovery-processing-and reutilization industries 
which could also benefit from mass production economy in their organization; 

i) the promotion of a more deeply rooted and widespread consciousness among the 
population as concerns rupology and 'ecology problems, by means of campaigns etc. 
Specalized technology courses,. lectures on law and economy to be instituted for the 
training of waste management experts. 

m) promotion of rapid news circulation concerning technological discoveries apt to 
limit or avoid pollution and waste formation, as well as to recover and reuse wastes 
themselves. 

4.4 Useful international cooperation could be obtained by bilateral and multilateral 
treaties concerning: 

a) 	the setting of standards for agrc-waetes disposal and utilization systems, and 
for their transport and international trade. Working out an international wastes-
code might prove useful; 
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a programme to eliminate, dispose and óutilize agricultural and agro-industrial 
wastes involving more than one country, if only for the sole purpose of finding elsewhere 
a proper utilization of those wastes considered useless or to be utilized or disposed of 
only with great difficulty in the country producing them. 

the elaboration of special waste reutilization projects, coordinated and directed 
by specialized international institutions (FAO, UNEP, WHO, ECE, OECD, EEC, etc.); 

periodic publication of all technical and legal inforition relating to the 
subject (Data Bank) through specialized international institutions (FAO, UNEP, OECD, etc.); 

the promotion of an "international wastes market" in order to stimulate an 
appropriate exchange of wastes through information on demand and supply, prices, etc; 

4.5 In examining the agricultural and agro-industrial wastes problem in modern 
society from the legal point of view and in viewing the aims and abovementioned 
solutions suggested for wastes management, one reaches the conclusion that a uniform 
strategy and legislation should urgently be adopted by the various states on a world- 
wide level. This goal could be reached both through bilateral or multilateral treaties, 
as well as through coordination of national legislations, once an agreement has been 
reached as concerns normative regulations. 

Thus, taking into account recommended guidelines and general legal principles, a 
normative model should be worked out on an international level to which the various 
national legislations should endeavour to conform as closely as possible. 
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1 • 	INTROJIJCTION 

This paper reviews the agricultural situation in some Felected countries (India, 
Indonesia, Malaysia, Philippines, Thailand and Singapore) primarily to assess the 
availability and utilization of agricultural residues arising from processing of food and 
commercial crops, forest products, livestock and poultry and fisheries, and their effect 
on the environment. An attempt has been made to suggest some avenues of exploitation of 
these residues. 

The dominant features of the economies of the countries of the region are their high 
rate of growth of population and their agricultural character. Enormous quantities of 
agricultural residues are generated which are not adequately utilized. Some of the 
processing operations result in effluents which cause serious pollution problems, such as 
pineapple canning wastes, palm oil processing wastes, rubber industry wastes, slaughter house 
wastes and sugar and distillery wastes. Serious attempts are being made to find economic 
uses of these wastes and some commercial/semi—commercial plants are already operating 
producing valuable byproducts. 

After the last world war, most Asian countries started economic development programmes 
with emphasis on industrialization. Agriculture was assigned only a secondary role. The task 
of converting an agricultural society into an industrial society is not easy especially with 
insufficient capital response from the agricultural sector and whose poor purchasing power 
could not absorb the manufactured goods. Thus 7  raising the agricultural sector to match the 
industrial sector is an essential pre—requisite of a developing economy. In the countries 
depending on food imports, the trade gap grew so big that there was little scope for the 
import of capital goods needed for further development. It was this that compelled these 
countries to strive for increased food production which at least should keep pace with the 
growing population. The introduction of high—yielding varieties of foodgrains in sixties is 
thus not an accident. 

The industry has been concentrated in predominantly urban areas and has had little 
impact on the rural population who continue to live on or below poverty line in these countries. 
The technolor in most cases was imported from the more advanced countries. Several years 
of experience has shown that this mode of transfer of technolor to overcome time gap can-
not often be integrated with the social, economic and industrial needs of the society. 
This integration can only be brought about by developing new skills and resources and thus 
establishing a close relationship between technological opportunities and social goals to draw 
the vast majority of masses within the ambit of socio—econornic progress. Excessive dependence 
on import of sophisticated technology will lead to a permanent 'second hand' economy. 

The capital—intensive and labour—saving technology does not, in most cases, satisfy the 
socio—economic needs nor meet the infrastructural situation in a developing country where the 
capital is scarce and manpower abundant. Such imported technology leads to concentration of 
industry in the urban areas with the associated rural stagnation. Again, the choice of items of 
manufacture which are chosen do not serve the rural poor since they presently do not have 
sufficient purchasing power. It is therefore necessary that the technologies which are adopted 
or developed should be related to national priorities based on the needs of the vast majority 
of the people and must also involve a vast majority of the people in the production activit.. 
It should be possible to disperse a technology in the rural areas, raise the technological 
competence of the rural population and involve them in value—increasing production activity. 
It should also be possible to produce more goods with less capital investment without in any way 
employing retrograde technology by presenting an alternative pattern of growth through dispersal 
of technology in areas of raw material availability. 
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2. STATUS OF AGRO-INDUSTRIES, AGRICULTURAL GEATION AND UTILIZATION IN SOUTH AND 
SOUTHEAST ASIA 

2.1 Cereals and Starches 

2.1.1 Wheat and barley 

Of the six countries reviewed, India is the only one which produces wheat and barley in 
substantial quantities. The production of wheat during 1973-74 was 22 million tonnes which 
has reportedly jumped to 28 million tonnes in 1976. The production of barley which is a crop 
of drier regions was 2.3 million tonnes in 1973-74 and is a staple food in some parts of 
Western India. 

Wheat is generally consumed as a flour but barley mostly as preparations like gruel. 
Most of the grain is milled in small flour mills located all over the country and which produce 
whole grain flour. The large flour mills, however, process wheat into flour of various 
grits. Bran is the residue. Barley is also used for the production of beer (Indian production, 
120,000 ki). 

Generally wheat flour is consumed in India as chappatis (thin circular baked cakes). 
It is also consumed in the form of bakery products. There are 3,595 bakeries in India, of 
which 43 are large-scale, 343 medium scale and 3,209 small scale units producing 0.39 million 
tonries of bread and biscuits. The demand of bakery products is increasing. it is placed at 
0.6 million tonnes in selected urban areas alone in 1981. 

Straw and bran 

During harvesting, wheat and barley stalks (straw) are residues. These together with 
wheat bran are used as cattle fodder which is supplemented with oilcakes and gram, especially 
for milch cattle. With the introduction of shorter high-yielding varieties, the availability 
of wheat straw is somewhat reduced. Its current generation is about 60 million tonnes. 
The production of barley straw is around 8-9 million tonnes. Their present use as a cattlefeed 
is not likely to change in the foreseeable future. 

2.1.2 Maize 

I1aize is grown extensively in almost all the countries of the region (total production, 
15 million tonnes). The pattern of maize grain use differs from country to country. In India, 
it is a supplementary food-grain, a raw material for starch and glucose manufacture (6 factories) 
and as a componeit of poultry feed. In Thailand, almost all the grain production (3 million 
tonnes) is oriented towards export and in the Philippines, it is used a1mot exclusively as 

animal and poultry feed. In Indonesia, it is consurred as a supplenentry fool, and as animal 

and poultry feed. 

Residues 

Each hec-tare roughly produces 3-4 tonnes of stalks during harvestng The ear is dehusked 
to recover the grain from the cob. The yields of various con.pcnenTs are: grain 35 percent; 
husk and skin 30 percent; cobs 30 percent and skin trimmings percet The residue availabili-
ties in the principal producing countries are (in million tonnec): 

Stalks Husk, skin Cobs 
and trimmings  

India 16-24 5.7 4.8 
Indonesia 9-12 2.9 2.5 
Philippines 9-12 2.8 2. 
Thailand 10-14 3.0 2.6 

Total 46-62 14.4 12.9 
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Thus, 75-90  million tonnes of maize crop residues are available in these four principal 
maize producing countries of the region. 

Use pattern 

The current use pattern of the residues obtained during the harvesting of maize is 
similar in all these countries with slight local variations. The softer stalks are invariably 
fed to the farm animals along with the husk, skin and trimmings, and sometimes the cobs. 
The harder parts of the stalks are composted. In Thailand, the usual practice is to plough 
the ash into the land after burning the stalks. 

The cobs which have about 25 percent chaff and about 75 percent woody substance and 
a little pith have very little practical use at present. These are mostly burned as a fuel 
or added to other composting materials. These are also fed to the farm animals as a roughage. 
In Thailand, shredded cobs are exported. In India and Indonesia, shredded cobs are also used 
as a soil conditioner. Corn cobs are also used in India to produce furfural and as a moisture 
absorbant in stored grain. 

Possibilities 

The principal chemical constituen1of maize stalks are cellulose (40 percent), pentosa.ns 
(25 percent) and ligein 01 5 percent). Though several research laboratories in India and 
elsewhere have produced paper from maize stalks, the process has not been commercialized due 
to scattered nature of the raw material and the high cost of its transport. The paper also 
has a dirtyt look. Various types of boards can, however, be manufactured in mini—sized 
plants. These are insulating boards, accoustical boards, and hard boards. These, however, 
will have to compete with cheaper saw dust which is available plentifully in all the countries 
of the region. Thus, there is very little scope for changing the present use pattern of 
maize stalks. 

The maize cobs cannot find use as a raw material for paper or boards because of shortness 
of the fibre and their tendency to absorb moisture. These are extensively used to produce 
furfural by treatment with dilute mineral acids. It finds extensive use as a selective solvent, 
e.g., in lubricants manufacture, in resin production, as a plant protection chemical and as a 
raw material for other chemicals. Production of furfural from cobs would be better utilization 
of this residue than the current practice. 

There are other possible uses of the maize cobs. A finely pulverized mixture of ground 
corn cobs and rice husk (hulls) is used as a sand blasting medium (replacing sand) for cleaning 
the automobile and aeronautic engine cylinders and pistons, large electric motors and generators 
to remove dirt and grease and for polishing moulded plastics and metal castings. The cobs can 
be used for the manufacture of light—weight bricks and ceramics (cob particles will burn away 
leaving porous product), and rug cleaners. The rug cleaners manufactured in USA contain about 
66 percent by weight cob meal mixed with a non—inflammable solvent. 

2.1.3 Rice 

The cultivation of rice is the princip-d agricultural activity of the region. The six 
countries of the region produce nearly 80 million tonnes of paddy whose processing is therefore 
a major though scattered agro—based industry. The rice malls have varying capacities - from 
0.5 tonne/hour of huller—sheller type to 4 tonnes/hour of modern rice mills. These operate for 
200-300 days in a year depending upon the number of crops in the area. In rural India, rice is 
mostly produced 'by hand—pounding of paddy and is consumed as unpolished brown rice. 

Residues 

The harvesting of paddy generates approximately 4 tonnes/ha of rice stalks (straw). 
During milling, rice husk (20-25 percent) and rice bran (6 percent) are produced as byproduct 
residues. With the increasing introduction of shorter high—yielding hybrids, the availability 
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of rice straw will correspondingly decrease. The current generation of these residues in the 
major producing countries of the region is given below (in million tonnes): 

Rice straw Rice husk Rice bran 

India 140-150 14-15 1.2_1.5* 
Indonesia 70-80 5-6 1.0 
Philippines 12-14 1 0.25-0.3 
Thailand 50-60 3-4 0.7-0.8 

* 40-50 percent of the total paddy assumed as hand-pounded 

Thus, the generation of rice straw, rice husk and rice bran in these countries is of 
the order of 270-300, 20-23 and -3.5  million tonnes respectively. 

Use pattern 

In India rice straw is used as a cattle fodder, for paper and board manufacture and as 
a reinforcing material in the preparation of mud plaster and mud fuska. Several mini-paper 
and board factories are being built. 

With pro'essive introduction of high-yielding varieties which give lower straw yields 
the total availability may he restricted for the new ventures. This has been taken into 
consideration while expansion of pulp and paper industry was being planned in Indonesia. 
For example, in Java, the straw availability in the next few years will be about one-fifth 
of 1973 figures. The use pattern in Indonesia is: 50 percent as cattle feed; 25 percent as 
soil conditioner and 25 percent available for industrial applications. At present, there 
are three paper mills based on rice straw. The part of the plant which bears rice (locally 
called merang) is preferred because of low silica and highcellulose content. The plant at 
Letjae (cap. 15,000 tpa) uses both straw and merang while those at Blabak (Central Java: 
cap. 7,200 tpa) and at Pedalarang (cap. 4,00C tpa) process only merang. The last unit also 
manufactures cigarette paper (1,500 tpa) with imported pulp. 

In addition to the above use pattern, rice straw is used as medium for mushroom culture 
in the Philippines and Thailand. 

The quality of the husk depends upon the type of rice mill. In the huller type of 
equipment, the husk is obtained in fine broken state and is always mixed with some bran and 
broken rice,. This is usually used by farmers as cattle feed or as a fuel in the rice mill 
itself, in the sheller-cum-.huller or modern rice mills, the husk does not carry any admixture. 
The average composition of paddy husk is (in percent): cellulose 42-43; lignin 20-21; 
pentosans 19.-20 ash 18-19. Ninety percent ash is silica which is present in its amorphous and 
reactive state. 

The present uses of rice husk in all the countries of the region are: as fuel in the rice mills for parboiing, in brick kilns, 
and in households; as a soil conditioner, especially after partial burning; as a bedding material for poultry and livestock; as a 
roughage in animal feed and as a packing material, and as a building material (hollowbiocks). In India a plant is operating to 
manufacture activated carbon from rice husk. Sodium silicate will be obtained as a by-product. An unusual use made of ash left 
buint husk in India is by the washermen who mix it with soda ash and wash their laundry with the mixture. 

The average composition of rice bran in India is as: water 8.5-12.5; protein 10.6-13.4; 
N free extract 38.7-44.0; fat 10-20; fibre 9.6-14.1;  ash 9.3-14.3; and pentosans 8.4-11.4 percent. 
It also contains B-vitamins of the order of 544 mg/bC g. The variation in its composition is 
due to the type of equipment used for paddy processing. For example, the fat content of bran 
from huller millo is &-.d percent, from sheller mills, 12-15 percent, and from modern rice mills, 
15-20 prcent 	Agth, the parboiled rice gives bran with relatively higher oil content. 
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Most of the rice bran is currently used as an animal feed. Even in India which has a 
large solvent extraction industry (30 plants), only 40-50 percent of the available bran was 
extracted yielding 90,000 tonnes of oil (1975).  In the Philippines, Indonesia and Thailand, 
there is only one plant each. The scattered nature of its production, the consequent 
difficulty of collection, and the highly unstable nature of bran (fat) induces the rice 
miller to sell the material quickly. Rice bran is also known to catch fire spontaneously 
in the hot and humid climates due to enzymatic action. Hence storage over long periods and 
transport over long distances is generally avoided. 

In India, several rice mills have installed simple and inexpensive bran stablizers where 
bran is heated to inactivate lipase making it possible to store rice bran for 30-40 days. 
The oil produced from fresh or stabilized bran has low free fatty acid content (ffa) making its 
use as an edible oil possible 	(fatty acid composition is: oleic 41-45;  linoleic  25-37; 
palmitic 12-17 percent). Rice bran oil has 3.5-9 percent wax which is deposited durinf 
storage. It finds use in the manufacture of polishes and carbon paper. 

Most of the rice bran oil in India is split and distilled to Five fatty acids and glycerol. 
Fatty acids are used for making soaps, and in rubber and other industries. The deoiled bran 
is exported or used as a cattle and poultry feed. 

Possibilities 

Rice straw can be used as v source of pulp and paper. With its diminishing availability 
as more and moreland goes under high—yielding varieties, greater attention is needed to the 
utilization of husk and bran. However, some new approaches on rice straw utilization as an 
animal feed are under investigation in Singapore. These include treatment of straw with 
alkali and subsequent ensilage, ammoniation, high pressure treatment and surface fermentation. 
The last is capital intensive. Alkali treatment followed by ensilage is considered promising. 

The rice mills have to be modernized not only to obtain better yields and quality 
of husk and bran, but also to increase the yield of head rice by reducing the brokens. 
In India, there are nearly 83,000 rice mills of which 74,000 are huller—type, 2,000 sheller-
type, 7,000 sheller—cum—huller type and only 63 modern rice mills. The situation of other rice 
producing countries is similar though figures are not available. 

Rice husk can find variety of new uses. The manufacture of activated carbon and sodium 
silicate has been mentioned. Production of carbon black is another possibility which is being 
investigated in India. Certain types of tyres and tubes use both carbon black and silica 
(white carbon) in their manufacture. Rice husk carbon black may perhaps be a cheaper substitute. 

In Thailand, rice husk along with coconut fibre has been successfully tested as a filtration medium to produce clean 
water from river water. The process has immense scope in the densely populated countries of the region where potable water 
does not as yet reach every home. In the Philippines, a cyclone burner has been designed which is currently under test 
using rice husk. Rice husk is also being used for flue curing of tobacco. Another interesting application of rice husk is the 
preparation of molecular sieves which is currently being investigated in India as also is the manufacture of oxalic acid from rice 
husk. In USA, paddy husk is a raw material for furfural as are maize cobs and cottonseed hulls. 

In the manufacture of plywood ,finely ground materials like wheat flour are used as 
extenders during the glueing operation. Detailed investigation is needed to see if husk 
of the desired fineness can be used instead. Some preliminary studies have shown promising 
results. 
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Another possibility is the manufacture of silicon carbide which is being investigated 
in USA and India. Rice husk has the desired composition with respect to silica and carbon 
requirements. Since silica in rice husk is highly reactive, it will require lower reaction 
temperatures. Production of silicon tetrachioride required for silicon manufacture, is 
being investigated in USA. 

The rice husk has a calorific value of 5,000-6,000 BTU/lb and an ash content of about 
20 percent. Experiments in India and USA show that these characteristics can be taken 
advantage of in its utilization as a raw material for cement manufacture. 

Indian workers have also shown that rice huek can be used for the manufacture of 
fire—proof and water—resistant bricks, as an insulating material, for production of producer 
gas and its ash as a detergent component. 

There are several uses of rice husk in agriculture. It can be used as a soil builder 
(in the form of mulch) and for prevention of blast disease. In USA, rates up to 250 tonnes/ha 
have been applied. It can also be used as a supporting medium for hydroponics. 

2.1.4 Millets and sorghum 

Millets and sorghum cultivation in the region is restricted to India. The millets occupy 
an area of about 13 million ha and sorghum of about 17 million ha. The total grain yield from 
these crops is about 20 million tonnes. All the crop residues are currently used as a cattle 
fodder and there does not appear to be any scope for change in this use pattern. 

2.1.5 Non—cereal starches 

The two chief raw materials for the manufacture of starch in the region are maize (2.1.2) 
and tapioca. Another source of starch in India is the tamarind seed. The manufacture of 
starch from maize and tamarind is restricted to India. Tapioca, however, is a cheaper and 
favoured raw material even in India. Starch is used by the textile, kenaf, jute, paper, 
glucose and dextrose, and by the food industries. 

Tpioca (cassaon) 

Tapioca is an all season crop of humid tropics. Indonesia's production of tapioca (9.4 million tonnes in 1973) is next only 
to rice (14.7 million tonnes in 1973). In the Philippines, the production of all root crops, mainly tapioca, in 1975 was 1.8 
million tonnes. Malaysia has a relatively small area under cultivation and produced 0.4 million tonnes. Thailand produced 6.3 
million tonnes, most of which was exported. In India, tapioca is cultivated only in the South and to a little extent in the hilly 
regions of NE India. The total production in 1972-73 was 6.3 million tonnes. 

The tapioca plant has an unusually high photo-synthetic potential for conversion of solar energy into starch. About 3 
tonnes of roots yield about I tonne of meal. The roots are perishable and deteriorate within a few days of harvesting if they are 
not dried and adequately stored. Recently, improved methods have, however, been suggested to increase their storage life. 

The tapioca plant is hardy and grows in sandy soil yet its uptake of nutrients from the soil is high. Small farmers in SE 
Asia therefore grow it on newly cleared forest areas. The new commercial varieties have 38 per cent starch in the tubers and the 
yield is 40 tonnes/ha. 

Use pattern 

Tapioca is a supplementary food to varying extents in the entire region. The major 
outlet is the manufacture of starch. The granulated starch called sage or pearl is exported. 
It constitutes an important ingredient of most of the animal feeds. 
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The commercial tapioca feed may be in the form of dried (usually sundried) and chipped 
roots of various shapes or pellets. The pellatized product is preferred since it decreases 
the volume, is easier to transport and is uniform. It also permits the use of dried tapioca 
leaves and the residual pulp for starch manufacture. 

The following flowsheet diagram broadly describes the process steps in the manufactur*i 
of starch from tapioca and the nature of effluents generated. 
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Residues 

During the harvesting of roots, the woo&y stem of the plant is cut about 6" from the 
ground. The leaves along with the softer plant are fed to the farm animals. The leaves 
may also be dried and pellatized either alone or with dried roots. The leaves are also 
consumed as a vitamin—rich green vegetable. The stem is used as a domestic fuel, as a 
replanting material or is ploued back. 

The manufacture of pellatized tapioca does not generate any residue. Manufacture of 
starch does and such residues are a serious pollution problem. The effluents consist of 
peels, pulp and liquids. The peels have no use except as a land fill. The pulp is usually 
pellatized along with the dried roots. It is also sund.ried and sold as animal meal (1 tonne 
from 100 tonnes of fresh roots). The pulp composition in Thailand is as (percent): 
moisture 12.7;  ash 9.1; fibre 8.1; fat 1.0; protein 2.5; carbohydrate 65.9. 
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The liquid effluents which have high suspended organic matter and dissolved solid and, 
therefore, high COD and BOD, are usually discharged into nearby streams. The characteristics 
of the two effluent streams, viz., separator and root wash water from a factory manufacturing 
30 torines of starch per day in Thailand are: 

Separator Root wash 
water water 

Flow rate, m3/day 680-1,250 760-1,600 

pH 3.4-4.2 4.2-7.1 

Suspended solid, mg/i 1,460-8,400 400-6, 100 

Settleable solids, mg/i 60-200 10-1CC 

Total solids, percent 0.56-0.93 0.02-0.55 

Volatile solids 
percent solids 92-98 .6 59.4-90.0 

Dissolved oxygen, mg/l 0 0.6-5.3 

BOD5 , mg/1 3,000-4,400 200-1,700 

COD, mg/i 3,100-13,900 2,000-4,350 

Organic N, mg/i 19-33.9 14.5-18.2 

The root wash water normally consists of cork cells, sand and clay particles, miring wet 
season, the demand of water increases as does the quantity of suspended solids. 

Possibilities 

The effluents from starch industrj are the major residues in the processing of tapioca. 
Resultant environmental pollution has been the concern of all the countries of the region and 
more stringent laws to control such pollution have been introduced. Several research 
institutes in the region have worked out echemeb to utilize the high organic content of the 
effluents before discharge. Various types of yeasts have been made to grow on the waste 
waters. Torula yeast will grow well and reduce COD by about 73  percent. The yeast masn 
(protein content, 5orcent) had a yield of 500 g/kg of COD removed, Supplementary nitrogen 
(about 500 g for every 25 kg of COD removed) was found necessary. Without added nutrient, 
40 percent of solids in waste waters were recovered as yeast cells in 3 hours. The total 
solids and BOD of the treated waste water after yeast production were 0.38  perceht (w/v) and 
1,800 mg/i respectively. Some institutes are experimenting on growing algae in the remaining 
waste water using carbon dioxide (likely to be available from yeast propagation). The growth 
of algae is,however, slow and harvesting expensive. 

Among the new uses of tapioca which have been suggested are its protein enrichment by 
direct solid-substrate or a liquid fermentation using starch degrading organisms. Recovery 
of biomass is attractive but the economics of production of the enriched food material 
have yet to be worked out. 
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2.2 Pulses 

Pulses and other legumes form an important part of diet of the region. In India, where 
a substantial population is vegetarian, these provide the major source of protein. The 
pulses usually have 20-30 percent protein which is three times the value in the cereals. 

Except for soyabean, India is the largest producer of grain legumes (total area under 
cultivation, 22.5 million ha, production 10.4 million tonnes). Chiokenpea or Bengal grain 
accounts for nearly one—third of the area and two fifths of the production. The average 
yield of pulses is low. Due to long duration of the maturity of these crops, these are 
generally intercropped or are cultivated on lands of marginal productivity. With the 
introduction of new shorter duration varieties, multiple cropping is now possible and 4-5 crops 
can be raised. Besides black gram, other pulses produced in India are: pigeon pea (red gram), 
black gram, green gram, lentil, horse gram, peas, chickling vetch (kesari dai), red bean and 
moth. Soyabean is a new introduction in India more as a source of cooking oil than as a grain 
legume. The soyabean meal, however, will be available as a rich source of protein for the 
human and animal diet. 

Soyabean, murigbean (green gram) and peanuts are the principle legumes of SE Asian countries 
and are part of the traditional foods of the people. Other species consumed to a lesser extent 
are cow—pea, chickpea, pigeon—pea, peas and some dry beans. While sung bean and peanuts occupy 
more area in Thailand (80 percent of all legume crops), soyabean is the principal legume grain 
produced in the Philippines and Indonesia. Soyabean is consumed in a variety of ways in all these 
countries. Red bean is a new introduction in Thailand and Malaysia. 

Use pattern 

When the grain is used directly without debusking as in several soyabean and mungbean 
preparations, no preprocessing is required. Milling is necessary where dehusking is to be done. 
For extraction of oil and for the production of soyabean meal for human and/or animal consump-
tion, solvent extraction and other processing is used. The dehusking operation gives an 
yield of 80-85 percent of finished product. In India, heat puffed legume grains are also 
consumed as snacks or in food formulation. For this purpose, the grain is soaked in water and 
then toasted (2500C) for a short duration (30 seconds). Another form of consumption is in the 
form of flours. Recently, several weaning and supplementary foods have been introduced. 

Soyabean is consumed as fermented preparations like Natta and Tahu, as milk and curd, 
as boiled beans, as green soyabean, in cakes and biscuits, and in other ways. Some quantities 
are also used for extraction of oil and production of soyabean meal. This aspect will be 
dealt with under oilseeds (2.3). 

Residues 

All the residues generated during harvesting and processing are fed to cattle or plouied 
back into the land. 

2.3 Oilseeds 

2.3.1 Cotton 

In the region, cotton is grown ertenively only in India. There are several varieties of 
cotton: some are local short—fibres while others have been developed by cross breeding to give 
a long staple. In 1974-75,  1.2 million tonnes of cottonlint was producedand the ginning yielded 
over two million tonnes of cottonseed. The textile industry is one of the major industries in 
the country, both from the standpoint of investment and employment potential. The output of 
cloth in 1975  was 8,000 million meters. In addition, there are about 5,000 hosiery units in 
the country. 
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Re sidues 

The main harvest residues are the stalks and leaves. The ginning operation yields 
cottonseed and cotton dust in addition to the main product—lint1 Dust is also obtained in 
the textile factories. The procesing of cottonseed for oil and cake leaves hulle and linters 
as residues. 

The yield of stalks/ha varies according to irrigation conditi.ons. The total availability 
in India is estimated at 12 million tonnes. 

The processing of cottonseed produces 26 percent hulls, 45 percent cake, 16.5 percent 
oil, and 6 percent linters. Thus, if all the 2 million tonnes of the available seed is 
processed, the various products (in ten thousand tonnee) obtained will be: hulls 52; cake 90; 
cottonseed oil 33;  linters 12. 

The cotton dust generation is of the order of 30-33,000 tonnes. 

Use pattern 

Cotton stalks are currently used as a fuel. About 60-65 percent of the cottonseed is 
crushed to obtain oil, oiloake and other byproducts. The rest is consumed as cattle feed. 
3rnall producers directly crush the seed, sometimes, even without decortication. The oiloake 
thus produced carried linters and hulls. It is estimated that about 200,000 tonnes of 
cottonseed oil are being processed in this fashion producing 600,000 tonnes of undecorticated 
cake. 

Cottonseed oil has a high linoleic acid content and is used as a cooking oil and in the 
manufacture of hydrogenated fat • The oil is refined before use with caustic soda treatment. 
The refining carries all tlepigeents (e.g. gossypol) into soapetock yielding a very dark 
product which is split and distilled to get fatty acids for industrial application. 

Cotton linters find ready users in several aiphacelluloso based industries like rayon, 
cellulose acetate and nitrate and carboxy-methyl cellulose. These industries require short 
fibres (2-6 mm) which are further purified by digestion with caustic soda to produce chemical 
cotton. The specifications for various grades of chemical cotton are given below: 

For For For cellusose 
viscose Cellulose nitrate 

Alpha—cellulose 
percent (mm.) 98.0 9605 96.5 
Ash, percent (max.) 0.1 0.1 0.1 

Fe, ppm (max.) 35 30 30 
Mn, ppm (max.) 0.4 - - 

The longer fibre is used in the manufacture of surgical dressings, absorbent cotton, 
twines, batting material and paper. 

Cottonseed hulls are mainly used as a low—protein roughage in cattle feeds. These also 
keep the cattlefeed porous and easy to reach the animal digestive system. Their food value 
equals rice or wheat straw. A small quantity of hulls are used as a ftel in the oil mills. 
Cottonseed hulls have average chemical composition as (percent on dry basis): cellulose 3.9; 
pentosans 29.5; lignin 22; ash 1.8; protein 3.;  crude fibre 49.2. 
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Cottonseed cake is a highly valued source of protein to the livestock. It also contains 
fat, carbo—hydrates and vitamins. The presence of toxic goseypol in the cake does not affect 
the ruminants but it cannot be fed to human beings and non—ruminant animals without the removal 
of gossypol. The specifications for decorticated cottonseed cake are (percent): moisture 8; 
protein 40; fibre 10; fat 8; ash 7.  The solvent extracted meal has higher protein and fibre 
and lower fat contents. 

The cotton dust or trash is the waste product of ginning and textile industries. The 
ginning mill trash also contains non—lint elements such as grass, leaves, stems and boils. 

The cotton dust is used as a fuel in the boilers or as a cheap batting material. Its 
characteristics are (percent): moisture 8; organic matter 70; carbon 41; nitrogen 1.4; 
P 2 0 5  0.6; K 2  0 1.2. Its C/N ratio is 29.3  and pH 6.2. 

Possibilities 

The main problem in the commercial utilization of cotton stalk is its bulkiness and 
therefore its collection and transport. It is reported that in USSR, stalks are chopped and 
pressed before being transported to paper/board mills. 

The major difficulty in proper utilization of cottonseed in India is the unscientific 
belief of the farmer that seed is a superior cattle feed as compared to the cake or meal. 
Another factor is the grosth of unorganized mall—scale milling industry where large quantities 
of undecorticated seed is crushed. In some parts of India (Punjab and Haryana), the 
delinting operation is carried out in the ginning mills and the seed is made available to 
the users. With some incentives, it may be possible to extend deli.nting facilities to all 
ginning mills and thus make linters available to the consuming industries. 

In addition to their present use as a roughage, cottonseed hulls can be used as a soil 
conditioner. The presence of calcium, magnesium, potassium and some phosphorous and trace 
elements will be beneficial to the soil. Due to high pentosan content (30 percent), the 
hulls are raw material for furfural manufacture in USA. When hulls are leached with water 
to remove tarmins, the furfural yield is reported to be higher. Cottonseed hulls can be 
used as a source of activated carbon, charcoal and byproduct pyroligneous acids. 

The composition of cotton dust indicates it will be more useful to return it to soil 
rather than burn it. Composting experiments in India indicate that one tonne of dust results 
in 0.6 - 0.7 tonne of compost in 3 weeks at a nominal cost. The quality of product is good 
and uniform and it lends itself to easy packaging. 

2.3.2 Groundnut 

Groundnut is India's principal oilseed. In 1974-75, an area of 7 million ha was under 
cultivation producing 6 million tonnes of groundnuts. Indonesia produced 0.3 million tonnes 
in 1973. Production in other countries was little. There are several varieties which are 
cultivated. They vary in the kernel size, shelling percentage and the quality and quantity 
of oil. 

Use pattern 

Groundnut is used as a source of cooking oil and cake and as a food component. The total 
oil milling capacity in India is 24.3 million tonnes comprising a large number of village 
crushing units called 'ghanis' (230,000) and 13,600 commercial expellers. 

The harvested groundnut is sundried or sent directly to the shellers or millers where 
it is dried to moisture level of about 8 percent. Any storage of groundnut of higher moisture 
content is liable to aflatoxin contamination. The shells constitute 68-74 percent of the 
total weight. The kernels on processing yield about 39 percent oil, 59 percent cake and about 
2 percent foreign matter. 
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Groundnut oil is a favoured cooking medium. Substantial quantities are also converted 
into hydrogenated cooking fat. It finds some use in lubricants and for canning of sardines. 

Groundnut cake is used as an animal feed, as groundnut flour for human consumption, 
in confectionaries, as a fertilizer and for the manufacture of adhesives. 

The shells are used as litter for poultry and as bedding for animals. The harvest 
residues are fed to cattle. 

Residues 

The only residue of any consequence in groundnut processning is the groundnut shells. 
Due to their bulk and high transport costs, large quantities remain unutilized. Wherever 
shelling plants are in rural neighbourhood, shells are returned to the soil. Since they have 
poor burning properties, they hardly find outlet as a fuel. 

Possibilities 

Groundnut shells as a source of activated carbon has been investigated in India but 
other agricultural wastes are available more easily and cheaply and yield better quality of 
end—product. In USA, shell powder has been used as a carrier of pesticides and as a filler 
for fertilizers. Other possibilities are: conversion to briquetted charcoal; particle board; 
and Qonversion to edible protein by action of micro—orgniems. 

2.3.3 Castor 

India is the only country in the region which produces castor and contributes about 
30 percent towards total world output. Other large producers are Brazil and China. During 
1974-75, 216,000 tonnes of seed were crushed yielding 77,000 tonnes of oil and 130,000 tonnes 
of castorseed cake. About half the quantity of the oilazicake is exported. With the intro-
duction of new, hardy, short duration and high—yielding varieties, especially Aruna, the 
production of castorseed is expected to go up. 

Use pattern 

Castorseed is crushed for its oil and cake. The pretreated seed is expelled in hydraulic 
type of expellers. The oil is refined and bleached for industrial applications. The cake 
which still has 10-12 percent oil is solvent extracted in large capacity plants. The smaller 
plants do not have this facility. The yieldcf the oil is around 40 percent by weight of seed. 
The seed is usually expelled undecorticated and about 58-59 percent cake is obtained. Where 
decortication is carried out, 30 percent cake and about 28-29 percent shells result. 

Castor oil is used in textile industry, in the manufacture of lubricants and high pressure 
greases (as hydrogenated castor oil), in paints and varnishes (as dehydrated castor oil) 
and in cosmetic and leather industries. Recently, its use in soap industry has gone up 
considerably. It is also used in the manufacture of hydraulic brake fluids and some perfumery. 
A declining use is as a medicine. 

The solvent extracted castor meal has the following composition (percent dry basis): 
N 5.5 - 6.0; P 0 2.5; K 0 1 - 1.5; GaG 1; MgO 0.5 - 0.7; organic matter 85 - 87. It has 

several trace lments (u 27 ppm; Mn 55 ppm; B 23 ppm). Castor meal contains ricin, an 
alkaloid, and an allergin. The fine sharp particles of castor shell left in the meal can 
cause damage to animal digestive systems. Hence it cannot be used as a cattle feed even 

after detoxification. Its only outlet is as a fertilizer which is preferred for horticultural 
crops. The stems, the main harvest residue, are used as a fuel or ploughed back into the soil. 
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Pnihi 1 i±i 

Castor oil is a versatile industrial raw material. Considerable efforts are being made 
to find new uses. Some of the recent commercial products are tallow substitutes, hydrogenated 
castor oil and high dielectric oils. Other possibilities are dehydrated castor oil di- and 
polyamides, new surface coating compositions, mono- and diglyceride derivatives and oxygenated 
and esterified products. 

2.3.4 Sunflower (Helianthu) 

Sunflower has recently been introduced in India. The high oil - yielding var.eties 
imported from Europe have successfully adapted to the local condition but it is too early to 
assess their firm establishment. Sunflower's chief attractions are its being a short duration 
crop (80-100 days) and its high yield of seed (3-3.2  tonnes/ha). The present cultivation area 
of 351,000 ha, mostly in the Western and South India, is intended to be increased to 650,000 ha 
during the current season especially in semi-arid zones in the north and central India. 
With an edible oil yield of 50 percent, the seed seems to have immense scope once it takes to 
local environment. 

The crops residues are ploughed back and the oil cake after extraction of oil is used as 
a cattle feed. 

2.3.5 Safflower (Carthwnus 

It is a minor oilseed crop of some parts of Western and South India. The total area 
under cultivation in 1972-73 was 416,800 ha producing 78,900 tonnee of seed which is nearly 
two-thirdnof that of the previous years. It is reported that the cultivation area has further 
decreased, perhaps due to competition with sunflower and other more remunerative crops. Like 
sunflower, safflower is also a single-stemmed plant and also yields similar oil which is high 
in polyunsaturated fatty acids (PUFA). The yield of the oil is around 50 percent. 

The oilcake and crop residues are disposed of in the same manner as those of sunflower 
seed. 

2.3.6 Rape and mustard 

These oilseedE are obtained from plants belonging to genus Braseica, family Cruciferae 
The oleiferous Brassica grown in India are: rai (mustard), and yellow and brown earson (rape). 
In 1974-75,  3.6illion ha in India was under rape and mustard, producing 2.2 million tonnes 
of seed which accounts for nearly 25 cercent of total oilseed production. The crop is 
generally sown as a mixed crop with wheat, barley and gram. 

Use pattern 

Most of the mustard and rape seeds are crushed for their oil and all available species 
are mixed before crushing. A small part also finds use as a condiment for curries and pickles. 
The extraction oil is carried out in the village animal or power driven rotary mills, in 
hydraulic presses and expelleis and by solvent extraction. In most oases, a combination is used 
to extract the maximum quantity of oil. The rotary mills leave 10-15 percent oil in the cake, 
the hydraulic presses and expellers 7-8 percent and solvent extraction only 1 percent. The 
yields of the oil and cake are 33 and 62 percent respectively. 

The oil is the principal cooking medium of northern and eastern India. It also finds 
small applications as oils and lubricants, and as a soft soap for textile sizing. 

The oilcake is used mostly as cattle feed andtoasmall extent as a fertilizer. 

The crop residues after harvesting are used as cattle fodder. 
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2..7 Sesaznuin 

Sesame is one of the oldest oilseed.s known to India. It is cultivated all over the 
country as kharif in rainfed areas and as rabi in irrigated land. During 1974-75, an area 
of 2.2 million ha was under sesame cultivation producing 408,000 tonnes of seed. 

Use Nttern 

About 20 percent of the seed is consumed in food preparations and about 77 percent is 
crushed for oil and cake. Animal— and power—driven multiple rotary mills are generally used 
for th'e extraction of the oil which is consumed directly for cultinary *1rposes. About 
5 percent of sesame oil is used in hydrogenated cooking fat. It is also used in iyrethruni 
based insecticides. 

The oil cake (oil content 9-15 percent) is used as cattle and poultry feed and is 
'at'tiou1arly rich in methionine. The cu'ticles contain oxalic acid. The decuticled seed 
meal is used for human consumption. 

The crop residues are ploughed back into the soil. 

2.3.8 Linseed. 
The genus Linum, to which Linum usitassium, the common linseed or flax plant, belongs, 

embraces nearly 100 species. The cultivation of linseed varieties for oil is restricted to 
a few countries. it is a dual pirpose crop, yielding both oilseed and fibre. In India 
during 1974-75, an area of 2 million ha was under its cultivation, yielding 538,000 tonnes 
of linseed mostly through mixed cropping. The oil conten't is in the range of 37-43 percent. 
Linseed is not grown in other countries of the region. 

Use pattern 

The seeds are crushed for their oil and cake. The d.eseeded stalks are either burnt as 
a fuel, fed to the cattle, used for thatching pirposes or for extraction of fibre. 

Linseed straw which is free from immature seeds is comparable to oat straw in nutritive 
value. 

The processing for fibre is similar to flax. The stalk bundles are cooked in water or 
caustic soda and the fibre separated from the core by passing through fluted rollers. A dry 
process for the removal of fibre is also used. The yield of dry straw is around 1.5 tonnes/ha 
and that of fibre is 20-25 peroent of dry straw. The dry process is reported to give higher 
yields than ratting. The fibre length is 20-30 mm and contains moisture 9; cellulose  80.7; 
pectin 3.1; lignin 3.6; wax 2.4; water solubles 2.1 and ash 1 percent. Though inferior to 
flax, the fibre is strong and is spin as textile, generally along with other fibres. It is 
also used in the manufacture of ropes, twines and canvas. Linseed fibre is used for the 
manufacture of speciality papers. The pip yield is 64 percent. The residue left after 
extraction of fibre is used as a fuel or as a cattle bedding material. 

During extraction of oil from seeds, the average percent yield of various products is: 
oil 37.6; soaps-took 1; cake 57.4; foreign matter 2; and prooessing loss 2. The oil is 
characterized by the presence of high linoleic acid content (50-57 percent). For this reason, 
it is mostly used as drying oil in surface coatings industry. To a limited extent it is also 
used as cooking oil. 

Though relatively low in protein (36 percent) linseed cake is palatable to cattle and 
is considered as a good supplementary cattle feed due to the presence of other nutrient3. 
The cake is also a good organic manure (N 5; P20 1.4 and K 

2  0 1.8 peroent). A considerable 
portion of oiloake is exported. 

Possibilities 

The only part of linseed plant which is not fully utilized is the deseeded stalk. The 
total dry straw generated in the country is around. 3  million tonnes and only a suall fraction 
is ourrently used for extraction of fibre. The residue left after removal of fibre can be 
used for making wall board. The consumption of fibre by paper industry can be increased. 
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2.3.9 Sybean 
Soyabean is a minor crop in all the countries of the region. In SE Asia, soyabean is 

cultivated more as a food supplement than as an oilseed. The production in Indonesia in 
1973 was 50,000 tonnes. Due to high inputs and poor returns the farmers are reluctant to 
extend the cultivation area under this crop. This may be illustrated, by the area under the 
crop in the past four years. In 1971-72,  the area covered by the orop was 45,000 ha which 
increased to 0.125 million ha in 1972-73.  Based on this increase, the target for 1973-74  was 
fixed at 0.4 million ha but had to be revised to less than the previous year, viz. 92,500 ha. 
In 1974-75,  only 90,000 ha area was under this crop producing about 70,000 tonnes of soyabean. 
The target for the Fifth Five Year Plan is 0.43 million ha to produce 0.4 million tonnes of 
soyabean. India imports soyabean oil to meet domestic demand of cooking oils (in 1973-74, 
60,387 tonnes imported). 

There are nine processing units in India which are equipped to extract oil and produce 
soya meal. A plant to process 250 tpd soyabean is also being set up by a government agency. 
Until the cultivation of soyabean is stabilized and the utilization of soya products is 
organized adequately, soyabean will continue to be an exotic crop without firm roots. 

Use pattern 

Soyabean is a food supplement in SE Asian diet. Very little extraction of oil from 
soyabean occurs. In India, both oil and protein components are intended to be utilized. 
Almost all the soyabean oil is consumed by the hydrogenated cooking fat industry. The meal 
is toasted to make it free of trypsin inhibitor and air—classified. The coarser material 
is used as animal and poultry feed while the finer material is used for making textured food 
and other items for human. consumption. 

2.3.10 Minor oilseeds 

The monsoon region with its rich vegetation has a vast resource of as yet unexplored 
oilseeds. Some of these, like rubber seed, are being investigated. In India, a few others 
are being commercially exploited to a small degree. Their collection and the cost of transport 
to the usually distant processing centres are the principal reasons of their non—utilization. 
Only 200,000 tonnes of seeds are collected to give 40,000 tonnes of oils while the potential 
at a conservative estimate is 7-8 million tonnes which can produce 1.4 - 1.6 million tonnes 
of non—edible oils for soap and other industries. Minor oilseed processing technolo' lends 
itself to dispersal in the rural and forest areas - the source of seed. The establishment of 
a new industry in a dispersed fashion will be of interest to all developing countries. 
Some of the minor oilseeds which are being exploited in India are: mahua (Bassia latifolia, 
B. lonfolia); neem (Nalae azadirachta); karanja (Pongamia glabra); icusum (Sheleichera 
trijugaj; and sal (Shorea robusta).  

2.4 Vegetables, Fruits and Herbaceous Cro,s 

The vegetables, fruits and herbaceous crops in the region are those which suit its 
tropical and semi—tropical climate. In India, temperate region fruits and vegetables are 
also grown. Most of the produce is consumed fresh and very little canning is done. 

2.4.1 Vegetables 

The vegetables and herbaceous crops grown in the region may be classified under: 

Solanaceas: potato, capsicum, egg plant, touato. 

Cucurbitaoeae: pumpkins, gourds, cucumber, squash, melon. 

Compositae: artichoke, lettuce. 

Cruciferae: cabbage, cauliflower, celery, knol—khol, mustard, radish, turnip. 

Umbelliferae: carrot, anise, caraway, coriander, dill, fennel, parsley. 

Liliaoeae: asparagus, leek, onion, garlic. 

Ama,ran-t han eae: a.rnarant hus. 
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Leguminosae: beans, peas. 

Dioscoraceae: yams. 

Chenopodiceae: spinach. 

Malvaceae: okra, Indian red sowel. 

Convolvulaceae: sweet potato. 

Labiatae: rosemary, sweet basil, sage, spearmint, sweet marjorum, thyme , rue. 

Tree crops: green papaya, raw jack fruit, plantains, curry leaf (Murraya koenigi), 
drumsticks (Moringa pterygosperma) 

2.4.2 Fruits 

The main fruits of the region are banana, pineapple, mango, durian, medlar, rambutaxi, 
litchi, guava, papaya, jack fruit and citrus. In India, the temperate climate also permits 
the culture of apples, grapes, plum, apricot, fig, strawberry, pear, peach, gooseberry and 
pomegranate. In addition, mulberry, custard apple, guava, lemons, sapota, li.tchi and date 
palms are grown as minor fruit crops. 

Use pattern 

Most of the vegetables and fruits are consumed fresh in all the countries of the region 
and constitute important supplementary food. The processing of fruits and vegetables is, 
therefore, a relatively small industry. In India, for example, 32 million tonnes of fruits 
and vegetables are produced annually but only 52,274 tonnes of fruit and vegetable products 
are produced by 1,094 processing plants. 

Vegetablesare rarely canned; the exceptions being tomato (as sauce, ketchup and juice), 
chilli (as sauce), pickles and peas. The fruits which are processed are: pineapple, citrnLe, 
mango, apple and guava. The canning of fruits generates enormous residues of high BUD and COD 
content and is a serious environmental problem. 

Eesidues 

In the manual harvesting and during haulage of fruit and vegetablesto the market, 
considerable damage to the product takes place. Since the transport availability is usually 
uncertain, plucking before full ripening is practised in some cases. This results in loss 
of fruit, especially in pineapple canning. The vegetable crop residues and the damaged fruits 
are usually fed to the animals. 

The canning of fruits and vegetables is characterised by the seasonal character of raw 
material, ertensive use of water during processing, high solids and suspended matter content 
of the effluents, and the instability of the residues. Pineapple which is extensively canned 
in all the countries of the region, generated for example in Malaysia, 0.21 million tonnes of 
wastes during processing of 0.25 million tonnes of fruit in 1974. 

The pineapple processing consumes about 20 per cent of the fruit; the rest constitutes the wastes. For each fruit processed, 
126,000 mg of BOD ro 158,000 mg of COD is loaded on the discharge stream. The core, skin and fleshy wastes are recovered and 
processed for juice. The waste bran is dried (12 . 14 per cent yield) and sold as cattle feed. Pineapple wastes have also been 
converted into wine.. In the Philippines, the wastes are converted into wine. The pineapple wet wastes have the following 
composition (per cent) : dry matter: 14.3; crude protein: 1; crude fibre: 3.6; ash: 0.7; and N.free extract: 7.7. The dry 
wastes have the followingcomposition (per cent) : crude protein: 9.1; ether extract: 2.75; crude fibre: 30.4; ash: 8.7 and 
N-free extract: 49. 
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Green mango is pickled. Ripe mango when processed, yields peels, stone (including 
kernel) and other processing wastes which together constitute 50 percent of the weight of 
the fruit. Mango kernel contains protein 8.5 percent, crude fibre 2.8 percent and 75 percent 
N-free extract. The kernel starch is edible. The kernel also has 12 percent oil. In the 
Philippines and Thailand, the peels are mixed with poultry litter, other fruit wastes and 
tapioca, and after ensilage is used as animal feed. Indian industry generates 8,500 tonnes 
of mango wawtes which are not utilized. The total production of mango in the country is 
about 7 million tonnes. The total residue generation, including that from conztunption as a 
fresh fruit, is thus of the order of 3 - 3.5 million tonnes. Mango is not canned in other 
countries of the region. 

Banana peel constitutes about 35 per cent of the weight of the fruit which is currently thrown away. Part of it is however 
consumed by the cattle. In the Philippines, banana flour is made from rejects. 

Citrus processing wastes except seeds are used for compounding animal feeds. In India, 
the peels are processed for pectin and essential oils. A small part of it is also candied. 

Possibilit ice 

Several research institutes have been working on the possible uses of fruit processing 
residues. The approach includes the utilization of high carbohydrate content of the effluents 
for SCP production. The pilot plant trials have suggested this as an economic method of 
control of pollution. Another microbial approach is the conversion to alcohol and vinegar 
as practised to some extent in the Philippines. 

According to one expert, the conversion of fruit cannery wastes into SOP is not an 
economically viable pro3ect. In his opinion, the sugars should be converted to alcohol 
which will give yeast as a byproduct. Two hundred tonnes of pineapple waste will give 3 
tonnes of aloohol, 20 tonnes of pineapple bran, 0.4 tonnes of yeast and 1.3 tonnes of disti-
llable soluble wastes. The bran and yeast make a rich animal feed. 

Mango seed kernel is a rich source of starch and protein and a good animal feed. The 
problem, however, is that of collection of seed. Currently the seed eventually finds its way 
to compost pits which perhaps is also a good use. If collection were possible, oil could 

be extracted for use in soap industry. 

Ensilage of citrus and other fruit peels buried in alternate layers with straw yields 
a good animal feed comparable in nutritional qualities to clover and alfalfa. The citrus 
seed contains about 25-30  percent oil which could be used for soapsaking. 

The peels, cores and seeds obtained during tomato processing, when dried to 10 percent 
moisture, is a good cattle feed (protein 8-10 percent; fat 10-12 percent). The tomato has 
skin 10 percent; stem 2 percent; core plus trim 6 percent. Tomato seed oil (17 percent by 
weiit of the seed), a good salad oil, can be extracted. 

•Sinoe the industry is small in size, and since the natu.re  of the generated 
wastes vary from product to product, the environmental control by utilization of wastes 
requires the development of tools and technolor appropriate to the scale. 
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2.5 Tree and Plantation Crops 

2.5.1 Palms 

A variety of palms grow in the tropical and subtropical climate of the region. The 
more economically important ones are dealt with here. 

2.5.1.1 Coconut 

This palm covers an area of 
Indonesia 1.3; India 1.1; Thailand 
nuts. The outermost part of the 
(25 mm thick). The fibre (coir) is 
with soft milky white flesh (copra, 
water. 

over 5 million ha in the region (Philippines 2.3; 
0.3 and Malaysia 0.2 million ha) producing about 25 billion 
fruit is green beneath which there is thick layer of fibre 
followed by a hard shell (6 mm thick) which is lined inside 
on drying). The innermost recess is filled with coconut 

Use pattern 

All parts of coconut tree have known uses, thoui all these are not exploited fully. 
The major economic products are copra, coconut oil and desiccated copra, and the shell which 
is processed into charcoal and activated carbon. The coconut water which largely goes waste, 
is a refreshing driJc in hot climates of the region and is partly converted into wine and 
vinegar. In India, the tree sap is converted to jaggery and the leaves processed into brooms, 
mats and baskets. The timber is used in construction of village homes. The roots are used as 
a herbal medicine and for making beverages. 

Not all nuts are gathered. For example, in the Philippines, the total nut yield in 1975 
was 10.2 billion, of which only 8.56 billion were gathered. All producing countries of the 
region export coconut products. The processing techniques, especially for the production of 
copra, oil and desiccated copra or cake, and coir and coir products manufacture are not 

uniformly developed in all countries and even within a country. 

Residues 

The principal residues are coir dust, shell, coconut water, timber and leaves. Not all 
husk is converted into coir. It is partly burnt as a fuel. The processing of husk for coir 
results in a major residue - coir dust which has absorbed moisture to the extent of 65 percent. 
The dust on dry basis contains about 10 percent long fibre, about 20 percent short fibre, and 
70 percent pith. This residue which piles up near the processing plants has so far defied any 
economic outlet and constitutes a serious fire and health hazard. It is too refractory to be 
cosiposted. It has been used in Malaysia and the Philippines as a medium for mushroom growth 
but the product has a flavour which is not liked by the consumers. In the Philippines, a small 
quantity is consumed by nurseries as a partial replacement of soil in seedling or saplingbags. 
It has also been used as a soil conditioner. The average composition of coir dust is given 
be low: 

Wet basis Dry basis 
percent percent 

ortanic matter 8.4 91.3 
minerals 7.7 8.7 
fats and resins 1.6 1.8 
cellulose 30.8 35.0 
lignin 22-29 25-33 
pent osans 6-9 7-10 
N 0.26 0.30 
protein 1.7 1.9 
K 0 0.79 0.9 
P0 
CaO 5  

0.04 
0.35 

0.05 
0.4 
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Since husk constitutes 50-55 percent weit of the nut, the region generates about 
20 billion tonnes of husk annually. The status of coir industry in the region could not be 
ascertained with any accuracy and it has not been possible to estimate the generation of this 
residue. India alone generates about 160,000 tonnes of this residue every year. 

Since coir dust has capacity to absorb about 40 percent water, it can be used to increase 
the water holding capacity of sandy soils and also as land fill for reclamation of low-lying 
areas. Its use as a rtw material for manufacturing board is already practised in India and 
Indonesia. 

The possibility of using rubberized coir dust compositions for flooring and ceiling 
boards is being explored in the Philippines and Sri Lanka. Other likely outlets are as 
insulation slabs, as an expansion joint filler, and as an alternate source of furfural. 

Shell is used for the manufacture of charcoal, activated carbon and as a fuel. Coconut 
powder is used as a filler and extender in moulded plastics. Its generation in the region ia 
estimated at about 2.5 - 3 billion tonnes. The average percent composition of coconut shell 
is: moisture 6.8; ash 1.3; hot water extract 1.8; alcohol-benzene extract 2; ether extract 0.2; 
pentosan 30; lignin 32; and cellulose 51. The ash composition varies according to habitat 
but is always rich in K 2 0 (Ca. 45 percent). With such large availability, there is great 
scope to extend its uses. The manufacture of charcoal with recovery of the by -products, seems 
to be promising. The byproduct tar can be used for copra drying operations. The shell powder 
also has future in moulded furniture manufacture, and in the production of construction 
materials. 

Coconut water has no substantial economic outlet apart from small manufacture of wine, vinegar and Nata. The yield of 
water varies according to its species and habitat. Enormous quantities are available for utilization. The average composition of 
Indian coconut water is (per cent): water: 95.5; N: 0.5; P205: 0.56; K20: 6.6; total solids: 4.7; reducing sugars: 0.8 and 
sucrose: 1.28. Sugar content being low, it will have to be concentrated before any sugar-based use can be made. In Indonesia, 
preparation of caramel flavour is being attempted by evaporation of coconut water followed by adjustment of its pH. It is 
claimed that it can find use in the manufacture of soya sauce and bread. Work is also in progress in the Philippines on a pilot 
plant scale to produce dextrine, yeast, vinegar and SCP in coconut water medium. This has a potential of development of a low 
level technologywhich can be adopted by the farmers. Coconut water can also be sprinkled in compost to augment the 
potassium content. The possibility exists of using stabilized coconut water as a soft drink. 

The trunk, which is currently used for the construction of village huts, is being investi-
gated in the Philippines as a furniture wood and for the manufacture of floor tiles. The only 
problem is the difficulty of sawing duo to its hardness and the grain direction. Coconut wood 
is also being used as medium for growing mushrooms. 

2.5.1.2 Oil palm 

Oil palm is cultivated for its value as source of oil from its fruit and kernel. The 
recent improved varieties yield 7.5 tonnee of palm oil per ha per year. It is a major 
industry in Malaysia. India has also introduced oil palm recently in Lakshdweep Islands. 
Indonesia produced about 270,000 tonnes of palm oil in 1972 which was mostly exported. 
In Malaysia, 400,000 ha produce about 2 million tonnes of oil annually. The production is 
expected to increase up to 3  million tonnes by 1980. The processing of oil palm generates 
enormous residues which seriously affect the environmental quality of the surrounthnga. 

Use pattern 

Oil palm and palm kernel oils are ured for the manufacture of soaps and glycerol and 
as an edible oil. The fatty acids composition of the palm oil glycerides is (percent): 
myristic 0.5;  palmitic 48.3; oleic 40; linoleic 8.3 and stearic 2.9.  Among the edible uses 
are as chortenings, margarine and spreads, a cocoa butter substitute, and salad and cooking 
oil. Malaysian exports of palm oil are 12 percent of total export value. 
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Residues 

During processing of oil palm fruit for palm oil, the first residue generated is empty 
bunches (25-27 percent of fresh fruit bunches, FF3). These are disposed of by burning in the 
boiler or by incineration or are returned to the field. The fruit is then pressed in a 
hydraulic or screw press; viscous crude oil (26-32 percent of FF3) is obtained. The solid 
residue is depericarped,nuts are broken to recover the kernels and the entire residue 
consisting of wet fibre (11-15 percent of FFB; moisture 30-40 percent) and shell (dura 16-20 
percent and tenera 6-9 percent of FFB) is sent to the boiler plant. The crude oil obtained 
after pressing is diluted with water (1:1). The oil is then sent for purification and 
vacuum drying and the sludge is a.in diluted with water and the residual oil (20 percent) 
recovered in a sludge separator. The sludge waste, which now is nearly the weigjit of FFB and 
contains mostly water with high suspended matter content, is the principal liquid effluent of 
palm oil manufacture • In Malaysia, 2 million gallons of the sludge goes to waste. 

The characteristics of various residues generated during palm oil manufacture are 
diagramatically represented below: Water 704% 	1 Lignin 23% 

flnpty bunches —  — 	Dry bunches 	Hollocellulose 62%,_ 	- H Ash 5% 27% 29. Others 1 

Pericarp fibre 	i Lignin 21% 
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I 	 Pericarp Water 
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The liquid effluents have the following characteristics: pH 4.8; oil content 0.6 percent; 
BOD 16,000 ppm; COD 40,000 ppm; total solids 30,000 ppm; suspended solids 30,000 ppm; 
ammniacal N 30 ppm; nitrate N 9.3 ppm; protein (on dr,' sludge) 12 percent; and appearance-
brown, colloidal. The effluent which carries a high COD load (100 times sewage) is discharged 
into nearby streams causing serious ecological disturbance and pollution. 

Possibilit ies 

Several research institutes in Malaysia are engaged in finding economic uses of the 
residues of palm oil industry. The effect of spraying effluents on the field crops is being 
examined. Since the sludge waste, palm press fibre and palm kernel cake contain proteins 
and fibre (on dry basis, and have gross energy of the order of 17-18  NJ/kg), experiments have 
been carried out to study their digestibility as part of the feed of sheep. The compounded 
feeds were found acceptable by these animals. Tapioca chips are usually added during compounding. 

Centrifugat ion to concentrate the effluent, adding coagulants to speed separation and 
settling and other mechanical separation techniques on laboratory scale have not been able 
to reduce BOD value below 1,000 ppm. A number of proponals have been put forward, especially 
in relation to the biodegradable characteristics of this effluent. It would appear that no 
single scheme will give satisfactory results. It may be possible to utilize the sludge by 
combining two or more systems such as aerobic oxidation coupled with SOP and/or algae produc-
tion Which again may be followed by fish pond culture or growing aquatic plants as animal 
fodder. 

In another approach, the fibrous wastes are being investigated as potential sources of 
energy. About 3 million tonnes of fibrous waste in the form of shells, pericarp fibre and 
empty bunches are available. The average combustion value of these wastes is 7,00 BTU/lb. 
These wastes can generate an enormous quantity of energy. It has been estimated that a 
10 t. FFB/hr capacity palm oil mill can generate 3  WI power from its 50 million BTU thermal 
energy per hour. 

Fibrous waste has also been investigated as a source of pulp. The approximnte 
compositions on dry weight percent basis are: 

pericarp fibre - lignin 21; pentosans 24;  alpha cellulose 40; ash 5. 

empty bunches - lignin 20-25; pentosans 21-26; alpha cellulose 35-42;  ash 5. 

The ash from empty bunches has the following composition (percent): P 0.9 - 1.7; 
IC 15 - 40; Ca 1.6 - 3.7 and Mg 2.7 - 4.8. Each tonne of empty bunches contains equivalent 
of 6 kg of arnmoniuni sulphate, 1 kg of rock phosphate and 5 kg of potassium sulphate. The 
availability of empty bunches is estimated to be about 1 million tonnes which can yield 
16,000 tonnes of concentrated NPK fertilizers. 

2.5.1.3 Arecanut 

Arecanut is an important plantation crop of India covering an area about 168,C00 ha 
which produces 152,000 tonnee of nuts. The fruit is spherical (3-5 an dia) and contains 
a hard nut (about 1 - 2.5 cm in diameter) which is chewed along with betel leaf in the 
ent ire Indian sub-continent. 

Use pattern 

Arecanut is used for chewing purposes. The leaves are used for thatching and basket 
making. The wood is hard and used as lamp posts or for construction of huts. 
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Residues 

The residues of arecanut plantations and processing industry are: husk; leaves and 
the residual dust left after processing of arecanut. 

The huBk is generated at the rate of 2 tonnes/ha. Thus, about 300,000 tonnes of husk 
may be available for utilization. The composition of husk is (percent): moisture 5.r10; pectin 
1 - 3.3; pentosans 15 - 19; cellulose 37 - 49; lignin  17.5 - 25 and ash 4 - 6. 

The leafsheath and leaves are available to the extent of 90,000 tonnes. Only a small 
portion is used for thatching, etc., the rest is thrown away. The leaf has 1.5 percent N, 
0.15 percent P and 0.7 percent K. 

The residual dust is obtained when arecanuts are boiled. The sediment left in the liquid 
is called arecanut dust. The dust is rich in tannins and has been found useful by the tanners. 
Its availability is seasonal. 

Possibilities 

It is possible to manufacture low density fibre board and high density hardboard from 
arecanut husk. The boards have been found comparable to those made from other raw materials. 
Small plants using husk and other raw materials such as tapioca stems, banana stems, and rubber 
wood are being set up in South India. The husk can also be a source of pulp for mixed-
pulp paper manufacture. Other possibilities are insulating wood/boards, cushion material, 
activated carbon and microbial treatment to get fertilizer. 

2.5.1.4 Other palms 

There are several palms of less economic importance. These are palmyra (Borassus 
flabellifer), sago or fish—tail (yota urens) and wild date (Phoenix sylvestris7 

The floral bunches of palmyra palm provide a sap which is a refreshing and nourishing 
drink (neera). The fermented sap gives country wine (toddy). The unfermented sap if 
concentrated yields palmyra sugar. The sap is also converted into vinegar. The fruit 
is small, jelly—like and edible. The stems and leaves are used for construction of village 
huts. 

The sago palm leaves are used for making ropes and brushes. The pith yields a flour 
called sago and is eaten. The sap is fermented to give toddy. The wild date palm also 
yields sweet sap which is converted to sugar or wine. 

2.5.2 Sugarcane 

Sugarcane is cultivated as a commercial crop on a fairly large scale by almost all the 
countries. The processed sugar is also exported. Sugar is manufactured in large plants and 
sugarcane juice is converted into brown sugar or jaggery in the rural areas. 

In India, there are 251 sugar factories with a total capacity of about 5 million tonnes. 
About 1 million tonnes was exported during 1975-  Indonesia has 57 sugar factories producing 
about 1 million tonnes of sugar. Production of the Philippines in 1975  was 3.3 million tonnee. 
Malaysia has 16,000 ha under sugarcane cultivation and produced over 1 million tonnets of sugar 
in 1974. The sugar production capacity of Thailan(I is 20,000 tpd. 

The sugar industry generates three principal residues: bagasse, press mud and molasses. 
Commercial applications of these are known. Liquid effluents from sugar and alcohol industries 
are pollutants of high BUD. 
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Use pattern 

Sugar is used as a food item and as a raw material for chemical and biochemical industry. 
Bagasse is mostly used as a fuel in the sugar industry. Molasses is a raw material for the 
production of alcohol and other fermentation products, and also as a component of animal feeds. 
It finds minor use in tobacco industry. 

Residues 

The only crop residue, cane tops, is fed to the farm animals as maintenance diet. The 
tops are also incorporated in commercial animal feed compositions which also incorporate up to 
20 percent of press mud. 

The bagasse is largely consumed as a fuel by the sugar mills. In Indonesia, about 7-9 
percent of the total bagasse is also consumed by locomotives. Due to the shortage of energy 
resources, the present use pattern is unlikely to change. Bagasse which is not used by the 
sugar industry is being used for the manufacture of paper, fibre boards, furfural and in 
animal feed compositions. The physical and chemical characteristic of bagasse vary according 
to the cane used, and the type of equipment used in expelling juice. The characteristics of 
Indian cane are as: av. fibre length 1.4 mm; av. fibre dia 18 microns; ash 1-2 percent; 
lignin 18-20 percent; cellulose 54-58  percent; and pent osans 24-26 percent. 

In Thailand, where bagasse is not used for paper manufacture, 1.8 million tonnes of 
bagasBe are available. It is understood that several paper and pulp plants will utilize th.s 
resource. In Indonesia a 45,000 tpa capacity plant is being built. 

Molasses is used for the production of alcohol, yeast and animal feeds. One tonne of 
cane yields 20-25 litres of molasses. Production of alcohol results in high BOB effluents. 
In Indonesia these effluents along with sugar factory streams are led to paddy fields where 
they have increased the yield of rice. 

Each litre of alcohol produced from molasses yields approximately 10 litres of spent 
wash which is acidic in character (pH 4.5) and has high BOD (50,000-60,000 ppm). The total 
solid content is also high (10 percent), mostly inorganic in nature. Other characteristics 
of spent wash are: volatile solids 40-60 g/l; OOD 6 5,000-95, 000 ; total reducing sugars 
0.5 percent; total N 900-100 ppm; ash 3-5 percent; P 

2 
 0 
5 
 100 ppm; and K 

2  0 37 
percent of ash. 

The press mud is currently utilized as an animal feed component and as a soil 
conditioner. 

Possibilities 

If alternate sources of energy are available to the sugar mills, large quantities of 
bagasse would be available for the manufacture of pulp, paper and boards, furfural, activated 
carbons and other products. The prospects, however, are not bright • The bagasse usually 
has moisture 50 percent; fibre 30 percent and pith 20 percent • The pith can cent inue to be 
used as a fuel while the depithed bagasse can be used for the manufacture of pulp and paper. 

Along with other cellulosic wastes, bagasse can be used as a source of energy for 
enzymatic and microbial reactions to produce SCP and sugars. Sugars can also be produced 
by acid treatment of cellulose and converted into alcohol. 

The distillery spent wash must be treated before discharge. Anaerobic units are known 
to generate methane (73 percent), carbon doxide (25 percent), and other gases like hydrogen 
suiphide (2-3 percent) at the rate of 8 ft /lb of organic matter. In this manner, BOD is 
reduced by 90 percent to a level of 2,500-3,500 ppm. On the average, the volume of gas 
generated is 20 times the volume of the spent wash. The discharge from the anaerobic units 
can be sent to oxidation ponds where DOD level of effluents can be further reduced to 100 ppm. 
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The final effluent can be used as irrigation water or evaporated for recovery of potassium 
salts. It can also be treated in sand filters to reduce BOD level still further to 35 ppm. 
Another method adopted by some distilleries in India is solar evaporation of spent wash in 
open shallow pits. The dry cake is sold as a fertilizer. 

In addition to the present use as animal feed component and as a soil conditioner, the 
press mud can be extracted to recover sugarcane wax. 

2.5.3 Fibre crps 

Fibre crops like cotton, flax and various palm fruit husks and leaves have been 
described. Other commercial fibre crops yielding bast and leaf fibres are described in 
this section. 

The bast fibres are obtained from jute (Corchorus capoularis and C. olitorius), kenaf 
(Habiscus cannabinus), ramie (Boehmeria navea), and sunn (C. Juncea), and leaf fibres from 
abaca or Manila hemp (Musa textilis) and sisal (Aare sisalana). Other fibre yielding plants 
are: kapok (Ceiba pentandra) which gives fibre from seed pod and grows throughout the 
Region, and sida (Sida rhombifolia) which is native to the Philippines. Jute is cultivated 
extensively in India and Bangladesh and to some extent in Thailand, ramie and abaca in the 
Philippines and Indonesia, kenaf in Thailand, India and Bangladesh, and eunn in India. 
Sisal grows wild in India, Indonesia and elsewhere in the region. It is a perennial plant. 

All bast fibre yielding plants are single stemmed and grow to various heits (2-5 rn). 
The fibre strands consisting of overlapping fibre cells, held together with natural gum, 
are located between the central woody stem and the bark. 

The procesning of bast fibre from all these plants is similar. The main operations 
consist of retting, stripping and grading and finally baling for the manufacture of finished 
goods. Retting is a time—consuming but critical step in the extraction of fibre. 

Abaca plant looks like a banana plant with 3-6 meter stalks (12-30) radiating from a 
central rooting system. Abaca fibre, however, is very much stronger than that of banana. 
The fibre rums along the sheath in abaca lying in its outermost layer. The mature stalks 
are cut, the fibre layer cleaned by pulling the fibre strip under a knife pressed against 
the strip, and air—dried avoiding sun and rain. The fibre yield is 2-3 percent of weit 
of the stalk. 

The sisal fibre is embedded longitudinally in the agave leaves (1-2 m long; 10-15 cm wide) 
The fibre layer is 5-7 mm thick. The fibre is removed from fresh leaves by scraping away 
the pulpy material in a mechanical decorticator. The fibre strands are washed and dried. In 
Indonesia, the dry fibre strands are further cleaned by brushing them against a rotating drum. 
Fibre from Sansevieria, a perennial of India and Sri Lanka also is extracted in a similar 
manner. 

The average composition of various fibres is: 

Cellulose Moisture Ash Ligain and pectin 
percent percent percent percent 

Jute 63 10 0.7 24 

Kenaf 66 10 1.0 22 

Sida 31 10 0.5 6 

Rmie 91 - 0.7 - 

Sunn 60 10 0.6 6 

Abaca 64 12 1.0 22 

Sisal 77 6 1.0 15 
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Use pattern 

The extracted fibres are used for the manufacture of textiles and other goods. The bark 
and leaves of kenaf and jute have minor uses in basket-making. The stem is too hard to be 
eaten by the animals and is generally wasted. 

Residues 

The availability of jute sticks is about 2.5 million tonnes in India and that of kenaf 
stem about 1 million tonnes in Thailand. Thus enormous quantities of residues from all fibre 
plants are available. The average analysis of jute sticks is (percent): Holo-cellulose 
78.6; alpha-cellulose 39.3; pentosans 19.5; lignin 21.9; and ash 0.6. The cellulose content 
of residues of other fibre plants is satisfactory for their use as a source of pulp for paper 
and board industry. There are several small plants operating in India using jute sticks as a 
raw material for mixed pulp. In Thailand and the Philippines there are planB to build paper 
and board plants. 

Possibilities 

The possible uses being explored are the manufacture of mechanical pulp, paper and 
straw board, hard boards, rayon grade pulp and charcoal. The main problem in their economic 
utilization will be collection and transport. 

The residual leaf and juice after extraction of sisal fibre can be a source of wax and 
hecogenin. This occurs in enticle part of the leaf to the extent of 15-20 percent which is 
extracted in India in a small way. 

With present processing techniques for the extraction of sisal fibre, hecogenin, a steroid, 
present to the extent of 0.1 percent, gets resinified. Modified methods have therefore 
developed to overcome this difficulty. Hecogenin is raw material for a variety of hormones. 

2.5.4 Rubber 

Natural rubber in the region is obtained from the latex derived from perennial tree, 
Hevea brasiliensis which was planted during the colonial period. Malaysia, Indonesia, 
Thailand, India and Sri Lanka are the chief producers. Rubber contributes about 30 percent 
towards Malaysia's total export earnings and is its major agro-based industry producing 
about 1.5 million tonnes of product. The production in other countries is less (Thailand 
0.2; Indonesia 0.24;  India 0.13 and 3ri Lanka 0.1 million tonnes). 

It takes about 5 years for a rubber tree to become ready for tapping. The tapper cuts 
the bark almost down to cambiumto allow the latexto flow which is collected and transported 
to the processing unit. In Malaysia, the unit may vary from the 5 kg/batch of the cottage 
industry to a large modern processingiLant. 

Use pattern 

Till recently, the main materials produced were primary products like block rubber, 
sheet rubber, crepe and the latex concentrate. The manufacture of rubber goods such as 
tyres, footwear, conveyor and transmission belts is being introduced in all countries. 
India, which is relatively a small producer of rubber, has 19 factories manufacturing 
bicycle tyres and tubes (30 million tyree; 25 million tubes) and 13 producing automobile 
tyres and tubes (6 and 5.5 million respectively). The small and Large-scale footwear 
manufacturing units turn out 1.6 million pairs of rubber and canvas footwear. Belt production 
in 1975-76 was: conveyor 4,600 tonnes and transmission 2,500 tonnes. 
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Residues 

Rubber latex contains about 30 percent of non-rubber constituents. During processing 
of rubber, these are washed away into rubber serum. Large quantities of water are used for 
this purpose. The effluent generation of an average 20 tpd factory is estimated at 410 ki. 
These effluents constitute a serious pollution problem. The general characteristics of the 
effluent are: pH 4.86; total suspended solids 340 ppm; total solids 1 880 ppm; volatile 
solids 1 440 ppm; steeleable solids 190 ppm; COD 2 idO ppm; BOD 1 040 ppm; ammoniacal N 85 
ppm; and total N 150 ppm. Several methods have been suggested to economically treat these 
effluents which vary in quality and composition according to the process employed, quality 
control and supervision. Some factories give partial treatment (ponding, pitting or filtering) 
before discharge of the effluents, to recover suspended latex. The acidic nature of effluents 
is due to the use of formic sulphuric and phosphoric acids during processing. 

The concentrate factory has a large amount of total solids. The skim serum produced 
has the following characteristics: pH 4.77  ppm; total solids 42 550 ppm; volatile solids 
36 410 ppm; suspended solids 2 850 ppm; COD 32 690 ppm; BOD 13670  ppm; total N 4 620 ppm; 
ammoniacal N 3  430; albumjnoid N 755 ppm; total sugars 500 ppm; reducing sugars 409 ppm; 
and Al, Ca, Cu, Fe, K, Mg, Mn, Na, P and Si, 1.6; 6.0; 4.0; 2.0; 618; 61; 0.6; 11; 61 and 
8 ppm respectively. 

The non-rubber constituents are proteins (1 per cent of fresh latex); lipids (1 percent 
of latex) which are mostly phospholipids (60 percent of total lipids); querbrachitol 
(1 percent of latex); sugars; and inorganic chemicals (0.5 percent of latex). Minor 
constituents are carotenoids and nucleosides. 

The rubber seeds resemble castor seeds in appearance; they are larger and heavier (2-4 g.) 
The seed kernels possess a flavour resembling hazel nut and have the following average percent 
composition: moisture 8.5; crude protein 17.6;  ether extract 48.5; carbohydrates 22.9; 
ash 2.5; Ca 0.12; and P 0.43. The seeds contain a cyanogenic glucoside and a specific 
enzyme, linase. The seeds contain an active lipase. The kernels contain a semidrying oil 
(40-50 percent). The lipase hydrolyses the oil in the stored seed. The seeds should, 
therefore, be heated before storage to inactivate the enzyme. The oil is inferior to linseed 
oil as a drying oil and is chiefly used for soapmaking. The characteristics of the oil are: 
acid value 4-40; soap value 190-195; iodine value 132-140;  and hydroxyl value 12-32; and 
unsaponifiable matter 0.5 - 1 percent. The component fatty acids are (percent): oleic 17-30; 
linoleic 33-39;  linolenic 21-26; palmitic 7-11;  stearic 8-12; and arachidic 0.3 - 1.3. The 
cake or meal is used as a fertilizer or animal feed. The meal analysis in percent is: 
moisture 5-6; oil 4-6; protein 30-34;  carbohydrate  40-44; fibre 7-12; and mineral matter 5_6. 
The seed shell has 57 percent fibre, 6 percent protein and is used as a roughage. 

In Malaysia, 133  tons seeds are reported to yield 16 tons oil and 30 tons meal. The 
annual production is 30 000 tonsoil, 50 000 torBmeal and 198 000 tonsshells. 

Rubber wood finds use as a fuel, as an inferior timber and for furniture making. Not 
all wood is utilized (Malaysiams use pattern: total use 60 percent; furniture and timber 
25 percent and fuel 35  percent). In Malaysia, two plants (cap. 400 000 tpa) export chips 
to other countries. At 3  percent replantation basis, the availability of rubber wood in 
Malaysia is estimated at 6-7 million tons (1 ton = 50 m3 ). 

Possibilities 

Apart from developing the potential of rubber seed and wood as a source of economic 
commodities, the major attention is being devoted to the solution of environmental pollution 
prob1em created by the rubber processing industry. The muitipronged effort includes 
microbial degradation of wastes, their use as a medium for growing of yeasts, algae and fungi, 
as a seedling material for latex coagulation, as a fertilizer, and as a source of chemicals. 

The yeasts grow well on the effluents (75-1  scale trials gave a yield of 5- g/l). 
Experiments on growing algae along with fish in treated effluent have given satisfactory 
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results. The skin serum has been used as Soil stabilizer for maize, soyabean and groundnut 
increasing the crop yields by 75, 89 and 27 percent respectively. The isolation of iuerbra-
chitol, various enzymes, proteins (as an animal feed) and inorganic salts are other 
possibilities which are being investigated. 

The rubber wood has adequate strength, is easy to machine, has negligible distortion 
when dry and is durable. Thus, it is an ideal furniture wood. Its characteristics are: 
SO 0.55; modulus of rupture 60 kg/cm 2 ; impact bending strength (22.7 kg hammer) 61 cm; 
compression parallel to grain 330 kg cm 2 ; shearing strength 112 kg crn 2 ; radial hardness 
442 kg; tangential hardness 446 kg; and end hardness 485 kg. 

Proper utilization of rubber seed can augment resources of oil for soapmaking and 
paint manufacture. The meal/cake and shells can provide supplementary animal food. 

2.5.5 Tobacco 

The Nicotina plant is cultivated for its leaves which on curing yield tobacco. It is 
an annual, 50-150 cm high, with a pubescent stem, slender branches and fleshy leaves with 
uneven surface. Several varieties are planted in the region. The plucking of leaves is 
carried out according to their end use. The harvested leaves are cured. The techniques 
used are: flue curing, air curing and fire curing. Several physical and chemical changes 
take place in the leaf during curing. The average moisture content of the leaf- is reduced 
from the original 60-85 percent to 10-15 percent during curing. Leaf enzymes play an 
important role in determining the biochemical changes during curing. The concentration of 
nicotine varies according to the variety (1.5 - 4 percent). Almost all the countries of 
the region produce tobacco, principal producers being India (447 000 tons), Indonesia 

(59 000 tore) and Philippines (57 000 tons). 

Use pattern 

Cured tobacco leaf is converted into cigarettes and cigars or exported. In India, 
it is also used for making snuff, chewing tobacco, bidis and hookah tobacco. The stems 
and stalk are considered useful by the farmers due to their K content and nicotine content. 
These along with pods are usually used as a fuel. Limited quantities of tobacco seeds are 
extracted for their oil (oil content 35-40 percent) which is a semidrying and edible substance. 

The present capacity of cigarette manufacture in India is 624 billion pieces which is 
being increased to 1 000 billion pieces by 1978-79.  There are lb units currently producing 
cigarettes. Cigar, bidi, snuff and chewing tobacco are manufactured on cottage scale. In 
the Philippines, tobacco supports nearly 2 million people. Cigars and cigarettes are also 
manufactured in Indonesia and Thailand. 

The bidi is the cheapest Indian smoke which is prepared by wrapping tobacco in a 
specially prepared leaf (usually of Diospyros melanoxylon, Bauhunia racemosa or Butea 
monosperma. The present production is estimated to be 120 billion pieces. 

Residues 

The tobacco stalks and leaf scrap are the only crop residues. Leaf scrap occurs 
when diseased or substandard tobacco leaves are produced and it is burnt. Some stalks and 
scrap leaf are used for agricultural purposes, the rest are either burnt or d1lowed to rot. 
Their use pattern in India is: agricultural use 40-50 tons; destruction of leaf scrap 2-4 tons; 
and burnt as a fuel or otherwise wasted 31-34 tons. Thus sufficient quantities are not 
available for paper and pulp manufacture. The availability of stalk in the Philippines and 
Indonesia is of' the order of only 75 tons. Since N and K are important constituents of these 
residues, their use in agriculture may be encouraged. 

During cigar and cigarette manufacture tobacco dust is generated, which has nicotine 
content from 3-8 percent depending on the tobacco used. Bidi tobacco has high nicotine 
content. The stalks and midribs also have nicotine (1-3 percent). In India, nicotine is 
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extracted in the form of nicotine sulphate. The process employs a petroleum solvent and 
steam distillation. 

Possibilities 

In the Philippines, cultivation of different species of mushrooms on tobacco midribs 
is being investigated. The initial results are encouraging. In India, manufacture of oxalic 
and nicotinic acids from tobacco wastes is being investigated. If nicotine recovery process 
is simplified, tobacco may be grown solely for this purpose. Tobacco waste could also be 
reconstituted into leaf sheet. 

2.5.6 Tea, coffee and cashew 

2.5.6.1 Tea 

Tea is principally grown in India and Indonesia. India is the largest producer 
in the world producing about 500 000 tons. The green shoots are plucked from the bush, 
cured and further processed to give green tea, black tea, oolong and instant tea. The 
largest production, however, is of black tea. Enzymes play important part in the processing 
of tea. Indonesia produced 48 800 tons in 1972. 

The wastes from tea are generated in the form of fluffs, stalks and sweepings. It is 
estimated that about 10 million kg of tea waste is available in India. Some tea waste is 
used as a fertilizer by the tea planters. It is also burnt to prevent adults 	but more 
and more is being used for the extraction of caffeine. For extraction of caffeine, the tea 
waste is mixed with lime, the liquid extract is then further extracted with an organic 
solvent. Crude caffeine obtained after recovery of the solvent is further purified by 
repeated crystallization. Spent tea waste which still contains 20-25 percent tanning is 
used as a cattle feed or fertilizer. It can, however, be used for the production of 
tanning agents, soundproof bricks and activated carbon but no investigation seems to have 
been made in these directions. Work on conversion of caffeine to theophylline has been 
done and a viable process seems to be available. 

2.5.6.2 Coffee 

While coffee is produced by almost all the countries of the region, large production 
is only in India (86 000 tons) and Indonesia (23 000 tons). The bulk of coffee in India is 
produced from Coffea arabica, though other varieties are also becoming popular. The berries 
are dried, dehulled, graded and cured. Cured coffee beans are roasted and powdered. Coffee 
is also available in the form of flakes or tablets. Decaffeinated coffee and soluble coffee 
are also manufactured. 

Coffee husk obtained during dehulling operation is a major residue of coffee industry. 
Husk is generated in India to the extent of about 60 000 tons. The average percent 
composition of husks from C. arabica and C. robusta is given below: 

Ash 
Protein 
Crude fibre 
Water extract 
Caffeine 

C. Arabica C. Robusta 

6.5 4.4 
9.2 9.0 

39.]. 38.0 
25-35 30-40 

0.3 - 0.6 0.2 - 0.5 

Currently the husk is composted and used as a manure on the plantation. It has been 
used as a nutritious roughage. The raw coffee contains 10 percent oil and wax. The bean 
oil has the following characteristics: S.G. 0.94;  soap value 160-180; iodine value 79-98; 
unsaponifiable matter 6-10 percent; saturated acids 37-40  percent; and unsaturated acids 
51-54 percent. It may be worthwhile to explore the possibility of extracting the oil 
before roasting. 
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The tannins extracted from husk and the organic acids produced by fermentation of 
husk are reported to be useful in tanning industry. Coffee parchment gives a 13 percent 
yield of furfural. 

2.5.6.3 Cashew 

On the 8 South American species of Anacardium, A. occidentale has been introduced in 
India and other countries of the region producing cashew products. An erect, spreading 
evergreen tree, growing upto a height of 12-13 m, produces a curious fruit, known as cashew 
apple which has a kidney—shaped nut attached to it. The nut is processed for its kernels, 
producing cashewnut shell liquid, a phenclic substance and shell as the byproduct residues. 
The fruit itself is fleshy and juicy. It is astringent when raw but sweet when ripe. It 
is edible and yields the well known wine, cashew fanny. 

India has nearly 400 000 ha of area in South and East India under cashew. The annual 
production of kernels is around 150 000 tons. India imports about 170 000 tons of raw 
nuts. The annual export of kernels is around 60 000 tons. About 7 000 tons of cashewnut 
shell liquid is also exported. 

The cashew processing consists of heat treatment of the nut and manual cracking of nut 
to recover the kernel. Heating is usually done in a cashewnut shell liquid hot bath which 
also extracts most of the shell oil. The residual oil in the shell is extracted with a 
solvent. The spent shell is either used as a fuel or cornpos -ted. 

The shell liquid (CNSL), which is 25 percent by weight of shells, has a phenolic acid, 
anacardic acid, as its chief constituent which is decarboxylated to cardanol during the 
processing. If cashewnut is mechanically broken to recover the kernels (as is done in 
Tanzania) followed by solvent extraction of the shells, CNSL has anacardic acid mostly 
intact. CNSL has many uses in paints and plastics, in the manufacture of brake linings and 
as a foundry core binder. Cardanol is recovered by distillation for use in light coloured 
paints and varnishes. 

Cashew apple has the following percent composition: moisture 86.2; protein 0.8; fat 0.6; 
carbohydrates 11.9; mineral matter 0.2. Vitamin C is present to an extent of 261.5 rng/loo g. 
Each tree on average yields 35 kg of fruit, and each fruit gives 20-25 ml of juice having 
10.4 percent solids (94 percent sugars, mostly invert sugars). Since raw juice is rich in 
sugar, it could be a good raw material for alcohol industry. It is converted into vinegar 
or cashew fanny. The production of cashew apple in India is estimated at 30 million tons. 

The peelings obtained during the preparation of kernels for the market contain some 
broken kernels and brown testa, constitute about 12 percent by weight of kernels, and 
are used in poultry and animal feed compositions. The testa has 42.5 percent total extractable 
solids and 23 percent total phenols. The main constituents are catechin and epicatechin 
(6 and 7.5 percent of testa respectively). The availability of testa is about 2 500 tons 
in India and could be exploited as a source of tannins. 

The wood is reddish brown in colour and is used for making packing cases and charcoal. 
The bark has 9 percent tannins and the leaves 23 percent. The tree yields a gum which 
exudes as a stalactitic mass. The bark, leaves and gum have not found any application. 

2.6 	Forestry 

The exploitation of forest resources is a typical example of primary processing in 
the region. Logging is a major forest—based industry tuned, excepting India, to export. 
The associated industries are sawing, plywood manufacture chipping mills and match 
manufacture. A sizeable volume of wood is used as a domestic fuel as firewood or charcoal. 

The pattern of industrial utilization of wood (8.3 million m 3 ) in India is (percent): 
timber 33.25; plywood and boards 6.89; mining 8.71;  transport and communications 9.25; 
wood working 7.19; packaging 8.59; pulp and paper 13.30;  rayon  9.67; and matches 3.14. 
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The plywood manufacture in 1975 was 33 million m2  and of fibre and particle boards about 
25 000 tons. Safety matches are manufactured in 5 large plants and innumerable small plants 
(total capacity 11 000 million boxes of 50 sticks each). The production of various other 
products in 1975  was: paper andaper board 829 000 tons (to be increased to 1.4 million tons 
by 1978-79);  rayon pulp 106 000 tonnes (230 000 tons in 1978-79);  cigarette tissue paper 
8 500 tons (22 000 tons in 1978-79);  speciality papers 10 000 tons. The minor forest 
industries are production of lac (about 800 000 tons), tanning materials (40 000 tons, mainly 
from Aacaias) rosin and turpentine (mainly from Pinces longifolia), katha (from the heartwood 
of Acacia catechu) and essential oils (sandalwood, lemongrass, citronella, palmarosa, vetiver 
and linaloe). 

Logging is a big industry in Indonesia with an annual capacity of 35.7 million m 3 . The 
sawing capacity is 7.2 million m 3 . Logs and sawn timber are mostly exported. Plywood is 
manufactured by 25 units (capacity 2.16 million m3) and chips by 4 units (capacity about 
1 million m3 ). Most of the chips and some plywood are also exported. The wood wastes, 
which are currently not utilized, are planned for use in new projects for expansion of pulp 
and paper industry. Two plants (one each in Sumatra and in Central Java) use pine wood as 
a source of pulp with respective capacities of 200 000 and 58 000 tons. The other 3  plants 
(total capacity 650 000 tons) use hardwoods. It is planned to use saw dust in the integrated 
mills to produce excess pulp to feed the scattered and non integrated small units in Sumatra 
by 1983-84. 

In the Philippines where logging is also a big industry, extensive programmes of 
reforestation and utilization of wood waste have been introduced. There are 
22 paper and board mills producing 226 000 tons of paper and 143 000 tons of board. The 
largest mill has a capacity of 157 000 tons of paper and board and utilizes the wood wastes 
from logging, sawing and plywood manufacturing industries. Apart from their export, the 
logs and timber are used for the manufacture of veneer, plywood, chip boards, charcoal, 
activated carbon and pulp and paper, and as construction materials. The bark of some 
species is extracted for tanning materials. 

In Malaysia, timber contributes about 16 percent towards export earnings. The 
production of saw logs and timber during 1976  is expected to be 16.27 and 3.68 million m 
The minor forest products include cane and the latex for chewing gum (from Dyera costulaca) 
which are exported. 

The Thai forest industry is almost wholly logging for timber and firewood. Of the 
total about 3  million m3  of log production nearly one-third was used as a fuel. The 
export figures suggest that extensive illegal logging is practised. The charcoal production 
is reported to be about 250 000 tons. As elsewhere in the region, the production methods 
are primitive with no recovery of the byproducts. Sawdust is mostly used as fuel and to a 
little extent in fibre board manufacture. All the 4 plywood manufacturing plants are 
located in Bangkok, with only one using wood wastes. One-fourth of the forest is under bamboo 
which is the source of pulp to the existing relatively small paper industry (cap. 25 000 tpa). 
There are plans to instal new paper mills using various types of raw material to produce 
newsprint, writing paper and pulp (total capacity 400 000 tpa). An interesting feature of 
these schemes is the use of rubber wood as a source of pulp. Amongst the minor forest 
products, yang oil is important. 

Residues 

Logging is the chief forest industry which generates enormous residues at two stages 
of processing operations. The first source of residues is the felling operation in the 
forest which produces leaves, bark, lops and tops, and trimmings. The residues are variously 
estimated between 30 and 60 percent depending on the nature of end use and whether the felling 
is legal or illegal and include abandoned logs. These are mostly used as a fuel or for small 
scale production of charcoal. The second operation which also generates enormous quantities 
of residues is sawing and manufacture of plywood and other products. The residues in this 
operation consist of bark, off cuts, waste veneer, shavings, chips, saw dust and trimmings and 
are of the order of 40-50 percent of the input. The saw dust is used for pulping, as a fuel, 
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as a packaging material, as an insulating material and for the manufacture of boards. The 
chips are used as a fuel or for the manufacture of chipboards. The other residues are used 
as a fuel. 

It is difficult to estimate the total residue generation by the forest industry in 
the region. It is obvious that large quantities are available for utilization. As an 
illustration, a rough estimate of the residues generated in India is given below: 

Lops and tops 3.0 million m3  
Bark from veneer logs 0.3 million tons 
Saw mill wastes 2.0 million tons 
Plywood wastes 0.2 million tons 

The residue generation in S.E. Asian countries will be more where the logging is much more 
extensive. 

Possibilities 

The average waste on felling of trees has been computed as follows (percent volume of 
timber removed): 

stumps 8; tops 14;  branches 13; butt trims 2; abandoned logs 3, and damaged 
residual tree 40. 

Thus timber removal results in 80 percent of its volume as waste. If the damaged residual 
tree isnot taken into account, there is still 40 percent of volume as a waste. As stated 
earlier, in some countries, the figure is as high as 60 percent mainly due to indiscriminate 
felling and thus inflating the figures, especially the abandoned logs. 

The general pattern of residue generation in a saw mill is (percent of input): saw 
dust 16; slabs 7;  edgings  7; trim  5 and rejects 17. Thus 52 percent of input results in 
residues. 

Since wood is likely to continue as a source of domestic fuel b  it will be advantageous 
to convert waste wood and saw dust into briquettes which may be carbonized to produce 
briquetted charcoal. The obvious advantage of such conversion is the recovery of byproducts 
during carbonization. The consumer also has smokeless fuel which does not add to the 
atmospheric pollution. The market for briquetted charcoal will only be in urban areas since 
the rural population gets free firewood in the region. The technology for making briquetted 
charcoal and charcoal from lops, tops and chips is available in India. In the Philippines, 
various methods have been developed to produce charcoal in thetackyard and the designs of 
plants based on the utilization of byproduct gases as a fuel are available. On the average, 
100 tons of wood on carbonization yields 30 tons of charcoal and 45-50 ki of byproducts 
liquor. The liquor can be processed to give acetic acid (4-5 percent of wood), methanol 
(about 2 percent of wood), tar (7-11  percent of wood) and some acetone. 

Wood waste, particularly saw dust, is used to some extent as a raw material for 
pulping and for hard board manufacture. Saw dust represents about 10-16 percent of the 
total wood waste (or about 55 percent of wood processed). The saw dust puips (soda, 
sulphite, sulphate, mechanical and dissolving) are generally inferior in strength to those 
produced from chips. Their industrial potential is therefore confined to filler pulp. 
Since the demand of pulp is ever-increasing, the industry should be encouraged to use wood 
waste, especially sawdust as a raw material. 

The off-cuts (10-15 percent of log volume) are currently used mainly as a fuel, for 
production of decorative articles and in chip board manufacture. Due to their scattered 
availability, it may be of advantage to set up mini chipboard manufacturing plants in the 
forest areas. 
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Tree bark (8 percent of tree volume) is a source of tannins in some species. It is 
generally used as a fuel or allowed to rot in the forests. Apart from producing briquetted 
charcoal, it can be used for the production of various types of boards. In the Philippines, 
a process has been developed to produce these boards by utilizing the phenols present in 
the bark as binders. 

The use of woodwastes as a soil conditioner has been suggested. Wood wastefor this 
purpose is formulated with other was -tee and the composting accelerated by addition of 
ammonium nitrate, superphosphate and limestone. One composition contains (kg): saw dust 227; 
grasses or straw 136; farmyard manure 91; ammoniusi nitrate 10-16; super phosphate 9-14; 
and limestone 14-18. The composting is done for several months under conditions of 
adequate moisture. In another composition, the use of ammonia, phosphoric acid and 
potassium sulphate has been suggested. The resultant compost has been found useful for 
forest nurseries in the Philippines. 

Waste wood was used as a source of producer gas during the last war. With the 
present energy crisis, this outlet of wood waste needs to be re—examined. 

2.7 Livestock and poultry 

The region has a large cattle and buffalo population mostly located in India. Of the 
total cattle population of about 200 million, India accounts for 176 million, and of 
buffaloes, 53 million out of a total of about 64 million. In India, there is very little 
consumption of beef (due to religious taboos), there is therefore a high of growth of 
cattle and buffalo population. The bullock is the work animal in contrast to S.E. Asia 
where buffalo is used for this purpose. While beef and pork are the main sources of meat 
in S.E. Asia, mutton (from sheep and goats) is the principal meat of India. There are 
few pig farms in India. The large cattle farms provide only milk. Wherever milk industry 
is organized, the milk from the village backyard farms is also collected at conveniently 
located chilling centres and sent eventually to pasteurizing plants for bottling to meet 
the urban demand of milk and milk products. Both cow and buffalo supply milk in India 
in contrast to S.E. Asia, where buffalo is not exploited for this purpose. 

The poultry industry in all countries consists mainly of chickenewith a relatively 
small population of ducks. Though there are a few commercial farms, the birds are largely 
raised in the backyard. In Singapore where land for cultivation is limited, poultry is an 
integral part of vegetable and pig farming. 

Residues 

The livestock and poultry wastes may be classified as: 

- animal shed/f eedlot wastes 
- slaughterhouse wastes 
- carcass of dead and fallen animals 
- poultry litter and other wastes. 

Since the animals are generally located on the farm itself, the excreta is generally 
disposed of as a farmyard manure. In India, the dung is also dried into cake and wastefully 
used as a fuel. It is estimated that the Indian cattle and buffaloes annually generate 
1 335 million tons of dung and 370 million tons of urine. The percent composition of dung 
is: water 70-30; organic matter 18-20; and mineral matter 2-5; Its C:N ratio varies from 
20 to 35:1 depending upon the feed. 

The cattle dung has (as percent): nitrogen 0.2; P205 0.1; and K20  0.15. Urine has 
(as percent): nitrogen 0.6; P205 0.1, and K20 0.5. Their annual potential as soil nutrients 
for India is: 



Waste N 1( 0  2 

cattle dung 2.67 1.33 2.0 
cattle urine 2.22 0.04 1.85 

Except in commercial farms, the animal sheds do not have any bedding material. The 
urine is therefore mostly wasted causing pollution in the surrounding areas. The dung, 
however, is largely composted except in India where its utilization as a manure is only to 
the extent of 33 percent. Thus considerable nutrient potential is lost in wasting urine 
and burning nearly 265 million tons of dung. 

To meet the fuel requirementsof Indian farmersand yet retain the soil nutrients of 
dung and urine, a small biogas plant has been introduced which produces methane (along with 
other gases) during anaerobic fermentation of animal excreta. The spent slurry contains 
about 1.5 percent nitrogen, 0.4 percent P205 and 2.2 percent 1(20. It can be directly used 
as a manure. One ton of fresh dung (containing 0.25 percent N) is expected to give 2 000 cft 
of gas and 730  kg of manure having 1.37 percent N. 

The most advanced biogas plant is located near Manila which recycles pig waste to 
produce biogas and fertilizer. The gas is used to generate steam for the rendering plant, 
pump water, provide refrigeration and may generate power in the near future. The byproduct 
sludge of the biogas plant is used as a land fill to reclaim land for agricultural purposes 
and the effluent after dilution is partly used for algae and fish farming, the rest being sent 
to rice fields and vegetable garden 

In many S.E. Asian countries, the pig waste is fed into fish ponds where aquatic 
plants and scavanger fishes are also grown. Any overflow is sent to cultivated land. The 
aquatic plants and fish are periodically harvested and the pond silt is also taken out and, 
along with pig waste, used as a fertilizer for rice and other crops and also for growing 
pig feed. The pigs supply meat. Thus, it is a symbiotic situation. 

The slaughterhouse wastes are the byproduct of meat production. These residues 
consist of blood, fat, guts, bones, horns, hooves, useless meat, glands and organs, and 
hides and skins. The pattern of utilization of these residues varies within the region. 

India slaughters annually 37.3 million goats and sheep, 1.44 million cows and 
buloes and 0.7 million pigs (1970 figures). The animal fat is extracted and used for 
cooking and soap manufacture. 

Blood forms about 8 percent of body weight of an animal. Actual quantity obtained 
after slaughter is however less. The annual availability of blood in Indian slaughterhouses 
is about 55 000 tons, about two—thirds of which is wasted and the rest used as a fertilizer 
or animal/poultry feed. 

The cow guts are mainly processed for export (as casings for sausages, etc.) but since 
these are not collected and processed in time, considerable wastage occurs. The sheep and 
goat guts are processed for their use in musical instruments and sport goods. These are 
also exported. Gut manufacture is a cottage scale industry and mostly done by hand. 

The total potential of bones in the country is 450 000 tons of which only 136 000 tons 
are collected, mostly from dead carcasses. Slaughterhouse bones are usually sold along with 
the meat. Fresh bones yield appreciable fat which is recovered. Bones are used for the 
manufacture of bone meal, glue and gelatine. The steamed bone meal contains: moisture 

7 percent; Ca 32 percent; P 15 percent; fat 1 percent; F 0.06 percent; and acid insoluble 
1 percent. Bone meal is used as animal and poultry feed. It is also used as a fertilizer. 
Bone sinews are exported. 

Glue and gelatine is produced by 14 factories located principally in Bombay and 
Calcutta. Hide trimmings, horns, hooves, bones and blood albumin are the raw materials 
used. Horns and hooves are used for the manufacture of buttons and combs. Neats foot 
oil is also produced from hooves. 
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Only 40 percent of the inedible offal is used as dog meat; the rest is wasted. The 
waste meat availability is estimated to be 12 000 tons which can be processed into meat meal 
of the following characteristics: moisture 4.2 percent; crude protein 53.9 percent; crude 
fat 24.3 percent; and ash 19.1 percent. It has great value as an animal feed. 

Various animal glands are collected and processed as hormonal extracts. The hides 
and skins are processed to give leather. 

The estimated generation of slaughterhouse residues in India is (in tons): fat 
26 600; guts 48 400; blood 30 000; glands 36 000; Oesophagus 4 000; bladder 1 300; waste 
meat 22 700; tail stumps 150; horns 4 400; hooves 7 000; and bones 22 000. 

Indonesia has 12 large slaughterhouses and many small ones. In 1973, 720 000 cows 1  
199 000 buffaloes, 2.97 million goats, 1.46 million sheep and 1.8 million pigs were 
slaughtered. The extracted fat is used for cooking. Blood is eaten or used as animal 
feed. Hides, skins and cartilage also form human food. These are also converted into 
leather. Bones are crushed and exported. Glands are not processed and hair is thrown away. 

In Malaysia all slaughterhouse wastes are intended to be utilized when the smaller 
slaughterhouses are closed by law. The present use pattern of slaughterhouse residues 
includes production of bone meal as an animal feed, and conversion of all other animal 
residues to fertilizer in the rendering plants. There are plans to produce meat meal. 

The pattern of slaughter waste utilization in the Philippines is generally similar 
to that in Indonesia. In addition, the rendering plants convert animal residues into 
fertilizer. 

It has been estimated that about 8-10 percent of the livestock die due to various 
causes in India. The percentage mortality in other countries of the region is likely to 
be similar. Based on 8 percent mortality, the number of carcasses annually available in 
India is (in millior 	cows 13.6;  buffaloes 4.0; sheep 3.3; goats 5.0; and other animals 
6.1. Thc,  carcass can provide economic products like hides and skins, tallow, bones, 
meat, manure, etc. The potential is not fully utilized in any country of the region, 
though some rendering plants do process some carcasses. 

Poultry litter has not found much use in India and Indonesia except for its use as 
a fertilizer. The feathers also do not find much outlet 	In the Philippines, the litter 
is fed to fish ponds and is also used as a fertilizer. The feathers are converted into 
animal feed and fertilizer after liming and autoclaving in rendering plants. 

The poultry manure contains considerable calcium. It has a moisture content of 
75-0 percent and total solids 20-25 percent (volatiles 15-18 percent; ash 5-7 percent). 
On a dry basis, the percent composition is: volatile solids 75-80; ash 20-25; crude 
protein 37; carbohydrates  35; fats 1.3; Ca 9.3; P 1.5; K 5.9; Total N 88.2; and organic N 
11.8 of total N. Other characteristics are: pH 6.9 - 7.4; c/N ratio 8-12; BOD 30 000 - 
35 000 ppm; and COD 150 000 - 160 000 ppm. 

In Singapore and Malaysia, in addition to the above—mentioned conventional uses, 
poultry litter is converted into animal feed by ensilage. The poultry litter is sprinkled 
with water to bring moisture to 40-45  percent level and fed into silos for ensilage for 
3 weeks. The fermented litter is then fed to beef and milch cattle along with supplementary 
diet consisting of pelleted tapioca, oil palm pericarp or pineapple waste. The weight gain 
in beef animals is reported to be as high as 750 g - 1 kg per day. Sevnrai commercial 
plants are being established in the two countries. 

Possibilities 

With the break—through achieved in the recycling of poultry litter as feed for 
ruminants, pigs, poultry and fish, considerable work is being done on the recycling of 
livestock waste itself in Singapore. A feature of the concept is that it permits not only 
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the use of animal wastes but also crop and food industry wastes providing a variety of 
processed animal feeds. The technology for the manufacture of a few animal feeds is already 
available and includes treatment of poultry litter and livestock waste by drying, lactic 
acid fermentation, sterile or semi—sterile fermentation to convert manure into SCP or other 
protein concentrated feeds and also the use of crop residues like cereal straws, rice husk, 
sugar cane crop residues, leguminous crop residues, oil palm residues, cannery residues and 
vegetable wastes. With the introduction of such a technology it will be possible to organize 
the neglected livestock industry on modern lines with higher and cheaper meat production even 
in the absence of arable land, as in Singapore. It shall also release cereals and vegetable 
proteins for human consumption in addition to abatement of pollution problems. 

The production of biogas from cattle farm wastes has obvious advantages. It presents 
an alternative to wasteful burning of dung in India. It also provides rich fertilizer for 
farm use. The capital requirement for a small plant is low but still too high. Larger 
plants, shared by the village community, will be more economical. For this purpose, a 
large cattle—shed rather than many small individual sheds will be required. This will 
need considerable extension work to convince the tradition—bound farmers of South and S.E. 
Asia. The combining of animal manure with night soil in these plants will provide more gas 
and fertilizer and also provide hygienic disposal for human excreta and needs to be explored 
further. 

Cattle yard wastes can be best conserved by anaerobic composting with alternate 
layers of fodder wastes (including weeds and other farmyard wastes). In India a battery of 
three pits has been used which also receive urine and washwater from the cattle yard. In 
the Philippines, addition of straw and other farm wastes during anaerobic fermentation was 
found to increase the yield of methane. Further efforts are required to improve fermentation 
techniques and to produce an improved low cost equipment design. 

The economic advantagof recovering byproducts from slaughterhouse wastes are obvious. 
The collection and storage of these wastes under hygienic conditions is a pre—requisite for 
developing this industry. The slaughterhouses should be modernized. 

The technology for carcass utilization is known. It only needs an intensive effort 
to make use of it to recover the valuable products. 

2.8 	Fisheries 

Fishing has been traditionally a widely engaged occupation of the people of South and 
S.E. Asia. Modern commercial fishing requires organization, transportation, refrigeration 
and other pre—requisites of handling a large fish catch. Since the countries of the region 
still depend to a sizeable extent on the traditional fishing gear, the total annual catch 
from this fish—rich area is only around 6 million tons. Modern fishing vessels have 
recently been introduced to increase the size of the catch. The government is helping in 
the mechanization of boats and in providing preservation facilities to encourage deep sea 
fishing. Inland fishing is also vigorous which provides the population with staple food. 
Fish is eaten fresh or as cured fish. Frozen, dried or canned fish and frog legs constitute 
exports. 

In Thailand, the trash fish catch is very high due to small mesh of the nets and 
also due to close—to—shore fishing. Trash fish are converted into fish meal along with the 
canning wastes generated by two modern and innumerable small canning plants. Trash fish 
are also fed directly to duck. Shark is processed for shark liver oil. It is claimed that 
the fishery industry does not generate any residues which are not utilized. The treatment 
given to liquid effluents of fish canning plants or mode of their disposal could not be 
ascertained. Out of an annual catch of 1.5 million tons, 66 221 tons was exported in 1974. 
The trash fish catch during this year was 0.69 million tons. 

In the Philippines, the total fish catch is about 1.5 million tons. The trash fish 
content is around 10-12 percent which is wholly converted into fish sauce and fish paste. 
Of the edible fish, 60 percent is consumed fresh and 40 percent is processed. Processing 
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wastes are converted into fish meal by small manufactur. Shark is processed for shark 
liver oil and the residue converted into fish flour which is exported. The sea shells are 
heated in lime kilns to obtain quick lime, converted into jewellery or other articles, or 
exported. 

In Indonesia, the annual catch in 1973  was 1.3 million tons and the exports 52 178 tons 
consisting of frozen shrimp, frozen frog legs, other frozen fish and salted jelly fish. 
Indonesia also imports large quantities of canned fish to meet the domestic demand. 

In Malaysia and Singapore, the fish catch is relatively small. The Indian fish catch is 
about 1.4 million tons. Fish trash, scrap and other wastes are converted into fish meal 
and fish manure. Fish oils are extracted from sardines and shark liver. Shark skin is 
converted into leather. The processing centres are scattered and all the residues are not 
utilized. 

Residues 

The fishery industry generates the following residues: 

- surplus fish due to heavy landings without corresponding shore facilities; 
- processing wastes; and 
- trash fish. 

In S.E. Asia solid wastes are utilized in the form of fish meal, duck feed, fish 
sauce and paste and as a fertilizer. In India the utilization is only partial. Due to the 
scattered nature of the processing units, accurate figures of t}quantuin of residues are 
also not available. According to a rough estimate, the annual residue availability is as 
(in tonnes): prawn shell and head waste 40 000; lobster wastes 800; fish wastes (tuna, 
seer, mackerel, sardine, pomfret) 3 000; frog wastes 5 000; shark liver residues 2 000; 
and squilla 100 000. 

The prawns and shrimçswhen processed into frozen headless fish, cooked frozen fish, 
semidried fish or dry fish pulp generate residues such as shells and other left—overs. A 
small part of the residue is currently converted into fish meal or manure; the rest is 
dumped in the waters. The approximate composition of the residue which contains about 
77 percent moisture is (on percent dry basis): ash 38; protein 40; chitin 10 and fat 5.5. 

Possibilities 

Trash fish and fish processing wastes can be converted into fish meal in India as 
is done in all S.E. Asian countries. Trash fish can also be converted into fish sauce 
and paste as is practised in the Philippines. With enormous fish wastes available, India 
produces only 5 000 tons of fish meal. The present method of production, namely sundrying 
and powdering, is also inefficient and unhygienic leading to contamination of product with 
pathogens and sand. 

The prawn shell and head wastes can also be processed for the isolation of glucosamine 
hydrochloride (GAH) which is a rare sugar of interest to pharmaceutical industry. Another 
useful product obtainable from these wastes is chitosan, which has outlet as a textile 
sizing agent, for clarification of wine and water or as an adhesive. It is possible to 
manufacture liquid fertilizer from these wastes. 

The main problem which faces the utilization of these wastes is the collectitin, 
preservation and storage since the units are scattered. 

Data on the volume and nature of effluents from fish canning industry are not 
available. It is reported that proteins from blanch liquor can be isolated. 

The trash fish apart from their use in the production of fish meal can be a source of 
fish protein concentrates which can be incorporated in various diets to fortify protein 
content or of fish protein hydrolysate (protein content 30-40 percent). 
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Another possible use of waste fish is the production of fish ensilage as animal feed. 
The fish waste is mixed with molasses (as a source of carbohydrate) and subjected to ensiling. 
Curing of fish, widely practised in S.E. Asia is another possible use. 

The frog astes constitute about 65 percent of the weight of the frog. The waste can 
be defatted to recover the oil and the rest converted to frog meal (yield 12-14 percent) 
which is similar to fish meal in percentage composition (moisture 6; protein 60.6; fat 8.4; 
ash 22.0; acid solubles 0.5; CaO 6.2; and P20 5.4). The frog oil is obtained in a 6-8 percent 
yield (S.G. 0.9107; soap value 194;  IV 95; acd value 0.47;  and u.nsaponifiable matter 2.55 
percent). 

2.9 Marine ale: (Algae or sea weeds are primitive group of plants without true roots) 

Algae or seaweeds are primitive group of plants without true roots, stems and leaves. 
Depending upon their pigment, they are classified as 

- green algae (Chlorophyceae) 
- brown algae (Phacophyceae) 
- red algae (Rhodophyceae), and 
- blue-green algae (Myxophyceae). 

The first three occur in abundance in the seas of the region. Though their use as a source 
of agar and algin, as a fertilizer and as an animal feed is known, there is no organized 
collection of seaweeds. Only the seaweeds washed ashore are collected and processed. There 
have been no surveys to assess the availability of seaweeds. 

The present capacity of agar manufacture in India is 100 tons which is likely to 
increase to 300 tons by 1978-79.  Several plants to manufacture sodium algina -te have been 
set up. The south and west coasts of India have a potential for the manufacture of 20 000 
tons agar and 2 000 tons sodium alginate. 

The potential uses of some of the species available along the Indian coasts are 
described below: 

Gelidiella and Gracilania species have been investigated as a source of agar which 
is colloidal carbohydrate present in the cell walls of certain red algae and is a mixture 
of two polysaccharides. The yield of agar varies between 12-45  percent, the high-
yielding ones being Gelidiella acerosa and Gracilania lichenoides. Algin is also a poly-
saccharide which is water-insoluble and alkali-soluble and which constitutes the cell waIls 
of brown algae. Both agar and algin are used as stabilizers, emulsifiers, thickeners, 
body-producers and gelling agents in food industry, and in textile, paper and paints 
industries. 

Some green and red algae are rich in protein content and contain essential amino-
acids and iodine (16-30 percent protein content on dry basis). Protein concentrates 
prepared from these algae can be compounded with other foods to increase their nutritional 
value. In the Philippines and Indonesia, seaweeds are common food items and agar is 
extracted for export. Seaweeds are also eaten in Indian coastal areas. 

Because of their high mineral content, the seaweeds can be used as supplementary 
diet of animals or they can be used as a fertilizer in sandy soils where water retention 
is desirable. Seaweeds and aquatic plants can be composted along with farmyard manure. 

2.10 AQuatic plants 

There are large numbexsof plants of the hydrophytes and hygrophytes group which grow 
in the monsoon region. Hydrophytes are tender, soft and, compared to their bulk, light. 
Most, like Hydrilla, are rootless. Their reproduction is usually through the vegetative 
method and is rapid. 
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Water hyacinth (Eichhornia crassipes) is a perennial , persistent and pernicious 
weed, with long fibrous roots, short stem, spoon-shaped leaves and lilac flowers and is 
difficult to eradicate. The dense formations of this weed have impeded the flow of water 
for irrigation and navigation canals. It has choked ponds and lakes. It has interfered 
with pumping of water and poses a health hazard by harbouring insects like mosquitoes in 
its dense root system. 

The fresh plant contains ( in percent): moisture 95.5; N  0.04;  ash 1.9; P205 0.06; 
and K20  0.2. The dried plant has 28.71 percent K20, 12.8 percent CaO and 7.0 percent P20 5  
which makes it an exceptionally rich source of potassium. 

The dried plant is burnt with other agricultural residues as a fuel and the ash is 
used as a manure. Since the plant is rich in potassium and phosphorous, its composting 
along with dry leaves and grasses provides a manure superior to farmyard manure. 

The plant has a protein content of only 0.9 percent. The fat and carbohydrate contents 
are also low (0.6 and 5 percent respectively). It is therefore uneconomical as a cattle 
fodder. It can however be used in combination with other animal feeds. Its use is reported 
to increase milk yield by 10-15 percent in much buffaloes but the milk has correspondingly 
low fat content. One Ha can annually yield about 250 tons of fodder. 

The paper and boards made from the dried water hyacinth plant do not have satisfactory 
characteristics. Some paper and boards are made in India by mixing jute and cotton and jute 
fibres (8-10 percent on weight of pulp). The economics however depend on the cost of 
collection. 

Several methods of industrial utilization of water hyacinth have been suggested. 
These are: sacharification by acid digestion followed by fermentation; gasification, and 
bacterial fermentation. All these yield 100 kg of potassium chloride per ton of dried 
material. in the first alternative, each ton of dried material gives about 60 litres of 
ethanol and 200 kg of residual fibre (7 700 BTU), and the secrrnd 38-45 kg ammoniurn sulphate 
and 1 100 m 3  of gas of low heating value (H2, 16.6; CH4, 4.8; CO 21.7;  CO2, 4.1.; and N2, 
52.8 percent). The bacterial fermentation per ton of dried material gives about 800 mi of 
gas (600 BTU). The commercial possibilities of these alternatives have not been proved. 
The cost of transport and drying of a material with 95-96 percent water content is likely 
to be very high. 

3. 	SOME EN.D PRODUCTS FROM AGRICULTURAL RESIDUES 

3.1 Animal and poultry feeds 

The region has a large livestock population to support farming activities and to 
provide food for its ever-growing population. The animal fodder resources are limited by 
the availability of land. This has created a wide gap between the traditional fodder 
availability and the current requirements. In India, this gap has been estimated to be 
of the order of 26 million tpa which is affecting not only the farming operations but 
also the proected development of dairy and meat industry. 

The tr3ditional animal feed are straw, green fodder, grass, oil cakes and brans. 
Not all these are equally palatable or nutritiris, and the animal diet is usually unbalanced. 
The cereal straws  are generaI,r deficient in digestible protein, poor in energy and minerals, 
and unpalatable. Their palatability and nutritional value can be enhanced by a caustic 
soda solutior spray by about 25 percent, yet this is not practised widely. The straws 
from oilseedc and leguminous crops are palatable and nutritive (digestible protein 3  and 
TDN 40 percent). 

The cereal processing waste like rice and wheat bran and maize grit, gluten and 
husk is palatable and nutritious but the rice, coffee and groundnut husks are not. 
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The addition of molasses and urea (1 percent) improves the palatabi]ty of these husks. 
The groundnut husk digestibility can be increased from 19.7 percent to 54.9 percent by 
caustic soda treatment. Where groundnut husk is used as bedding material for broilers, 
the digestibility improves further to 71.2 percent because of the presence of droppings 
(66%). The groundnut skin is highly nutritious (protein 18%, TDN 65%). 

Pineapple cannery wastes (60-70% of input) can be commercially formulated as a 
complete animal feed or as a supplementary diet. The wastes should be subjected to 
erisilage treatment rather than fed directly. Likewise, other fruit processing wastes can 
be used as animal feed. Citrus wastes, which constitute 45-60 percent of the fruit, has 
high digestibility (88-92%) but is low in protein and fat. A typical analysis of dried 
crude citrus pulp waste is (in percent): ash 4.3; ether extract 3.5; crude fibre 13; 
crude protein 6.2; nitrogen free extract 63;  and dry matter 92. It has digestible protein 
of 2.3 percent and total digestible nutrients of 74.9 percent. The use of cashew apple, 
mango and tomato wastes as animal feed has been discussed earlier. 

The animals like to forage on grasses and leaves, pods, thorns and tender branches 
of several trees. These sources of animal fodder are not collected commercially nor have 
any detailed studies been made on their nutritional value. Some of these plants, like 
Cossia toria are not eaten by the animal in green state but are palatable after drying and 
preferably after ensilage. The wood wastes can be utilized for animal feeding via bedding 
material for poultry followed by ensilage. 

Oilcakes and oilseeds are traditional animal feed components. These should however be 
used in quantities in keeping with their nutritional value and palatability. 

Molasses, press mud and bagasse, the byproducts of sugar industry, are well known 
ingredients of animal feeds. In commercial feed compositions, supplementary nitrogen in 
the form of urea is usually added. 

Except for brewer's yeast, the residues from distilleries, wineries and breweries 
are not utilized at present. The effluents are a source of pollution. The liquid sludge 
can be a substrate for SC? which can be incorporated in animal feeds. 

The possibility of using oil palm and rubber processing wastes as animal feed has 
been discussed. The utilization of these wastes for this purpose will depend on the 
economics of the process. 

Seaweeds which have a high mineral content (ash 33%)  but low protein (10%) can bb 
used as part of the supplementary diet of the animal. Fish meal is an accepted animal 
diet of high nutritional value especially for poultry and pig. 

The slaughterhouse wastes like meat scrap, tankage, blood, hoofs and horns are 
being processed for their use as animal feed. Poultry feathers can also be processed and 
recycled as supplementary ration for the broilers. Silk worm pupae after recovery from 
cocoons and penicillin mycelliuis (protein content 28%) can be used as a supjementary diet 
for the poultry and animals. 

Egg shells have the following average percent composition: moisture 1.22; crude 
protein 5.77; total lipids 0.35;  total ash 92.52; Ca 32.30  and F, 1.05. With 94 percent 
calcium carbonate content, egg shells are a good source of calcium in an animal diet. 

The food grain damaged during storage by insects, rodents and other pests .s not fit 
for human consumption due to the presence of uric acid (9-10 ppm). It however retains other 
nutritional properties and provides the same gross energy. Experiments have shown that it can 
be safely used in poultry diet after testing for the absence of any fungus growth. 

The recycling of organic wastes for the production of animal feeds creates new oppor-
tunities for commercial enterprise. The attractive possibilities are due to the availability 
of cheap and abundant raw materials, the simplicity of equipment and ensilage treatment, 
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small land requirements (as compared to pasture land) and low capital investment. 
Another advantage of producing animal feed by ensilage is that a balanced diet will be 
available due to a studied nutritional knowledge behind each composition. The raw 
materials which have been extensively studied to produce wholesome and acceptable feed are 
poultry litter and cattle dung. The one based on poultry litter is already being 
commercialized in Singapore and Malaysia. Different types of bedding materials for 
poultry have been tested including cereal straws, sawdust and hulls. The ensilage could 
also include supplementary food ingredients of organic or inorganic origin. The equipment 
consists of a crusher or shredder, a horizontal mixer, 3  conveyors, one bucket elevator or 
blower, 2 silos and one forage box. For a 1 500 cattle feedlot, the capital investment 
is reported to be USS 100 000 but the process is adaptable to smaller farms of 50-100 
heads with lesser investment costs. The technology is being offered by several commercial 
organizations in S.E. Asia. 

The recycle of animal wastes can be combined with the production of SOP or biogas. 
The cycle which has not yet been commercialized is shown below: 

INPUT 

Poultry litter 
Farm wastes 
Cannery wastes 
Manure fibre 
Water 

I 	rEnsila 
I- 

Animal 
feed 	- 

	

1- 	– I animal 
waste 

	

I 	I 

	

or i 	I either 

Milk 
Beef 

1 animals 

-I 

I 	 I 	I— 	1 Biogaa 
SOP 	

Fertilizer 40% 	 I 

I 	 I 

Manure 	Fertilizer 
fibre 	 30% 
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3.2 Pulp, paper and boards 

Agricultural fibres have been a source of paper and board for a long time. World 
demand of pulp and paper is increasing,posing a problem of raw material availability. 
Wood has been the chief raw material all over the world. Some alternative cellulosic raw 
materials are available in the form of agricultural residues such as straws, husks, kenaf 
and jute wastes, bagasse and sawdust. Some of these are already being used in South and 
South East Asia for the production of pulp, paper and boards. 

The approximate analysis of depithed bagasse, rice and wheat straws, and jute and 
kenaf wastes shows that these raw materials are of low lignin content (21-25%), high 
pentosan content (18-26%) and of an average cellulose content (51-57%). Bagasse and kenaf 
wastes have a low ash content (1.2 and 0.57o respectively) while rice straw has a high ash 
content (18.6%). Short fibres are obtained in all cases. The cereal straws are being used 
as animal fodder; their availability for pulp and paper industry is thus limited. With 
the progressive introduction of short high—yielding varieties, the yield of straw per unit 
area is also decreasing. Nevertheless, the straws are available in some areas in reasonable 
quantities. Bagasse is mostly (over 90%) used as fuel by the sugar mills. The excess 
quantities are available for alternate uses. Jute and kenaf wastes and saw dust are 
available in large quantities. 

A major problem in the utilization of crop residues for pulp, paper and board 
manufacture is their scattered availability. The lightness of these materials adds further 
costs to their collection and transportation to mill site. Even a small sized paper mill 
will daily require 100 tons of raw material. Collection of such enormous quantities close 
to mill site is not possible. Setting up of mini—paper mills is, however, a feasible 
alternative. 

A 1 500 tpa speciality paper manufacturing will require a capital investment of 
about US$ 100 000 using jute/kenaf wastes/paddy straw, cotton linters, tailor cuttings, 
paper wastes, etc. The fibre plant or cereal crop residues are mechanically chopped to 
5-7.5 cm length and digested with 6-10 percent caustic soda. The digested pulp is washed 
free of alkali, bleached with sodium hy -pochloride in a beater, and refined. The cotton 
linters are similarly treated but under milder conditions. The cotton rags and cuttings 
are also converted into pulp in a beater and bleache&. The three puips are then blended 
in different ratios, and processed to produce the following ultimate product mix: 

tons/year 

Writing/printing paper 	700 
Wrapping/kraft 	500 
Filter, drawing, bond, 

grease—proof papers, etc. 	300 

Bagasse has been tested as a source of rayon grade pulp ising a caustic soda and 
sulphate process. In both cases, about 34 percent yield of bleached pulp was obtained 
(alpha cellulose 92-96%; pentosan 2-25%; ash 0.12% and brightness (MgO 100) 86). 

The residues like abaca wastes, sunn hemp and its wastes, flax wastes and hemp 
(Cannabis sativa) wastes can all be used in a similar fashion. In the Philippines, 
chemical pulpa from the fibres of Giant Cavendish—banana (Musa Cavendishu Lamb) have 
been produced. 

Timber and wood processing industries generate enormous quantities of residues. 
In addition, the coconut industry produces residues like husk and shell which are not 
wholly utilized. In India, the utilization of husk for coir production is only to the 
extent of 50 percent of all nuts collected. 

Fibre boards are manufactured using various agricultural residues. The lime 
process is used in all the countries of the region. The pulp yield from bagasse, kenaf/jute 
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waste, wheat and paddy straw is reported to be 65; 0-b2; 62 and 55 percent respectively. 
The breaking length is the highest for bagasse and the lowest for rice straw. 

Fibre boards from wood wastes are manufactured by a wet process where wood is first 
converted into fibre and then pressed into board. The dry process is simpler and cheaper 
and utilizes saw dust or similar materials which are mixed with binders and pressed. The 
boards produced by this process, whickis amenable to small scale manufacture are hard, 
dense and uniform (density 1.16-1.37 g/ml; bendin  strength 270-7147 psi; water absorption 
(24 hr) +.4-21.6). 

Coconut husk has resinous material wnioh eives it a unique self-bonding property. 
Thus, saisfa tory boards can be prepared from the husk of mature coconuts (using only 
0.5. by .niht binder as compared to the usual 6-9/ with other raw materials). 

±3inderless fibre and particle boards can he produced from the conventional raw 
materials according to a process developed in India. The characteristics of the boards 
prepared from sawdust and bagasse are: 

Bending strength (kg/cm2 ) 
tensile strength(kg/cm 2 ) 
hulk density (kg/rn) 
water absorption (5, 24 hr) 

	

Sawdust 	Bagasse 

	

130 	150 

	

75 	do 

	

1.3 	1.3 

	

5-10 	5-10 

The total investment of a 10-tons per day particle board manufacturing plant is 
estimated to be around 05$ 25 000. 

3.3 	Fatty acids and glycerol from "minor" oilseeds 

Nany of the seeds produced by the forest trees are sufficiently oil-bearing to be 
of b;rea -t economic value. Their non-utilization or insufficient exploitation is due to 
several factors. In some cases, the economic potential of these seeds is not known. There 
are problems of collection in remote forest areas which make the cost of collection high. 
The processing plants are distantly located. The cost of freight becomes prohibitive. 

The extent of availability of oil-bearing forest seeds is large and the question 
. heir exploitation deserves a closer look. A case study on the economics of production 

has been made which illustrates the advantages of mini-plant approach. Andhra Pradesh in 
India was chosen for this study. Three alternatives to process 40 tpd of oilseeds have 
been examined. 

The comparative data for the three alternatives is given below: 

Alternative 1 	Alternative 2 

Single plant 	Single plant 
with solvent 	ith expeller 
extraction 	units 
units 

Total investment* 
(Re million) 11.46 0.30 

No. of persons employed 91 11.2 

Iflvestment/person employed, Rs 126 000 75 000 

Value of daily production, Re 92 200 60 700 

Annual returns, Rs. million 10.4 10.7 

Annual returns, investment rat. 0.91 1.26 

* US 1 = Ca. Re. 9 

Alternative 3 
'1ini plants 
complex 

7.63 
338 

17 000 

67 700 

10.9 

1.94 

300 



It is clear that despite the higher value of daily production, Alternative 1 appears 
to be the least economic (Returns/investment ratio only 0.91) while Alternative 3 is socially 
and economically the most desirable. The project in this case will operate in the heart of 
rural area providing direct and indirect benefits to the community as a whole. The returns/ 
investment ratio is also highly favourable (1.94).  Besides, this provides perhaps the only 
practical method of utilizing the otherwise unutilized resource of minor oilseeds and manpower. 

3.4 Purfural 

Furfural, a light yellow liquid, is a solvent for removing gum—forming compcunds in 
lubricating oils and diesel fuels. It is also used in the manufacture of plastics cr paints 
and resins, for refining of vegetable oils, for the intermediates and as a pesticida. It is 
produced from pentosan—rich agricultural wastes like sawdust, bagasse, hulls and stalks by 
acid hydrolysis of pentosan. The theoretical yield of furfural from various raw materials 
(in % dry basis) is giren below: 

Oat meal 22; maize cobs 22; cottonseed hulls 20; bagasse 17, maize stalks 16; 
groundnut shells 14; and rice husk 12. 

Other potential raw materials with high pentosan content are: wheat straw, rice straw, 
soyabean stalks, and vegetable fibre plant residues. 

The process consists of crushing and air—dring of the raw material, hydrolysis at 
room temperature followed by heating to about 250 C, and recovery of furfural by sweeping 
with steam or inert gas. Small quantities of acetic acid and methanol are also produced. 

The spent residue which is about 7  times (on dry basis) the weight of furfural produced 
can be used for various purposes. A typical analysis of spent corn cobs (on % dry basis) 
is: protein 2.8; fibre 51.4;  N—free extract 38.5; ash 3; K20 1.02; SiO2  1.26; and P 0.1. 

The raw materials for the manufacture of furfural are all of rural origin and if 
large plants (e.g. 6000 tpa capacity) are to be set up, large quantities of bulky rew 
materials have to he transported to plant site (for every ton of furfural, one requires 
approximately 8-10 tons of raw material). The employment potential of largc plants is 
also unfavourable. It is thus appropriate to carry out an exercise in scaling down of 
the technology to bring it to an economically viable level which could be operable as part 
of a rural economy. The merit of establishing small units besides providing gainful 
employment to a larger number of people is the dispersal of technology which by itself 
has many intangible advantages. 

The project can be integrated with mini plant complex for fatty acids and glycerol 
manufacture (7.3) and five mini plants (cap. 300 kg pd) to produce crude furfural can. be  
located at the same sites. The crude furfural likewise could be distilled in the central 
distillation plant located near fatty acids distillation plant. The following flowsheet 
diagram describes the process: 
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Basis: 300 kg crude furfural 
per day 

No. of units: 5 
Location: Mini Fat Splitting Plants 

I Bagasse 	

1 	
or 	

Corn 	I 	F Rice 

1 3 tons 	 cobs 	or 	husk 
I 3tons 	3tons 

1- 	 I 

I 	I 	
I 

	

I 	 I I Acid I 	DesintegratorJ 

H 
Steam 	I Digestor ] 

Condenser j 
	LRe5ue 	

I 
I 	 I 
Crude 

Furfural 	 [Drier 

300kg 
I 	 I 

' 1 	I  To Distillation 	 Dry residue  
Plant (2 tons) 

It is estimated that each mini plant for producing crude furfural will require a 
capital investment of USS 27 000. Thus, 5  mini plants will have a total capital investment 
of US$ 135 000. The distillation plant will have additional capital investment of 
US$ 100 000. The total capital investment of the complex thus works out to be USS 235 000,-
The gross return per annum is expected to be around USS 260 000,- 

3.5 Dehydrated castor oil (DCO) 

Introduction 

The manufacture of dehydrated castor oil is different from that of other treated oils 
in that there is substantial evolution of volatile decomposition products during its 
preparation. Since the dehydration of castor oil involves the splitting off of the elements 
of water, accompanied by fission of fatty chains which results in production of aldehydes and 
free carboxylic acids, corrosion due, to the presence of the free fatty acids poses a problem. 
In addition, an efficient condensing system is required to handle the water vapour (about 

5 percent on the weight of castor oil used) and the other volatile organic compounds evolved 
during the dehydration. 

The actual plant required will depend on the quality of DCO to be produced. Where pale 
colour and high quality is not required, even an open fire could be used. But to produce 
pale coloured DCO of superior properties, special precautions are necessary. Since DCO is 
susceptible to oxidation and polymerisation, it is essential to exclude air from the reaction 
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vessel by means of either inert gas or vacuum. The latter also helps in rapid removal of 
the volatile products formed and enhances the speed of dehydration. The heating of the oil 
has to be so carried out that there is no local overheating, and the temperature is uniform 
throughout the product. This could be done by having a jacketed vessel and by using a 
suitable heating system, i.e. either having oil in the jacket which could be heated by 
immersion heaters, or by circulating hot vapours of suitable oil through the jacket. 
Efficient stirring is important, specially when insoluble solid catalysts are used, so that 
there is intimate contact between oil and catalyst. The heating surface provided shoid be 
as large as convenient, since this would enable lower temperatures to be used for heating, 
due to the large surface available for heat transference. The reaction kettle should 
preferably be constructed of stainless steel, or aluminium and its alloys; tainless steel 
is essential when acids or acidic salts are used as catalysts. Arrangement for rapid cooling of 
the product helps in improving the quality of the DCC obtained. 

Pre—treatment of raw materials 

Castor oil 

For ordinary grade of DCC where pale colour is not important, raw castor oil can be 
used (free from mucilage) and for pale coloured DCC, the best grade (first special) of 
castor oil (light in colour and of low acid value) should be used. 

Sodium bisuiphate (fused) 

Sodium bisuiphite and sodium sulphite of technical grades can be used. The catalyst 
sodium bisuiphate and the sodium bisulphite and sodium sulphite are used in the form of a 
slurry with castor oil or DCC, the order of addition being sodium bisuiphite, sodium 
sulphite and sodium bisuiphate separately. 

Reactions details 

The processing of castor oil into DCC is as follows: (a) Sodium bisulphate catalyst. 

The castor oil is fed into the reaction vessel and heated rapidly with stirring and 
under vacuum of 28 inches of mercury by gauge to a temperature of 225-240 0C. During this 
period the sodium bisulphate (1.5%),  sodium bisulphite (0.5%) and sodium sumphite (0.5%) 
are separately made into slurries by grinding with straight or processed 
castor oil (DCC). As soon as the castor oil attains a temperature 
of 2400C,  the slurries of sodium bisuiphite and sodium suiphite are sucked in under vacuum, 
followed by the slurry of catalyst. Heating is carried out for the required period (30-35 
mm), as determined in a test run, for the DCO to attain the minimum viscosity. The 
product is then discharged into the cooler under vacuum and after cooling to 60 0C, it is 
removed into an open vessel, from where it is pumped into a filter press. The filtered 
oil is collected and stored in tanks. Flow—sheet for the manufacture of DCC is shown on 
the following page. 

3.6 Charcoal 

Charcoal is obtained by carbonization of wood which is carried out by heating wood 
under conditions of controlled supply of air. The object is to reduce wood to form carbon 
by removing other constituents in the form of gases and other volatiles (smoke) which can 
be condensed to yield useful byproducts. Charcoal burns srnokelessly on account of removal 
of these volatiles. 

The conventional method for producing charcoal in South and South East Asian countries 
is by heating wood in earth kilns or in simple pit kilns where wood (usually sound hardwood) 
is piled into stacks and then covered with earth to give a firm enclosure, not too tightly 
packed to allow a slight inlet leak of air and an escape for the volatiles. The kiln is then 
lighted atthebttom. The heat first removes the moisture and then carbonizes wood into charcoal. 
Since the air supply is limited, uncombusted volatiles escape as a dense smoke. It requires 
3 weeks to convert 200 m3  wood into about 1.5 tons of charcoal. A battery of several kilns 
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is used. Improved designs use masonary structure but advantage of earth kiln is its 
"portability" to site of raw material. The technology is simple but wasteful. All the 
valuable byproducts are dispersed into the atmosphere causing considerable pollution. 

The beehive-type, vertical type and tunnel-type ovens provide recovery of byproducts 
like methanol, acetic acid and acetone. When pinewood is used for carbonization, valuable 
pine tar is also obtained. More efficient carbonization techniques employ an internally., 
heated system and are continuous in nature. The process is described below: 

Product standard 

Charcoal (1) Moisture 	8-10% 
Ash 	3-5% 
Volatile Matter 	10-15% 
Fixed carbon 

	

(by difference) 	79-70% 

Raw material standard 

Hard wood (i) Moisture 	10-15% 
Ash 	1-2 % 
Volatile Matter 	70-75% 
Fixed carbon 

	

(by difference) 	19-8 % 

The wood is cut into about 50 mm cubes and fed into the bunker. From the bunker it 
travels down the dryer section where it comes in contact with the hot gases of carbonization. 
From the drying section the wood travels down to the carbonization section where the 
carbonization is effected by hot combustion gases from an oil-fired furnace. The wood gets 
carbonized into charcoal which travels down and gets cooled by the cooling gas admitted 
from below. The cooled charcoal is discharged and quenched with water and sent for storage. 
The vapours of tar and pyroliqueous liquor produced during carbonization are sucked along 
with the products of combustion from the furnace through a dust and drum separator and a 
tar separator by means of a fan. The dust separates out at the dust and drum separator. 
The tar condenses in the tar separator. The vapours of pyroliqueous liquor then pass 
through a spray cooler where they are neutralized with a spray of sodium carbonate lye. 
The gases free from condensable components are used partly as cooling gas and partly let 
out as excess gas. The tar obtained is stored separately. 

RAW WOOD 

TAR 

Liquor for 
neutralization and 

disposal 

[ chippej 	Escess gas 

Larboniser 

cooler 

1 

[ooler } 

CHkRCOAL 
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The plant which will have a capacity of 100 tons of wood chips/day will produce: 

Charcoal for sale 	30 tons/day 
Tar for sale 	8 tons/day 
Liquor for sale 	40 tons/day 

The raw materials and utilities requirements are given below: 

Raw materials: 	ood chips 100 tons/day 
Utilities: Power 200 KVA 

Steam 100 Pounds/hr 
F'urnace oil nominal 
ater 1000 gallons/mm 
Sodium carbonate 500 kg/day 

The cost of the erected plant will be around 05$ 250 000. 

Ph 0  charcoal produced will not only serve as a domestic fuel but also will be suitable 
for many industrial applications like production of carbon bisuiphide, calcium carbide, 
silicon carbide, activated carbon and in metallurgical industries. 

3.7 	High protein flour from oundnuts 

Oilseeds are being cultivated mainly as a source of oil. Oil—seed cake is being 
used mostly as cattle feed or as fertilizers. The advantage of using groundnut flour as 
a source of protein for human beings is the fact that the protein in the groundnut is not 
associated with any inherent anti—nutritional factors and being bland, it blends easily 
with different types of food products. 

Product standard 

Protein content 
Oil content 
Fibre content 
Moisture 
Sand and silica 
Aflatoxin content 

Raw material standard 

Mm. 50% 
Max. l 
Max. 7% 
Max. 7% 
Max. 1% 
Max. 50 parts per billion 

100% to pass 
100 mesh 

Uroundnut - oilseed quality max - Moisture 7 
Hexane 	- Food grade 

The groundnut is shelled to remove husk, cleaned to remove stones and graded to remove 
infested seeds. Then the nuts are roasted and bleached to remove red cuticle and germs. 
The decuticled seeds are hand—picked for removal of discoloured and fungal infested seeds. 
The good clean white kernels are subject to breaking and cooking to condition the kernels 
for oil extraction. The cake from the expeller is flaked and solvent extracted using food-
grade hexa.ne. The deoiled meal is desolventised and ground to flour for packing. 
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Solvent 
extractor 

Cake 
grinder 

EDIBLE FLOUR 

Plant Capacity 

Groundnuts (in shell) handled 	9000 T/Y 
Expelled oil for sale 	2670 T/Y 
Solvent-extracted oil 	225 T/Y 
Edible flour 	 2940 T/Y 

Raw materials and utilities 

Groundnut in shells 	30 tons 
Solvent hexane (for losses) 	240 litres 
Steam 	 13 000 kg 
Power 	 1 600 KWH 

Plant area 

35 m x 70 m = 2450 m2  

Investment 

Land and buildings 	USS 40 000,- 

Plant and equipment, 
erection, etc. 	140 000,- 

Shells 

Rejects 

OIL for sale 

OIL for sale 
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4. 	CONCLUDING R4ARXS 

The dominant features of the economy of the region are: 

- 	its high annual population growth rate (2.2-3.316) and high density of population in 
fertile plains; 

- 	the phenomenon of 'rural push' caused by a continued disruption of rural balance and 
the vast disparity between urban and rural wages resulting in non-uniform growth of 
urban population; 

- 	the monsoon dependency of most agriculture; 

- 	rice is the most outstanding crop with associated off-season crops, chiefly cultivated 
for subsistence (Thailand is the only exporter of rice in the region): 

- 	the high percentage of small holdings (using labour-intensive and inefficient farming 
techniques) making it difficult to introduce modern agricultural practices; 

- 	high post-harvest losses especially due to inadequate and poor storage facilities; 

- 	the popularity of fishing and fish culture but inadequate attention to livestock farming 
except in Singapore where combination farming of vegetables, livestock and poultry is 
practised due to limited availability of land; 

- 	the production of commodities obtained mainly by primary processing, e.g. palm oil, 
rubber, coconut, sugar, etc., and inadequate development of secondary and tertiary 
processing industries; 

- 	the uncontrolled denudation of forests for lumber and fuel causing land erosion and 
floods; 

- 	the generation of enormous quantities of agricultural residues (e.g. in the region 
rice alone generates: rice straw 270-300; rice husk 20-23; and rice bran 3-3.5 million 
tons); 

- 	the non-utilization or inadequate utilization of these residues either due to their 
dispersed availability and therefore due to the problems of collection and transport 
to processing centres or simply due to lack of technological information; and 

- 	the capital-intensive and labour-saving technologies now being introduced do not, 
in most cases, satisfy the aocio-eoonomic needs nor meet the infras -tructural 
situation in these countries where capital is scarce and manpower abundant. 

The traditional balance between agriculture and rural handicraft was disturbed in 
South and South East Asian countries during long periods of colonial rule. The encouragement 
given to feudal type of economy resulted in the reversal of natural process of socio-economic 
change and the base of economy in these countries continues to be agriculture. Whatever 
processing industry exists, it is engaged only in the manufacture of primary products. Recent 
efforts to correct these distortions in economy by rapid industrialization with inadequate 
attention to agriculture and agro-industries has only weakened the agricultural base. This 
experience shows that only the strengthening of the rural economy can lead to successful 
industrialization. 

For a healthy economic growth, these countries require an annual investment of 12-15 per cent while annual saving is of 
the order of 5-6 per cent, with the exception of India (12-13 per cent in 1975). The agriculture is unable to generate enough 
savings and the industry has still to develop in order to generate enough savings. The agriculture also cannot develop further, 
because there is not enough to invest. 
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This vicious circle can be broken and the balance in economy restored by developing 
industries in the areas of raw material availability through appropriate dispersal of 
technology. Farm wastes are cheap, abundant, and renewable resources. Their utilization 
will not only stabilize the rural economy but also put an end to 'urban pull'. It will also 
result in increased purchasing power of the people and hence increased savings for proper 
economic growth. 

In order to set up agro-based industries, especially those based on abundant agricul-
tural residues, the availability of capital, technology and skilled manpower will have to 
be considered. Mini plants in the rural areas will not require much capital investment 
and these can be set up within the present rate of savings. The appropriate technology for 
the product manufacture may either be available within the developing countries or elsewhere, 
or it may have to be quickly developed. The necessary skills can also be acquired by 
training programmes within developing countries. Thus, a plan for technology and experience 
sharing within the developing countries is the first step towards restQration of economic 
stability and progress. 
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SURVEY OF AGRICULTURAL AND AGRO-INDUSTRIAL RESIDUES 
IN SELECTED COUNTRIES IN AFRICA 

by 

W.R. Stanton 

I. GENERAL OBSERVATIONS ON RESIDUE UTILIZATION 

Introduction 

One of the distinctions between a developing and a developed, country lies in the 
difference in the capital available. This capital is in the form not only of monetary 
resources, but also institutions, raw and manufactured materials and equipment , and the 
size of the skilled cadre of the population. Where these resources are available, the 
distinction disappears and equal opportunity is presented to both types of community from 
the point of view of utilization of secondary commodities. Under these circumstances, 
whether the secondary commodity is used or not depends entirely on economic and social 
constraints. There must be an economic incentive to utilize the waste, although the term 
"economic" may be somewhat artificial in that as the waste is often a polluting factor, 
failure to utilize the waste by a sector of the community or industry causes pollution, 
so that the economic criteria might be in fact a legal necessity to abate that pollution. 

The further restriction imposed on waste utilization by social and ethical considera-
tions should not be overlooked however. Communities are averse to handling certain 
materials and yet others are averse to using products derived from those materials, even 
though on the biological, physical and chemical grounds they can be shown to have no harmful 
effects. 

Ecological distribution 

It is not entirely a matter of chance that the developing countries have more than the 
average share of geographical situations and raw material disabilities. This is a 
consequence of the long term evolution of man and its roots can be traced back to the origin 
of agriculture and the origins of civilization. By definition civilization is a consequence 
of the partial release of man from spending the full daylight hours in the daily round and 
common task of food production and housing and yet we still find that much of the world is 
in the position where it is this activity which chains man to a low-level of output and lack 
of diversification of effort. 

A developing country can import skills at a price. It can also import excess raw 
materials for processing at a price and also equipment. It can if necessary overcome the 
logistics of collection of the raw material. It can borrow money. The country can but 
often finds it difficult to release the processed waste material on the world market, or 
it can alternatively operate a protected economy with respect to the particular good. 
Whenever the social constraint on utilization of waste materials is more difficult to 
overcome and traced to its logical concluBion, it is found that this social and cultural 
restraint has determined the particular pattern of 'crop productivity. 

In dealing with waste, one is dealing with a multidisciplinary venture impinging on all 
aspects of economic life of the community. Rarely can a waste be considered purely as a 
technical problem, dependent on the specific research having been done and appropriate 
processes developed. 

The question of agro-industrial residue utilization may be viewed in the light of the 
following criteria, all of which are inter-dependent and need to be understood and 
integrated. 
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TABLE 1 

Factors to be considered in residue utilization 

- Types of the waste 
- Logistics of supply and collection of the secondary materials 
- Economics of disposal and treatment 
- Socio—political aspects of utilization. 

3. Waste Characteristics 

The different types of waste are considered in Table 2. In this table the waste have 
been classified according to whether they are liquids, slurries or solids and the factors 
that may affect utilization possibilities. The liquid sample is divided into those liquids 
which contain suspended solids, whether actual solids or immiscible droplets such as those of 
oil, or colloidal solids and those without suspended solids. It is often a desirable feature 
to fractionate the waste into appropriate sub—fractions with a more limited biochemical or 
chemical availability for ease in processing. 

TABLE 2 

Types of Waste* 

Liquid 	 dilute, concentrated 3 with suspended solids 	) 
without suspended solids )  

Slurry 

Solid 	structured 
unstructured 

With mineral/dirt contaminant 
With toxic metal contamination 
With organic toxin contamination 
With biological/microorganism contamination 

Hot/ambient 

)  High carbon fermentablenon—fermentable 

High N 

High P 

High special nutrient components 

High inert fraction (silica/silt/clay) 

* from the point of view of treatment 

A difference in structured and unstructured solids is that the structured solids may 
require cornminution or separation on the basis of particle size. This may result in the 
separation of the physical and chemical characteristics of the components. 

A slurry, that is a solid mixed with liquid mixture which can be poured, is a very 
common form of waste but may be one of the most difficult to process. A typical slurry is 
that of cow—dung , but others may be high mineral slurries in the form of sludges from the 
industrial processing. 
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In all these types of waste there is the question of the dilution factor. In liquids 
this dilution factor is usually water, though it may be an oil. Similarly, with solids 
the dilution factor maybe due to inert matter such as sand, clay or other inert mineral 
matter or it may be in the form of contamination such as bark and cork particles, lignin 
components in an otherwise useful cellulosic residue. One of the most important features 
which constrain the use of cellulosic waste is the presence of included silica in the 
material. 

To some extent, contamination and dilution are the same but a waste material may be 
affected by both. The contamination may be in the form of mineral contamination such as sand 
which is a nuisance in starch production or dirt, a contamination which affects filtration 
in that it provides a component of heterogeneous particles which may not respond to the 
normal separation mechanism. 

Contamination may mean more than just dirt in that it can be in the form of toxic metal 
particles or toxic metal salts or non—salts such as compounds of arsenic or cyanide. The 
presence of this type of material can completely preclude the use of the waste for anything 
more than land—fill. 

A further form of toxic contamination is that due to organic compounds and the range of 
these is increasing greatly. Many of them are strongly resistant to biological degradation 
and cause toxicity to man, plants, livestock in very low concentrations. These toxins may 
arise during waste storage, standing or in transportation prior to treatment. Finally, 
there is contamination from microorganisms and larger organisms such as human parasites and 
insects and even rodents. 

A further form of contamination lies in the temperature of the waste. A hot effluent 
may either be disadvantageous or advantageous. If it is to be processed biologically the 
effluent may need to be cooled and if the quantity is very large it may not be sufficient 
to allow it to stand in lagoons as the cooling process may take a long time. 

Another set of criteria to be considered is the nature of these agriculture and agro-
industrial wastes. It was mentioned in the early part of this review that the structuring 
of the solids was important and also the presence of suspended or immiscible solids in a 
liquid. However, further down the scale in size it is important to oonsid.er how finely 
divided the waste material is and whether it is amorphous or crystalline. The differences 
arise in treatment if the individual components form heterogenous aggregates or if it is 
possible, in the process of classifying the components according to size and gravity, to 
also separate them chemically. If the latter is possible this renders the whole question 
of processing of the waste much simpler. 

At the heart of analysis of residue utilization possibilities is the chemical 
composition of the residues. This includes recognition of the presence of an important 
component which is to be salvaged or is the basis of a fermentation process; recognition 
of a minor component, in terms of quantity, which nevertheless may make the whole waste 
much more valuable; recognition of the carbon to nitrogen ration; recognition of the 
presence of appropriate nutrients; and recognition of the presence of special 
vitamins and growth factors. An inert fraction can affect the utilization or it may 
absorb a component which would otherwise make the material useful. Inert fractions also 
can alter the physical characteristics of a residue. Detailed information on the 
characteristics of a residue is essential to the determination of appropriae and 
environmentally sound technologies. 

4. 	Logistics 

To meet the economic criteria for utilization, an analysis must be made of the 
logistical problems in collecting and storing the commodity prior to processing. This 
requires both a spatial and a temporal analysis. As indicated in the country reports, 
potential uses for wastes have been identified but the wastes are only available for short 
periods of the year and this uneven temporal supply can preclude their being used profitably. 
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These logistic considerations are tabulated in Table 3. 

TABLE 3 

Logistic Considerations in Waste Disposal 

) evenly 
Dispersed ) unevenly 

Concentrated 

Seasonal 

As easonal 

Polluting if not treated, or removed 

Non-polluting if not treated, or removed 

Other economic considerations, of which logistics forms a part, are listed in Table 4. 

TABLE 4 
Economics of Waste disposal/treatment 

Costly to dispose of if not treated 
Can be disposed of at little or no cost 

Costly to collect 
Cheap to collect 

Costly to store in relation to value of end-product 
Cheaply and easily stored 

Market of indefinite size for products recovered 
Market of limited size for products recovered 

End products part of an 'alternative demand group' 
End products unique 

End products part of world trade 
End products restricted to selected localities 

Existing market 
Market to be developed 

The economics of residue utilization and treatment are of obvious importance. Is it costly 
to dispose of these wastes if they are 	not treated? Alternatively, can the waste be 
disposed of at little or no coat? 

Another question is the cost of residue collection. The hygienic collection and 
disposal of sewage is a costly process and it is for this reason that it has not been 
applied in most of the developing countries. 

Economic operation of a processing plant depends on a steady supply of the material 
to be processed. Since most waste materials are not furnished with absolute r.gularity, 
storage is required and can be a limiting factor in the economic viabilityef a process. 
This is specially true of large scale agro-industries in which large quantities of waste 
are generated on a daily or seasonal basis. Dry solid wastes are relatively easy to store 
but even theae can deteriorate during storage or can furnish a health hazard. Liquid waste 
demanca tanking or ponding system together with pumping system which can be costly to 
construct. 
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Having identified the waste and collected it to a suitable point for processing is only 
part of the difficulty. The residues may occur in very large quantities which would 
certainly affect the domestic market for allied products and their utilization may result 
in products that can affect the international market. The question which has to be asked 
is: Is the end-product of the waste processing commodity in an alternative demand group, 
or is it a unique product? There are many end-products of agro-industrial waste processing 
which are comparatively unique. Searching for uniqueness is an important part of agro-
industrial residue utilization. 

Although there may be a large international trade, the commodity may be restricted to 
certain geographical localities and uses. A market survey is then important in assessing 
the ultimate viability of a large project. 

Even if a market for the end-product does not exist, this does not mean necessarily 
that the waste should not be utilized. This sitnatiozi pre-requisite is to generate tests 
for the necessary market before seeking capital for the venture. 

5. 	Other aspects 

Finally, there are a series of hurdles which the successful operator of a new venture 
must overcome before that venture becomes viable. In overcoming these obstacles, 
governmental organizations can prove very useful. This group of factors has been called 
the social, political and legal aspects of waste utilization. (Table 5) 

TABLE 5 

Social, Political and Legal Aspects of Utilization 

Ethically acceptable waste for handling 
) not acceptable 

Capital available 

Skills and/or a tradition of techniques available 

Surplus (under-employed) labour available 

Resistance to reform/change 

If a waste material has an ethical restriction on its use either by the local 
processing of the material or by the country 	destined as the market for that material, 
the processing will not take place. 

Large scale waste disposal may demand large capital inputs and this in turn requires 
international confidence in the stability of a particular country since amortization may bo 
required over a number of years in order to make the project viable. 

It is not sufficient to satisfy only the earlier criterion. It is necessary to 
provide a cadre of skilled manpower from both external sources and local recruitment to 
operate a specific process. This difficulty can be overcome with time. 

In a developing country an alternative approach is to recognize that there is always 
a pool of underemployed or unemployed labour and that the transplantation of a technology 
direct from a developed country might be quite inappropriate. It may be more appropz'iate 
to reorientate unit processes in order to make best economic use of this pool of under-
utilized manpower. 
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II. THE SURVEY 

Introduction 

This report is a survey of the occurrence and utilization of agro-industrial wastes 
in Africa. The survey considers the significance of these wastes in the territories 
visited, the problems presented by their production and opportunities for obtaining a 
useful product arising from their existence. As far as possible a standard pattern has 
been adopted in reporting so that a comparison can be made between the commodities 
occurring in different agrarian situations. 

It must be noted that the philosophy covered by this report has fundamental restric-
tions imposed on the way in which it can be transformed into technologies. These are 
firstly, that the population in the different situations surveyed determines, both from 
its density and qualitative characteristics, the opportunities which may be presented for 
product utilization and the form in which techniques may be applied.. Secondly, it is 
accepted that agricultural patterns are an integral feature of the culture of specific 
populations, but that these patterns may not necessarily make the best use, from a 
biological point of view, of the land available in terms of advancing the material welfare 
of the people living on that land. Both constraints are not completely immutable and it 
is to be hoped that, by highlighting them, notice of their significance will be brought 
to the attention of national economic planners. Technologists cannot perform economic 
miracles by embarking on modes of development which ignore these constraints. 

Human and other Biolgioal and Social Characteristics common to the Territories 
covered by the Survey 

To assist in understanding the factors affecting agricultural waste management in the 
survey areas, the individual country reviews are preceeded by an overall review of the 
Region, circum-saharah Africa, indicating the similarities and differences which occur 
between the different territories. With the exception of Tanzania, all the territories 
covered by the survey have a boundary on the Sahara, or have sub-saharan conditions. 
Parts of Tanzania are climatically sub-saharian. Planning the survey and its subsequent 
execution have been based on this common agro-ecological zonation. The basic characteristics 
of each of the territories visited, in terms of population and land area, according to the 
latest statistics available, are listed in Table 6. 

TABLE 6 

Land and Population 

Land (Million ha) 

Africa Algeria Egypt Ghana Kenya Nigeria Sudan Ianzania 

Surface area 3 031 181 238 174 100 145 24 854 58 264 92 377  250 581 94 509 
Land. area - - - 23 002 56 925 - 237 60c - 

Arable 211 287 6 240 3 720 1 993  1 454 22 795 7 092 15 192 
Permanent Crops 211 287 552 132 1 581 21 22 795 4 1 059 
Permanent Meadows and 

Pastures 792 203 37 416 - 11 237 3 944 20 720 24 OOC 40 202 
Forests and Woodland 634 251 2 424 2 2 447 1  935 31 069 91 50C 31  074 
Other Land 1 393 440 191 542 97  291  7  596 50 715  18 793  127  94  6 982 
Irrigated land - 270 2 852 12 14 15 1 40 40 

Population 

Population (1973) million 384.1 16.1 38.0 10.3 12.4 61.2 17.9 14.7 
Annual increase (1970-73) 2.8 3.2 2.2 2.7 3.6 2.7 2.5 2.7 
Population density/km2  (1973) - 7 36 39 21 65 7 15 
Per capita Income (1970-71) $ 210 295 210 239 141 167 125 97 

Souroe FAO 1975.  (1) Production Yearbook 1974, Vol. 28-1, Rome; (2) Statistical Yrbk.'74. 
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The average population density varies from the relatively high figure for Nigeria to an 
extremely low population density for the Republic of the Sudan. With the exception of 
Ghana, the distribution of population is extremely uneven and, in practically all the 
territories surveyed, there are areas of overpopulation. The limits of growth appear to 
have been reached in at least two territories if the present agricultural pattern is 
continued. 

From the point of view of the crops encountered, there is a clear division between 
those bordering the Mediterranean (Algeria and gypt) and the other territories 'south of 
the Sahara.,' 

The two Mediterranean countries are culturally part of the Mediterranean Arab World, 
whereas the other countries visited may be classified collectively as 'Africa south of the 
Sahara'. Agro.-ecologically the Sudan is part of the latter group, though culturally partly 
'Arab World'. 

With the exception of Egypt and to a less extent Algeria, the industries may be 
described as almost entirely agricultural, the agrarian situation being peasant farming or 
collective—farm agricultural economies. The latter system is a comparatively recent 
development, but has implications for the management of crop processing. Several of the 
territories are in the process of radical agrarian reform but all, with the exception of 
Nigeria, are extremely short of capital with which to undertake any form of industrial 
revolution. This statement even applies to Egypt, which has a much longer industrial history 
than that of the other territories. 

Although there are areas of high population density, only in Egypt and Nigeria is their 
development of the true conurbation with all the inherent dangers that this incurs, though 
Algeria has towns which are very restricted in their ability to spread. The population 
influx and extent of juvenile unemployment are reaching dangerous proportions. 

The danger of excess population is not confined to the human population, but may also 
be applied to that of the livestock. In several of the territories overpopulation of 
livestock is a serious problem, growth of which requires restraining with equal expedition 
to that of the human population. Some of the governments are adopting such devices as 
'cattle banks' and the purchase of excess stock at the beginning of the dry season. 

3. 	Commodities 

Agricultural statistics are notoriously difficult to collect and in some of the 
territories visited, the estimates—of—production figures are only a guide. The only 
relatively accurate sector in the statistics is that for the import and export of materials 
associated with agriculture. The population of these territories is not known to within a 
greater accuracy than ± 	and food production for particular commodities may depart as 
much as 25%  from the estimate. 

The commodities (crops) encountered and the territories in which they occur are listed 
in Table 7. It was found desirable when asking questions about waste utilization, to 
proceed systematically in the discussion through the list of possible crops. This procedure 
frequently resulted in the eliciting, from the local counterpart, of information which 
would otherwise have gone unrecorded. 

Table 7 is headi oommodities', since it is with the latter :.ther than the crops 
themselves, that one is concerned in considering a residue utilizat,rn. This was particularly 
apparent for countries such as Egypt, where a major source of utilisable residues arose from 
materials originally imported. Further, sources of biomass, other than crops, may give rise 
to commodities which have a potential for processing into useful products. 
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TABLE 7 

Production of Commodities 

Animals Africa Algeria Egypt Ghana Kenya Nigeria Sudan Tanzania 

Livestock 000 head 
Horses 3 579 150 32 4 2 248 	20 - 

Mules 2 179 210 4 - - - 	 1 - 

Asses 10 877 315 1 480 25 - 710 	664 161 
Cattle 148 130 950 2 160 1 100 7 400 10 918 14 000 12 098 
Buffaloes 2 150 - 2 150 - - - 	 - - 

Camels 9 410 190 110 - 330 18 	2 620 - 

Pigs 7 182 4 16 340 78 865 	7 23 
Sheep 148 769 8 100 2 080 1 600 3 200  7 545 11 900 2 850 
Goats 116 838 2 400 1 278 1 600 3 600 22 390 	8 600 4 500 

Livestock Products 000 ton jJ 
Beef and veal 2 278 30 126 21 114 187 187 115 
Mutton and lamb 629 41 29 5 9 22 77 11 
Goatmeat 348 9 17 5 10 63 6 17 
Pork and pigmeat 289 - 2 6 5 29 - - 

Ho:seineat 4 714 117 389 81 171 434 312 165 
Edible Offals 734 111 63 6 35 76 54 23 
Cow milk (fresh) 10 119 342 620 9 721 284 1 320 620 
Goat milk 1 336 118 8 14 40 - 471 44 
Sheep milk 640 116 19 - 13 - 149 - 

Wool greasy 191 14 3 - 2 - 14 - 

Wool scoured 89 6 2 - 1 - 6 - 

Cattle hides (fresh) 358 5 13 2 2 34 18 23 
Buffalo hides (fresh) 12 - 12 - - - - - 

Sheepskins (fresh) 115 5 4 1 2 5 11 2 
Goatskins (fresh) 74 2 3 1 3 18 1 3 
Raw silk and waste 25 - 10 - - - - - 

Poultry and Products 
Chicken 000 head 436 319 15 600 25 800 10 000 14 600 81 000 20 960 19 800 
Hen eggs 000 ton 659 12 67 7 18 102 18 16 
Other poultry 000 head 

(ducka and turkeys) 10 184 49 3 869 - - - - 2 293 
Poultry meat 000 ton 569 30 84 8 21 53 11 14 
Honey ton 26 736 1 400 7 000 - - - - - 

Fish 	/ 4 800 31 80 196 29 - - 168 

Plants 000 ton 
Cereals 67 921 1 346 7  908 877 2 118 7 806 2 527 1 031 
Wheat 8 534 850 1 984 - 100 6 235 91 
Rice 7 595 5 2 400 107 33 356 7 160 
Barley 4 770 450 99 - 21 - - 1 
Maize 26 766 5 2 550 480 1 600 1 100 20 550 
Oats 206 33 - - 4 - - - 

Millet 9 051 - 875 120 360 2 800 470 100 
Sorghum 9 290 3 - 170 - 3 500 1 795 130 
Roots and tubers 79 920 310 870 4 700 1 395 27 017 1 748 3 902 
Potatoes 3 299 310 750 - 215 27 25 95 

jJ Animals slaughtered within country, irrespective of origin 
/ 1973 
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TABLE 7 (cont'd) 

Africa Algeria Egypt Ghana Kenya Nigeria Sudan Tanzania 

Plants (cont'd) 
Sweet Potatoes 6 192 - 75 - 540 210 495 300 
Manioc 47 541 - - 2 900 640 10 000 1 100 3 500 
Taro 3 397 - 45 1 200 - 1 780 - - 

Yams 18 643 - - 600 - 15 000 128 7 
Pulses 4 832 48 342 10 310 880 71 185 
Beans 1 153 2 15 - - - 3 130 
Broad beans 685 19 234 - - 17 - 

Cow peas 995 - 6 - 830 - - 10 
Chick pea.s 341 14 5 - - 

- 2 25 
Other pulses 1 660 13 82 10 310 50 49 20 
Soya beans 85 - - - - 65 - 2 
Groundnuts in shell 5 540 - 30 125 3 600 991 35 
Castor beans 68 - - - 2 - 19 15 
Sunflower seed 323 2 - - 3 - - 12 
Sesame seed 553 - 23 - 3 65 271 11 
Linseed 103 - 23 - 240 - - - 

Seed cotton 3 869 2 1 320 - 16 197 661 249 
Cottonseed 2 495 2 840 - 11 130 432 159 
Cotton Lint 1 345 1 480 - 5 65 229 83 
Olives 1 021 152 8 - - - - - 

Olive Oil 178 18 - - - - - 

Coconut 1 533 - - 280 81 90 - 300 
Copra 153 - - 8 5 9 - 28 
Palm kernel 750 - - 40 - 300 - 3 
Palm oil 1 144 - - 65 - 450 - 2 
Tomatoes 3 340 132 1 630 115 220 - - - 

Pumpkins, squash, gourds 745 - 350 - - - - - 

gg plants 257 - 220 19 - - - - 

Green peas and beans 296 46 150 - - - - - 

Water melons and melons 2 545 206 1 410 - - - - - 

Grapes 2 711 1 000 167 - - - - - 

Wine 897 177 380 - - - 100 - 

Sugarcane 53 669 - 7 150 300 1 800 670 1 150 1 397 
Sugarbeet 2 240 230 - - - - - - 

Raw centrifugal sugar 5 826 26 605 9 133 38 118 124 
Orange 2 921 385 725 90 - - 1 - 

Tangerines 421 132 96 - - - - - 

Lemons and limes 197 16 80 30 - - - - 

Grapefruit porneloe 172 5 - - - - - - 

Other citrus 385 - - - - - 52 30 
Apples, pears, peaches, 

pulme, apricots 807 61 55 - - - - - 

Sisal 375 - - - 80 - - 157 
Tobacco leaves 240 6 - 2 - 12 - 15 
Rubber 250 - - 2 - 80 - - 

Bananas 4 206 - 100 27 - - 10 720 
Tea 152 - - - 53 - - 12 
Coffee 1 390 - - 4 70 4 - 55 
Tobacco 240 1 - 2 - 11 - 15 
Cocoa beans 1 027 - - 386 - 230 - 1 
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ABLS 7 (oont'd) 

Africa Algeria Egypt Ghana Kenya Nigeria Sudan Tanzania 

Plants (cont'd) 
Figs 	 163 	58 	12 	- 	- 	- 	- 	- 
Mangoes 	 460 	- 	80 	4 	- 	- 	- 	150 
Pineapples 	670 	- 	- 	30 	45 	- 	- 	37 
Almonds 	 :5 	5 	- 	- 	- 	- 	- 	- 
Cashewnuts 	 375 	- 	- 	- 	16 	- 	- 	150 

Roundwood Coniferous 	12 	- 	- 	- 	0.9 	- 	- 	0.2 
(million m3 ) Broadleaved 	297 	- 	- 	10.1 	10.6 	59.8 21.1 	32.5 

Source: FAO, United Nations, 1975 
(i) Production Yearbook 1974,  Vol. 28-1, Rome: 328 pp. 
(2) Statistical Yearbook 1974,  Rome: pp.144 

In Tanzania in particular there appears to be an unutillzed element in the game culling 
in the overstocked, but underpopulated areas of the country. Many products of the trees of 
the dryland forest are 'gathered' rather than grown. These dryland forests, iniombo woodlands, 
sahel and guinea savannae in particular generate a number of secondary products. 

From the wetlands and waterways there are weed monocultures currently dominant and a 
nuisance in blocking the waterways to traffic and fishing. Such plants, as members of the 
Cyperaceae and the water hyaccinthe (Eichornia orassipes) may form the only unutilized 
plant mass in a particular area. 

The total biomass is, in most of the African territories surveyed, in short supply. 
The action of grazing cattle on lowland areas and then kraaling that cattle on upland areas 
is one of the time—honoured method of transferring biomass back to the point where it is 
required. It was necessary to be continuously on the lookout for classical biomass 
conservation and product utilization methods which are so inherent in the agricultural system 
as to pass unnoticed. 

4. 	Economics of Utilization 

A number of factors contribute to the value of potential secondary products resulting 
from residue utilization. Of primary importance is the ratio of land area to biomass 
available. The same commodity may have a different value in different territories, due to 
differences in the cost of collection and transport to an appropriate processing point. 

Establishment that there is a 'market' for the processed products from the wastes is 
of paramount importance and unless this exists, the residue will not be utilized.. However, 
other logistic and technical factors may enter into consideration in utilization, one of 
the most important being the interaction of the scale of activity with the type of 
technology required to process the product. Another is the quality of the product, in 
terms of contamination of various types, and therefore the burden of processing the product 
to an improved commodity. These restrictions apply to both solid and liquid secondary 
products. 

In general, those products yielding high value byproducts, or having a potential of 
processing into special products or human protein food, have the highest value. The solid 
and slurry ligno—cellulose fractions, with a high degree of mineral contamination, and the 
mixed dilute effluents iave the lowest value. 
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Demarkation of Agro-ecological Zones 

Agro-ecologioal zonation of the territories visited is hampered by differences in 
approach adopted by the territories and the state of the art of classification in the 
different territories, though a uniform system has bei adopted by Papadakis (1966) for the 
West African territories. For the purpose of this survey it is convenient to divide the 
territories into Africa, south of the Sahara, including the Sudan, and 'Africa north of the 
Sahara' respectively. 

In comparing the opportunities for applying the principles of crop ecology, there is a 
great distinction between the discrete situation which occurs in the Mediterranean countries 
visited and in the northern Sudan and the more flexible situation occuring in the savanna 
woodlands and forest lands of East, Central and West Africa. 

For the latter territories current research on cereals and legumes, particularly that 
applied to the introduction of novel species and types and destined to extend the cultivated 
land by making better use of the low rainfall areas, such as that being conducted by the 
International Institute of Tropical Agriculture, is likely to have a profound effect on 
future agricultural productivity and hence the primary and secondary commodities available. 

Two major trends were specifically noted. First, it appears that the expansion of 
maize cultivation at the expense of sorghum and other millets has reached its limits and 
that it is likely that the reverse trend will develop in future years. 

Second, for the grain legumes, which are an integral part of the cereal cropping 
systems, the introduction of new varieties and new husbandry systems, which will furnish a 
reliable high yield, will help meet the increasing demand for vegetable proteins. These 
grain legumes systems are likely to diversify from the standard groundnut and cowpea systems, 
which have dominated the agriculture of Savanna Africa in the first part of this century. 
At one time, it was thought that the soya bean itself offered the best means of providing 
improved legume protein supplies and there is still much scope for the expansion of soya 
bean cultivation in Africa, together with its incorporation in acceptable African foods. 
However, recent research has shown that there are other legumes, such as Psophocarps and 
Dolichos, which can also fulfill this role and these may have a higher reliability under 
African climatic conditions. While the above speculations are part of a longer term view, 
nevertheless they are important in considering the types of commodity and commodity 
residues which will be available and the techniques for the utilization of which are 
already being elucidated in other parts of the world. Typical examples are legume milks, 
enriched bread and biscuits and the 'tempe' and 'oncom' fermentations. The application of 
these new developments is dependent on agro-ecological information, much of which has yet 
to be gathered. 

Country Reports 

The country reports are set out in the order of countries visited. 

Egypt is characterized by having its population concentrated on a fixed area of 
irrigated flood plain. The agricultural population is engaged in practising a system of 
agriculture which has largely remained unchanged for five thousand years. Similarly, this 
agricultural system has supported a population similar in numbers over thousands of years 
and it has only experienced an explosion in the last few decades. This pbpulation explosion 
is of extreme concern to the authorities and ac.on is being taken to stem it. 

Agricultural research is being devoted to extending and improving the irrigated area 
and to production of new irrigated lands from desert areas, especially near the coast. 
There is evidence that, under the present shifting sand dunes of the coastal area, there 
existed formerly irrigated land on which the desert has now encroached. 
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A comprehensive study of the desert ecosystems of northern Egypt is being conducted to 
improve their utilization. The Nile is still the lifeline of the Egyptian agricultural 
system and, in spite of industrial development, it remains remarkably unpolluted. 

In contrast to the research to develop more land, urban and industrial development are 
consuming the agricultural silt—land in the area around Cairo and Alexandria. 

In recent years Egypt has become a net staple food importing country, particularly wheat, 
although it was classically regarded as the granary of the Mediterranean. In reviewing the 
imports of commodities, it was found that tobacco was also an entirely imported product. 
This latter phenomenon is, however, an administrative decision as it enables the authorities 
to keep control over the revenue derived from tobacco products, though it deprives farmers of 
a very high value crop for which the land is eminently suitable. 

Approximately one—third of the total land area is devoted to fodder crops to feed the 
livestock, much of which is used for draught and transport purposes. The reduction of this 
draught animal population would result in the releasing of land for the production of vegetables 
and vegetable protein crops, such as grain legumes rather than fodder legumes. 

Thus, in contrast to the situation found in the other territories visited, in Egypt the 
available wa8tes (and those which were causing problems) were limited to a small number of 
products derived from the agricultural industries. All cellulosic materials were in short 
supply, as they are used both for fuel and fodder. Specialised agro—industrial wastes such 
as date stones and mango stones were encountered. Another source of specialized highly 
seasonal waste is that of the food canning industry. The problem with food canning residues 
is that each commodity occurs over a very short season and the total amounts are small when 
considering utilization of these byproducts. 

6.1 • 1 Sugarcane Processing 

Sugar in Egypt is mainly derived from cane and all the byproducts currently are being 
processed, or utilized as cellulosic wastes with the exception of vinasse (stillage). 
Research is being done on this byproduct. Sugar production is the monopoly of one company, 
the Socité des Suc2'6ries which currently has sixteen factories in production and a further 
one in the stage of commissioning. 

Of particular relevance to waste processing is that a major byproduct, since 1965, is 
fodder yeast. This product is Saccharornyces cereviseae and is of human food grade. It has 
been tested for food grade quality by a number of Ju'opean countries, but is not yet used 
directly as a human food in Egypt. Molasses is used as a feed stock for the fermentation 
ind.ustry which produces alcohol, vinegar, carbon dioxide, glacial acetic acid, food yeast, 
sugar derivatives (X1YFOAM for fire extinguishers) and secondary products derived by the 
further processing of the primary products. The vinasse is the only unutilized component, 
together with a series of factory effluents from the secondary processing of the fermenta-
tion byproduots. At present these are discharged without treatment, or further processing. 
The concentration in terms of BOD of the vinasse is 30 000 - 40 000 mg/i. 

Apparently the sugar company has a United Nations grant for study of the production of 
Torula yeast from the vinasse. The project is still in the research stage. Molasses is 
also supplied to the antibiotics industry, but the byproducts (e.g mycelial waste) of 
this industry are not, as far as the author was informed, used in any way. 

An interesting feature of Egyptian molasses is that it is relatively high in potassium. 
The residues of fermentation could theoretically be used for the production of potassium 
salts, but no economical method was apparent. 

The bagasse is used for the production of hard board, paper pulp and the wax is also 
extract ed. 
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6.1.2 Tobacco-dust 

?rom the imported tobacco leaf, tobacco is manufactured both from the blade and the midrib. 
The latter is softened, flattened and then shredded along with the leaf. The tobacco dust, 
which is a processing residue, is not utilized, although there is a full-scale process avail-
able internationally for reconversion of this into a leaf-like material known as 'reconstituted 
homogenized tobacco powder.' This reconstituted product is produced by adding water to the 
milled residues and formation of a paste. The paste is then rolled into sheets and the sheets 
are subsequently shredded. At the present time this process is not being applied because of 
lack of capital and the government is not giving high priority to the application of capital 
for this purpose. The capital required would be of the order of two million US dollars. At 
present the tobacco dust is therefore used as a fertilizer and a cheap insecticide. The 
monopoly of tobacco production is held by the Southern Tobacco Company. 

6.1.3 Starch Wastes 

A potentially useful waste, produced in relatively small quantities, is that from starch 
products by the Egyptian Starch Products and Yeast Company in Alexandria. This factory 
produces 36 tons of rice starch per day, which is preferred for many industrial processes 
such as textile sizing. It appears that 6 tons per day of starch is lost in the processing 
and is discharged in the effluent water. The company has been doing research on this 
effluent with the National Research Centre in Cairo. It might be possible to improve the 
extraction efficiency by altering the machinery or adjusting the flow-sheet of the process 
and, in view of the value of the end product, this would add to the profitability of the 
factory. Small quantities of fibre are produced and these are used for animal feed. 

6.1.4 Canning Industries 

The major producer of these products is the Nassra Canned Food Company, which IRs B 
total of 7  factories spread out between Cairo and Alexandria. 

Apparently, an Italian Company is interested in producing oil from mango seeds, but 
the investigation is still in the research stage. At present, date and mango seeds are 
burnt. 

Some of the orange peel is used in marmalade manufacture. Machinery was being 
installed for the extraction of the peel oil, which is used in fruit juice manufacture. 
extraction of pectin from the pulp was not done and none of the liquid waste from the 
manufacture was used. 

An unusual waste is that of guava seeds, which make a valuable cattle feed after 
being milled. 

The only other waste produced in relatively large quantities is that of tomato, which 
is produced at the rate of 800 tons per year. Production occurs over five months of the 
year, but at present no treatment is given to this waste. 

6.1.5 Animal Product Wastes 

These appear to be fully utilized in Egypt, with the exception of whey from the 
production of Egyptian type cheese. This whey cannot be treated by the normal whey 
processes because it contains 14%  salt. The high salt content is a pre-requisite for the 
fermentation of the bacilli and the early stage of the fermentation, and it is not possible 
to add the salt after the separation of the curd. At present, there is no satisfactory 
method for the processing of this waste. Desalting and protein recovery from the whey is 
possible but it may not be profitable. Salt tolerant yeast might be applied (such as 
Saceharomyces rouxii) to fermentation of the whey, though this would require further 
research work and a determination that the yeast could be marketed profitably. 
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6.1.6 Research Relevant to Agricultural Production 

From limited, visits to institutions, there was the impression that there is a long 
established tradition of research in Egypt. Many of the senior people have taken part in 
international agency exercises and acted as consultants for the UN agencies. They have 
also served for long periods in universities abroad. There is a large reserve of manpower 
available to conduct the research and there is a general awareness of the problems and how 
to deal with them. However, the capital resources to conduct research and apply it are 
scarce. As in most countries, there is a communication gap between one institution and 
another. There are many collaborative research projects with outside agencies; this helps 
augment institutional funds and there is, in this manpower resource, a potential for the 
export of technical expertise. 

6.1.7 Conclusions 

Egypt is running into a severe problem of overpopulation with respect to production. 
It also has long established aiñ deep—rooted traditions in agriculture, government and higher 
education institutions. There is an interest amongst research workers and government to 
collaborate in projects associated with biomass conversion and agricultural waste product 
recovery. It is recommended that this potential of expertise be exploited. 

6.2 The Sudan 

If any one country can claim a broad representation of much of the conditions in the 
countries of Africa it is the Sudan. Estimates of the population vary from 14 to 17 million 
and agricultural statistics for production are only available for the crops for export. 

This vast territory, one of the largest in Africa, consists of half pure desert and 
half a composite of savanna woodland, eastern and western pockets of mountain vegetation, 
a small coastal area bordering on the Red Sea and a rain forest derived area in the south. 

It possesses a large area which is seasonally flooded in the centre, a strongly 
developed perennial river system, as well as seasonal rivers (wadis) especially in the 
western part of the country. 

However, it possesm large fresh water lake areas, unlike the countries further to 
the south. 

The population is scattered through the country. It is more concentrated in towns in 
the north and scattered throughout the countryside in the south. The people are culturally 
varied. 

The systems of agriculture range from true nomadism through shifting cultivation to 
highly intensive irrigated—agriculture systems. There is a surplus of low—grade cellulosic 
residues, particularly in the south, though there is a seasonal shortage of fodder in the 
upland grazing belt in the middle of the country. 

The southern half of the country has a potential for both upland and irrigated 
agricultural development. This is already being exploited with the aid of internationally 
supported teams of agricultural specialists. 

The agricultural pattern for animal husbandry is determined by the broad tsetse belt, 
which runs across the centre of the country. It is to the north of this belt that the main 
cattle growing area lies and the area supports a population of 4.5 million with a cattle 
population of 6 million. 

6.2.1 Waste Problems and Opportunities 

At present, due to the highly dispersed and relatively small population in relation 
to the land area, there are few problems due to the presence of quantities of wastes, the 
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one exception being the night soil. The 'Gobar' process might be appl Led o this material. 
The main southern towns where the night soil was a problem were Juba and Wau (each of 
20 000 people) and Rumbel and Tong (each of 5 000 people). The night soil is disposed of 
by trenching outside the to.ns. However, this is a labour consuming method and makes no 
use of the fertilizer value of the night soil. 

The direct discharge of night soil into ponds, as is done in Southeast Asia, is likely 
to cause a health hazard as water is extremely scarce and the pathogens arising from this 
action would undoubtedly be spread by the process. Moreover, any open fresh water areas 
are an immediate attraction for the vast herds of cattle which are allowed to wander freely 
during the dry season and all fences would be trampled and the fresh water areas polluted. 

There might be a possibility of generating salt water oxidaton ponds to take the 
effluent from the gobar plants (where it was not suitable for irrigation water) and culture 
algae and fish under salt water conditions. If necessary, plant and animal species are 
available in the salt lake areas of the lands to the west and south such as Lake Chad and the 
salt lakes of Kenya. The salt water would inhibit the pathogen problem and would also make 
the waters unattractive to cattle. 

In the new irrigation schemes in the neighbourhood of Wau, sugar cane, cotton anct rice, 
are being cultivated. These are beginning to produce seasonal surp.ues w}ich have a potential 
for processing. 

The processing of sugarcane products is well documented. Similarly, rice hulls have 
been the sub3ect of much experimentation and the scheme at Aweil, whicn is 6 000 acres in 
extent, generates about 1 000 tons of waBtes per annum. 

6.2.2 Wastes from Cotton Growing 

Not much waste is derived from the harvested cotton. The seed is either exported 
whole, or the expressed seed is used as cattle cake. However, due to the need for an 
overall control of the bacterial disease caused by Xan -thornonas maivacesrum the black-arm 
disease, all plants are destroyed at the end of the growing seasons. This costs the 
Gezira Board, the body which controls cotton growing in the main irrigated cotton growing 
area, over a million Sudanese pounds per annum in disposal measures. There are about two 
million tons of this material, as there is one ton of oven dried residue of cotton stalks 
produced by each feddan of cotton plantation. jJ 

It might, within the framework of the sanitary measures needed for the control of 
black-arm, be possible to consider the ensilage of the whole haulms (after chopping) at the 
end of the season for the cotton crop. This ensilage would take piao ,,f when the cotton is 
largely green. It would use some of the surplus molasses. This is an alternative to the 
present practice of allowing the cattle to graze off the tender parts f the cotton plant 
and then expensively lift and burn all the rest. This procedure woulc. overcome the problem 
of the acute shortage of any form of fodder towards the end of the dr. season, since in the 
Gezira area there are no trees at all and, even further south where 	•e cotton is grown, 
the tree population is very small. 

6.2.3 Lu 
There are 0.5 m 4-11 c acres of land under sugarcane, Of' 	tion the sugar 

itself is fully util.7 .. tae bagasse is being used fi' f't. i 	the molasses is 
asted. 

7Tfeddans approc 	iectare 
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6.2.4 Wastes from Sorghum 

Another cellulosic waste which is that from the sorghum production in the middle belt 
and the south. This is produced under dry land farming conditions. The fields of sorghum 
are 20 miles or more away from the village. At present these sorghum residues are left 
in the field for cattle, or are burned. They are potentially available for processing. 

6.2.5 Foresy Waste 

Although these do not present a problem at the present time, better use could be 
made of the small-section timber, since only the trunk and tree seeds and pods are used. 
The main source of these materials is from the leguxnirious trees, but other families of tree 
are also involved. 

6.2.6 Future Developments: New Crops and Cropping Patterns 

There are great possibilities for developing the productive capacity through farming 
of the upland areas and extending the irrigated area. A few crops are being started such 
as castor bean, near Port Sudan, and sunflower. A curious feature of the latter crop is that 
the Tokero people complain that the act of processing the sunflower seed gives them asthma. 
No reference to this condition has been encountered before. 

There is also a move to change from pure stands of cotton to cotton interplanted with 
legumes, in particular crops of the genus Dolichos. This diversification will not yield 
much of a direct waste as the pods and the hauls are a valuable cattle feed, but their 
use will supplement the very low protein of the dry grasses (2.5%), which limits production 
of the cattle at the present time. As far as the statistics indicate, there is only 1% 
take-off economies where the take-off could be 500%.  Thus, improved production of grain 
and fodder legumes would improve the utilization of the cellulosic waste from the Gramineae. 

6.2.7 Animal Product Waste 

There are a variety of wastes generated in small quantities and a few in large 
quantities such as blood, manure and slaughter house washings, in the course of cattle 
slaughtering. At present, the industry is not sufficiently organized to make good use 
of these. 

6.2.8 Conclusion 

One of the greatest post-harvest wastes at present is in the form of losses from 
insects in stored grain. Other wastes are present in too small quantities or too 
unsuitable situations to bring into the economy at the present time. However, there is 
an enthusiasm for agricultural development generally and particularly as the new land 
schemes develop, there is likely to be a need for better utilization of these materials. 

6.3 Kenya 

Kenya possesses a wide diversity of products ranging from pyrethrum, tea and coffee 
of the extreme highland areas, to cereals and cattle on the plateau and coconut and tropical 
lowland crops down by the coast. As with the other territories visited, Kenya generates a 
variety of agricultural wastes in small quantities. Much of the cellulosic waste is used 
for fuel, which is scarce over most of Kenya, and in the remaining areas the residues are 
too scattered to be worth considering from the point of view of processing. 

A recent trend in the marketing system of cattle has lead to the loss of byproducts 
in the cattle industry in that, due to price control at government slaughter houses, 50% 
of the cattle is slaughtered privately and the wastes from this slaughtering process are 
dispersed. 
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6.3.1 Coffee Waste 

Coffee production generates utilizable solid and liquid wastes and studies have already 
been made on the processing of these materials. Apparently, a feasibility study was 
conducted by the Kenya Coffee Board for the production of charcoal briquettes from dried 
coffee pulp, but no further action was taken. 

A feasibility study was produced for the coffee board for the production of a yeast 
from the pulp, but no further action has been taken on this study. 

6.3.2 Sugar Production 

Sugar production is a major industry and there appears to be some wastage of molasses 
and all the bagasse is burnt at the present time. There is no any action being taken to 
recover the wax. Further information may be available from the East African Industrial 
Research Organization on these projects. 

6.3.3 Milk Production 

As milk is 80% consumed as liquid milk there is little processing waste from this 
industry, although the industry itself is a major industry. 

6.3.4 Sisal Wastes 

The main industrial crop studied was sisal. This is an important crop in both the 
highland and lowland area but interest in it has sagged in recent years due to the low 
prices which have prevailed. This has culminated in the closing of the high level sisal 
research station. Nevertheless, there has been an FAO study on the utilization of the 
solid waste from sisal processing and the possibility of applying the proposed method for 
processing sisal waste is being considered by the Kenya Sisal Board. 

On the Kenya sisal estates the water supplies for processing sisal are adequate and 
there is no incentive to change the extraction process to one which is more economical 
of water and which would produce a more concentrated effluent. Such an effluent would be 
amenable to subsequent fractioning processing for protein separation and fermentation 
of the remaining liquor into a fodder yeast. 

The quantity of material handled by a sisal estate is large in that any one hectare 
may yield up to 40 tons of fresh leaves per annum, of which the output is only about one 
ton of fibre. The whole of the solid residues is at present allowed to rot in heapé; 
In the past, some attempts have been made to feed this material to cattle. 

6.3.5 Research 

Pertinent research at the University of Nairobi, Faculty of Agriculture, Department 
of Food Science, included the production of fodder yeast from molasses and pineapple residues; 
the production of passion fruit seed oil; the production of pectin from passion fruits and 
citrus peel; and the nutritional value of local leaf extracts. Such activities can make a 
very useful contribution to the natural product processing economies of the east African 
common market area and act as a base for short term training courses. 

6.4 Tanzania 

Tanzania is the largest territory in the East African community with a total area of 
960 000 sq. kilometers, which includes the 1 660 square kilometers of the islands of 
Zanzibar and Peinba. There are also 50 000 sq kilometers of inland lakes. The population 
is approximately 30 million people mainly of African origin with small Asian, Arab and 
European communities concentrated in Dar—es—Salaani and Zanzibar. 
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From an agro—ecologioal viewpoint the limiting factor is rainfall and, although 
there are no truly desert regions, large areas of the territory have very low and variable 
rainfalls whioh, in the absence of cultivation, develop a sparse deciduous woodland. The 
most productive areas of the country are around the margins, the north—east—coast area, the 
slopes of the mountain Mount ICilimanjaro and alongside Lakes Victoria and Nyasa. 

Cattle production in the central area is restricted by the presence of the tsetse fly. 
The major cash crop, are siBal, cashew nuts, cloves, cotton, coffee, groundnut., tea, cane-
sugar and tobacco. Maize and sorghum are the main cereal staples, and in some of the more 
humid areas cassava provides an important element in the diet. Grain legumes such as the 
oowpea are grown throughout the territory. In appropriate areas coconuts, fruits and 
vegetables are grown. Neat production from cattle is small, although priority is being 
given by the government to the deveiopnent of the industry. In addition to sea fisheries 
there is extensive freah water fish production, especially around Lake Victoria. At the 
present time, the country is undergoing extensive agrarian reform, with a view to develop-
ing cooperative groups of villages for joint enterprises. 

6.4.1 Agricultural Wastes 

At present, there is no extensive utilization of agricultural wastes. Most of the 
cellulosic waste is either burned or consumed looally by livestock. A major problem in 
Panzania is lack of transport although maize is sent from the northern territories to 
Dar—es—Salaam for illing. Thus, the byproducts of milling are not made available to the 
areas of their origin, since these byproducts are not returned to the villages with the 
flour. 

There is a major animal feed and dMry developeent project under the auspices of the 
United Nations, which includes 70 large demonstration sites and 50 villages sohemes. The 
team has conducted a survey on crop wastes of potential value for livestock feed, but 
the report of this survey has not yet been released. At present there is little develop.-
ment of improved pastures and pasture research has a low priority in the governments 
research scheme. There isalso no local seed production industry to support the developsent 
of improved pastuie. 

Earlier work has shown that a number of pasture legumes,auoh as 'stylo', 'siratro' 
and Glycine javanioa are possible crops, but this research has not yet been applied. The 
lack of a local seed industry could be overcome to some extent by importation of seed of 
North Australian legume species, as these have been shown to be suitable for culture in 
Tanzania. The improvement of this aspect of agriculture would enable better utilization 
to be made of the oellulosio residues in stock feed. None of the agrioultural or agro-
industrial waste generated in Tanzania apparently causes any health problem at present. 

The residues which appear to offer the earliest opportunity for utilization are 
those of coffee, molasses and oereal prooessihg. The residue from sisal processing 
requires further research on the fibre extraction to produce a liquid fraction which can 
be subjected economically to further processing before it can be regarded as animal feed. 
A mnall amount is used to extract the hormone precursor hecogenin. 

6.4.2 Molasses 

At present there are 25,000 tons of molasses produoed each year which are wasted 
due to lack of transport. The main oentre of production in Arusha, though other mills 
also produce molasses. At Lruaha only 800 tons of molasses are used at present on the 
pilot stage of an FAO project, but they have a molasses urea minerals plant planned which 
will consume larger quantities of molasses. This, together with urea, will assist in the 
better utilization of mai' crop residues. 

The urea for the treating of molasses is imported, although there is a faotory 
situated near Tanga which converts urea and other fertilizer raw materials into compound 
fertilizers. 
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A curious feature enoourrtered in assessing thi oaibility of utilizing molasses is 
that the Tanzania Sugar Company sells its molasses at 176 shillings per ton ex-works, 
whereas the Kenya Sugar Corporation sells its !oIaases for manufacturing purposes at 50 
shillings per ton. The Shell company is already operating a MUM (molasses-urea minerals) 
plant in Kenya. This produces 6,000 tons of products per year. It was started, in 1973 
with 4,000 tons and there has been a gradual increase in production ever since. 

6.4.3 Cora 

At the present time, 90% of the copra and cotton seed cake produced is exported and 
therefore there is very little available locally. The eopra oake locally available amounts 
to 1,701,800 tons. Coconut produotion is declining and there is a high market value of 
the fresh coconuts. 

6.4.4 Coffee ñ'ocesslng Waste 

Coffee processing waste is one of the major potential wastes. Some 9,000 tons of this 
are rejeoted yearly. The National Milling Corporation has looked into the possibility of 
using the dried pulp for feeding, but this programme is still in the research jIase. 

6.4.5 Caustic Soda Treated Bagasse 

To improve the utilization of the cellulose fraction of sugaroane, caustic soda 
treatment has been considered, but no action has been taken to apply this well-biown 
process so far. 

6.4.6 Brewery Wastes 

Brewery wastes and the wastes from extraction of Wrethruxn occur, the former in sub-
rtantial quantities, but the latter is only a few tons. Neither of these wastes are used 
at the present. 

6.4.7 Cotton Seed Cake 

Cotton seed cake is used for feeding at Lake Victoria area, but it is reported to be 
expensive. 

6.4.8 2..! 
Amongst the animal waste encountered, which have possibilities for processing, is 

that derived from the culling of game in the western Tanzania. Apparently, 6,000 tons of 
ele1ant meat is wasted per annum because of the difficulties of extracting the fresh 
meat from the point where the animals are killed.. A chemical preservation or salt and 
starch fermentation process for the meat might be used to preserve it as a basis for 
animal feed, since it is a high-grade protein. This has a chance of being a profitable 
venture. It is recommended that investigation is given to preserving this meat and other 
sinii lan animal products. 

6.4.9 Conclusion 

While experts are aware of the possibilities of waste utilization, their main aim at 
present is to increase production and, although much of the information needed to achieve 
this is available at the experimental level, transfer to flull-soale projeots and the 
farmer is required. 

6.5 Nigeria 

Nigeria has the largest population of all the territories visited on the survey. It 
is also the territory in the most rapid state of transition, having benefit'ted from the 
influx of money derived from oil revenues. Within its boundaries is the International 
Institution of Tropical Agriculture. 
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One of the residue management problems of Nigeria at the present time is reducing 
post—harvest losses of aicultural products, particularly in the North, rather than 
abating any pollution which might arise from the discarding of agro—industrial and 
agricultural byproducts. 

In northern Nigeria, there is an overall shortage of oellulosic byproducts suitable 
for animal feed in the dry season. This problem has been enhanced during recent years by 
the growth of the animal polation, particularly due to the improved water suppLy in the 
stock raising areas of the f.r north. The situation has beenagravated by the recent 
series of droughts which have occurred in the Sahel zone of the West African territories 
during the last few years. 

Growth of the northern towns has resulted in wide—spread scavenging of the suburban 
areas for wastes for fuel, resulting in a broad deforested area around such towns as Kano. 

6.5.1 Pain Oil Processing Wastes 

The palm oil industry generates some 50,000 tons of palm ol shell waste and such of 
this oould be used for processing of charcoal. 

6.5 • 2 Sugaroane Byproducts 

As a consequence of the d.evelopnezrt of a sugar industry from sugar cane grown on the 
banks of the Niger River above Jebba (Kanji dam), Nigeria now has an industry for 
processing byproducts of sugar. Molasses is used for fermentation at a factory at Jebba 
and produces a food yeast and aloohol. The bagasse is used for fuel, but there are plans 
for using it for paip and paper. 

6.5.3 Cocoa Pads 

A major waste of the forest areas of West Africa, particularly Nigeria and Ghana is 
the pods from cocoa cultivation. It is possible to produoe a pectin from these pods, but 
this process has not been commercially applied. The pods are aooepted as food by cattle, 
but in order to ensure that they consume sufficient quantities it is essential to dry the 
pod.s first and then pelletize them. The Buhler Company of Switzerland has been 
experimenting with this process of pelletization, but ithas not yet been commercially 
applied. 

6.5.4 Food Processing Wastes 

Among the food manufacturing wastes are those of the breweries and is one of the most 
serious food production wastes. 

One of the most interesting processes encountered was that of the developeerrt of a 
miall scale still for improving the efficiency of distillation of the local palm wine. 
The whole apparatus can be built very cheaply and now the design is authorised by the 
government and is in commercial produotion. This 'intermediate teohnolo" developseirt 
seems to be one of the most promising new developnents to oorne within the brief of the 
survey. The still is applioable to the production of alcohol from a variety of sugary 
wastes. 

Fruit processing is not well advanced in Nigeria, though there are tomato factories 
at Zaria in the North and at Gombe in the Middle Belt. 

The Federal Institute of Industrial Research has a programi, for the study of liquid 
effluents from breweries and other food industries. One particular project is studying 
the production of SCP using Geotriohunt cand.idna with caseava as the substrate. Using a 
meal], ferm.ixtor, the yield efficiency was 0.48 units of protein per unit of carbohydrate. 
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The waste from gari msnufaoture (fermented, gelatinized cassava product) is used by the 
villages direotly for animal feed. It is debatable whether commercial gari is competitive 
with that produced in the villages. 

The University of Lagos has been studying the produotion of ethanol from local 
carbohydrates and palm wine with emasis on the conditions cf fermentation and the additives 
required to give the end product a satisfactory organoleptio constitution. A waste product s  
cocoa shell powder, is used as a colouring matter for the distilled liquor. 

In view of the relative adequacy of carbohydrates in Nigeria and the problem with 
storage of valuable prateinaoeoue products, particularly fish, it would appear that 

• utilizing enzyme active starchy materials produced by germination or fermentation, to 
preserve fish by a lactic fermentation oiu1 be possible. There would appear to be 
potential market for this type of product in Nigeria, as the taste and texture is consonant 
with that of local diets. 

6.6 Ghana 

Ghana is a relatively coherent territory with a balance between forest and savanna. 
Research on agricultural waste utilization appears to be well coordinated by the government's 
Council of Scientific and Industrial Research (CSIR). 

Agricultural Industries do not appear to be causing a serious pollution problem in any 
part of the territory, even though the country is extremely environment conscious. 

No situation was encountered in which fall scale utilization was made of agricultural 
seoondary products, but interest was expressed in the following subject areas: 
night soil processing; saw—milling waste.; sugaroane wastes; avoidance of situations giving 
rise to the appearance of aflatoxin and other mould toxins; the conversion of woody material 
into paip and paper; the production of algae and the use of water weeds; the use of palm 
oil shell and mangrove wood; the use of staroli and starch wastes, starch food conversions 
using local material; the production of phenol: resins for glues from local materials; 
the production of pectin; the production of secondary products from sugar; the production 
of farfiral. 

Ghana is a net cereal importing country and it was reported that wheat bran would be 
a usefu,l animal feed material if freely available. At present it was pelletized and re-
exported in return for foreign exchange. 

6.6.1 Cocoa Pods 

Unique research was being conducted on the extraction and testing of cocoa pectin.. 
The more valuable pectin is from the mucilaginous palp encasing the beans. The pod also 
contains pectin which can be removed by steaming and then squeezing out the muoilage. The 
value of this pectin is as high as that from the mucilage surrounding the beans due to 
differences in molecular composition of the peotins from the two sources. 

The husks are a cattle food, whioh is eaten with relish although the digestibility 
is not very good. Intake of husks can be improved by sun or hot air drying down to 60% 
moisture and then chopping, grinding and pelletizing. 

For plant hygiene on the 0000a plantations it is essential to dispose of the pods. 
The most eooncmioal way is to dry the pods to a oondition whereby they can be burnt and 
then to use the ash, which in high in potash, as a fertilizer. Ghana o000a production is 
a cottage industry and it is difficult to orgaxiise waste processing on a large scale. 

6.6.2 Food Soaroity 

• In Ghana fo.d is b.00mia,g scaree and expansive for the non—farming community. The 
cost of basic food stuffs, particularly fish aadher prertein foods, has risen by a factor 
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of three in the last two years. This scarcity is a major incentive to process all possible 
materials to supplement the present food supply. 

6,6.3 Other Agro—Induatrial Wastes 

For the fatu.re, there is a programme for the rapid developsent of the oil palm acreage. 
This will result in byproducts for processing. The total acreage of new schemes wider 
implementation at the present time is nearly 100,000 acres. 

Due to the Volta darn project, inland fisheries are being developed. Increased, supplies 
of fish will in turn generate increased quantities of fish byproducts. 

6.6.4 Conclusion 

The organized research and developsent, the technical competence and the awareness of 
the potential value of new prooesses augurs well for the introduction of new techniques 
toward better commodity utilization. 

6.7 Algeria 

Algeria is a territory in which there is little room for expansion of the cropped area. 
It is clearly demarcated into four agricultural zones. These are the coastal zone, the 
mountain plateau zone, the sub—Saharan zone and the Saharan zone. These are occupied by 
intensive agrioulture and horticulture, extensive agrioulture, limited dryland agriculture 
and grazing, and desert respectively. The large estates, situated on the richest land, 
have been divided into email individual holdings (10 ha), or cooperative farms. The 
hii1axid area has remained largely unchanged. The dry hinterland has possibilities of 
improved cropping, especially in increasing the culture cf low rainfall tolerant legumes. 
However, fodder is in short supply and there are no substantial cellulosic wastes 
available for secondary processing. The desert area contains oases in which date and 
cereal production 000urs. Here also the quantities of waste are negligible. 

The main source of agricultural residues is the ooastal zone. 

6.7.1 Residues Occurring in the Coastal Zone 

Sugar beet tops are wasted and could be used by ensilage, using some of the molasses 
from the sugar extraction. This technique is not practised. 

Vines undergo regular pruning throuout the growing season and the green residues 
from these are available for stock feed s  or for onsilage. They do not appear to be used 
for this pirpose at the present time. 

Some of the straw from wheat and other cereals is being used for paper. The 
remainder is used directly for stock feed or is burned. However, stocking is limited in 
this area and the use limited for feeding. 

There are no wood residues. All trimmings are used for fuel and wood is(vera1l in 
short supply. Pinus halepensis and Cedrus species are being planted. to replenish the 
supply of timber. 

There are substantial residues from citrus production. There appear to be 
possibilities for utilization of citrus products for the production of pectin, peel oil, 
single oeli protein and animal feeds. 

A wide variety of grain legumes are grown in all three agricultuzai zones, but no 
large residues are produced. Misoellaneous residues which appear to exist are: 
a) Marc, the solid residue left after expressing the juice out of the grapes for the 
aanufature of wine, b) Market garden residues, misce]hneous vegetable material, and a) 
residues from olive oil, sunfl.war oil and safflower oil production. 
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III. GENERAL CONCLUSION 

From the su.rvey it will be seen that, with certain agro-industrial exoeptions such as 
starch and sugar produotion; the opportunities in kfrioa in the immediate fu.ture for 
making use of agricultural waste are comparatively limited. In the Sudan and south of the 
Sahara a diversity of wastes have been found which could be better utilized. For instanoe 
in the Sudan irrigated area, there are possibilities of processing the residues from crop 
and sugaroane production on both a large and a small scale, but the treatment of night 
soil and the recovery of methane fermentation products appears to be especially favourable 
for small scale enterprises. 

Undoubtedly, as the irrigated areas under rice develop, this cultivation will give 
rise to opportunities for better utilization of the residues from rioe produotion. 

Tanzania is still coming to grips with the problems of the actual production of orops 
and the problem of pollution arising from agricultural waste is not serious. The two 
exceptions to the absence of utilizable wastes were: game oropping and sisal. It 
appears that modern techniques can be applied to nonrefrigerated harvesting of game 
products by the setting up of temporary mobile processing units. This would provide a 
valuable contribution to the protein supply of the country. With the increased supply of 
fertilizers there will be a developnent of more intensive cereal production, particularly 
of sorghum, and this will give rise to cellulosio residues which may be utilised in ways 
)ther than the present one of burning. 

In both Kenya and Tanzania, sisal is a crop with a ftiture, if it is regarded as the 
basic crop of a plantation agricultural system employing interoropping in a period 
&.mediately after the out • The sisal harvest itself should be regarded as a bicmaas 
rather than a source of fibre aloneand it is reoanmended that further investigation is 
conducted into the method of extracting the fibre, principally by counter-current 
washing and filtration or centrif'ugation of the liquor, to give more concentrated 
fractionated liquors of greater utility for subsequent processing. 

In West Africa the crops that provide opportunities for the utilization of secondary 
produots are oil palm and cocoa. In Southeast Asia current research is extensive on the 
utilization of the non-oil fraction of the palm fruit and it will not be many years 
before it is desirable, both from economic and anti-pollution viewpoints, to apply the 
techniques in West Africa. Similarly, it has been shown in Southeast Asia that the 
rubber plantations can provide other produots than the rubber latex concentrate, 
ranging from algal and other single cell protein products to the utilization of the 
rubber trees themselves. 

Three products were identified in 0000a production, from the pods and from the 
muoilage surrounding the seeds. These are pectin, dried pelleted cocoa pod for animal 
feed and the ash of the 0000a pod as a fertilizer and a raw material for industrial 
chemical use such as soft soap. 

It was noted that, throughout the territories surveyed but particularly those south 
of the Sahara, there was marginally a shortage of food in general, as distinct from a 
protein shortage. Radical changes in the agricultural pattern would need to be 
implemented in the near future to meet this need for food directly, by improved supply 
of primary products rather than by indirect supply of protein via animals. Grain 
legumes is the group of crops whioh can best provide an effeotive total utilization of 
the biomase grown. 

A serious health hazards arise from human waste and protein residues. There is a 

potential health hazard arising from the agro-industrial effluents. In the Sudan the 
authorities are fully aware of the health hazards presented by the absence of sewage 
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system in the towns and no doubt this is also a problem in the aall canmunities. The 
solution appears to be via the treatment of the night soil to give a harmless material 
which provides both a liquid effluent and a solid fertilizer. Where fresh water is soaroe, 
the possibility should be investigated of discharging the high B.O.D. effluent into salt 
water at appropriate oxidation pond loading rates and producing fish and other aquatic 
products. Alternatively, the liquid can be used for irrigation after anaerobic fermenta.-. 
t ion. 
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ENERGY FROM ORGANIC RESIDUES 
by 

B. A. Stout and T. L. Loudon 1  

SUMMARY 

Energy is an essential ingredient for human existence. Increasing 
energy prices and uncertain supplies have focussed attention on alterna-
tives. More effective use of organic residues, a renewable source, is 
one alternative. 

This paper reviews technologies available for conversion of organic 
residues to more useful solid, liquid or gaseous forms. The feasibility 
of various conversion technologies--both wet and dry processes--is examined. 

Generally, wet material such as manure lends itself to methane genera-
tion by anaerobic fermentation. Is this process practical and economically 
feasible? Several studies indicate it probably is not presently a viable 
alternative in the U.S., but the search for improved processes and manage-
ment techniques continues. 

In less developed countries, the thousands of small-scale digestor 
units in operation indicate anaerobic fermentation is practical. Each 
application must be analyzed individually considering the supply of feed-
stock manure, cost of collection, the demand for methane and its relative 
value compared with other fuels, climatic conditions, and operator skills. 

Several dry processes are available to convert organic residues 
directly to heat or other fuels (solid, liquid or gaseous). Municipal 
wastes can be used to generate steam, but this approach is less attrac-
tive for agricultural residues because of their limited or scattered 
supplies, the higher moisture level of some agricultural residues and 
competing uses for residues on the land or for animal feed. 

Conversion to liquid or gaseous fuels by pyrolysis has been inves-
tigated but has not proved economically feasible. 

Perhaps the most attractive dry conversion process is combustion 
in a limited air supply to generate producers gas (largely hydrogen and 
carbon monoxide). Producers gas may be burned directly or used as a fuel 
in an internal-combustion engine (with considerable reduction in power). 

The cost of collecting agricultural residues is a formidable obstacle 
for all processes. The most practical use of organic residues results when 
they are concentrated from another use and thus become a "free" by-product. 

Although growing crops specifically for fuels is widely discussed, no 
examples are known where the practice is cost effective. 

1Professor and Assistant Professor, Agricultural Engineering Department, 
Michigan State University, East Lansing, Mich., USA 48824. 
(Michigan Agricultural Experiment Station Journal Article No. 	). 
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INTRODUCT ION 

Energy is the basic driving force in man's development. The history 
of civilization is to a large extent a story of man's progress in 
harnessing energy. Some major events that have occurred include: 
controlled use of fire; domestication of animals; use of sails; windmills 
and water mills; controlled mechanical energy from thermal energy; the 
ability to store and transport energy; and the development and use of 
electrical energy including nuclear generation. Efficient use of energy 
is the key to maximum productivity per person and resultant high standard 
of living. 

The relation between energy consumption and level of development has 
been analyzed. Figure 1 illustrates a rough correlation between per capita 
energy consumption and gross national product. Cook (19) argues that high 
energy consumption is a prerequisite for high output of goods and services. 
But with limited petroleum supplies, how will world-wide energy needs be 
met (Fig. 2)? Recognizing that petroleum supplies are finite, what alter-
native fuel sources are feasible? 

The purpose of this paper is to explore the use of organic residues 
as alternative fuel sources. Both wet and dry conversion processes are 
considered including anaerobic and alcoholic fermentation, combustion in 
excess air or in a controlled atmosphere, pyrolysis, hydrogasification and 
hydrogenation. An attempt is made to assess the feasibility of each process. 

Agriculture's Energy Needs 

Agriculture is essentially an energy conversion process -- the trans-
formation of solar energy and fossil fuel products (fertilizer, diesel fuel, 
pesticides, etc.) to food and fiber for man. In the U.S. and other advanced 
countries, 12 to 16% of the nation's energy is consumed in the food system 
(production, processing, transport, marketing, final preparation). Agricul-
tural production accounts for about 3% of the total (10, 38, 79). 

Energy use in the developing countries is much greater than one might 
think. When food, fodder and wood are included, annual energy use per capita 
is 5 to 10 million kcal (51). If only commercial energy (oil, coal, hydro-
power, etc.) is considered, perhaps 1 to 4 million kcal/person/yr is consumed 
in the less developed countries (LDC). This compares with 13 to 50 million 
kcal/person in Europe and North America (Fig. 1). See Table 1 for a rough 
indication of energy use in five less developed areas of the world. 

Economic accounting is more highly developed in m Dst countries than 
energy accounting. If one considers the percentage of disposable income 
spent for food, the range is about 20% in the U.S. and as much as 80% in 
some LDC's (66). About one third of the fossil energy use in the LDC's is 
in the food system (250,000 kcal/person/yr). Overall, Pimentel (66) estimates 
that the food system currently uses 25% of the world's fossil fuels. 
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Energy Sources for Agriculture 

The most important energy source for agriculture is the sun. Through 
photosynthesis, billions 3- of metric tons of organic material are produced. 
Some plant material is eaten directly (grains, fruits, vegetables, etc.); 
other fibrous materials must be converted by ruminant animals leaving 
sizeable quantities of residues, manures and often other unused wastes. 

Controlled crop growth requires external energy to prepare the soil, 
irrigate, plant, control weeds, harvest and prepare the crop for use as 
human food. Yields can be enhanced by adding more energy as fertilizer. 

Manpower continues to be a major energy source for agriculture in 
many LDC's. But man is a poor energy source. His energy capacity is 
extremely limited. A healthy adult can exert about 1/10.hp on a continuous 
basis -- the equivalent to the electrical energy needed to light a 75 watt 
bulb. If this rate of energy is expended for a 10-hr day, 750-Wh or 314 
kWh will be developed. 

If electricity costs 4 cents/kwh man's energy is worth about 3 cents! 
day. To achieve a reasonable standard of living, man must use his head 
(decision making, etc.) or his dexterity to perform tasks of greater value 
not easily done by machine. 

Man is creative and learned early to domesticate animals to supple-
ment his limited .energy capacity. Later, man developed the concept of 
selective mechanization to extend his energy capacity, produce more and 
improve his standard of living. 

As petroleum supplies diminish, alternative fuel sources must be found 
to provide the cultural energy needed to produce adequate food supplies for 
the expanding world population. 

Availability of Organic Materials 

T.ri4 Aic 

The present annual production of biomass on the land areas of the 
world has been estimated at 100 billion metric tons, dry weight (1). This 
has an energy equivalent six times greater than the current world-wide 
energy use. There are two major approaches to biomass utilization as an 
energy source: 1) to grow a crop specifically for direct use as a fuel or 
to produce a fuel; and 2) to collect by-products or wastes for use as a fuel 
or for fuel production (78). 

Studies of the feasibility of growing crops for fuels are numerous. 
Energy ratios of 12 to 25 are possible with the present U.S. agricultural 
production (72). These ratios refer only to biomass production and do 
not include the energy required to transport it from the production site 
to the consumer or conversion losses. 

1 1 billion = io 
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Roller (72) concluded that climate, land and water availability, 
economics of agricultural production and marketing all combine to cast 
doubt on the feasibility of growing organic matter for fuel under U.S. 
conditions. They point out that collecting residues may be more practi-
cal but cautioned the competition for residues for return to the soil or 
cellulosic production is formidable. Other competition important in LDC's 
includes food for animals. 

Table 2 gives biomass yields from selected species grown in different 
parts of the world (44). Anderson (3) estimated that U.S. organic wastes 
total 800 x 10 6  metric tons/yr (Table 3). He calculated a recoverable 
oil potential of 27 x 109  1 and a gas potential of 38 x 10 9  m3  representing 
about 3% of the total annual oil or gas use. Downing (22) calculated the 
energy value of crops in Canada (Table 4). He also calculated output/input 
ratios for various crops ranging from 4 to 16 (Table 5). 

Go (32) reported the demand for coconut charcoal (derived from con-
trolled burning of coconut shells) is increasing. Japan reportedly imports 
7,500 metric tons annually from Sri Lanka. The Phillippines is interested 
in developing a coconut charcoal industry as well. 

Graham (33) plotted biomass yields as a function of solar flux (Fig. 3). 
Yields up to 90 metric tons/ha per year are shown. 

Wood is a major fuel throughout the developing world (Table 6). It 
is estimated that over 95% of households in developing countries, where 
wocdfuel is readily available, use it as a primary source of fuel for cooking 
(62). FAO (11) estimated that of the total world production of wood (2,525 x 
106 m3  in 1974), 46% or 1,173 x 106  m3  were used for fuel. 

Another major source of organic residue is animal manure. Table 7 
summarizes the numbers of livestock in various parts of the world (9). 
Table 8 tabulates manure production for various species. Although some 
manure is used productively as fertilizer and some as fuel in LDC's, some 
is left unused. Considerable energy can be extracted from manure and it will 
still retain much of the fertilizer value. 

Marine Based 

Mariculture is the harvesting of plants from the sea. The giant kelp, 
Macrocystis pyrifera, is abundant, accessible and capable of biological 
conversion to methane. This giant seaweed commonly reaches 70 rn in length 
and grows two thirds of a meter or more per day (60). It is native to waters 
whose temperatures average less than 20 °C. 

Kelp bed densities vary in different parts of the world. Blornasses up to 
22 kg/nr fresh weight have been reported in the relatively thick California 
beds; while, for example, Idian Ocean biomasses range from 95 to 606 kg/rn 2  
with an average of 140 kg/rn (59). 

Fresh kelp contains about 85% water and has about 70% volatile matter, 
on a yearly average. A simple digestion system will convert 40% of the 
volatiles; one kilogram of digestible organic matter yields 0.41 m 3  of methane 

(CH4). 
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One proposed ocean food and energy farm consists of a network of kelp 
supporting lines extending out from a central processing station (83). 
The kelp plants are harvested twice a year by special ships and drained 
of excess seawater. The plants are then taken from the ship to the 
processing plant and shredded. Each hectare is expected to yield about 740 
to 1,240 wet tons of harvested organic material per year (41, 43, 83). 

The shredded kelp is fed to the digestors and converted to fuel gas. 
Effluent from the digestors may be further processed to yield fertilizers 
and animal fodder. 

A 40,500 hectare mariculture system could produce 7.4 x 108  m3  CH4--about 
0.04 percent of the total U.S. energy consumption in 1970. A system 1,120 km 
in diameter would be needed to satisfy 100% of the total U.S. energy consump-. 
tion. 

There are 36 x 10 7  square kilometers of ocean on the earth but only 
56 to 70% of this is "arable" surface water. Since kelp cannot reproduce in 
water above 20 ° C, mariculture farms could not exist within 20 °  of the equator. 
If waters above this latitude were incorrectly farmed the oceans could become 
a mat of kelp fronds and serious ecological damage might result. However, 
because of their enormous energy potential, mariculture systems warrant 
serious consideration. 

CONVERSION PROCESSES 

Fig. 4 shows some alternatives for converting nonfossil cellulosic 
material (carbon) to gaseous or liquid fuels. The feedstock material (organic 
residue) has an energy content of 2,200 to 5,600 kcal/kg (Tables 9, 10) with 
3,300 or 3,900 kcal/kg (6,000 or 7,000 BTU/lb) of dry matter being most 
common. The typIcal products (methane, carbon monoxide, hydrogen, oils, etc.) 
have heating values of 8 to 14,000 kcal/kg (Table 10). Heat contents of 
gaseous products range from 1,200 to 8,900 kcal/m 3  (Table 10). 

Dry (Non-biological) Processes 

ombustion in excess air 

A common example of combustion in excess air Is incineration. The basic 
purpose is usually to dispose of a waste product (e.g. forest residue or 
municipal wastes) (70). Recently, several cities have installed Incineration 
processes in which the heat generated is used to produce steam to generate 
electricity (19). Particulate control is essential to avoid air pollution. 
In an agricultural context, incineration is not very practical. It's costly 
and often there are more attractive alternatives. 

Combustion in a controlled atmosphere 

Gasification is the process of burning carbon (e.g. an organic residue) 
in a packed bed with a limited air supply at temperatures above 1,090 ° C. 
The typical products of combustion called "producers gas" are listed in 
Table 11. The heat content of producers gas ranges from 1,200 to 1,400 kcal/m 3 . 
A comparison of heating values of various fuels was given previously (Table 10). 
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With a suitable nozzle, the hot gas can be burned somewhat like natural 
gas. In this application, the conversion of crop residue to useful energy 
is 85 to 90% thermally efficient. In addition, the gas can be cooled, 
filtered and used as fuel in a spark-ignition or diesel (dual-fuel) engine. 
The conversion of crop residue to cold, clean gas is 65 to 75% efficient. 

Producer gas technology has a long history and is well developed. A 
bibliography by Nowakowska and Wiebe (61) covers the development of gas 
producers up to 1944. Lincoln (47) presents a modern review of alternative 
fuels for vehicles. Stationary gas producers burning coal or coke for fuel 
were first used in Germany. 

During the 40's, research on gas producers was widespread in Europe 
with the advent of war and fuel shortages. Both stationary and portable 
gas producers were manufactured. Small stationary producers were developed 
and sold for manufacturing firms to insure consistent gas supplies (7). 
The Power-Gas Company began to design and install gas producers in countries 
where coal and oil were scarce. These stationary gas producers used a 
variety of crop residues and wood (). 

In Sweden, where automobiles were extensively powered with wood, one 
trailer-mounted gas producer indicated that 100 kg of wood was equivalent 
to 76 liters of gasoline (5). Perhaps 700,000 vehicles were adapted to 
producer or suction gas generators and they used many forms of fuel including 
coal, coke, charcoal, wood and coconut husks. Stationary gas generators 
have been designed for and operated with just about every conceivable torm 
of cellulose, including rice hulls, olive pits, straw, camel dung, cotton 
seed hulls, sawdust, walnut shells, etc. 

More recently, Porter and Wiebe (68) at the USDA laboratory in Peoria, 
Ill., tested corncobs in a small gas producer with promising results. When 
coarsely ground cobs were used, a gas with 1,415 kcal/m3  was produced from 
cobs whose heat content ranged from 4,370 to 4,521 kcal/kg with an average 
of 4,442 kcal/kg (ovendried). 

Conversion of farm tractors to producer gas was studied extensively in 
Australia. Operational problems, field trials and economics were discussed 
by Roberts (71). Bowdén et al (16) discussed fuel consumption, power output 
and the effect of high and low compression pistons. Producer gas and kerosene 
were compared in terms of power output, cylinder wear and economics. 
Freeth (28) discussed conversion of tractors to burn producer gas. Most 
Australian producers were cross-draft types using charcoal as fuel. On the 
other hand, the Soviets used wood or straw downdraft gas producers. A 
discussion of these latter producers appears in a 1945 edition of Gas Oil 
Power (8). 

As stated previously, considerable attention was given to the develop-
ment of gas producers for cars, trucks and buses. An article reviewing 
eight different gas producers appeared in Automobile Engineer (6). A 
discussion of gas generation principles and the application to small gas 
producers is given by Lowe (49) who also detailed several commercial models. 
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The Canadian government became interested in portable gas producers and, 
as a result, commissioned a series of tests on commercially available European 
models. As a further result, a detailed report by Alicut and Patten (2) in 
1943 reported on a study of 12 gas producers in which both bench tests and 
vehicle tests were conducted. Gas generation, composition and kcal content 
are reported in detail for repeated tests on each producer. 

Filtering of producer gas prior to its use in internal combustion engines 
is essential to avoid excessive wear. Most filters on portable gas producers 
consisted of either sisal tow, coke or fabric or a combination of these. 

Apparently, these filters require considerable attention because they 
often plug with dust, tar or condensate, thus increasing the pressure drop 
required and reducing the volumetric efficiency of the engine. 

One concept -- the wet washer -- had considerable success. Water, con-
taining a suitable wetting agent, and used in a device similar to an oil bath 
air cleaner. This wet washer was used after the gas was cooled. In addition, 
the water dissolved certain gaseous impurities such as ammonia and sulfur 
compounds. By using such a cleaning method reduced cylinder bore wear to 
0.0025 cm every 4,800 to 6,400 km (6). 

The bulky, wet cleaners are not the drawback for stationary gas producers 
that they are with portable producers. Most gas can be cleaned satisfactorily 
in a stationary producer by simply using a wet scrubber, many of which are on 
the market for stack gas cleaning. 

Horsepower is reduced from 40 to 50% when gasoline engines are converted 
to producer gas. It is not possible to get the same amount of energy into a 
cylinder with producer gas as it is with gasoline. 

In a 1947 issue of Diesel Progress, Lustig (50) described a stationary 
gas producer using ground-up vegetable matter to supply fuel for dual-fuel 
engines. This gas producer was built by the Weilman Engineering Company of 
Cleveland, Ohio, and a long series of tests were carried out using a Bruce 
MacBeth 4-cycle engine. This article notes that "... Brazilian engineers 
attended the tests made on the gas producer, anxious to find an effective 
means of utilizing waste vegetable matter." 

Although nearly all experimental work on gas generators ended in the 
1940's, Sweden continued to develop the gas producer. Fig. 5 shows a gas 
generator developed by Nordstrom (58) for use with wood. 

A laboratory downdraft gas producer was designed and built by the 
Agricultural Engineering Department of the University of California in 1975 
(39). A cutaway view of the producer is shown in Fig. 6. A 4-cylinder air-
cooled engine has been run on the gas successfully with little modification. 
Emission tests when the engine was under full throttle at 2,200 rpm indicated 
that hydrocarbons were as low as 25 ppm and CO was as low as 0.05%. 

The engine was connected to a 3-phase induction motor and by applying 
torque to the electric motor it was able to generate electricity, thereby 
putting power back into the grid. 
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Tests will continue as technologists strive to develop satisfactory 
designs for gasifying crop residues and automating the operation.' 

Heating in the absence of oxygen 

Destructive distillation and pyrolysis are two processes carried out by 
heating organic materials in the absence of oxygen. The resulting thermal 
decomposition produces combustionable gases and a solid nonvolatile residue. 

Destructive Distillation - Bituminous coal is subjected to destructive dis-
tillation in large quantities to produce coke, coal tar and coal gas. Large 
quantities of wood were formerly subjected to destructive distillation to 
produce charcoal, methanol, acetone and other chemicals. Such destructive 
distillation processes could not compete economically with synthetic methods 
but some charcoal is still produced by destructive distillation. 

Pyrolysis - A more modern term for essentially the same destructive distil-
lation process is pyrolysis (Fig. 7). Pyrolysis involves heating organic 
material at high temperature (540 to 1,090 °C) in the absence of oxygen for 
several hours. Various proportions of gas, oil and char are produced 
depending on the temperature, pressure and length of treatment (23). One 
coercial pyrolysis process for municipal wastes produces either 159 1 of 
fuel oil or 170 m3  of gas in excess of heat inputs to the process. The gas 
is a mixture of primarily methane, hydrogen, carbon dioxide and carbon 
monoxide and has a heat value of 7,120 kcal/tn 3  (23). 

The pyrolysis processzusing animal manure yields gas with a heating 
value of 2,670 to 4,450 kcal/m 3  or about 560 to 830 kcal/kg of dry matter. 
Engler et al. (24) reported after studying three processes for converting 
animal waste to a useful energy form that pyrolysis was the most promising. 
The resultant synthesis gas could be used to provide: 1) a clean low-Btu 
gas for power generation; 2) a starting material for ammonia synthesis; 
3) a starting material for methanol production. 

A plant was designed conceptually and its profitability analyzed. The 
capital investment required for the plant capable of handling 907 metric 
tons of manure per day was $6.07 million and annual operating costs $2.54 
million. 

Assuming there would be no charge for manure transportation, costs were 
estimated at $1.27/metric ton. Utilities, labor costs, maintenance and 
administrative costs were included. The sales price of gas required for 
profitable operation was calculated. The price ranged from $1.00/MSCF 
(thousand standard cubic feet) 2  for a 454 metric ton of manure per day (T/D) 
plant to $0.29/MSCF for a 9,000 T/D plant. 

To make a 16% return on investment at 1973 gas prices, a 900 T/D plant 
would have to sell gas for $4.02/metric ton. Thus, significant improvements 
in the process or changes in the cost of producing synthesis gas would be 
needed for manure pyrolysis to be economically feasible. 

1-The summary of development of producer gas technology (pp 5-7)is adapted 
from Horsefield and Williams (39). 

2MSCF = 28.3 in3  
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Another study (30) concluded that a pyrolysis process for a 40,000 
head beef cattle feedlot would cost $6.17 per metric ton of 80% moisture 
manure. This would be $25430 per head of livestock and is not considered 
feasible at this time. 

Conversion under pressure 

Hydrocarbonization involves conversion to an oil or gas by subjecting 
organic materials to high temperatures and pressures. The process may be 
further sub-divided into hydrogasification which yields gaseous fuels and 
hydrogenation to produce oils and solid fuels. 

Hydrogasification - is the process used to convert coal to pipeline gas. 
Manure and hydrogen may be fed into a reactor at 34 to 68 bars and temper-
atures of 500 ° C. A low Btu gas is produced which can be further processed 
to be 95 to 98% methane with around 8,900 kcal/rn 3  -- the same as natural 
gas (27, 52). 

A major deterrent in the application of this process is the large 
amount of water that must be removed. Consequently, the most likely 
application is in treating manure low in moisture content. Although 
laboratory experiments and economic feasibility studies have been conducted, 
there are no known commercial operations in which manure is converted by 
hydrogasificat ion. 

Hydrogenation - (another high pressure and temperature conversion method) 
is available to convert organic matter into oil. The reaction involves 
heating the raw material at 240 to 400 ° C and high pressure (102 to 272 bars) 
in the presence of carbon monoxide, steam and a catalyst. About 330 1 of 
oil are produced per metric ton or organic input (12, 23). Costs of a 
large-scale plant are unknown, but construction and operating costs will 
be high due to the requirement for high pressures. 

Wet Processes 

Anaerobic Fermentation 

Description - One way to use agricultural and agro-industrial waste materials 
is to produce biogas containing methane by anaerobic digestion of organic 
wastes. This process is the anaerobic equivalent of aerobic composting but 
much less heat is liberated in anaerobic digestion than in composting. 

Methane production through anaerobic digestion is a two-stage biological 
process. First, soluble carbohydrates are converted to organic acids by 
acid forming bacteria. Second, bacteria (we call them the methane formers) 
use the organic acids to produce methane (CH 4 ) and carbon dioxide (CO2). 

Possible Substrates - Many different organic waste materials have been used 
as the feed material for anaerobic digestion. Table 12 is a compilation of 
the results achieved with a variety of different agricultural wastes (61). 
With the possible exception of materials like sawdust (which is primarily 
cellulose), almost any organic waste material can serve as a component of 
the substrate for an anaerobic digestor. The suitability of materials for 
gas production depends on the carbon to nitrogen (C:N) ratio which should 
be below 35 for optimum production. 
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Recent research on anaerobic digestion has been done using animal 
manures as a substrate. It falls in the desired C:N range and is a 
material which, in large livestock production facilities, is easily 
collected in quantity. The major use of manure throughout the world 
is for fertilizer or energy through direct burning. Anaerobic digestion 
stabilizes the nutrients and nearly all the N, P and K value remains in 
the digestor effluent so the process provides for both energy extractio.n 
and maximum nutrient retention for use on agricultural soils. 

The use of crop residue as a substitute for anaerobic digestion has 
not been researched as extensively as has manure. The C:N ratio of crop 
residue or even mixtures of crop residue and manure are generally too 
high for satisfactory biogas production. The ratio can be reduced by 
adding human excrement including urine or chemical nitrogen (51). 

Klass et al. (45) reported successful biogas production using grasses 
in small-scale digestors but indicated that grasses must be finely chopped 
and that scale-up technology is not readily available. Lecuyer (46) 
assessed the use of water hyacinths for biogas production and found it was 
technically feasible but not economically viable. Furthermore, the process 
may not be acceptable in some areas because a large area would be needed for 
water hyacinth production. 

Biology - The methane process requires a group of acid-forming bacteria 
existing symbiotically with the methane-forming bacteria. The steady state 
reactions of the two-stage process may be written (77): 

Acid- 
1st stage 	Complex Organics 	forming 	CO2  + H + Organic Acids (1) 

Bacteria 

2nd stage 	Organic Acids 	Methane 	CO2  + CH 	(2) 
Formers 	" 

4H2  + CO2 	> 2H0 + CH4 	 (3) 

These reactions must occur simultaneously and if the reactions become un-
balanced, the digestion process fails. 

The diagram shown in Fig. 8 was developed by McCarty (57) as a schematic 
representation of the two-stage process described previously. This diagram 
is a great simplification of themethane forming process, but it indicates 
there are many paths and bio-chemical reactions between the complex organic 
wastes and the end product, methane. 

Temperature is crucial to the process. There are two sets of methane-
forming bacteria: the mesophyllic organisms which have an optimum environ-
ment temperature of 35 °C and the thermophyllic organisms having an optimum 
temperature of 54 ° C. Because of the problems associated with maintaining 
the higher temperature as well as heating cool material to 54 °C before it is 
introduced into the digestor, the mesophyllic process has been considered 
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the most promising. Generally, methane production decreases rather drastically 
as temperature drops below the optimum level. A rule of thumb often used is 
that methane production drops 50% for every 11 °C decrease in temperature below 
the optimum level. 

Additional design factors which must be determined are loading rate and 
detention time within the digestor. Loading rate is usually expressed in 
terms of the amount of volatile solids (VS) input to the digestor daily per 
unit volume of digestor. Miner and Smith (54) indicate loading rates from 1.6 
to 5.9 kg VS/m 3/day have been generally satisfactory. Most loading rates 
expressed in Table 12 also fall within this range. Detention times used with 
these loading rates range from 10 to 18 days for continuous flow digestors. 

Start-up procedures for an anaerobic digestor process can take several 
weeks. The start-up period is critical because if the acid-forming bacteria 
become too active before methane formers begin to function, too much acid may 
be produced driving the pH below the range acceptable for methane-forming 
bacteria and the methane production may never really get started. Therefore, 
check pH frequently during start-up and keep it above 6.7 to achieve a balanced 
digestion process. 

Equipment - The equipment required for methane production consists of an oxygen 
free digestor, a gas collection device, input and output equipment, a con-
trolled heat input system, and in some cases agitation and scum prevention are 
necessary. Fig. 10 shows a diagram of the necessary components. The organic 
material must be broken up before it enters the digestor; therefore, choppers 
or shredders are required for the pretreatment process. The digestor may be 
designed for gas production using a batch process where the digestor is filled 
and the total volume of material left inside to digest for a set period of time 
before the digestor is opened, emptied and the next batch started. 

Alternatively, the digestor design may include input and output equipment 
and the system be set-up for periodic (often daily) removal of a portion of 
the slurry and addition of an equal volume of organic material for digestion. 
Agitation and scum prevention are needed in this type of continuous flow 
digestor. 

The batch process requires less equipment since a daily input-output 
system is not needed, but gas production is not uniform. It starts from zero 
when material is first added, slowly rises to a peak and then tapers off. 
Fig. 9 shows a typical batch process production curve. 

The continuous flow process involves substrate input and some digested 
sludge output everyday. Gas production is much more uniform, but reliable 
input-output equipment must be provided. Since methane digestors are not 
sold commercially as a package item, problems are generally experienced with 
the hardware of the system. Many researchers ( Hein et al. (36); Booram 
etal. (15); and Parker etal. (64)) have reported mechanical difficulties 
with input-output pumps and recirculation hardware, but the degree of diff 1-
culty depends on the solids content. 
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The Continuous flow process is the system of choice for uniform gas 
production. An alternative is to have several batch digestors at once site 
and load them alternately so that one is always at peak production. The 
system should be simple. For small village or farm installations, plungers 
can be used to force the daily feed into the digestor and simple overflow 
or hand-operated vacuum devices used to remove a daily volume of digested 
sludge. Where pumps and valving systems are desirable, consider only 
heavy duty, non-clog equipment. Fig. 11 shows a schematic of a simple, 
manually operated continuous flow digestor. 

Skills Required - The mechanical skills required for operation depend on the 
digestor design. Where a manual input-output scheme is used and where agita-
tion is done manually rather than mechanically, the mechanical skills required 
for operation are minimal. They include being able to mix and measure the 
required input material, manage the gas storage and utilization systems to 
maintain proper material balance, and prevent explosive conditions. 

Skills required which are related to bio-chemical processes involve pH 
and temperature monitoring and control. Generally adequate fermentation 
rates can be achieved with pH in the range of 6.7 to 7.6 (63). While this 
is a relatively wide range, pH control may be difficult with village-level 
technology and close attention is needed to stay within the range. If pH 
paper can be made available and assistance given to digestor operators to 
assure its proper use, adequate pH control can be achieved. Without rela-
tively long experience pH could get outside the desirable range before the 
operator realizes something is wrong within the digestor. 

The most frequent problem encountered will be the digestor becoming 
too acid (pH dropping below 6.7) during the start-up period due to an 
excess of acid production over methane production. If the pH is known to 
be decreasing and approaching the lower limit, the situation can often be 
corrected by adding lime or bicarbonate of soda. While pH is not as respon-
sive an indication as a direct measure of the volatile acids present, it is 
the index which must be used for operations which do not have the services of 
a well-equipped chemical laboratory. 

The Gas - The gas produced in anaerobic digestion of organic material is a 
mixture of mostly methane and carbon dioxide with small amounts of other 
gases present. Fermentation of animal waste or other substrates with a 
C/N ratio around 30 will generally produce a mixture containing about 60% 
methane. Table 13 gives ranges of the composition expected in biogas produced 
from farm wastes. 

In a well-functioning digestor, the biogas produced can generally be 
expected to have a heat value of about 5,340 kcal/m 3  at atmospheric pressure. 
For comparison, natural gas has a heat value of 8,900 kcal/m 3  and a liter 
of gasoline contains about 8,000 kcal. 

Converse and Graves (18) formulated the data in Table 14 to compare the 
potential energy in biogas produced from various manures with the quantity 
of other fuels required to yield the same amount of energy. 
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Utilization of Biogas - The success of a biogas production unit depends on 
making beneficial use of the gas produced. Methane (CH 4 ) which generally 
makes no more than 60 to 70% of the gas as it comes from the digestor is the 
compound having energy value. The remaining fraction is mostly C0. Gas 
utilization may involve direct use of the total gas mixture including im-
purities or it may involve purification steps to remove: 1) CO 21  thereby 
increasing the energy value of gas per unit volume; and 2) hydrogen sulfide 
(H2S) to decrease corrosiveness of the mIxture. 

The CO2 content can be reduced by bubbling the gas through a water 
scrubber with pH controlled to keep acid conditions from developing in the 
scrubber. Lime may be added to control pH, but in some cases none is needed 
as there may be sufficient ammonia in the solution to maintain neutral pH 
(32). Hydrogen sulfide can be removed by passing the gas through iron-
impregnated wood chips (18) or iron filings. A suggested design for an H 2 S 
removal filter containing iron filings is shown in Fig. 10. 

The amount of gas produced depends not only on digestor size and vola-
tile solids loading rate but also on the temperature within the unit and 
the biodegradability of the feedstock. If temperature is not controlled and 
fluctuates with the seasons, so will the gas production rate. If temperature 
is controlled, a certain portion of the energy provIded is used to heat the 
digestor and not available for beneficial use. Therefore, gas utilization 
must be planned with the expectation of lower amounts during cold periods. 

Researchers who have evaluated biogas or purified methane storage con-
cluded that it is not practical to compress and store gas produced by small 
digestors in farms (18). Ncr can significant quantities of energy be 
compressed into small enough tanks to make use of biogas in mobile engines 
or tractors and other vehicles practical (18). Therefore, major use of the 
gas must be at the production site. 

The use at the production site may be through such things as space 
heaters, stationary engines or crop dryers or cook stoves. Other possible 
uses include electricity generators or low grade (low temperature) heat 
production. 

When planning space heating remember net gas production may be lowest 
during periods when heating needs are greatest. Stationary engines to be 
run on methane should be high compression engines designed for this appli-
cation. Full engine power can be realized only if carbon dioxide is removed 
from the biogas mixture to increase the energy content of the gas going to 
the engine. Longer engine life can be attained if hydrogen sulfide is also 
scrubbed out of the gas before use. 

Methane driven stationary engines have a variety of uses but two likely 
uses are for pumping irrigation water or for electrical generation. If one 
is going to depend on biogas for irrigation pumping, a reliable supply of 
gas will be needed. 
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The quantities of gas required can be determined as follows: 

kw Q w h (.0098) hp Q w h 
33,000 E 

Q = stream size in gal/mm 
w = specific weight of water 

(8.34 lb/gal) 
h = total head (ft) 
E = pump efficiency 

(about 0.7 for well 
designed pumps) 

Q 	1/sec 
w 1 kg/l 
h = meters 

= pump efficiency 

Example 

Let's consider what is required to lift a flow rate of 100 gal/mm 
(6.3 1/sec) a distance of 20 ft (6.1 m) for a surface irrigation system: 

hp = 100 (8.34) (20) 
33,000 (0.7) 

hp = 0.72 
1 hp-hr = 2,546 Btu 

If engine efficiency is 20% 

1 hp-hr output requires: 
2,546/0.2 = 12,730 Btu input 

For .72 hp output: 
0.72 x 12,730 = 9,166 Btu/hr input 

9,166 Btu/hr = 15.3 ft 3  of biomass input 
600 Btu/ft 3 	hr 

kw = 6.3 (6.1) (0.0098) 
0.7 

kw = 0.538 
1 kWh = 860 kcal 

1 kWh output requires: 
860/0.2 = 4,300 kcal input 

For .538 kw output: 
0.72 x 4,300 = 2,313.4 kcal input 

hr 

2,313.4 kcal/hr = 0.43 m 3/hr 
5,337.7 kcal/m3  

If the pump were operated for 10 hr/day, 91,660 Btu or 4.3 m 3  of biogas 
would be needed. This would require the manure from 26 or 27 mature pigs 
being fed a U.S. finishing ration. Makhijani (51) estimated the cost of a 
counity biogas scheme to produce gas which would be used by individuals 
as fuel for irrigation pumping plants. His estimates are given in Table 15. 

Feasibility and Economics - It is technically feasible to produce methane 
through anaerobic digestion of animal waste (76). Studies show that if the 
C:N ratio is correct, It is feasible to produce methane from other farm crops 
and residues (45). Much less information is available on digestion of crop 
residues than on manure. 

Most information (see Table 12) about the performance of digestors was 
derived from the study of small-scale laboratory digestors. The extent to 
which this information can be directly used to predict performance of digestors 
scaled-up to handle the wastes from a farm or a village is not well established. 
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Limited experience with farm-scale digestors suggests there are problems 
to be overcome to increase the reliability of physical equipment, and to 
decrease the amount of management time and capital investment required 
(15, 20). 

Studies in the U.S. show methane digestors are not economical for farm 
installation with present technology and energy costs (15, 25, 55, 77). 
(This situation appears more favorable in LDC's.) However, these studies 
charge the entire cost of a digestor and its operation against energy 
production, whereas if the substrate being fed to the digestor, is animal 
waste a portion of the cost might well be charged to pollution control and 
waste handling convenience. 

The economic attractiveness of anaerobic fermentation for a specific 
installation depends on the size of the operation, cost (and availability) 
of other forms of energy, and benefits to be derived by operation of a 
digestor such as water pollution control, fertilizer nutrient conservation, 
odor control and protection of human health. 

Williams et al. (84) considered the economic feasibility of operating 
anaerobic digestors on U.S. beef and dairy farms. He did not charge the 
cost of the digestor to that of energy production but rather to waste 
handling. For a 100-cow dairy operation, his figures show that the cost of 
electricity would have to be at least 3.5 cents/kWh before one could afford 
to run and maintain a digestor. We are about at that level of electrical 
rate now in the U.S. 

Williams' data also show that for a 1,000 head beef feedlot, producing 
methane and generating electricity will be financially beneficial if excess 
electricity over that required to operate the farm can be sold to the power 
company. However, power companies are not yet interested in buying power 
from small producers. 

Makhijani (51) reported that the cost of energy from a village scale 
digestor is comparable to electricity at 6 cents/kWh. He indicated that when 
foreign exchange requirements for other energy sources are considered, energy 
from locally produced methane is the cheaper alternative. Further, the use 
of farm-or village-scale digestors in developing countries may provide a 
sanitary means of human waste disposal and conserve valuable nutrients for use 
on cropland. 

Combine the energy required for puming irrigation water (based on the 
calculation presented in the section, Utilization of Biogas) with the cost of 
biogas per million Btu's (as estimated in Table 15), the cost of operating 
an irrigation pump on biogas would be $2.25 per acre-foot of water pumped. 
This is comparable to using a gasoline engine if the cost of gasoline is 
$3.02/gal (3.785 1). 

The economic feasibility of using agricultural residues for biogas 
production depends on the particular set of circumstances and must be 
evaluated on an individual basis. To achieve reliable gas production, careful 
management of the digestor is imperative. 



Alcoholic Fermentation 

Transformation of sugars, largely encountered in agricultural plants, 
into alcohol by fermentation is common in the food and beverage industry. 
The starch content can also be transformed into ethyl alcohol, with an 
intermediate enzymatic action generating sugars. Therefore, the "vegetal 
alcohol" produced world-wide comes from plants rich in sugars or starch, 
such as sugar cane, sugar beet, vinasses, cassava, potato and maize. 

But organic residues do not generally have a high sugar or starch 
content. Hydrolysis of lignin and cellulose is necessary to change these 
molecules into sugars. There are two ways to practice hydrolysis: 
1) acid hydrolysis, with or without heating (glucose yields are about half 
the weight of cellulose); and 2) enzymatic conversion (cellulose derived 
from a fungus) which has a better glucose yield since all of the cellulose 
in the organic material is transformed (28). 

The process then continues by fermentation of the sugars and alcohol 
distillation leaving an aqueous residue comprised mainly of lignin. 

Ethyl alcohol is a good liquid fuel, whose caloric value is about 
5,600 kcal/l. It can be used in spark-ignition engines either alone or in 
mixture with gasoline without big changes in the output power (37). Adapta-
tions on a commercial car are minor. 

A recent study using acid hydrolysis on straw reports an efficiency 
of 24% in the best cases (14), therefore, technical improvements on hydro-
lysis are necessary. The only large-scale plant currently using acid 
hydrolysis is in the U.S.S.R. 

Alcohol production with sugar or starch-rich plants is more widespread. 
In some countries it is a means to control extra production, but the so-
produced alcohol is not yet economically competitive with alcohol obtained 
from petroleum (14, 53). 

Brazil has developed a large program of alcohol production, through 
sugar cane and cassava especially cropped for this purpose (67). Typical 
yields are 66 1 of alcohol per metric ton of sugar cane (or about 3,000 1/ha). 
Cassava (which can be planted on poor land) provides 180 1/metric ton 
(or about 2,200 1/ha). Brazil already uses 200,000 m 3  of alcohol as engine 
fuel by mixing it with gasoline (80percent gasoline, 20% alcohol). 
National plans are to produce 2,300,000 m 3  of alcohol, mainly with sugar 
cane. 
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List of Tables (cont.) 

Anaerobic treatment of Agricultural wastes 

General composition of blogas produced from farm wastes 

Approximate daily production and heat values for biogas 

Cost of a community biogas scheme for irrigation 

Definition of Terms 

Biogas - The mixture of gases resulting from anaerobic digestion of 
organic matter (mostly methane and carbon dioxide with traces of ammonia, 
hydrogen sulfide and other gases). 

Biomass - The total organic matter produced by plants (may be limited to 
above the ground or harvestible portion). 

Cultural energy - Energy added to solar energy in the form of fuel, 
fertilizer, agricultural chemicals; an energy subsidy; includes energy 
required to grow seeds, manufacture implements, construct buildings, 
produce fertilizers, etc. 

Energy ratio - Food energy produced divided by cultural energy input. 

Gasification - The process of burning carbon in a packed bed with a 
limited air supply. The primary products are hydrogen and carbon monoxide. 

Low Btu gas - Gas from coal or organic residue having a heat content 
1,330-2,670 kcal/m 3  (150 to 300 Btu/ft 3 ), eg. producers gas, not suitable 
for mixing in pipeline with natural gas. 

Pipeline gas - Gas from coal or organic residue suitable for mixing with 
natural gas in a pipeline, heat content approximately 8,900 kcal/m 
(1,000k  Btu/ft 3 ). 

Producers gas - The products of combustion from the gasification process. 

Substrate - The input material or feed for a biological fermentation 
process. 

Synthesis gas - A mixture of methane, hydrogen and carbon monoxide. 
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Fig. 5 Modern downdraft gas 
producer developed in Sweden for use 
with wood (39). 
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Fig. 6 	Experimental gas producer for use with 
crop residue developed at the University of California, 
Davis (39). 
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Fig. 8 	Methane fermentation of a complex waste (57). 

389 



GAS PPOtUCTI(', FT 3 /LB VCLATIL S(LIPS 

me- 
–a 

o 	CD 

CD 
-S 

rP71 

c1(0 

-t. 
CD 	N) 
9Grn) C 
(Dc/i 
-.5 
S) 

Co (A) 

-.50- 	CD 
(DC uin 
-b..a. 
-1•0 
o 	- 
B 

CD 0 
oB 

C+ Cr (i o P.1 Q 

(A) C) -< 

C-) 
CD a 
CL CD 

C.' 

• 0) 
CD 	•-J - 	CD 
0 
0 

I-) 

0-  00 
-I.  CD 
(0 
CD 
c/I 
rf 
0 
-.5 	(0 

C 

(0 

C 
CD 

co 
0) 

0 
-ii 

..-..j (A) 
CD o 0 

I1 C) 

N) 
(Ti 

0 
C) 

0) 
00 

0 
-Ti 

(TI - 
(0 N) 

— 0 C 
-n 0 

C.) 
C — o (Ti 
-Ti 0 

— C) 
–a 
CD 

0 
C) 

CD CD . 
N) 
U, 	 U, 

GAS PRODUCTION, 3 /KC VOLATILE SOLIDS 

390 



ENGINE 
Pump 
Generator 

DRYER 
HEATER 

Sludge 
Space 

Slurry 

Sludge Holding 
in Transit 

Fig. 10. The bio-conversion system. 

Gas to combustion 
or other uses 

Dng Watçr 

- Feed - 
Slurry-_E-.zE 

Gas Holder 
(CH4+CO2+" ) I NNO I 

tL v-seal 
Lf udge 

Digestor ---- 

jc. 11 Schematic of a biogas plant. 



Table 1. A rough sketch of energy use in a few prototypical villages of the third 
world (a) 

India 
Energy Use 	(East 	China 

Gangetic 	(South 	 Mexico 
Plain) 	Central) 	Tanzania 	Nigeria 	(Nocth) 

Principle sources: wood, 
food, crop residues, 
grazing land (except 
North Mexico) 

1. Domestic Energy use (104  keal/yr) 
per capita 

Useful energy 5 25 28 19 4.0 
Energy input 101 504 554 378 429 

2. Agricultural energy 
use: farm work, 
irrigation, chemical 
fertilizers 
a. Per capita 

Useful energy 13 35 2 4 340 
Energy input 194 209 58 60 1030 

b. Per acre 
Useful energy 18 68 1 5 156 
Energy input 270 436 40 76 479 

3. Energy use per 
capita in trans- 
portation, crop 
processing and 
other activities 

Useful energy 2 3 1 1 3 
Energy input 86 81 18 23 91 

4. Subtotal per capita 
energy use 
a. Useful energy 20 63 31 24 383 
b. Energy input 381 794 630 461 1550 

Commercial Energy Sources 

1. Oil, coal, hydro, etc. 
Useful energy 13 40 5 4 76 
Energy input 63 202 25 13 378 

2. Total energy use 
Useful energy 33 103 36 28 459 
Energy input 444 996 655 479 1928 

(a) These numbers are rough estimates, particularly with regard to the breakdown 
of animal labor into field and non-field activities. 

Source: 	(51). 

392 



Table 2. Plant productivity data 
Annual 

Production (a) 
Location 	Plant community 	metric tons/ha 

Sweden Enthrophic lake angiosperm 7.2 

Denmark Phytoplankton 7.8 

Mississippi, US Water hyacinth 11.0-33.0 

Minnesota, US Maize 24.0 

New Zealand Temperate grassland 29.1 

West Indies Tropical marine angiosperm 30.3 

Nova Scotia Sublittoral seaweed 32.1 

Georgia, US Subtropical saltmarsh 32.1 

England Coniferous forest, 0-21 yr 34.1 

Israel Maize 34.1 

New South Wales Rice 35.0 

Congo Tree plantation 36.1 

Holland Maize, rye - two harvests 37.0 

Marshall Islands Green algae 39.0 

Germany Temperate reedswamp 46.0 

Puerto Rico Panicum maximum 48.9 

California Green algae 49.3-74.2 

Columbia Pangola grass 50.2 

West Indies Tropical forest, mixed ages 59.0 

Hawaii, US Sugarcane 74.9 

Puerto Rico Pennisetum purpurcum 84.5 

Java Sugarcane 86.8 

Puerto Rico Napier grass 106.0 

Thailand Green algae 163.6 

(a) Dry organic matter. 

Source: (44). 
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Table 3. Estimates of available organic wastes in the U.S., 1971 

Total 
organic Organic 
wastes solids 
generated available 

Source: 106 metric tons/yr 

Manure 181 23.6 
Urban refuse 117 64.4 
Logging and wood manufacturing residues 50 4.5 
Agriculture crops and food wastes 354 20.5 
Industrial wastes 40 4.7 
Municipal sewage solids 11 1.4 
Miscellaneous organic wastes 45 4.5 

Total 798 123.6 

Net oil potential (10 10  litersj 17.5 2.7 
Net gas for fuel potential (10 0  in3 ) 24.9 3.9 

Source: (3). 

Table 4. Energy values of crops in Canada 

Canada 	Ontario 

Crop energy (1012  kcal) 	275 	59 
Crop energy (106 kcal/ha) 	7 	18 
Available crop residue (1012  kcal) 	59 	7 
Available animal waste (1012  kcal) 	145 	51 

Source: (22). 

Saskatchewan 

89 
5 

28 
17 

Table 5. Energy on specific Canadian farms 

Farm Precipitation Yield 
no. Hectares Crops(a) cm. 102 kg/ha 
1 250.9 B.O.R.S. 48 26.9, 	25.1, 	13.8 
2 388.5 W.B.S. 38 21.5, 	26.9 
3 518.0 W.S. 33 13.4 
4 121.4 Br.-A. 48 1.8 metric tons 
5 121.4 A. 3R 1.8 N.T., 	3.6 N.T. 

0/I ratio 
4.21:1 
5.50:1 
4.19:1 
6.7 :1 

16.2 :1 

(a) Crop Rotation Abbreviations: B-Barley, 0-Oats, R-Rapeseed, S-Sunmierfallow, 
W-Wheat, Br-A-Brome Alfalfa, A-Alfalfa. 

Source: (22). 
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Table 6. 	Woodfuel consumption in some developing countries 

Percentage Use of Woodfuel Population Charcoal 
of GDP de- woodfuel per use out of using wood- use out Urban 

1973 GDP rived from capita/yr total timber fuel of total Popu- 
per capita subsistence woodfuel lation 

Country £ sector 3 m 	kg 

Tanzania 40 30 2.3 	1630 96 99 4 7 
Gambia 50 25 1.6 	1090 94 99 26 23 
Thailand 80 20 1.4 	1000 76 97 45 15 

Source: 	(62). 

Table 7. Livestock numbers, 1973 

1,000 Head 

Horses Mules Asses Cattle Buff abs Camels TOTAL 

Africa 3,751 2,201 10,714 149,276 2,283 10,226 178,451 
North & 

Central 
America 15,374 3,194 3,397 182,001 7 8 203,981 

South 
America 16,530 5,889 5,190 199,109 145 -- 226,863 

Asia 14,179 2,310 20,306 348,088 121,130 4,081 510,094 
Europe 6,770 902 1,646 129,294 422 -- 139,034 
Oceania 585 -- 5 38,739 -- 2 39,331 
USSR 7,075 3 540 104,006 429 230 112,283 

64,264 14,500 41,797 1,150,512 124,417 14,548 1,410,037 

Source: 	(9). 
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Table 8. Manure production data 

Fresh manure Nitrogen content 
production Assumed percentage of dry 

Fresh manure Assumed assumed moisture matter 
per 1,000 kg average per head content of Solid & 	Solid 
liveweight liveweight (kg/yr) fresh manure liquid 	wastes 

Animal 	(kg/yr) (kg) (except item 7) wastes 	only 

Cattle 
Horses, mules 

donkeys 
Pigs 
Sheep & goats 
Poultry 
Human feces 
without urine 

Human urine 

ISource: (51). 

27,000 200 5400 80 2.4 1.2 

18,000 150 2700 80 1.7 1.1 
30,000 50 1500 80 3.75 1.8 
13,000 40 500 70 4.1 2.0 
9,000 1.5 13 60 6.3 6.3 

- 	40 to 80 	50 to 100 	66 to 80 
	

5 to 7 
- 	40 to 80 18 to 25 kg 	- 	15to19 	- 

dry solids/yr 
	

(urine only) 

Table 9. Energy content of plant biomass 

Plant Plant part Percent H20 kcal/kg 

Sugarcane (a) Bagassee 12 4,041 
Sugarcane (b) Bagassee 52 2,220 
Bamboo (a) Cane 10.5 4,106 
Buckwheat (a) Hulls 10 4,215 
Chamie (c) Leaves 0 5,411 
Chamise (c) Sterns 0 5,245 
Coconut (a) Shells 13 4,196 
Beech (a) Wood 13 4,166 
Birch (a) Wood 12 4,206 

Oak (a) Wood 13 3,986 
Oak (a) Bark 7 4,517 

Oak (b) Bark. 0 4,645 

Pine (a) Wood 12 4,416 

Pine (c) Bark 0 5,012 

Fir (c) Bark 0 4,890 

Spruce (c) Bark 0 4,851 

Redwood (c) Bark 0 4,635 

Oilseed crop (d) Seed -- 4,995 

Handbook of Chemistry and Physics, C. D. Hodgernan (Ed.), p.  1945. 
The Chemical Rubber Publishing Co., Cleveland, Ohio (1962). 
Steam: Its Generation and Use, Babcock and Wilcox Co., New York, N.Y. (1963). 
R. C. Rothermel and C. W. Philpot, 1973. Predicting changes in chaparral 
flammability. Journal Forestry, Vol. 71, No. 10 (October 1973). 
R. S. Loomis, etal., 1971. Agricultural productivity. Ann. Rev. Plant 
Physiol. 22:431-468. 

Source: (44). 
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Table 10. Energy content of certain fuels 
Heat value (a) 

Fuel 	kcallkg 	kcal/liter 	kcal/m 3  

Producer gas (b) 1,397 
Hydrogen 2,403 
Carbon monoxide 2,812 
Pyrolysis gas (c) 

Municipal 3,337 
Feedlot 4,450 

Blo-gas (d) 5,517 
Methane 13,243 8,846 
Natural gas 8,899 
Propane 11,983 6,095 22,390 
Butane 11,778 6,794 29,189 
Cattle manure 
Air dry 2,775 
Dry matter only 3,735 
Volatile solids only 5,051 

Softwood 4,995 
Coal 7,215 
Alcohol, methyl 6,383 4,241 8,525 
Alcohol, ethyl 9,269 
Diesel, No. 1 10,878 9,005 
Kerosene 11,006 8,729 
Gasoline 11,267 8,263 
Fuel Oil, No. 2 11,183 8,856 

High heat value includes latent heat of evaporation of resultant 
water vapor. 
Hot coal + blast of air (2C + N9 + 02 	> 2C0 (N2 ). 
From Resource Science, Inc., Santa Ana, January 1974. 
Also called manure methane or swamp gas. 

Source: 	(26). 

Table 11. Typical gas analysis from downdraft gas producer 
using wood 

Gas Range % by volume 

CO2 9.5 - 	 9.7 
Hydrocarbons 0 - 	 0.3 
0 2 0.6 - 	 1.4 
CO 20.5 - 22.2 
H2  12.3 - 15.0 
CH4 2.4 - 	 3.4 
N2 50.0 - 53.8 

Source: (39). 
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Table 13. General compositIon of biogas produced from farm wastes 

Gas 

CH4  Methane 	54-70 

CO2  Carbon dioxide 	27-45 

N2  Nitrogen 	.5 - 3 

H 7  Hydrogen 	1-10 

CO Carbon monoxice 	.1 

02 Oxygen 	.1 

H 2S Hydroger sulfide 	Trace 

Source: 	(29). 

Table 14. 	Approximate daily production and heat values for biogas 
Approximate Approxi- 

Livestock 	biogas pro- mate heat Approximate Equivalents 
454 kg 	duction m3 1 value Liters Liters m3  natural kg pro- 
body weight 	day (20 ° C) (a) kcal gasoline(b) diesel fuel(b) gas(b) pane(c) 

Beef 	0.9 4,500 0.57 0.53 0.51 0.4 
Dairy 	1.3 6,800 0.87 0.76 0.77 0.6 
Poultry broilers 2.6 13,900 1.74 1.59 1.56 1.2 
Poultry layers 	2.0 10,900 1.36 1.21 1.22 1.0 
Swine 	0.8 4,400 0.57 0.49 0.48 0.4 

Assumes biogas containing about 70% methane or a heating value of 5,339 kcal/m 3  

Heating values: 	aso1ine, 7,990 kcal/l, diesel fuel, 8,860 kcal/1, natural 
gas, 8,900 kcal/m3  

Propane, 11,660 kcal/kg 

Source: (18). 
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Table 15. Cost of a communIty biogas scheme for irrigation 

Capital Costs 

Digestors and gas holders (400 m 3/day 
capacity (a) 

Compressor and engine 
Land cost 
Extension services, etc. 
40 cylinders (0.03 in3  capacity for irrigation 

fuel distribution) (b) 

Annual Costs 

Interest on capital 
Depreciation (5%) 
Ccst of dung and crop residues (at $2.00/metric 

ton) (c) 
Labor and maintenance 

SUBTOTAL 

Sale of gas plant residues on the basis of nitrogen 
content ($400/metric ton nitrogen) 

Net annual cost for 1 x 10 9  Btu of gas 

Cost per 106  Btu of compressed gas about (d) 

Dollars 

$ 10,000 
2,000 

500 
1,500 

5,000 
$ 19,000 

2,280 
950 

800 
1,000 
5,030 

1,000 

4,030 

$ 	4.50 ($17.86  per 16  kcal) 

400 m3/day capacity enables production of about 1 x io Btu 
of methane per year (150 m 3  of biogas per day) on a schedule 
compatible with irrigation needs for a three crop per year 
cycle. The energy could irrigate from 10 to 100 ha depending 
on local conditions. 

0.03 in3  methane at 200 kg/c 2  is enough to power a 5 hp (3.7 kw) 
pump for four hr. 

70% assumed to be dung and human excrement, 30% crop residues. 
Not all the available dung and human excrement can be used because 
gas output fluctuates seasonally. The dung and excrement not 
used are assumed to be composted. 

10% of the gas is used for compression. 

Source: (51). 
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FOOD FROM WASTE AND NUTRITIONAL CONSIDERATIONS 

1, DTRODUCTION 

All of a sudden society found itself confrc'nted by the energy crisis, by environmental 
pollution and by all kinds of shortages: food, water, fertilizers, etc. The shortage of 
food and the practically uncontrolled population growth posed the stark problem of survival 
for proliferating mankind. Apprehension is rapidly mounting at a rate faster than a geo-
metric progression. 

The struggle to produce more food has been intensified in all conceivable directions: 
plant genetics, animal husbandry, exploration of marine and inland water fish and animal 
resources, tissue culture, chemical synthesis, bio—engineering and food technology for 
food production and scavenging nutrients and food from effluents and wastes. 

This paper concerns itself with the nutritional aspects - whether positive or negative 
- should food scavanged from or produced from waste be directed to human feeding. While 
the question of production of feeds from waste will be handled by others during the Seminar, 
this paper will discuss the implications of wholesomeness and safety of products derived 
from animals fed on feeds developed from waste, and intended for human feeding. Throughout 
the paper the assumption is - correct or not - that food is produced from waste economically, 
thus economic feasibility aspects will not be touched upon. 

2 • TYPES OF WASTES AND RECOVERY OF NUTRIENTS 

The wastes with potential for processing and transformation into edible products fall 
into two general categories: 

2.1 Effluents and other wastes of the food industry containing nutrients which 
can be recovered by physical and/or chemical processes. Typical examples in this 
category are: 

the whey of the cheese processing industry, which can be 
concentrated and dried as such, or its two main components 
which can be separated by ultrafiltration, for example, into 
two products: protein and lactose, or should there be no 
market for lactose, it can be converted enzymatically to 
galactose—glucose syrup which may find easy acceptability as 
a sweetener. The protein - dried material - can find ready 
application in food enrichment processes. 

the recovery of the potato protein from effluents of potato 
starch mills by ultrafiltration and concentration by reverse 
osmosis. 

the isolation and recovery of protein through regenerated 
cellulose ion exchangers from milk whey, effluents of abattoirs, 
soya concentrate plant, gelatine plant and fish, meat and 
vegetable processing streams. Also, the recovery of fat and 
proteins from fish, poultry and meat processing plants effluents. 
The fat and suspended material is removed by air flotation. 
The bulk of protein is recovered by flocculation and the rest 
through an ion—exchange bed. These last products however are 
intended for animal feeding. 

(a) direct scavenging and up—grading into food under appropriate 
hygiene conditions of muscle material from the bones of fish 
after filleting and from the residues of the meat and poultry 
industry. 
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2.2 Effluents and other wastes oontaining nutrients which can be transformed 
into food products through bio-engineering processes. Some examples in this 
category are: 

Fermentation of the whey lactose - following the separation of 
the protein - into food grade yeast. 

Food yeast production from molasses. 

Symbiotic fermentation of effluents of potato starch, caseava starch 
and maize starch industries and conversion of the starch and other 
carbohydrates into biomass of Candida or Torula yeasts. The process 
consists of the symbiotic growih of two yeasts: the first, 

zdomyoopeis, produces the amylaeea necessary to break down the 
starch to sugars and the second, Candid.a. Utilia or Torula, which 
grows on the sugars as soon as they are produced. 

Production of fats by fermentation. 

Production by fermentation of food materials essential to the food 
industry such as acetic, lactic and citric acids as well as amino 
acids, i.e. lysine and methionine. 

3. NUTRITIONAL COWSIDERLTIONS 

The use of nutrients, recovered from waste, or food products devjloped from them, in 
human feeding, is apt to face adverse reactions both from the regulatory authorities 
entrusted with the protection of the health of the consumer and from the consumer himself. 
Equally concerned is the public or private prospective investor involved in the creation of 
the facilities, or in the production of nutrients or foods from waste and in their distri-
bution. For the two former it is imperative that convincing evidence be provided that the 
nutrient or the food is wholesome, that it is nutritious, that it is free from pathogenic 
and other micro-organisms and that it does not present any toxicological hazard when eaten. 
Forthe investor it is essential to know what conditions: legal, nutritional, microbiological, 
toxicological etc., the final nutrient or food should fulfill in order to satisfy the 
regulatory authorities and the prospective consumer. Only then would he be able to decide 
whether or not the process and/or the extent of investment required will be an adequately 
remunerative venture. It is therefore essential that agreed-upon procedures be established 
which would satisfy all the parties involved: regulatory authorities, industrial concerns 
and the consumer. To this end, the United Nations Agencies interested and involved in 
activities relating to the improvement of the nutritional status and health of populations 
in their member countries requested the then Protein Advisory Group (PAG) of FAO/WHO/UNICEF 
to look into the matter and provide the needed advice. The PAG, renamed recently Protein 
Calorie Advisory Group of the United Nations System, has been studying the problem through 
ad hoc working groups. Up to now the PAG has issued three Guidelines: 

~
a ~  PAG Guideline No. 6 for Pro-clinical Testing of Novel Sources of Protein; 
b PAG Guideline No. 7  for Human Testing of Supplementary Food Mixtures, and 
c PAG Guideline No. 15 on Nutritional and Safety Aspects of Novel Protein 

Sources for Animal Feeding. 

In addition to this last guideline, the International Union of Pure and Applied 
Chemistry (IUPAC) has proposed a similar procedure which might be considered as a protocol 
whereas the PAG procedure is a guideline proper. The PAG Guideline No.15 aims at providing 
a checklist of possible tests,not a rigid set of required ones. Should a published guide-. 
line constitute a compendium of mandatory tests the aooeptanoe of any new product would be 
precluded. And this for very good reasons. Firstly, at present costs, a rigid test 
covering all the requirements of the Guidelines may well cost over US$ 600,000. This is 
well justified if there are reasons for believing that a novel source of a food ingredient 
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such as a microbial protein may present well—founded doubts concerning its safety in use. 
For possible investments up to $20 million or more a private concern or a public enterprise 
may think twice before investing. On the other hand the regulatory authorities of the 
country concerned will not grant the necessary licenoes for the production and use of the 
nutrient or food in question unless convinced beyond any possible doubt that the consumers' 
safety is in no danger. 

The importance of testing the feed products, particularly those recovered by fermenta-
tion processes from waste materials, is particularly warranted duo to the potential danger 
that mutations in the strain of the culture may appear or toxic metabolitss may develop in 
the biornass which, while not affecting the animals fed on them during their short life term, 
might find their way into the food products derived from these animals, i.e. meat, milk, 
eggs. However, such elaborate testing procedures need not necessarily be applied to every 
new product: processes which might have detrimental effects have to be excluded, but the 
novelty of a process with its incognita will determine the extent and type of testing 
required. Sound judgement must be made on the product and product characteristics and on 
the novelty of process and risks associated with ioxioity, pathogenio microorganisms and 
of course nutritional value. FAG Guideline 6 states that "Products intended for 
incorporation into animal feeds may not require as extensive testing as is suggested for 
human foods, but foods derived from animal sources must be considered from the viewpoint of 
the possible presence of residues in meat, milkor eggs transmitted from animal feeds". The 
minute -traces of residues or contaminants in such foods cannot be identified by means of 
laboratory animal feeding studies. The detection of such substances suspected of being 
present would necessarily depend on highly sensitive analytical procedures. A new dimension 
which PAG considers to be of extreme importance is the testing for allergic reactions in 
addition to acceptability testing in humans of foods derived from products from animals fed 
with novel feeds. 

My reason for insisting and elaborating on the FAG Guideline 15 is that there are 
indications that it isirobable that the bulk of nutrients recovered from wastes, or derived 
from then, would be used in animal - including fish - feeding. 

Guidelines 6 and 7,  as their titles indicate, refer to the testing of novel foods for 
humans. While both Guidelines aresentially concerned with novel sources of protein, the 
testing procedures recommended apply also to foods as such, and specifically to nutrients 
and foods recovered from and/or processed from wastes. These procedures cover generally 
three areas i.e. safety, nutritional value and acceptability and tolerance. 

4. SAFETY AND WHOLESOMENESS 

The safety and the wholesomeness of nutrients and/or food products derived from waste 
materials can be predicted from information regarding the source, the processes used, the 
chemical and physical properties, content of microorganisms and their metabolites and the 
toxicological effects on laboratory test animals. The sanitation with respect to the 
source of the waste material and the aesthetic as well as the potential pathogenecity 
should also be taken into account. Serious problems may be raised by the content of non-
fermentable or non—economically separable substances, such as lignin degradation products, 
heavy metals and agricultural chemical residues which may be toxic. The identity of the 
waste material has to be well defined and its reproducibility has to be well established 
and monitored. Should wide variation in the nature and components of the waste material 
occur, either seasonally or at unpredictable periods, the parameters of safety and whole-
sameness might change drastically, the final product might not be the same, or the process 
might prove inadequate and uneconomic. 

The recommended tests and procedures to be used for recovered nutrients or processed 
products may comprise: 

4.1 Chemical analjyses for proximate compositiond' the nutrient or the food 
product, for its content of non—protein nitrogenous components, for the 
presence of contaminants, residues of pesticides or solvents (depending 
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upon the source of the waste material), for naturally 000nrring or adventitious 
toxins, and for food additives sub3.ot to. tolerance limits. 

4.2 Microbiological examinations for viable microorganisms, pathogene and non-. 
pathogens, aerobic and anaerobic, vegetative and spore forming. In the case 
of produots of microbial origin oonsideration should be given to the composition 
of the substrate on which the organism is grown. 

4.3 Toxicological evaluation - Growth depression or any other adverse effect observed 
in the course of short-term nutritional assays should be viewed in the light of 
possible toxicity of the waste material source. In order to avoid confusing 
nutritional insufficiency with toxicity in safety evaluation studies, the basal 
diet to which the test material is added should itself be nutritionally 
adequate for normal growth and development of the animal species employed. 
Naturally occurring toxicants found in plants include carcinogens, goitrogens, 
lathyrogena, oyanogenstic glucosidea and estrogens, the presence of which must 
be excluded from any waste material intended for the production of nutrients 
or food products. Waste materials exposed to warm, humid conditions which 
induce fungal growth must be examined for the possible presence of inycotoxins, 
such as the aflatoxins. Single cell proteins produced by growing micro-
organisms on substrates of waste materials must be evaluated to establish the 
non-pathogenecity of the microorganisms or their metabolites, or possible 
mutagenicity into toxigenic forms. The spontaneous mutations of strains on a 
continuous fertnentor could be a serious hazard should the and product be for 
human consumption. 

5. N1YIIPI0NAL VALUE 

The nutritional value can be predicted first from its chemical composition with 
particular emphasis on the amino acid content and availability and then by means of short-
term rat feeding 'tests designed to estimate the efficiency of absorption and utilization 
of its nitrogen content. The presence and amount of non-protein nitrogenous components 
as glucosamines, aznidea and amines should be determined, particularly in the case of 
products derived from animal sources. 

In single cell protein the content of nucleic aoids should be determined as in many 
cases it can reach levels up to 15 percent. The high nucleic acid: protein ratios found 
in microorganisms may give rise to high blood levels of urea and uric acid and possibly 
to the accumulation of uric acid calculi in the kidneys. There are methods to reduce the 
content of nucleic acids in a biomass. This will have an effect on the cost and on 
modifying the functional oharaoteristica but the PiG also draws attention to the possi- 
bility that when a biomaas is treated in order to reduce its nucleic acid content this may 
lead to unforeseen human effects. 

Although not relevant to the evaluation of the nutritional quality or safety of novel 
food products, it would be expected that studies on their functional characteristics 
(solubility, viscosity, wettability, etc.) would be conducted to establish their teoluio-
logical utility as food or food ingredients. 

The chemical examinations yield valuable information for predicting safety and 
nutritional value. However, they cannot be considered substitutes for biologioal 
appraisals of protein quality through short-term growth responses of rats to the 
ingestion of the test food. It is not the purpose of this paper to discuss the various 
methods used, but a listing of some of them might be useful: Protein Efficiency Ratio (Pa); 
Net Protein Ratio (NPR) and Net Protein Utilization (NPU); Nitrogen balance procedures; 
functional or metabolic studies. 
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6. ACCEPTABILITY AND TOLERAJCE 

Any undertaking involving human subjects should be preceded by the tests mentioned 
above and the satisfactory evidence derived from them on the safety and the nutritional 
value of the nutrients or foods obtained from waste. Human testing, according to the PAG 
Guideline 7, will fall into the following four main categories: 

Acceptability and tolerance tests 
Growth tests 
Nitrogen balance measurements 
Other criteria, essentially of a physiological nature, i.e. serum albumin, 
plasma amino acid and enzyme levels etc. 

Whether the human testing has to be extended to cover all these four categories will 
essentially depend on the types of analytical data and experimental evidence obtained 
during the array of tests for the evaluation of the nutritional value and the safety for 
human use of the products. The tolerance and acceptability tests are quasi mandatory, 
whereas the tests falling under the other three categories are needed when flue evaluation 
had left areas requiring further terminal testing. 

It is unlikely that products developed from waste would stand as foods by themselves 
and that they would be offered to the consumer as such. The most probable way is that 
they would ke used as ingredients to staples or other conventional foods to improve their 
nutritional value and/or replace partly or totally imported or expensive commodities 
constituting parts of the food. Therefore, another parameter has to be introduced in the 
tolerance and acceptance,that is the acceptance and willingness of the consumer to buy and 
use the food containing ingredients derived from wastes. 

Finally, before attempting to introduce into consumption such foods, the food 
regulations in a country have to be adapted so that procedures for testing the wholesome-
ness, and for controlling the quality in general, be designed and promulgated for the 
protection of the consumer and prevent unfair trade practices. 

The preparations for adapting food regulations, being a lengthy procedure, have to 
be arranged long before commercial ventures are to be initiated. 
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Summary 

Microbial processes for abating pullution or the recovery of useful rm,terial from 
agro—industrial residues are only one sector of an array of options for by—product 
processing. Only under special circumstances do they compete economically with chemica' 
processes for the production of industry's bulk simple organic chemicals. 

Employment of microbiological processes should be viewed as part of the strater o 
planning agro—industrial development. The ability of these processes to assist the 
strategist lies in the special features they possess for making complex transformation 
of materials with a minimum expenditure of enerr and a high degree of selectivity. 

Application of microbiological processes to novel situations is not simple. Lomver 
these processes have evolved in the past alongside agriculture and food teobnologr and 
current advances in allied disciplines, both in the sciences and social science, lare 

provided many opportunities for extending the harnessing of the microbe. 

The report pays special attention to the strater of' microbial degradation o 
ligno—cellulose; the recovery of fungal yeast, bacterial and algae products from 
effluents; the digestion and liquefaction of solid residues; the conservation of animal 
products by lactic fermentations and the treatment of noxiouc wastes, excreta and dilute 
wastes by variations on the oxidation pond process. Attention is drawn to the ['act that 
currently the rurnen is the central processing unit of one ot' the most widely used, and 
successful, small—scale processes. 

Hazards of microbiological processing are noted but the ability of microbial 
processing to detoxify, preserve and repel pathogens is also -mentioned. 

Low capital investment, use of local raw materials, low enerr requirement are 
advantageous features of microbial processes which aid their successful incorporation 
into the economy of small communities. 

Extension work and training are roles of the International Agencies such as FAO and 
more particularly of the specialist body, the UNEP/UN/ICRO Panel on Applied 
Microbiolor. This Panel now has a world—wide network of permanent centres and a regular 
programme of Regional Training Schemes at which special attention is given to the 
microbiological processes applicable to the products and residues of agro—industry. 

Ultimately the processes are required to be commercially viable. Industry can 
provide various services and items of equipient although the type of product and market 
may differ from that of large—scale usage. 

In discussions after the paper special attention was paid to toxic hazards, 
commercial viability of processes, the effect of world shortages of fermentation 
materials such as nitrogen and phosphorus. 
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Seotion 1: INTROIXJCPION 

1.1 ficrobioloical Process Feasibilit 

For the application of a microbio1oical process a special set of criteria needs 
tobe considered. There is a great danger in opting for such processes On the grounds of 
apparent simplicity, economy in the use of enerr and low capital cost. 

The 'simplicity' may be the unwritten sills of generations of people operating a 
village process and interference with, or moLilication of, any part of the process may 
upset the system as a whole. Nevertheless, by a process of technological evolution, 
village processes have been selected for robustness and can be modified. Examples of 
this type of change, currently under study, are the transfers which have taken place in 
the last 2,000 years (or perhaps more in view of recent archaeological finds in Thailand) 
between the hearth of Far Eastern food technolor in China and Southeast Asia. In 
these transfers the technique has remained, but both substrate and organism have changed. 
The important consideration is -that, because of its inherent merits, the process has 
survived. 

1.2 A check list of factors to be considered 

Listed below is a table (Table 1) based On a set of questions originally formulated 
by Irnrie (1976) which need to be answered in the formulation of a new microbiological 
process with special reference to the production of SOP for animal feed. The xirpose of 
the original check list was to form a prelude to a management game for teathing post-
graduate students in a UNEP/UN3W/ICRO (Bangkok 1976) training course. Too often has a 
country attempted to adopt a process On the basis of 'sales talk', or because it happens 
to operate in another country where it had been seen by a visitor and he had returned 
home both full of enthusiasm and with the power to direct its adoption. 

The list raises questions to guide to assessing the scope and limitations of a 
process for microbial use of carbohydrate waste. 

Table 1 

Potential of Agro—Inclustrial Wastes as Raw 11aterials for Fermentation 
A Critical Assessment* 

The following questions are a develonent of the thesis introduced by Loehr (UNEP/FAO/ISS, 
4/02 - Jan. 1977) at the symposium and iterated in the author's introduction to his paper 
on the survey of agro—industrial wastes in Africa (UNEP/PA0/ISS, 4/07 - Jazi. 1977) 

A • 	111EED3TO CK 

a) Carbohydrate 

soluble or insoluble, therefore will it need treatment before 
ferrnen -tat ion? 

Sugars normal, or abnormal? Some sugars are not fermentable ly 
most SOP organisms. 

Concentration: is there enough carbohydrate in the waste to 
support an economic fermentation without C—source supp1ementation? 
Remember that for best growth C:N ratio must be optimized 
(also see section on Nitrogen). 
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b) Fat (Lipid) 

Will this interfere with fermentation by chosen micro-organisms? 

Is there any advantage in choosing an organism with lipase activity? 

Rancidity? 

c) I'Titron 

What fraction is 'crude' protein in contrast to 'useable' protein? 

That is the C:N ratio? 

What is potential toxicity of N. fractions? 

What is the amino acid spectrum in comparison with that of a reference 
protein? 

d) Other components 

What other components might interfere witli use of waste as a feed? 
Polyphenols and tannins in some fruits are known to inhibit digestive 
enzymes of ruminants. Cyanide compounds may be present in the raw 
material. Will they be destroyed or merely released? 

Can the potential 3CP organism break down these inhibitors? Is it 
itself inhibited by them? 

Will the secondary compounds act as supplementary grow-th factors for 
an organism which can metabolize them? 

B. ECONOMIC$ 

a) Cost 

If the waste now has a zero value, what will it cost once a use has been 
found for it? 

If it is an enviornmental pollutant, what does it cost to treat it or 
remove it? Is that a 'negative' value to the main product processor? 

Will you have to pay for its collection and shipoent to your Lant? 
(see section on Availability) 

b) Availability, Abundance 

Is the waste seasonal? 

How much is produced at any one place? 

What total quantities are available? 

Must it be collected and processed before it is available to you? 

c) General 

Why ferment it? Maybe the waste can be used as an animal feed, either 
on its own, or by mixing with something else. 

What are the socio-econornic adva ntages/disadvantages to using the waste? 
For use the waste may require changing the farmers' attitude to agri-
cultural practice. This may be difficult. 

Are there any political considerations to the use/non-use of this waste? 
(or social or ethical barriers?) 
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C. IIOR0—ORGANISM 

Primary Screening 

Protein Content of Cells 

If it has to compete with alternative protein sources for animal feed the product 
must be capable of being compounded to an adecuate protein level. 

Growth Rate 

An efficient process will rec[uire a rapid growth rate to minimize retention 
volumes. 

Carbohydrate Conversion Efficiency 

If one is paying for the waste, then an efficient conversion of carbon to cell dry 
weight is a consideration, as distinct from transport bulk storage factors for a 'no cost 
at site' material or a 'negative cost' pollutant. 

Calorific Value 

This must be at least equal to that in alternative animal feeds at the same price 
after compounding. 

Toxicity 

(This is a very complicated question since it is toxicity at the peint of 
consumption by human beings which is the ultimate criterion. This question therefore 
affects choice of organism, process and animal food.) 

D. PRO CES TECIOLOGY 

a) Supplementary Nutrients 

Does the feedstock for its fermentation derived from the waste require 
supplementing with additional nutrients? What are they? Are they 
available locally? 

How much will it cost to supplement the feedstock? 

b) Selective Advantage or hedium 

Does an organism have a selective advantage in growing on this substrate? 
This may be because the substrate inhibits other competitive organisms, 
or because the chosen organism produces conditions which do not favour 
competitors. Thus Aspergillus niger will produce a rapid shift in pH of 
substrate toward 2.0, which effectively prevents competition. 

High growth rates and high innoculation rates can be used to give an 
organism a competitive advantage. 

Can the organism grow in high salinity? Sea water could be used as the 
liquid phase for the substrate in water deficient areas. Salt has been 
traditionally used as a fermentation directing agent. 

c) Growth }ate 

As a general rule one should select the faster growing of two organisms, if other 
parameters score equally well. Remember that the overall rate of protein production from 
a manufacturing unit is directly proportional to the growth rate of the organism, since 
this is the rate—limiting step in the whole process. (see self—selection processes under 
'continuous culture' and 'effluent treatment'.) 
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Temperature Tolerance 

Favour an organism which grows well at temperatures near the ambient for the local 
climate. Preferably an organism that has a wide tolerance to temperature changes. 
Remember microbial growth is exothercnic and cooling water may not be available at the 
temperature needed. 

Yield 

For an optimal yield of biomass, on the basis of the carbon and.  ergr supplied, 
the other nutrients must be supplied in balanced proportion to allow rapid growth and 
prevent the accumulation by the organism of excess storage carbohydrate and lipids. The 
critical yield, in terms of economics, is the amount of biomass produced per unit of 
substrate added to the medium. This means that the chosen organism must be capable ci' 
growing under conditions of balanced carbon and nitrogen limitation rather than that of 
limitation due to other nutrients. 

Protein Content 

It is not true that it is best to select the organism producing the highest yield 
of protein. The final value of the protein must be considered in the light of' the total 
cost of preparation per unit weight of nutritional protein. The ultimate criteria being 
the overall economy of the process and utility of the product. 

Effects on_Quality of Post—fermentation Processin 

It costs money to separate and dry micro—organism from a fermenter. How easy is 
it to separate the cells from fermenter broth? some organisms form a "Cake" resistant to 
drying and this impedes drying efficiency. Some organisms retain water and require high 
temperatures to remove it. This may influence quality adversely. Why not feed the whole 
broth or solid? 

!utritional Value 

The organism is being grown to be eaten by animals. It should have good nutritive 
value. (This contrasts with the philosophy applied to a number of secondary product 
fermentations used for food by man.) 

Acceptability 

If the product is unacceptable to animals you have wasted your time. 

,j) 	afet 

The micro—organism mnust be non—toxic, or liable to give rise to toxins or toxic 
strains,.and not cause allergies or other effects during handling and compounding. It 
should not change adversely the marketable characters of the animal flesh after slaughter. 
The product of the fermentation should not contain any toxic material whichoan pass 
unchanged through the animal fed on it to the human recipient. (This is a hazard in the 
use of fungi which is discussed later in the paper.) 

E. PRO CE 	EGINEJING 

a) Type of' Fermentation 

Continuous cultures seem attractive because of the high productivity per unit 
volume. Iemember that this means, in liquid culture, a high dilution rate 
and in turn higher separation costs per unit of' dry cells produced. A 
'fed batch' process may be preferable, or a fixed substrate process not 
requiring a fermentation. 

Does the country have the engineering technology and infrastructure to 
support a sophisticated process? 
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Is any one prepared to make the high investment in plant for a sophisticated 
capital intensive process? 

How does one reconcile continuous culture with a discontinuous supply of 
waste material? 

Continuous cultures are sensitive to minor changes in substrate composition. 
How will this be reconciled with an infinitely variable waste input? 

Continuous processes are normally highly automated. How does this degree 
of automation lit with the labour policy of the cnuntry? Perhaps creation 
of new jobs is more imprtant thn a capital intensive/machinery intensive 
process. (A sewage system is an ccample of a possible non—automated 
continuous culture fermentation system which can utilize waste carbohydrate 
to produce tingi, yeasts, bacteria or algae. The relative merits of various 
systems are discussed at the end of this paper.) 

b) Separation 

The nature of the organism will decide this to a considerable extent. Bacteria 
may need centrifugal separators, which are made by relatively few countries. They will 
need to be imported. 

Yeasts may need centrifugal separation, although other technues are available, 
e.g., flocculation, froth flotation, filtration using filter aids. 

Filamentous fungi are relatively easily separated from a broth by straining, or 
filtration, but control of their growth in fermentation is more difficult than that of 
unicells. 

c) Sterilization of Medium 

Is asepsis needed? Perhaps the growth activities of the chosen organism will 
prevent excessive contamination. Perhaps a minimal level of contamination is acceptable 
in the final product provided no toxicity is introduced. 

d) Design of Fermenter 

As an axiom, aim to use the simplest design of fermenter based on the cheapest 
available construction materials. Have wood, concrete, plastic holes in the 
ground (e.g. as For silage) been considered? What is lost in efficiency 
may be gained in reduced capital costs and the ability to do—it—yourself. 

Investigate air lift and aspirator ferrnenters, surface and 'fixed cultures' 
(koji/tempe) method. The supply of agitation and air adds to capital and 
recurrent costs. 

e) General 

ALWAYS look for the lowest technology commensurate with the commercial 
and technical objectives. 

Investigate "Village" industry to find out how they have solved similar 
problems, e.g., Cassava processing in Amazonas. The best way to develop a 
fermentation may be by developing a process locally understood. 

Investigate the logistics of the problem. Two small plants may be more 
efficient than one large one if the waste is widely distributed. 

It roust be emphasized that this particular check list is a pioneer effort. It may be, 
on the basis of study, that the decision is made to alter the process producing the waste, 
or embark on a training programme so that the local experts can themselves develop and 
modify the process. In the sections which follow, consideration will be given to the current 
state of technolor in the microbiological utilization of specific groups of wastes. 

A summary and discussion have been added, the contents of which are based O 
discussion at the symposium. 
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Section 2: cELLI.JLOSIC HIWE 

The most important agro—industrial waste in world terms is cellulose, (Humphrey, 1976), 
usually in the form of ligno-cellulose combined with a variety of secondary compounds. 
Microbiologically it has proved to be the most dicficult material to treat effectively, to 
provide a useful concentrated food, or other useful product. Conversely, it has been one 
of the earliest materials to be used by man directly as a food material using microbiological 
methods. This has been: 

via ruminant animals 
via mushroom production 
via compost ing 

Table 2 below gives data presented by Humphrey (1976) to reinrorce the argument on relative 
abundance of cellulosic residues in comparison with other forms of agro—industrial waste. 
Developing countries do not have wastof this magnitude, in general,though their capacity 
to produce wastes increases as their production increases. 

Table 2 

Quantities of Wastes Available (USA data, Humphrey 1976) 

1aste Lype 	 106 Tons/Year 

Agricultural and Food 	astes 400 
Manure 200 
Urban Refuse 150 
Logging and other Wood Wastes 60 
Industrial Wastes 45 
Municipal Sewage Solids 15 
Miscellaneous Organic Wastes 70 

Total 	940 

2.1 Cellulose Digesting Animals 

2.1.1 	Ruminants (Review reference: Cuthbertson, 1969) 
The system which develops in the gastro—intestinal tract of ruminant animals is still 

the most important fermentation method for the conversion of the cellulosic materials 
and accessory substances into useful food materials. Although this fermentation system 
can be subjected to abuse in the living animal by providing unusual substrate's in varying 
proportions, it has proved most difficult to create an equivalent in vitro system, as has 
been shown by the work of Hungate, Hobson and others. 

Through natural selection the ruminant stomach has evolved to achieve an efficiency 
of microbial digestion of plant fibres, in the presence of a contaminant material, which 
is truly remarkable. At the same time, it achieves a biosynthesis of microbial poly-. 
saccharides, proteins and certain vitamins. 

2.1.2 Other Animals Which Digest Cellulose 

2.1.2.1 Insects 

Cellulose digestion, via microorganisms, also occurs in the gut of certain insects. 
These insect digestion systems have not received as much attention as has been applied to 
the rumen though it appears to be via intestinal bacteria (Serzedella, 1976). flevertheless, 
the use of insects as a aource of useful proteinaceous biomass from cellulosic wastes should 
not be overlooked. The author has, for instance, undertaken preliminary investigation 
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into the utilization of a large weevil larva, Rhyncophorus species, which feeds on the 
out stump and residues after the extraction of starch of sago palm and is regarded as a 
delicacy by the local people of Sarawak, Borneo. Similarly, termites are widely 
consumed in Africa, though their culture would not appear to be as easy to contx'Ol ag 
that of the aforementioned Rhyncophorus species. 

2.1.2.2 Snails 
The giant african snail is also a cellulose digesting animal and the author was 

surprised in his recent visit to Ghana to see how the economic value had increased since 
he was resident in West Africa in the 1950s. Farming these snails has been discussed, 
but never taken up as far as the author is aware. Snail digestion is not strictly 
microbiological. 

2.1.2.3 Cellulose Digestion by Fish 

The grass carp and certain other fish species appear capable of digesting cellulose. 
How far this digestion is directly due to the fishes' enzymes and how far by the inter-
vention of micro—organisms in the alimentary trat,t of the animal is not always clear. 
Investigations in our laboratory, by dissection of the gUt of ,arp, tilapia and other 
species has shown that, whereas in some of the carp species the cell w&lls of ingested 
algae are dissolved, this process does not occur in the gut of tilapia, alt1ough tilapia 
are widely recommended as a fish suitable for culture in eutrophic waters, such as algae-
containing oxidation ponds. 

2.1.3 RecyclIng cellulosic faeces 

Although the rumen is recognized as the most efficient natural forn1 of cellulose 
digestion, nevertheless it has been dsmanstrated that its efficiency can be improved by 
careful balancing of the diet of the aninidid oonoerned and also by recycling the 
exoretary products, With additional nutrients to aid it the digestion of the recycled 
material. In Sweden, for instance, experiments have been cOt%1tttd on the ensilage of 
cow—dung with beet molasses for use as a winter feed. Loehr (this Symposium) cites a 
number of references to similar work lij the UsUoAt 

2.1.4 Improving rumen function 

In the tropics, most of the celluloejo material available in the dry season is 
extremely low in nitrogenous es1 	The utilisation of cellulose present in this 
material can be substantially improved by the addition Of ft nitrogen source such as urea 
to the diet. in areas where it s available, dfikOt ciiannre is a valuable alternative 
source of nitrogen, though it has a pathological danger f' ot pre—treated. This danger 
can be reduced by pre—fermen -tatjon of the chicken manure, aerobically f  prior to recycling. 
This has the advantage of breaking down some of the keratin in the material and pre-
digesting part of the cellulose. Pie ep., such as are used in terepe, will grow on 
moist chicken dung and this fungAg h&§ 	ra—sellular oellulases. Lactic (anaerobic) 
fermentations have also been employed in breaking the pathogen cycle in recycling animal 
excreta, but the heat production of these fermentations is lower and elimination is 
dependent more on acidity and miorobial antagonism than thermal inactivation. 

2,1.5 Silica oonten 
However, bth Ohicken manure and the other cellulosic wastes, such as the cellulosic 

grass wastes, suffer from a high silica content. This is frecuentlY the limiting factor 
in their use. A ollulosic waste of a lower silica content, but having complications in 
other direotins, is that derived from wood. In this type of material, the cellulose 
content may be as low as 40% though normally nearer 70% (King and Smith, 1975), the 
remainder being made up of lignin and a variety of fermentation resistant compounds. It 
is possible to remove the lignin microbiologically. At present this is only a laboratory 
scale process. 
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2.2 Non—Ruminant Microbial Utilization of Cellulose 

2.2,1 itungi 

Much work has been done by the Natick Laboratory U.S.A. (1.ande1s and Sternberg 1973) 
and in Japan on the use of the fungus Trichoderma viride as a source of cellulolytic 
enzymes. High efficiency of conversion of pre—treated cellulose to glucose has been 
achieved by these enzymes. Preparations from this fungus can digest, almost quantitattively 
to glucose, alkali pre—treated cellulosic materials, Fig. 1 (oiz, 1975). A trpicai 3low 
chart for a system employing fungal cellulase is given in Figure 1. However the efficiec.y 
of Trichoderma processes depends On expensive chemical pre—treatment by acid and alkali, 
together with sterilization and. the overall economics compare unfavourably with direct 
chemical digestion to glucose using the Porteus process, for instance. 

More recently, Hoi'sten & Hofsten (1974) and others have been workin; with the 
basidiomycete 3porotrichwn p.1veru1entum (syn. Phanerochyte chrysosporium). The preferred 
method for the production of a microbial biomass, using this fungus, is in liquid culture 
with a mixed substrate containing both starch and cellulose derived from milling residues 
with added nutrients. This is a practical outcome of work on white rat fungi originating 
from Waksman (1944) and followed by ertensive work of Eriksson and others in Sweden 
(reviewed by Wang, 1976). 

2.2.2 Bacteria 

A high degree of digestion has been achieved, using pre—treated bagasse, by a group 
of research workers in Louisiana using a bacterial system of two organisms (Srinivasan 
and Han, 1969). The first of which, a Cellulomonas (ATCC 21399)  converts the alkali 
pre—treated cellulose of the bagasse to cellobiose and the second organism, Alcaligenes 
faecalis, transforms this polysaccharide into glucose and microbial biomass. 

2.2.3 Actinomycetes 

Humphrey et al. (1976) have considered the use of actiriomycetes as cellulose 
digesting organisms and information comes from China that these organisms have been 
used to advantage in composting, but no details are available. This group of organisms 
has theoretical interest for cellulose digestion particularly the thermotolerant species, 
Thermoactinomycetes. However, the work is still in the laboratory stage, the problem 
being conversion efficiency and conversion percentage. A particular difficulty is the 
maintenance of high growth rate and this requires maintenance of a high dissolved oq,rgen 
in the medium. 

2.2.4 Tropical Basidiomycetes 

Wang (1976) has made a search for basidiomycetes, which might be substitutes for the 
present limited range of usful organisms for degrading ligno—cellulose. In the wild, 
there are a large number of wood—attacking basidiomycetes arid, under equatorial 
conditions, the growth rate of some of these species is high. For this reason, 
investigation has been concentrated on equatorial basidiomycetes, amongst which it has 
been found that the fungus Volvariella has properties which make it u3eful for the 
digestion of straw and wood wastes, using a comparatively short fermentation time - as 
8hOrt as four days - f or the partial conversion of the raw material. 

2.2.4.1 Predigestion by Basidiomycetes 

Irnre and Petofi (1967) used Agaricus bisprous for the partial digestion of cellulosic 
material prior to feeding to animals, but this is a comparatively slow—growing organism. 
A virtue of using these higher basidiomycetes is that they are food organisms in their 
own right. There has been no evidence of toxic compounds produced in the course of the 
fermentations in which they have been used. Amongst others which showed promise, amongst 
the ligno—cellulose digesting equatorial basidiomycetes, were Pleurotus spp and further 
investigation of their use is recommended. 
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2.3 Nushroom Production: Choice of 6pecies 

Of the many thousands of species of basicliomycetes occurring in the wild, only some 
20 to 30 are actually used for food. 

2.3.1 Nutritional Value Versus Economic Value 

Conversion of fixed carbon in the substrate to digesti.ble carbon in the product by 
basidiomycetes is poor, especially in solid substrate culture and, although mushrooms 
may at times comprise the major component of a diet in the form of bulk, as far as the 
author is aware no food, system exists in which basidiomycete—mycelium is the main component 
of the diet. Nevertheless, the basidiomyoctes provide a product which is, For many of the 
species cultivated, capable of being processed so Ihat it is easily transportable, with 
a high value per unit weight. 

Consideration 01 utilization of cellulosic waste via mushrooms should therefore be 
seriously considered because it augments the cash income of rural people. 

2.3.2 Compesting ($olid substrate fermentation) 

2.3.3 Combined Mushroom and Animal Feed Production 

It appears possible to enhance the digestibility and nutritive value of the substrate 
and produce a separate microbial biomass. It is feasible to use a cellulose base to 
culture a quick growing mushroom species and, at the end of the mushroom culture, use the 
residue from the compost for animal feed, for this purpose Agaricus bisponis is 
relatively unsuitable, though it has been used, and quick growing species, such as 
Pleurotus (Zaclrazil, 1976), are favoured. 

The nutritional value of these fungi, although not high, are well known and they are 
known to be free of toxic components. However, much has to be done at the pilot plant 
stage before these processes can be considered as commercially practicable. 

2.4 Two Gtage Fermentations Using Basidiomycetes 

2.4.1 Protein Content of Basidiomycetes 

It has been mentioned in the previous section that basidiomycetes can use the world's 
most abundant source of fixed carbon. However, they may not be the most appropriate 
organisms to convert that fixed carbon finally into microbial bioirtass, as their protein 
contents are relatively low in comparison with other groups of filamentous fungi and 
yeasts. Rarely do the sporophores of basidiomycetes achieve a crude protein content 
(on the basis of amino—nitrogen) in the mycelium higher than 25 on the basis of dry 
matter and figures of the order of 156 are common. By contrast other fungi used for 
single cell protein culture, such as fusarium spp (Anderson and others, 1975)  and even 
iThizpis spp (which also has cellulitic activity), have crude protein contepts of over 40. 
The role of the basidiomycetes therefore is in a two—phase system in which their function 
is to pre—digest the substrate for use of the products of digestion by a non—cellulolitic 
organism with a higher protein content and growth rate. 

2.4.2 Growth Rate and C:N Ratio in Basidiomycetes 

Most basidiomycetes are exacting in their carbon to nitrogen ratio. They Favour 
naturally a high carbon content in the medium. These conditions are however unf'avourable 
to the production of large auantities of mycelium in relation to the st?bstrate. Commonly, 
in the literature on mushroom, ratios 0: 1 unit of sporophore mass to 20 units of substrate 
are to be found, whereas on a theoretical basis, it should be possible to produce 1 unit 
of microbial biomass per 2 or 3  units of cellulose consumed. A further disadvantage is 
that most of the basidiomycetes are slow growing, though it has been shown that there are 
exceptions 'to this rule to be found in such genera as Volvariella. 
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2.4.3. Cellulase Substitution Fig. 2 (Rolz, 1975) 
As an alternative to the direct use of a culture, it is possible to use the 

cellulolytic enzynes from cellulase active fungi, such as Trichoderma viride, to digest 
the cellulosic material. This is now a commercial development in the United States 
and Japan and is useful in special industrial situations. As far as the author is 
aware this process has not been widely adopted in other territories. 

Nevertheless, in view of the combined 1iro1itic and cellulolytic properties of 
many basidiomycetes, it is possible to envisage a fermentation in which the carbon to 
nitrogen ratio and the organism are both altered after the first stage to give a more 
effective yield and higher protein on biomass per unit substrate consumed. This type 
of process, as an alternative to chemical digestion, is still not in coninercial 
production, but research is being conducted on it at a number of centres. This is the 
equivalent to the SThBA process (section 3) in which cellulose replaces starch. 
(Since this paper was presented the author has found reference to a process of wood 
degradation operated by farmers in a sub—alpine area (evergreen moisture forest) which 
envelops a natural symbiosis for wood degradation for cattle feed. The yeasts are 
allied to the flax—retting yeasts and utilize lignin breakdown products.) (Kahiwein, 1963) 
See Appendix Viable Processes. 

In view of the economic value of mushrooms these come within the definition of 
fermentation methods for the utilization of cellulosic wastes and the production of 
such rapid growing basidiomycetes as Pleurotus, especially with the development of 
sporeless strains (Eger, 1976) promises a method of utilizing waste straw materials, 
giving a high conversion efficiency of product to substrate. This organism is easily 
cultured. It is particularly fast growing and easy to culture (Essex, 1974).  It can 
even fructify in bottles on steriled chopped rice straw. Thus starter cultures are 
easily maintained. 

Because of its rapid growth and intense production of mycelium the cultures are less 
prone to invasion by other fungi than those of Agaricus, or even Volvariella. 

2.5 Conclusions 

It appears that there are a variety of approaches (Torev, 1973; King and Smith, 1975; 
Powell and Bullcck,1976; Porteous, 1976) to the utilization of cellulosic wastes by 
micro—organisms. For the immediate future for application to developing countries it 
appears that improved ruminant nutrition and the 'basidiomycete sporophore + compost—to-
stock' methods are the most easily applicable. Neither of these methods require heavy 
capital investment, technological resources (Powell and Smith, 1976) beyond the capacity 
of the existing training systems, or expensive pre—treatment of the waste. In the search 
for micro—organisms which are capable of digesting ligno—cellulose the requisite strater 
is different from that of screening for extra—cellular cellulose activity and it is  
concluded that more emphasis is required On screening for ability to digest native 
ligrio—cellulose. 

Section 3: STARCHY WASTEZ 

Starch wastes, whether in solid or liquid form, are a far more attractive proposition 
for microbiological processing than cellulosic wastes. There are, in consequence, a 
number of processes at the stage of full scale development which utilize the starch as 
the active component in a waste material. The restriction on full utilization of these 
processes has been not so much the technical difficulties at the pi1ot plant scale as food 
and drug regulations and medical concern about the possible hazards to health of man and 
animals arising from the compounds which the end—products might contain. 

3.1 Food Safety Restrictions 

3.1.1 Toxin Producing Fungi 

Amongst the organisms preferred for starch degradation and utilization, from,a 
technical point of view, are members of the genera Aspergillus, Penicillium and Fusarium, 
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strains of' all of which fungi can produce highly toxic compounds which subsequently could 
appear in the ultimate preparation. Food safety becomes, therefore, an important issue 
when these organisms are used. 

3.1.2 Non Toxic 1 1ungi 

For this reason, the author has favoured in his own research the use of some of the 
mucoraceous fungi, which are the natural fermenting agents in a wide variety of' fermented 
foods such as the 'two—stage bantu beer' fermentations of Africa and the MIPES AND RAGIS 
of Southeast Asia. In the tempe fermentation in particular the microbial biomass 
constitutes a significant proportion (io',ly) of the dry matter of the final product. 
Although occasional doubts have been raised on the absolute food safety of mucoraceous 
fungi, there has been a general consensus of opinion amongst the scientists working in 
this area of study that the Fiucoraceae are a particularly innocuous family of fungi as a 
whole from the point of view ct potential hazards due to mycotoxmns. 

3.2 Helative Growth iates of Different 1ungi 

Unfortunately, in liquid culture, members of the genera Aspergillus and Pusarium 
have been shown to be superior to the genus Hhizois and other muoaceous fungi in their 
rate of growth and in their ability -to grow under adverse conditions, such as low pH 
and high temperature. Under industrial conditions, where the whole of the fermentation 
can be carefully controlled, they have been the preferred organisms for deve1opient of 
SCP processes. It is admitted that the genera 	rgiflus and Penicillium are also 
widely used infood processes, but wastes in general do not satisfy the criteria of 
standard couposit ion and rege lar supply. 

3.3 Gonmercial Processes 

3..1 Liquid thilture Of ungi 

ubstantial research has therefore been conducted in recent years into the testing 
of the ood safety of the selected strains of the former genera and the preliminary tests 
have shown that hcy are food safe. The genus Aspergillus has been favoured by the IDRC 
Lean (Uniwersity of Guelph, Canada) whereas Rank—Hovis/Dupont, U.K. and Tate and lyle 
(1ighe1ato et al 1976), have favoured a Pusarium (Anderson and others, 1975). The former 
now have pilot plant equiiient in operation in latin America using cassava meal 
(lianihot esculenta) as the substrate. The iercnentation liquor is maintained at a low pH 
by the addition of sulphuric acid (Reacie and Gregory, 1976). This presents a hazard when 
the effluent is subsequently discharged. 

3..2 Harvesting Hicrofun_jrom Carbohydrate Liquors 

The filamentous fungi have mechanical advantages over unicellular niicro—organisrns 
from the point of view of harvest in that the products of fermentation can be gathered 
on stainless steel or nylon sieves, or even On 'string' filters, whereas true unicellular 
cultures require precipitation, filtration or centrifugation. It is therefore possible 
to operate fi.lamentous—organjsm cultures at relatively low concentrations of active 
cOiTiponent of the substrate. Tor instance, the 'fruit' waters from starch factories 
containing less than 0.5 of starch can be effectively treated by these means, provided 
that other features of the process do not intervene to make the cost of preparation of 
the fermentation liquor too expensive. 

3.4 Starchy Effluents 

3.4.1 Avoidance of Sterilization 

It is desirable, from the viewpoint of process economics, to avoid sterilization of 
the large quantities of liquor involved in starch effluent processing. Acidification 
may not be practical as the volume of these liquors would demand excessive quantities of 
acid to bring •their ph to the necessary operational level. An ecological approach is 
therefore indicated, in which a naturally occurring organism is encouraged to become the 
dominant one. 
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3.5 Oxidation Pond Fermentations 

As an alternative to utilizing the starch and sugars by a heterotrophic fermentation, 
our research has been directed to the use of 'septict aerobic/micro—aerobic fermentation 
systems, using bacteria in the first stage. In this stage the carbohydrate mixtures are 
converted, because of the limited air supply, to ethanol and organic acids, which compounds 
are, in turn, consumed by an appropriate algal flora. 

3.5.1 Growth of Chiorella 

It so happens that the dominant species in the southern monsoonal and equatorial 
conditions of Asia which arises in dilute ethanol/organic acid containing effluents, that 
is oxidation pondsl is the alga Chlorella and effort is therefore being currently applied 
to the most economical method of harvesting this organism. Too high a loading or too 
highly acidic conditions are not tolerated by the Chiorella. 

It has been shown that Chlorella is nutritionally valuable and has an international 
market value in excess of its value as a single cell protein source. fliere, h9wevor, 
the concentrations of nutrients are too low to give a density of algae (ix 10' cells/cc) 
which can be economically harvested, the ultimate stage of such a waste processing 
procedure is to utilize the eutrophic water for fish i'arming. This process is in effect 
the manipilation of a 'facultative' oxidation pond. 

3.6 Concentrated Starchy Liquors 

For more concentrated starcny effluents (in the range of 0.5 - 2 concentration 
or higher (Laiiza, 1975)  there are advantages in using a yeast as the ultimate biornass 
produced. However, since the common yeasts are not capable of digesting starch directly, 
it is necessary to employ a primary phase in which the starch is converted to sugars 
either by chemical, enzymic or biological means. 

3.6.1 Chemical Digestion 

In the chemical process the starch is hydrolysed by hydrochloric acid, which is sub-
sequently partially neutralized with caustic soda. This is still the most widely used and 
cheapest method for the production of glucose syrups from starch. 

3e6.2 Enzymic Digestion 

Strenuous efforts are being made to improve the economy of enzymic conversion by the 
use of immobilized enzymes. 

3.6.2,1 Use of Immobilized Enzymes 

A recent report of this application of immobilized enzymes has been given by Heden 
and others (1975)  and enzymes are now being used in effluent treatment. Although the 
techniques of preparation of the immobilized enzymes requires highly refined techno1o, 
nevertheless the products are stable and can be subjected to chemical abuse from the 
variety of accessory substances in the starchy liquors. Furthermore, it has been 
demonstrated that an immobilized enzyme system, based on cellulose fibres for instance, 
can remain stable and active for a period of six months or more. 

3.6.2.2 Use of Immobilized Enzymes in Diluted 'E'ruit' Waters and Selfenerated Enzymes 
for Extraction of Wastes 

The great advantage of using immobilized enzymes is that the enzyme is not diluted 
and lost in dilute waste waters. Amongst the fully biological systems of starch 
digestion, which has been employed for thousands of years, is the Japanese KOJI process. 
In this process, the starchy substrate - usually grain, but any granular waste may be used - 
is encouraged to grow a fungus such as an Aspergillus, or Rhizops sp. This mixture of 
fungus mycelium and substrate is subsequently autolysed by immersion in water to give a 
sugar syrup. The enzymatic activity of the original KOJI mixture is capable of converting 
several tines 	4X) its own weight of starch when immersed in a starchy slurry. At 
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At present, it is a relatively expensive method of generation of a glucose syrup, but 
ievertheless has attraction for waste utilization in that the first stage can be 
replaced by a starchy waste, such as that from the production of tapioca or sage 
(iietroylon 	starch. The culture grown on this waste, can then be used to digest the 
residual starch in the fruit water, provided that the latter has been prepared in 
concentrated form by a suitable counter—current process. 

This method may also be used to extract starch, by leaching in the form of sugars 
from ribrous residues. This is analgous to the malting process. The resulting liquor 
can then be used for fermentation either to yeast or to alcohol. 

As alternatives to chemical digestion, or enzymatic digestion where a yeast is the 
preferred end—product, there is a commercially viable process called the SY4BA process. 
In this process two organisms are employed siiadtaneously, a filarnentous yeast 
Endomycopsis fibuliger, which is capable of digesting starch, and the fast growing food 
yeast Candida utilis. The pre—sterilized starch slurry is inoculated with a mixture of 
the two organisms, but because of the faster growth of the Candida the end—product is 
mainly Candida biomass. However, this process is not so attractive as the KOJI process 
for extracting the carbohydrate from solid residues and is likely to be superseded by 
the immobilized enzyme process for liquors. 

In the past, low grade alcohol has not had a good market, but one of the benefits of 
the recent advances in world oil prices, and hence petroleum prices, has been to make 
fermentation methods involving the production of fuel grade alcohol from sugars and 
starches an attractive proposition. The trend is for this process to become more 
attractive in the future, especially in view of the current advances in fermentation 
engineering. (Hepner, 1976) 

The method of recycling flocculating yeast at a high concentration to the digestion 
of sugary waste, a yeast equivalent of the activated sludge process, has been developed 
by Meyrath (1975)  and will be discussed under the section on sugars (4). 

The treatment of starchy effluents by low—grade alases and Endomycopsis fibuliger 
to provide a liquor suitable for yeast growth has been reported by Leveau and Bouix (1976). 
The Meyrath development renders such a treatment potentially economic. 

3.7 Conclusions 

Solid and liquid starch wastes provide attractive materials for the production of 
microbial biomass and fermentation metabolites. The biomass may be a yeast, fungus or 
alga, the choice being dependent On a variety of technical and social considerations. 

Many commLlni-ties already apply classical fermentation methods involving starch or 
starch waste as the original substrate. The skills required are therefore already within 
the competence of such communities to apply the principles of fermentation to novel 
starchy materials. Extreme caution is advocated in the application of small scale starch 
based fermertations using fungi. 
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Sect iOn 4: SUGARY MTD NIXDEFFLUENTS 

4.1 Physical Characteristics of Sugary Wastes 

Sugary wastes are usually in the form of liquids, though exceptions occur in that 
slurry and even solid wastes from natural product processing may also contain sugars, 
capable of fermentation in situ or after extraction (e.g. Carob. Irnrie and Vlitoe, 1975) 
Figure 3 

4.1.1 Dxamp1es of Sugary Wastes 

Typical of the semi—solid wastes are hreizer's grains and of the slurry type are the 
liquors which arise from coffee, Rolz, 1975 (Figure 4)  and fibre extraction, from sisal 
processing for instance. The pineapply industry produces both a solid and a liquid 
waste, the latter is not a slurry, but contains a fibrous matter suspended in the 
effluent. Iiany other fruit and vegetable wastes also lie in this range of solidity. 

4.1.2 Fruit Processing Wastes 

Toteworthy as well documented are those arising from the production of olives, 
pears, plums, tomatoes and citrus fruit. Some of these wastes contain a sufficiently high 
percentage of solids to justify drying the whole waste; these are therefore not available 
for fermentation treatment. 

4.1.3 Yeast Containing Wastes 

Yet other waste liquors already contain the micro—organism. Typical of these are the 
brewery yeast wastes. For such wastes it is only a matter of washing, cle—watering and 
finally drying the yeast (Figure 5), or alternatively rupture of the yeast cells, 
extraction or the protein and a residual non—protein extract (Figure 6). Breweries are 
a world—wide phenomenon and cause pollution irrespective of their location. The techniques 
of yeast processing are well known and the products find a ready market. 

Two approaches to fermentation are possible. Firstly, that in which the whole waste 
material is fermented and the fibrous matter harvested along with the microbial biomass. 
Leaving the fibre in the fermenting mass reduces the cost of preparation of the substrate, 
but the end—product may be of low value or have too high a fibre content to be useful for 
the animal—feed market. 

4.2 Anaerobic Processing of Sugary Wastes 

If, however, an anaerobic process is employed, in which the ultimate production of 
microbial biomass is not important, as with alcohol production from pineapple waste for 
example, then it is acceptable to leave the suspended solids in the liquor. This use of 
the total slui'ry is classically applied for the methane fermentation. However, it is 
possible to generate an alcoholic fermentation leaving the suspended solids in the liquor 
provided that, during the subsequent distillation process, compoients of the suspended 
solids do not interfere with this second operation. This interference may be physical, 
through interference with heat transfer, and by the solid matter giving rise to volatile 
components which make the distillate unacceptable. 

4.3 Component Separation Prior to Fermentation 

As a choice of approach to processing via fermentation technolo, it is eminently 
preferable to separate the solid component and apply fermentation procedures to the 
liquid. If the solid material is suitable for fermentation then this may be treated 
by one of the methods considered in Section 2, in which the fermentation is primarily 
cellulolytic (see Section 2, Cellulosic fermentation of cattle waste, Humphrey, 1975). 
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4.3.1 Reduction of Pollution by Solids Removal 

Separation of the solid fraction often removes the protein and higher polysaccharides 
concomitantly, thus contributing to the removal of the biological and chemical oxygen 
demand of the material. This technique is frequently applied to reduce the polluting 
effect of the original waste. Removal of the solids from such mixed effluents as palm oil 
processing effluent have been shown to reduce B.O.D. by a half or more. (Stanton, 19740. 
Removal of the suspended solids may assist in removal of heaxy metal contamination as well 
as inert matter. This is advantageous to subsequent processing. 

4.3.2 Critical Ivel of Carbohydrate 

The problem with the resulting liquor is -that, as with the starch waste mentioned in 
the previous chapter, the remaining fermentable carbohydrate is in the range of concentra-
tion below that in which it is economical to harvest a unicellular organism centrifugally. 
That is, the concentrations normally encountered are of the order of 0.5 to 0.2 of 
carbohydrate, or lower. This concentration is still, ten times that of domestic sewage. 
In view of the quantities of waste liquor available having these intermediate carbohydrate 
levels the special problems of harvesting are currently the subject of widespread 
investigation. 

4.3.3 Relation of Carbohydrate to Fermenting Organism 

Additionally, it is necessary to enquire into the spectrum of carbohydrates available 
and other features of the medium, in order to select the appropriate organism for use in 
the fermentation. If these problems can be overcome then the problem remains of 
maintenance of dominance of the preferred organism in a liquor which is normally septic. 

4,4 Use of the Activated Sludge Principle 

Particularly pertinent therefore are the recent studies by Meyrath (1975),  for 
example, which have shown that the problems posed above can be overcome by the application 
of the principles of the activated sludge process for effluent treatment, together with 
the use of a thermophilic yeast with a high flocculation capacity. 

4.4.1 The Neyrath Process 

For effective operation of the Iieyrath process, it is necessary to use a continuous 
fermentation with a short residence time and a concentration of yeast near the maximum 
required for rapid removal of the carbon. Other characters, which may be valuable, are 
'ability to grow in an unusual carbohydrate medium' and 'ability to grow at a low pH', 
as low as pH 3. 

This system appears to be particularly attractive for application to sauerkraut, 
olive, palm oil, fruit, tomato processing and pineapple wastes. Each effluent would 
require the selection of an appropriate flocculating yeast for successful operation. 
The flocculation principle could be applied to a modification of the SYMBA process, but 
as far as the author is aware, this has not been reported to date. It is an effective 
alternative to the utilization of filamentous fungi and removes the hazard associated 
with growing fungi or liquid wastes. 

4.5 Mixed Effluents 

4.5.1 Range of Mixed Effluents 

By definition, the range of mixed nitrogenous and carbohydrate effluents is very large 
and the concentrations of bio—active components varies widely. It is important to 
distinguish between the moderately—high—level nitrogenous effluents produced by plant-
product processes and the nitrogenous effluents produced by animal processing, a typical 
example of the latter being slaughterhouse drainings which contain blood, hair and gut 
contents. The latter requires an entirely different form of treatment in that the 
protein may be recovered first before a fermentation method is applied. (This protein 
extraction step is now also being applied to plant juices and might, for instance, be 
incorporated in the sisal juice treatment process.) (Section 4.5.4) 
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4.5.2 Seasonality of Effluents 

With the majority of the biologically active vegetable - derived liquid wastes 
the problem is not so much one of technical difficult3t of microbiological conversion 
but seasonality of production. The period of production ranges from a few days 
(as is found with pickles such as olive and sauerkraut) up to six months for crops such 
as tomato. Though the duration of processing time for the tomato is deceptive in that, 
although the period of harvesting may be a relatively long one, it reaches a peak in 
two or three weeks and there is a steady decline after this peak, during which the 
production is comparatively small. These differences in duration of production were found 
by the author in his survey of Erpt. 

4.5.3 All—Year—Round Vegetable Wastes 

Far more attractive, from the fermentation point of view, are those vegetable wastes 
which occur throughout the year such as from cocoa, pineapple canning wastes, copra waste 
liquor and others encountered by the author, including sisal and pabn oil procesing 
wastes. Rather surprisingly research is being concentrated in the sisal waste On 
processing the fibrous solid material as the major nutritional component lies in the 
liquid fraction. 

4.5.4 Liquid F'action of Sisal Waste 

3isal waste is particularly interesting in that, in contrast to most crops, the fibre 
is retained and the non—fibre rejected. To recover the secondary products economically, 
in the author's opinion, it will be necessary to re—structure the whole process of fibre 
extraction to ensure that the final wash water contains a much higher concentration o 
solids than at present. This can be done by a countercurrent process so that the cleanest 
water gives the fibre its final rinse and the concentration of waste in the water rises, 
counter to the movement of the fibres, through the process. A similar processing 
situation arises with abaca (Musa tex-tilis). Though research is already in progress, as 
far as the author is aware, on the production of forula yeast from the expressed liquor 
of the abaca pseudostems. Sisal waste liquor contains a mixture of cell walls and short 
fibres, plant organelles, proteins, amino acids, and sugars. Little research has been 
done on this liquid material because the industry has been, until the oil crisis, on the 
wane and at the time of the author's visit to East Africa, May 1976, the sisal plantations 
appeared neglected. However, natural fibres are regaining importance and being 
recognized for their true worth. 

4.5.5 Economic Future of Sisal Linked to Waste Usage 

Provided that other factors do not intervene, it is envisaged that sisal will be 
one of the pioneer crops in which the 'total product' of the harvest is processed and 
used. It is envisaged that, after recovery of the cellulose and the protein, the true 
liquid waste can then be used either as a fertilizer, or applied to fermentation by the 
Meyrath process. 

4.6 Pa]n Oil Processing Waste 

Palm oil processing waste, with which the author has had some experience, has similar 
problems to that of sisal in that it is a slurry containing ash/dirt and suspended plant-
derived solids. It has a chemical oojgen demand of over 30,000 and biological oxygen 
demand of over 20,000. Removal of the ash and suspended solids reduces the polluting 
effect of the liquor fraction to a biological oxygen demand of under 15,000, that is 
approximately half. This is a relatively difficult concentration at which to operate in 
that it is not strong enough for an 'intensive' fermentation, but too strong for normal 
sewage treatment methods. Thus the type of process developed by Meyrath appears ideal 
for this type of liquor. 
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4.6.1 final irea-taent (Polishing) of Agro-Industrial haste !aters 

Yeast processes do not 'polish' the liquor Crom, an effluent. It is difficult to do 
this with any process involving a he -tero-troph, though the gas oil research workers claim 
that, by adjustment o the nutrient inpit, a very high efficiency of' recovery of the 
applied nutrients is achieved. As far as normal effluents are concerned such ligh 
efficiencies of recovery are difficult to obtain because of the expense of adjusting the 
nutrient level to meet the variable imbalance which occurs in effluents. 

4.7 Louerig of Residual D.O.D. 

or fi'al rolishi 	at the present ti 	lgae offer one of the most attractive methods 

	

in the tro2ics in that they can be encoua 	to consuile organic acids directly and, at 
the same time, generate their own air supply. This mchod is already being applied in the 
oxidation ponds of sewage systems. These can be regarded as mixed. culture fermentation 
syster, although the harvested product is usually fish or other aquatic animals. An 
interesting new developr.ent is the culture in a light-assisted anaerobic system of the 
so-called 'purple' bacteria (Kobayashi, 1976). 

. 	Other Processes 

Space does not permit detailed discussing of other sugary and organic acid wastes, 
such as those arising in latex processing, or methods being developed for addition 
'inn, 1976) and removal (Focht and Chang, 1975) of nitrogen and for the application of 

'adhesive fermentation' , a type of whole-live-cell immobilized enzyme system 
(Englebert and Delmeg, 1976), for biomass recovery. The latter two of these processes 
are still in the experimental stage. 

4.9 Conclusions 

In conclusion, the economic processing of sugary and mixed effluents to provide a 
useful product depends on a variety of factors, listed in Section 1. The actual 
fermentation systems are simple and may be operated under septic conditions. The 
metabolisn of the organisms are well understood, particularly the yeasts (romlinson, 1975) 
and some of the algae. Research is continuing on growth optimization, harvesting and 
processing, though off-the-shelf processes are now available for known food-safe organisms. 
Fears expressed in the early years of SOP study over toxicity problems, for animals, with 
nucleic acids have been proved. unjustified. For human foods the pre-treatment illustrated 
in Figure 6 is appropriate. 

Sect ion 5: AN11L BY-PRODUCTS AND WASTEL  

5.1 Pig Faeces 

The recycling of cattle dung has already been mentioned in Section 2 (2.1.3).  Direct 
re-feeding of pig faeces is also practised and it is reported from Japan that a solid 
substrate fermentation using pig faeces and aspen (Corylus sp.) leaves, using an 
Aqpergillus species as the fermentation mi.cro-'orgariism, is also used as an animal feed. 
No details are available to the author. 

.2 Chicken Faeces 

(jilicken faeces are a valuable source of nitrogen and phosphorus to assist in cellulosic 
i'ermentations, or for feeding to cattle along with cellulosic wastes to improve digestion 
of the cellulose. 

5.21 Value of Chicken Faeces in 6olid Substrate Fermentation 

Recently, the author has been experimenting with chicken manure as the nutrient source 
or solid-substrate fermentation of starchy wastes for non-ruminant animal feed. This 

material, chicken dung, has the advantage over mineral nitrogen sources, or urea, in that 
the uric acid nitrogen is only slowly released as required by the fungus. Whereas 
anmonium salts and urea inhibit growth at concentrations below 2% nitrogen in the dry matter 
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of the substrate, the fermentation using chicken lanure is unaffected by iiglm'r concentra-
tions of nitrogen. The upper limit for practical purposes is determinef by the ash and fibre 
contents of the manure. This absence of inhibition may be demonstratef in petri—dish 
culture using pure uric acid. Under these conditions the i'ungus mycelim!:, of IThizopus for 
example, may be seen to be attracted towards the insoluble particles of the acid. 

5.2.2 Effect of Source of Chicken Thing 

The utility of this material is greatly affected by the source from whence it is 
derived and the feeding of' the stock, since a high ash or fibre in the diet will he 
reflected in the faeces. Purther ash and fibre is contributed after excretion, though this 
addition is small with intensively reared animals. 

5.2.3 Substitution of Pig for Chicken Faeces 

Pig faeces could be used in a similar manner and the fermentation would destroy patho-
gens in the excreta, but this material would present problems with collection and handling. 
At present, the principal study On the utilization of pig faeces is for methane production. 

5.3 Human Sewage 

Humphrey, 1965 has suggested a method of hydra—classification of human sewage/urban 
refuse which could be applied to mixed faecal animal wastes such as that from piggeries. 
The method employs comminution followed by hydra—classification. The comminution 
releases the heavy particles such as sand and these are subsequently separated by the 
hydrocyclone. From this stage the liquid fraction would be treated by an activated sludge 
and algal process and the excess of sludge over that recruired I or recycling added back to 
the fibre fraction for compost ing. 

Chicken manure is amenable to air classification after drying and grinding. This 
provides a suitable solid for use as a nutrient source in the solid—substrate starch 
waste fermentation discussed in Section 3. 

5.4 Slaughter House Waste 

As far as the author is aware no microbial biornass process based on slaughter house 
liquor has been developed, though this material lends itself to oxidation pond treatment 
and fish rearing after appropriate pre—treatment. fThe  current method of recovery of 
protein from slaughter house waste water is not a microbial process. 

5.5 Hilk Processing Wastes 

Nhlk processing yields by—products suitable for yeast, or bacteria (Reddy et al 1976) 
fermentations based on the lactose as carbon source and the residual proteins and amino 
acids as nitrogen source. (Figure 7) It is difficult to identify a waste' from milk 
processing as the whey is now frequently utilized and in separated milk the ion—fat solids 
are also used. Alcoholic fermentation based on milk carbohydrates is known and a number 
of yeasts are capable of producing a biomass on the non—fat solids. Such products as 
kishk, yoghurt, kefir, all employ the non—fat components of milk and these processes are 
well documented. The only difficult waste encountered by the author was a high—salt whey, 
but this is an unusual product which nevertheless would appear to be amenable to 
fermentation. 

5.6 Fermented Fish Products 

Fish wastes are not normally considered as a raw material for fermentation and their 
use for fermentation competes with direct methods for protein recovery (rpc, or fish 
protein concentrate). However, FPC demands expensive equipment and advanced technology. 
Further, it is only economical to produce this material if there is a large regular supply 
of feedstock. Further, if the end—product is to be acceptable then the raw material 
requires Belection. 

As an alternative, fish trash may be preserved by chemically or microbiological 
ensuing. The latter process lies within the domain of this paper. 
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5.6.1 b'ish Silage 

Fermentation ensilage of fish depends On the generat ion of a lactic fermentation with 
added sugars, or an autoly-tic process in the presenceof salt (more than 12). High salt 
fermentation is not suitable for the preservation of fich to provide a main protein 
component of a diet. On the contrary, a lactic fermentation not only preserves the protein 
but adds a protective element. 

The method of lactic fermentation was initially ueve loped in Scandinavia, though there 
are equivalent oriental prccesseu. More recently a citric preservation has been applied 
but this depends, on pre-formed citric acid. The Scandinavian process dends on the use of 
active malt as an additive to the minced fish, care being taken that the process is main-
tained anaerobic. Over l lactic acid is generated and the pH drops to below 4.8. On 
the basis of this the author investigated the possible application under equatorial 
conditions and found that an effective lactic fermentation could be produced at tropical 
ambient temperatures (270c), As a substitute for malt a local fermenting agent, HAGI, 
was used together with a lactic bacteria starter culture. HAGI is the Indonesian term 
but equivalent microbial enzyme active cakes are found throughout South East Asia. 

This method has the advantage over an FPC process of being applicable on a small 
scale with little cost of equipeent and the use oC locally available additives (Stanton 
and Yeo, 1976). 

5.7 Conclusions 

in conclusion it may be said that subject to '1oadin, rate' and aeration, all the 
above wastes, even the solid wastes of faeces, are amenable to oxidation pond. -treatment to 
yield fish as the useful end product. A recent suggestion (bearing in mind the danger of 
introducing a noxious weed) for treating high nitrogen effluents is by the culture of 
Eichornia crasaipes after primary and secondary treatment of the sewage. This plant, the 
water hyacinth, is easily harvested and is a useful stock food. Through harvesting up to 
90% of the nitrogen is removed and the anaerobic conditions underneath the layer of water 
plants assist in denitrification (,'iooten and Dodd, 1976). 

Efficiency of oxidation ponds can be increased substantially by attention to loading, 
geometry and recycling or stirring (even by hand on a small scale). Such ponds may be 
coupled to other fermentati'rn systems and are, in the author's opinion, one of the most 
practical methods of processing a wide variety of effluents. 

Section 6: TOXIC WASThS  

6.1 Degradation of Agirucltural Chemicals 

This survey of microbial processing and utilization of agricultural wastes would not 
be complete without considec-ation of the application of micro-organisms to the destruction 
of toxic compounds and thus the rendering safe of potential food materials, or water for 
re-use. 

Fermentation mjcrobio1or has developed an armoury of micro-organisms for utilizing 
unusual organic compounds so that the process of utilization of straight chain hydro-
carbons, aromatic ring compounds and organic sulphur is now well documented. 

Some of the most formidable compounds arising from agriculture are insecticidal and 
herbicidal residues and the wastes from cellulosic pulp extraction. Removal of these 
compounds produces a useful product in the form of clean water. Brief reports on the 
ability of microorganisms to render some of these compounds innocuous have been given by 
Munnecke (1976)  and Mueller and others (1976).  The former discusses insecticides and 
herbicides and the latter the toxic compounds arising from wood as a consequence of 
fractionation for paper pulp. 

442 



6.. Irociuction of foxicants by daste Fermentation 

however, care must be taken in adopting a fermentation process to utilize agricultural 
waste that a fol1utat is not enerated at the same tine. fhis subject has been reviewed 
recently by Alexander (1974). diexancier also points out that incorrect oneration or' a solid 
or lic1uid fermentation system can give rise to hazardous micro-organisms. Potential users 
of microbial 'waste recovery' processes should also be aware of the capacity of many micro-
oranizins to selectively concentrate heavy metals such as lead, zinc and mercury. These 
nay already render the original waste unsafe. • Chromium f or instance can be released from 
stainless steels and appear in the process e frluent. The mechanism of release is uncertai", 
but the cause of metal contamination may lie in faulty pairing oi' eq11iLIent parts which 
are individually corrosion resistant, thus ,;ieing rise to electrolytic release in acid 
solutions. hetals arising by such action could inhibit a subsequent microbial treatment 
process, or be accumeuloted to render the bioinass toxic. 

dection 7: G0E2AL WNCWIONS 

7.1 :elevance to developing countries of the processes mentioned in the review. 

7.1.1 In the 1960c, there was an unbridled enthusiasm amongst microbiologists and nutri-
tionists for the benefits which the application of 5CP techniqi.es and other microbiological 
processes using agricultural wastes could bring. Now the attitude has changed to one of 
caution and the approach has also changed from an emphasis on fossil fixed carbon to a 
return to interest in renewable fixed carbon and autotrophic processes. Respect has been 
generated for the classical fermentation processes inherent particularly in the Far }ast 
and a more favourable attitude has been shown to the idea that it is by grafting onto and 
evolving these processes that applications of the new microbiolor can be made. From this 
approach and by the application of 'technolor transfer between developing countries' will, 
in the author's opinion, come the most rapid increase in the impact of microbiolor in the 
developing world. 

7.1h The 'hearthe' of the origin of agriculture and food crops are well recognized. 
Less well identified are the hearths of food technolor and food fermentation (Stanton, 1969) 
Just as changes have occurred in the lives of many communities by the introduction of 
maize, groundnuts, cassava and oil palm, so one may see in the future equally dramatic 
changes arising from the spread of techniques such as: the KOJI process; the T4PE process; 
time 2iOYA 6AUCE fermentation (which does not have to use soya beans); the family of lacto-
bacillic fermentations, the tropical mushroom fermentations based on Volvariella and 
Pleurotus; the Spirulina process, the mixed fungus-yeast processes common to RAGI and BAN'IU 
BE121 and the various detoxifying and micro-nutrient-supplying fermentations which are 
beneficial to diets. 	 - 

7- 1 -1 It follows from this consideration of a need for techno1or transfer that a valuable 
contrioution may be made by training of personnel not in the' advanced laboratories of the 
United itates destern E'urope and Japan, but in a region different from that of the techno-
logists' homes. fhat is, the technology transfer should proceed hand-in-hand with crop 
plant and animal transfer. One rright even take this concept further by suggesting that 
the microbiologists, biotechnologists and nutritionists of the developed world might 
themselvos be in the role of trainees in that there are many lessons to be learned from 
studying the previously mentioned processes. 

7.22iieNbw Processes 

Jhat has been said does not preclude the p,irsuit of the application of advanced 
techriques. 11he author has identified some of these below: 

7.2.1 - Ihe incorporation of N-fixing organisms in low-nitrogen fermentation substrates. 

7..2 - ?lme application ol' immobilized enzymes to the techno1or of substrate preparation 
and product extraction, 
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7.2.3 - lembrane filtration and other physico—chemical techniques to fractionate the 
waste products prior to application of microbial techniques and after 
fermentation to recover useful products. 

7.2.i - The mani.i1ation of cell flocculation 'oath during and after the fermentation 
process. 

- The use of' methane, methanol, ethanol, acetic acid derived from low—grade wastes, 

microbiologically chemically or pirolytically, as the substrate for the final 
fermentation. 

7.2.6 - Environment rnanipLllation as an alternative to sterilization. 

7.2.7 - New desiges and new materials for the construction of err;ientors to economize 
on capital cost and unit conversion efficiency. 

7.2.8 - Application of the principle of 'fed—batch' culture in the development of 
chemical as well as new i'ermentations. 

7.2.9 - Application of the principle of 'self optimization of growth' of the preferred 
micro—organism harvested from liquid wastes fermented under continuous culture, 
thus avoiding the problems of inycotoxin producing and phage sensitive strains. 

7.2.10 - Application of solar energy to the growth of microbial cultures, recogeiziig 
that solar enerr may be applied to anaerobic as well as aerobic cultures. 

7.3 Lftrategy and Benefits of Adopting Microbial Processes 

7.3.1 h4icrobes can use fertilizers, including nitrogen and phosphorus, far more 
efficiently than higher plants by agriculture. 

7.3.2 Microbes can fix nitrogen and can render non—protein nitrogen available to man 
and animals as protein economically. 

7.3.3 They can detoxify potentially useful material and release the useful ingredient 
from inert matter. 

7.3.4 They can concentrate the useful component. 

7.3.5 They can make material attractive as foods. 

7.4 Hazards 

If improperly used,microbes can be highly dangerous. These have been mentioned in 
the text. Of particular concern has been the group of agro—industrial waste utilization 
processes which employ fungi to attain a useful food product for man or animals. 

7.5 Rate of Development 

7.5.1 Research and Information 

Parallel work on many of the topics mentioned in this report is being conducted in 
different countries. Much of the work is as yet uniblished and the author is grateful 
for the many helpful discussions he has had on his recent travels. The field is so broad 
that a review would run into many hundreds of references. 

7.5.2 Actual Applications 

The points on the development front, at which actual applications are occurring, are 
relatively few. This is especially when these are assessed in terms of current feasibility 
for the dispersed economies. Application of microbial processes to wastes 
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is difficult, Since there is a lach of control over the organisms, their substrates and 
the environment whinh is in great contrast to the equivalent industrial processes. Many 
processes, applicable to specific biological products, are not applicable when those 
products are seasonal, contaminated, dispersed residues. 

7.3.3 ICOnOn1iC Ar:fuments 

Dispersion, small size, irregularity of supply make these products unattractive to the 
industrial technologist. The U.N. Agencies by definition operate in these difficult and 
remote situations. Development of extensive collecting systems, increase in the supply 
of enerr (Iieycr Abich 1976), transfer of popilation are not solutions. The report has 
highlighted solutions to residues as they exist, not as the process engineer would wish 
them to exist. 

7.5.4 Rate of Change 

Innovations, especially involving biological processes, impinging on the daily life 
of communities, are only slowly absorbed. Currently, systems analysts (Budder Wissenschaft 
1976) indicate that a 50-year lag is not uncommon (lIarchetti 1976). This figure is one 
order of magnitude too high for a politician. It is not too high for the social instinct 
of man. An understanding of the microbiological processes which sustain human habitats 
is not beyond human capacity. Unconsciously these activities have already been developed. 
Understanding will aid their application. The role of the offsprings of the U.N., such 
as the U1NEP/UN])/ICR0 Panel of Applied Microbiology is accepted as developing that 
understanding. Evolution occurs by trying though progress may be difficult to see and 
critics many (Harrison, 1976). 

Section 8: FOIWTS FRON THE DISCUSSION 

8.1 Mycotoxins in SCP Fermentation 

8.1.1 (Mr. Hugill). What information was available on the occurrence of these? 

In reply (Prof. Seriez) 	stated that extensive research had been conducted and 
that there was no danger of the organisms mutating to give rise to toxin-producing or 
pathogenic strains. He added that it had been demonstrated that in continuous culture 
there was a self selection by the organism for mutants with optimum growth rate on the 
substrate ane towards a genetic condition of 'improved stability'. 

8.1.2 Similarly (Dr. Forage) stated that at maximal growth rates of the fungi used for 
SOP cultpie on starch the danger from toxic metabolite producing strains was minimal. 

8.1.3 (Dr. Kapsiotis) in commenting stressed that what pertained in large industrial 
plants was not necessarily true at the village level wherE sub-optimal conditions and 
surface contamuination could occur. He also stated that the statement of Professor Senez 
might need modifying in relation to processes utilizing residues of variable composition 
and subject to seasonal fluctuation, transport and storage hazards. (Prof. Uenez) agreed 
with -this. 

8.2 Nutrient Supplies for Fermentations 

8.2.1 (Dr. Nabney) pointed out that every 100 gm of protein required 19 gm NH, 34 gm urea, 
or 75 gn ammonium sulphate. Attention should be drawn to the problem of distrThution of 
the large quantities of material involved, assuming SC? contains approximately 50'o crude 
protein, to rural areas. 

8.2.2 (Prof. Fleischmairn) asked what was likely to be the effect of a world shortage of 
phosphorus on nutrient supplies for SOP production. 

3.2.3 In reply (Prof. Stanton) referred to the relative efficiency with which micro-
organisms in culture used nitrogen and phosphorus in comparison with field-grown plants. 
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Phase fermentations would compete increaiinl,y effectively or nutriits in short supply. 

8.2.4 (Prof. Uherif) asked whether it was better to supply the i'ninant with urea or 
aimnoniated cellulose in rii:'ed animal 'eeds. 

0.2.5 In reply (Pro:. Jtanton and ProI. wilson) stated -thaI it was a matter for case 
study. slow release nitrogen, as 1urnished by coated ureas or orcam incorporated into 
starch, was used more effectively by the ruminant but these forms of nitrogen were 
relatively expensive. 

8.3 Process optimization. 

8.3.1 (Prof. huy-tov) brought to the attention ci the riecting the recent results from 
Russia of successful mathematical modelling of multi—organisms, multi—phase fermentation 
systems as were found in biodee,radable effluents. He considered that application of 
these results to effluent treatment would be economically valuable. 

8.3.2 Dr. Schreier (in a similar comment at the 3CP 8ession) advocated application of 
the principles of economy in orgen transfer in aerobic fermentations both in terms 
of rate per unit volume and rate per unit enerr supplied. (This concept also applied 
to the systems meril;ioned under 5.3.1). 

(In discussion afterwards Dr. Nabney pointed out that SOP was won in hetero-
trophic fermentations at the expense of the fermentable carbohydrate, a feature often 
overlooked in SOP processes.) 
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Appendix Table 

.iummary of the Present Position On Viability of Various Agro—Industrial 4aste Processes 
for Producing Microbial Biomass and hence S.C.P. 

Organism Processes Remarks 

Bacteria On—stream processes for SCP One company has announced 
none commitment to large—scale 

production using methanol. 
On—stream processes for amino—acids! Some mother liquors are used 
vitamins, etc. as food additives after 

several extraction of specific amino- 
acids. 

Classical processes Primarily for production of 
e.g. the ,nicrobial gum the polysaccharide as a food. 

and cellulose processes Have been developed for pro- 
ducing commercial food gums 
but these no longer contain 
the micro—organisms. 

Near future 
hethane utilizing bacteria Unp.thlished. 
Photosynthetic bacteria Reported to be used in Japan 

harvesting aided by 	hydro- 
lysed chitin (Kobayashi 1976) 

Live bacteria in quantity are already ingested as a regular element of human and animal 
foods, particularly the lactobacillae. 

Blue green Spiruline processes Viable for special application 
algae A classical process with commercial 

deve lopments. 

Fungi On—stream processes The wastes mycelium of anti- 
(imperfecti) none bio±ic manufacture 	is widely 

used as an animal food, though 
not widely piblicized, or 
recommended. 

Near future 

Starch—derived mycelium of Pusarium As large—scale 'processes 
and Aspergillus op. projected viable and passed 

all food f drug tests in 
10 years. 

Classical processes 

animal and vegetable cheeses Not pire 	C.P. but regularly 
and 'bantu beer' type processes. applied as small—scale pro- 
Many soya bean processes cesses 

Fungi (Basidio— On—stream processes for b.C.P. 
mycetes and for food additive Cost of culture too high as 
some higher source of straight S.C.P. 

£s000etes). Near future 

Sporotrichum on starch base Construction in progress of 
by deep culture fermentation full—scale plant. 	Nutritional 

testing programme complete. 

452 



Organism 	Processes 

Mushrooms 
Mushrooms are microbia1 biomass' 
and a limited number of the possible 
Species are widely grown. 

Appendix Table 
Page 2 

Remarks 

Utilization has been limited 
by cultural requirements and 
rate of growth. 

Yeasts 	On—stream processes 	 Viability depends on special 
Using molasses, milk—processing wastes 	cirôumstances such as cost 
and paper—making wastes (as well as non— 	offsetting in pollution 
recurrent carbon sources) 	control. 

Used as fish food 
widespread 

Convenient to handle in large 
and small scale fermentations. 
Applicable to a wide range of 
substrates. 

Economies depend on special 
markets for the end product. 

Used as an animal feed, but 
research on harvesting still 
needed. 

Application of principles of 
fermentation technolor still 
in their infancy. Prospects 
good. 

Controlled enrichment of 
tropical marine waters is 
feasible. 

Not primarily S.C.P. but 
cOmmercially important 

A high value end—use of 
special agricultural liquid 
by—products. 

Near future/limited, at present 
Brewing wastes, fruit and vegetable 
processing wastes 

Algae 	On—stream processes 
1esh water 	Chiorella 

Special—case viability 
Soenedèainua 

Algae 	On—stream processes 
Marine 

Micro—algae, not deliberately 
cultivated widespread 

Macro algae - cultivated and 
gathered 

Higher plant On—stream processes 
cells 	For special products only 
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WASTE AND ORGANIC MATERIALS AS FEM'ILIZERS 

by 

Soil Resources Development and Conservation Service 
Land and Water Development Division, FAO 

Introduction 

The interest in a more systematic and intensive use of organic fertilizers regained 
momentum during the period in 1973/74  when, as a consequence of the energy crisis, mineral 
fertilizers became very scarce and expensive and, beoause of this, were out of reach of 
many farmers particularly in developing countries. In the meantime, fertilizer supply 
possibilities on the world market have returned to normal and prices have reached more 
reasonable levels. But the experience gained under such critical circumstances has drawn 
WQrld attention to the need to exploit more intensively all possibilities of increasing 
agricultural production with less dependency on purchasing expensive inputs. These 
possibilities include inter a.lia the recycling of plant nutrients within agricultural 
production systems and from various organic wastes outsids agriculture and making use 
of beneficial effects of organic material to improve soils in their physical properties 
for the betterment of water and nutrient holding capacity, soil aeration and the 
reduction of losses of plant nutrients. 

While all these possibilities have high worldwide importance for agriculture, they 
need specific attention in countries with developing economies in which millions of small 
farmers are in serious need of increasing the productivity of their soils. For many of 
these farmers organic sources of fertilization are the only means available and may remain 
so for a long time to come. 

Emphasis on organic fertilizers does not mean that in agricultural production mineral 
fertilizers could be f'u.11y replaced by organic sources of plant nutrients. But, 
dependent on the availability of both sources of plant nutrients on the econsmic 
feasibilities and on environmental considerations, the optimal exploitation and combination 
of both sources must guide all efforts to increase soil productivity, crop yields and soil 
conservation. 

As a consequence of the energy crisis and foll.wing a resolution by the World Food 
Conference in November 1974,  FAO has developed a systematic programme for assistance in 
the better use of organic materials as fertilizers. The programme includes: 

- Expert consultatiens on organic materials as fertilizers with the objective of 
accumulating the most up to date information on the subject. 

- Workshops on a regional basis on organic materials as fertilizers with the main 
objective of adjusting the information advailable to the requirements of countries 
and working out guidelines for national follow up action. 

- Seminars and training courses on the use of organic and mineral fertilizers for 
extension staff. 

Preparation of training material to be used by extension staff. 
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The most recent event in PAOa prograe an the use of organic materials as fertilizers 
was the FAO/SI])& Workshop on Organic Fertilizers in Asia, held in Oot.ber/November 1976 in 
Bangkok. It was probably the meeting where, due to the experience available in the region, 
meet of the practical know—how was put together by a considerable number of very competent 
people from the countries concerned. As far as the use of different types of wastes as 
fertilizers is concerned, the following highlights from the Workshop should be presented: 

This to the rapid population increase and urbanization, cities in Asian countries are 
producing large amounts of organic wastes and aewagos and will produce more in the cuming 
years. The experiences gained from composting solid waste materials are not always positive 
but, in general, there is a trend towards ilcreasing the number of compost plants in 
developing countries. 

Night soil is being used for agriculture in China and Korea and some cities in Japan 
are using diluted sewage on farmland nuder contract. The to some reasons, night soil is 
not used by farmers for instance in India, Bangladesh and Sri Lanka. However, the 
importance and possibilities of using sewage and night soil is recognized and a more 
rational use seems to be ahead. 

Bio—gas systems are becoming more and more widespread in India, China and increasingly 
in other countries in Asia. The agricultural interest in this is the utilization of their 
effluents. Interest in this matter has been expressed in Bangladesh, Nepal, Korea and 
Thailand. 

Following some experiences gained in USA, interest was raised in the problem of sludge 
use methods. The aerated pile method utilizing woodohips and other bulk agents to stabilize 
dewatered raw sludge is under discussion. The compost produced by these methods is 
presently used for gardening. There seem to be several reasons for the relatively poor 
usage of organic fertilizers, namely: 

Relative lack of abundance of organic materials due to the use of the 
material for fuel and fodder. 

Relatively high cost of its use in terms of labour utilization and transport 
associated with its movement. 

The long established social custom of neglecting its use, and 

Lack of knowledge concerning the proper methods of processing and utilization 
of compost and similar materials. 

The Working Groups at the Workshop on Organic Fertilizers in Asia proposed the 
following activities at the national and international level: 

1. Thiral Wastes and Bio—gas 

The better utilization of rural wastes as manure is essentially a problem of 
information and training. Since the raw materials are available in farms and 
villages, useful know—how practices and motivation of farmers regarding the 
collection, processing and utilization of wasteB may be transferred from countries 
where it is available to interested countries. The following proposals are made: 

Thiral Wastes: 

I. National Programmes 

1. Assessment of the potential resources of rural wastes/organic materials 
should be made by different countries and their possible utilization as 
organic fertilizer, on priority basis. 
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Improvement of rural organic wastes utilization through development and 
applied research programmes. 

Training of extension workers to deal with these specific problems. 

Effective extension and publicity programmes to disseminate knowledge 
and educate farmers in different techniques of organic fertilizer 
preparation and utilization. 

Popularization of specific green manuring practices which do not interfere 
with the production of main crops. 

II. International assistance for iegionaJ. Prog'az.ies 

Developme:t: 

- Pr.nsfer of know—how on specific practices on recycling of organic wastes 
fom one country to another. 

- Training of selected staff in order to acquaint them with technical, socio-
economic and organizational aspects of organic recycling in countries where 
these practices have been well established. 

- For the introduction of new practices in organic recycling, assistance may be 
provided to establish Pilot Projects suitable to their conditions. 

- Preparation of comprehensive brochures on the techniques concerning the use 
of organic matter recycling, such as on preparation of compost and farmyard 
manure on priority. 

Research 

- Research needed to shorten the period required for composting. 

- Improving the quality and nutrient status of composts and farmyard manure 
by different methods. 

- Systematic investigation of the effect of organic and combinations of 
organic and inorganic fertilizers on the yield and quality of crops 
including soil properties on long—term basis. 

Bio—gas 

The concept of bio—gas teohnolor is well recognized but the technical know—how 
has to be disseminated in countries in this region. 

International Assistance: 

- Transfer of technolor for setting up biogas plants to interested 
countries. 

- Research required to improve the efficiency of bio—gas production by use 
of chemical and microbiological methods. 

- Research required to reduce the cost of production of family size bio—gas 
plants to make it more economical. 

- Financial assistance on long term and soft loans required. 
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Peat and Muck Soils 

International Assistance 

Study tour of peat and muck soils of Malaysia, Philippines, Indonesia and Thailand 
with respect to their utilization and management. 

2. Urban and Industrial Wastes 

Utilization of urban wastes for organic fertilizer production Is important from the 
standpoint of ensuring an asethe -tic urban envir.nment, preventing air and water pollution 
and increasing agricultural production. There is obviously a vast potential and an 
urgent need for many countries to move toward a greater utilization of urban and 
industrial wastes as organic fertilizers for increased crop production and as soil 
conditioners to maintain soil productivity. 

The following action programaes are, therefore, recommended.: 

I. By Governments and urban authorities 

Collection of data on the source, availability and composition of organic 
wastes including liquid wastes; the present situation and future 
projections for the next 20 years. 

Collection of data on the cost and efficiency of present methods of 
collection, treatment, disposal and/or utilization. 

Investigation of health and pollution hazards arising from present 
methods of collection, treatment, disposal and/or utilization and 
estimation of future health and pollution problems. 

Investigation of possible outlets for utilization of organic wastes, 
e.g. marketing of compost for home gardeners, market gardeners, 
municipal parks and gardens, urban re—afforestation programmes, 
reclamation of d.isused quarries and distributed lands, etc., as well 
as the utilization of certain industrial wastes, e.g. bagasse, food 
processing wastes, slaughterhouse wastes and wastes from paper mills 
and wood. processing. 

Launching a national programme to increase public awareness of the need 
for sanitary disposal, reclamation and recycling of urban wastes for use in 
agriculture and for other purposes, and to provide training and orientation 
for municipal workers as well as agricultural extension personnel, 

II. International Assistance 

(I) 	In the form of case studies, collect and disseminate Information on the 
economics of existing waste treatment and/or composting plants in 
developed and developing countries with a view to analysing the reasons 
for their success or failure, so as to provide necessary guidance to 
developing countries. 

Collect information and coat data on the teohnolo', processes and equipment 
currently available for urban waste treatment and utilization, and evaluate 
their advantages and disadvantages. 

Investigate the ways by which the technolor, processes and equipment may be 
adopted for fabrication and use in developing countries. 
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Collect and disseminate information on special problems, eg. utilization 
of certain types of wastes requiring specialized treatment and control of 
toxic and hazardous waste components. 

Continue tecbnical assistance programmes for developing countries to juiprove 
existing plants, to carry out feasibility studies and to establish pilot 
plants. 

Impress governments of the urgency for a commitment to the establishment 
and support of multi—disciplinary research and development centres to 
deal with the processing and utilization of urban and industrial wastes 
for agricultural use and for other purposes. 

Establish regional research and development centres at appropriate locations 
with a view towards supporting national programmes on processing and 
utilization of organic wastes. 

Continue consultations and exchange of information among interested 
countries. 
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uTIttZL tON OF WASTh PR0XYOTS IN ANINAL PI)ING 

Intiod.uct ion 

In the present economic and demographic situation of the world, any way in which 
animal production may be inoreaaed by making it less expensive on the one hand, and lees 
competitive with human feeding on the other hand,.merits special attention. 

Many agro—industrial wastes and bj-produots, though potentially useable as animal feeds, 
are poorly utilized and even discarded in millions of tons every year, a practice, however, 
which creates a menace to the environment. 

In keeping with its policy of developing animal production, the Animal Production and 
Health Division organized, in collaboration with the Industry Cooperative Programme, a 
Technical Consultation on New Feed. Resources. 

This consultation was held, in Rome from 22 to 24 November 1976. It was divided into 
4 parts: 1. Poor quality roughagea; 2. Agro—industrial by.dproducts; 3. By—products 
from the wood and cellulose industry, and 4. Recycling of animal and mimicipal wastes. 

The objectives were to review soientifio and technical progress in the utilization of 
these by—products and wastes in animal feeding, to diacus the economic feasibility of such 
utilization, to study the possibilities for extending research and extension activities in 
the developing countries, and to suggest means by which to launch su activities. 

The purpose of the present note is to summarize the various sjects discussed during 
that couaultatioxi. 

I. Poor quality roughagus 

Involved here were not only roughages (which, sbrioti, speaking, are not agricultural 
by—products), but also the straws and other fibrous materiel a  remaining in a field after 
harvesting, and bagasses. These products are rich in woody material and hence are not 
easily ingested or digested; ruminants are the only possible feeders. Under this heading 
only crop residues and bagasses will be discussed. 

Their animal feed potential was described by C.C. Baich (i). We may note the world 
figureB of 1 710 million 'tons of cereal straits, 49.9 million tons of sugar—cane tops, and 
66.5 million tone of bagasse. These by—products are thrown away or improperly used in very 
substantial quantities whereas, if properly supplemented - and even in the untreated state - 
they could constitute a valuable source of supplementary feed during dry periods or in 
countries where the agricultural land is so limited as to render unlikely the establishment 
of new grasslands. 

Physical ±reatmónts to improve their feed value were reviewed by B. Donefer (2). 
Crushing is the simplest treatment, and is relatively cheap. It increases the quantities 
ingested but reduces their digestibility somewhat. Treatment by steam under pressure is 
useful in the case of bagasee; this treatment can be carried out in sugar—cane mills where, 
moreover, 75 percent of the bagasse produced is burned as fuel. 

The chemical treatments described by T. Homb at al. (3) are promising and are already 
in practical use in the Scandinavian countries without effects on animal health. We may 
note in particular that the dry treatment with soda in Denmark and the NH3—treatment of 
Norway are practicable on the scale of the small farm and the cooperative. Straws thus 
treated can have as much feed value as average—quality hay; however, the efficacy of these 
treatments depends on the botanical family of the straws. 
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Treatment techniques suitabie for dissemination exist, th.refore, but their profit-
ability, be they physiosi or chemical, rss&ns to be studied in the specific conditions 
of each country or region int.r.st.& in using them. 

The biological treatments described by I. Linko (4)  seem promising both for the 
production of single-cell protein as for the use as animal feed of the products resulting 
from the slight hydrolysis of the residues of fermentat ion. However, the economic 
feasibility of these techniques is even more difficult to gauge than for those previously 
mentioned. 

The use of these product., wiether treated or untreated, in animal production systems 
is generally regarded as vital in developing countries (S.P. Atora, 5) though it is more 
problematical in intensive-production units where, however, it may be justified at least 
in the feeding of animals with low requirement. (c. Demarquilly and M. Petit, 6). 

The Consultation strongly urged FAO and interested countries to promote the establish-
ment in the field of simple pilot farms on which methods already known could be tested. 

II. Agro-induatrial by-products 

Involved here are the by-products of the production and processing of cereals, sugar, 
starch, fruits and vegetable., oil crops, beverages and animal products (milk, meat, eggs, 
beverages), which may be divided into four major categories for the various nutrients they 
supply and the part they can play in diet. (as sources of ener, nitrogen, of energy and 
nitrogen together, and misoellaneous by-products suitable as ration supplements). 

Their potential and contribution were described on the world, level by M. ChenoBt and 
L. Mayer (jo, and then on the regional level 'by C • Devendra (B) for Asia and the Par East, 
by C. Chioco and P. Schultz (9) for Latin America, by A.A. Adegbola (10) for Africa, and 
by M. Skouri (n) for the Mediterranean countries and the Middle East. The more specific 
problems involved in the use of nonprotein nitrogen and the establishment of integrated 
systems of plant and animal production (on the example of sugar-cane) were treated 
respectively by J. Kowalozyk (12) and P.R. Preston (13). Finally, R.Forage (14), presented 
the economio aspects of another way of utilizing these by-products: fermenting them for 
the production of single-cell protein. 

The use of the.e by-products as animal feed can be considerably increased; doing so 
would, moreover, solv, a number of pollution problems. Their potential is highly dependent 
on when and where they are available. 

A better understanding in needed not only of their composition but also of their 
nutritive value and of the quantities in which they are ingestible by the animal. Hence, 
the toxicity risks should be determined as often as possible. 

The s.a.onality of their supply and the variation, in their characteristics make it 
necessary that animal production systems be as flexible as possible. 

Methods .of utilisation suitable for dissemination are already availabl, for some of 
them e lich  as molasses, sugsru-ete grown as a fodder drop, banana wutes, citrus pulp, 
cakes and the ty.rproduots of the cereal proossaing industry and of breweries and distilleries. 
In contrast, further studies are still needed on other by-products such as those of coffee, 
cocoa, pineapple, fruit and vegetable osnnui.s, etc. These studies will involve, in some 
oases, either basic or applied research. They will be preferably oriented toward the 
dóvelopment of the simplest possible methods of utilization, suitable for application on 
the small farm and allowing, to the extent possible, the by-passing of any expensive 
industrial treatment (dehydration) of thee, by-products. 
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F:inally, economic feasibility studies will have to be undertaken wherever necessary 
in the context of the vsry region in whioh the use of these 	roduots is envisaged. It 
will have to be loept in mind that any given by-product, though of no monetary value to 
begin with, has a strong likelihood of being given a commercial valu, when its usefulness 
as a feed has been demonstrated. 

One important reoonn.ndaticn put forward dUring this session calls the attention of 
governments and the private seotor to the n.d, when contemplating the establishment of 
some new agro-industry, to provide also for the appropriate utilization of its by-products. 

By-products from the wood and o.11ulosO industry 

The potential (30 to 60 percent of the wood tonnage out in the United States is lost 
as waste) of the by-products of wood prooeesing was d.isoussed by H. Hennecke (15) and the 
nutritional and economic aspects of their utilization by W.J. Pigdsn (16). These by-products, 
whose utilization in animal feeding deserves to be developed, constitute a major long-term 
reeouroe for developing countries, but the techniques now available are not yet ready for 
application or economically feasible. 

The cost of produoingsingle-cell protein from lignosu].fites of the wood-pulp industry 
is still high. 

The complete hydrolysis of wood and the use of the by-products resulting from the 
various stages of this hydrolysis - with the exception, however, of that of molasses - 
are still expensive. 

The partial hydrolysis of hardwoods and their wastes, however, hold out some hopes for 
the production of feedetuffs useable by ruminants. The treatment of wood with stream under 
pressure, with or without acid hydrolysis, which yields a product with a digestibility of 
50 to 65 percent at a cost of US$ 10 - 257ton of dry matter, is already in practice in 
Canada. 

Close collaboration between industrialized and developing countries and feeding trials 
on larger scales than in the past are recommended. 

Recycling of animal and municipal wastes 

The feed value potential of animal exoreta for the various animal species was depicted 
by L.W. Smith (17), the technolor for the production of animal proteins from these wastes 
(indirect recycling through protein production by monocellular organisms and others such as 
larvae, earthworms, etc.) by C.C. Calvert (18), the economic aspects by Z, MLiller (19), and 
the health aspects by A.G. de Moor (20). 

These wastes constitute an iimnenee protsin reservoir; in the United States, for example, 
they are estimated to represent more than 5 000 million tons of nitrogen (equivalent to 
the soyabemi crop), half of whioh is reooverable. 

Poultry droppings and litter are already recogeized as attractive sources of protein 
for ruminant feeds. They are mainly used in dehydrated form. They can also be ensiled 
either alone or in association with by-products rich in fermentable sugars, and on the 
scale of the large oormneroial farm (near agro-industtial plants) or on that of the small 
farm (where sources of supply and users are in reasonable proximity to each other). 
Integrated agro-industrial projects recycling animal exoreta and municipal wastes are 
already operating in some regions (Malaysia, Miller); they appear to be economical. 
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It is dasirable to set up pilot farms on which to test the economic aspects of a 
particular Ocmtext, especially in regard to indireot recyoling techniques. 

Properly treated, animal and xmmioipal wastes pose no particular health risks for 
ingesting animals. Ensiling has proved an effective teolmique for the elimination of 
pathogena. 

Conclusion 

The salient conclusions that may be drawn from this Technical Consultation are: 

- 	The by—products and wastes of aioulturalindustries constitute an enormous but 
still under—exploited potential reservoir of animal feeds. 

- 	Some techniques and methods for incorporating them into feed rations already exist 
and can be disseminated when their feasibility has been previously tested in pilot 
operations in the local context in which it is proposed to apply them. 

- 	The factors limiting a better utilization of these residues are generally: 

- economic and structural, linked to the nature of the livestock raising 
systems and to the organization of the food industry in the given country, 

- technical and scientific, linked., for some products, to an as yet imperfect 
undsrstanding of their composition and feed value, and of the techniques for 
incorporating them into diets. 
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Construction Naterials, Paper and Paperboard from Agricultural Residues 

by 

Forest Industries Division 
FAQ, Rome 

Abstract 

The paper describes the current use of agricultural residues, mainly bagasse, straw 
and cotton linters as raw material for the paper, paperboard, and construction material 
industry. It draws the attention to the apparent relative smalineBs of the use in relation 
to the total azailability of agricultural residues in the world. It describes some of the 
restrictions in the use of the agricultural residues for paper, paperboard, and panel 
products. It concludes that the technical problems can be overcome without any major 
difficulties. The most important restricting factors are related to the economics of 
harvesting, transportation, storage, chemical consumption, fibre yields in relation to raw 
material input, and fimally, the quality of the products. 

Short descriptions of the use of the most important agricultural residues are given 
individually at the end of the paper. 

Introduction 

Some types of agricultural residuen wro 'is°I as raw material for paper already 
before the introduction of wood whir, ot 	-c'nt,, dominates the raw material supply 
together with waste priper. Tho coot imi'oi H 	rkri'I1ltural residues used in the paper 
industry are straw and Jrara sse, and for panel produots bgasse and flax shives, but there 
are a number of other residues which are also used. Theoretically, any fibrous plant can be 
pulped to provide cellulosic fibres for paper manufacture, but technical and, more often, 
economic constrains limit the usa. 

The purpose of this paper is to provide information on the current use of agricultural 
residues for construction materials, which in this conriexion mean panel products such as 
fibreboard and particle board, and for paper and paperboard and to indicate the main 
restrictions which constrain the extension of the use. The specific features of the most 
important agricultural residues used in these industries are discussed separately. 

Current Use 

Before any fibrous raw material, be it wood, straw, bamboo, etc. , can be used for 
paper manufacture, it has to be converted into pulp by disintegrating the fibres from each 
other. This is also the case in fibreboard production. Pulp and paper manufacturing are 
ory often integrated operations. This is the case practically always when agricultural 

residues are used as rw material. Fibreboard production is anyway an integrated operation. 
The technical a .itability of a fibrous raw material for paper is determined by the ease 
with which it can be converted into pulp and by the properties of the resulting pulp which 
determine its suitability for the production of various types of paper. Therefore, in the 
following, the use and the suitability of agricultural residues are considered for the 
whole integrated operation of pulping and papermaking. 

The quantification of the current use can only be done by making rough estimates. 
The FAO Annual Pulp and Paper Capacity Survey provides an estimate of pulp capacity 
based on all non—wood fibrous raw materials. Agricultural residues form only a part of it. 
In 1975, the total world capacity to produce all types of paper pulp was 136.1 million tons, 
of 'hich the non—wood pulp capacity, to which the agricultural residues belong, was 9.3 
million tons or nearly seven percent. The relative share of the non—wood pulp capacity is 
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expected to increase slightly by 1980, when some 2.6 million tons of new capacity is esti-
mated to be available for pulping the non-wood fibrous materials. The data are not complete 
for estimating the share of all agricultural residues as part of the non-wood pulp capacity 
for the world as a whole. Table 1 which summarizes the paper puip capacity by regions 
prcvid's, however, some indication of the extent to which straw and bagasee are used around 
the w.rld in the production of paper pulp. The most notable area for which no estimates 
of capacity by these types of non-wood fibrous raw materials are available is China, where 
the total pulping capacity for these materials is estimated to be as high as 4.7 million 
tons, i.e., about half of the world total. 

Table 1 - World Capacity of Pulp for Papermaking in 1975 

Total 
Pulp 

Wood 
Pulp 

Other 
Total 

F 
Straw 

i b r e 
Bagasse 

P u 1 p 
Bamboo Other 

................ l000metrictons.airdry ..................... 

World Tot3l 136 110 126 766 9 344 .. 
Developed Yarket Ec.s 110 321 108 529 1 792 1 	164* 137* - 491* 

Northern America 64 517 61 875 642 200* 70* - 372* 
Japan 11 b96 11 692 4 -  - 

- 4 
Western Europe 31 293 30 21' 1 562 10 - 111 
Oceania 1 637 1 fll 2 - - 4 
Others 770 721 57 - 57 - - 

Teveloping Narket Ec.s 6 832 4 576 2 256 153 902 738 433 
Africa 467 292 175 44 20 - 111 
Latin America 4 170 3 298 672 41 731 49 51 
Asia 2 195 986 1 209 98 151 689 271 

Centrally Plarncd Ec.s 18 957 13 661 5 296 .. .. .. 

Asia 6 740 2 075 4 665 .. 
Eastern Europe 3 367 3 136 231 129  
USSR 8 60 8 450 400 200* - - 200* 

* Tentative estimates by the Secretariat 

The table illustrates the overall importance of non-wo'd fibrous raw materials in the 
develning countries, about one-third of the total paper pulp capacity. Bagasse pulping 
cipnc 1v, alone, represents about 40 percent of the total non-wood pulping capacity in 
these countries. Its importance is most pronounced in Latin America. 

In the developed market economies, the quantity of non-wood fibre pulp capacity is 
aLout half a million tons less than in the developing market economies but the total non-
wood fibre pulping capacity is only less than two percent of the total paper pulp 
capacity in these countries. Straw, especially in Western Europe, dominates among the 
non-wood fibrous raw materials. 

As the yields of pulp vary considerably depending on the pulping processes and the 
type of raw materials used, no more than estimates of the orders of magnitude can be made 
regarding the fibre input in the form of straw and bagasse. The quantities of moisture 
free straw and bagasee which were used in the world excluding China in 1975 for paper and 
paperboard are estimated to have been something like 4 million tons and 3 million tone 
respectively. These estimates are based on the assumptions that about 3  tons of moisture-
free straw and 3.5 tous of moisture-free bagasee were needed for the production of one ton 
of paper pulp Pnd that the averoge rate of using pulp capecitv was around 75 percent. 

480 



As regards the panel products the most widely used raw mat'rials are flax shives 
producing around 600 000 tons/yr of particle board of which 70 percent in Belgium and 
bagasse producing some 100 000 tone/yr of particle board. The othur materials which are 
used on a limited scale are hemp, maize stalks, cotton stalks, jute sticks and palm fibre. 

I aIde 2 provides the estiifated capacity of non-wood based particle hc4ard by the types of raw material and by the 
regions. 

Table 2 - korld: Non—Wood Based Particle Board, 1et1mated Annual Production Capaciy 
by Type of Raw Material and by Region in 1973 

Bagasee Flax Others Total Bagnese Flax 	Others Total 

1 000 	m3  .............. ............ Percenta€ee 

North America - 
- 2 - - -- - 

urope - 1 427 1—' 1 442 - 99 	1 100 
Japan - — — - - - 

JSSR 	1 / . . . . 	/ . . .. .. 	 .. 

sia - 50 — 1 	?-'-' 67 75 - 	 25 100 
Latin America 104 12 - 116 90 10 	- 100 
frica 58 15 - 73 80 20 	- 100 

Oceania -  - - - - - 	 - - 

Iorld Total 212 1 454 32 1 69841  12.5 85.5 	2 100 

jj Excluding Japan 
/ Hemp 

Jute sticks, cotton stalks and palmuibre 
4] 4,7 percent of total particle board production capacity. 

It would appear that flax accounted for something 1ike85 percent (in the order of 
1.45 million m3) and bagasee for around 12 percent (some 212 000 m 3 ) of world non—wood 
based particle board production capacity which it is estimated totalled nearly 1.7 million 
rn 3  in 1973. Europe, it will be noted, accounted for no less than about 1.42 million m3  
(or 99 percent) of the flax based capacity at that time. 

It would also seem that, in 1973,  of world estimated production capacity to manufacture 
particle board somewhere around 5 percent was based on non—wood fibrous raw materials 
(of. about 6 percent in the case of pulp and paper). 

In some European countries the relative share of flax and hemp ahives based panels of 
the total panel production has been diminishing due to insufficient supply of these 
raw materials rather than to consumer resistance. A great number of other plant 
residues has been considered and found capable of forming a satisfactory panel. Among 
these are kenaf, abaca, rice husles, wheat straw, peanut shells etc. 
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Based on the data on the total production of cereals and cane sugar, it can be esti-
mated that something like 1 500 mIllion tons of moisture—free straw and close to 60 
million tons of moisture—free bagasse becane available in 1 975- 

This comparison of the orders of magii1ude of the availability and the current use 
of agricultural residues for paper and panel products manufacture reveals large theoretical 
potentials. It should, however, be emphasized that the collectable quantities of bagasse 
and, especially, straw are considerably smaller due mostly to the economic constraints 
related to the scattered availability of these materials. Furthermore, there a-'e, of 
course, other uses such as energr production, soil improvement, cattle fodder, bedding, 
etc., which reduce the availabi'ity coneiderably; but even if the other uses are taken 
into account, the renaming quantitis could still theoretically support large paper and 
panel industries. Why tha residues have not been used to their obvious theoretical 
potential in the paper and panel industries can be explained by the limiting technical 
and economic factors res:lting from the specific nature of these industries, as well as 
of the agricultural residues available. 

Restrictions to the Use 

	

Some of the restrictions to the 'nore et''i i 	 ihursi reidues as raw material for paper and panel 
products are resulting from the specifie fe ltuics 	the 	 I 	se i udust ri es and particularly the pulp and paper 
industr 	are cpitai inetssive in 	eli 	dc 0, ol,;1 	u 	I ccsh 	I 	an nnndcrsunt role. 	This seta already two 
oquirensents for the raw naterial cnnprh 	sec nc that it Las to he rci,tiseI 	large and secondly it has to be even all 

year round. Furthermore for caj t\ po CI raw saterial and final product the manufacturing process has to be 'tailored' 
individually to which tie nnodific at ions due to the changes in raw material suppi or market requirements are extremely 
costly. This sets the tin id requ ireusent for the raw nn ateri a! supply, t hat is that it should he guaranteed for at least 
the life time of the ni ill eqni rm cnt. 	Finally, as the industry produces semi - us anufactued products in bulk the homo- 
gene ity of the q  us Ii ts of wh ic In is the us ai n guarantee for the sec ured ins arkets at tie further processing stages, the 
quality and csr 'cal ft the continued homogeneity of the quality of raw nnsatsrials is of vital importance to the success 
of the I ndnstrv. 

The raw material supply for each individual mill has to meet all of these four 
requirements within certain technical and particularly economic limits. It is the 
specific nature of the agricultural residues that mahes it frequently difficult for them 
to meet all of these requirements. The group of agricultural residues is comprised of a 
number of different kinds of plant residues which are produced in differing climatic 
cr-'.ditonO, -therefore their individual ability to meet the set requirements naturally 

sec greatly. 

It is typical for the agricultural residues that their sources of supply are often 
widely dispersed which results in increased collection and transportation costs. This is 
true especially as regards the residues like straw, becoming available after harvesting 
the main crop. Even if the residue is available in a more concentrated form like bagasse 
and flax shives after an industrial processing the quantities becoming available from 
one place need to be often supplemented with supplies from other processing plants which 
can mean considerably increased transportation costs. Another factor affecting the 
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collection and transportation costs is the low density of the residues. Sometimes it also 
becomes necessary to transport unwanted material which cannot be separated economically 
but at the pulp or panel plant. Examples of this are the high moisture and pith content of 
some residues. 

Agricultural residues are resulting exclusively from annual plants, the harvesting 
period of which is limited to a few months at most. As the mill operations cannot be 
interrupted due to the high fixed costs and employment problems, the mills using 
agricultural residues have to store their raw material. This affects not only the capital 
and operating costs but sometimes also the quality of the raw material. 

Being residues from agricultural production, the main interest naturally lies 
elsewhere than in residue production. The demand for and the specifications set to the 
main crop determine the availability of the residues. For example the development of 
new cereal varieties might result in a considerably reduced straw production. A change 
in agriculturtl policy also might cause a sudden reduction in the wanted residue supply 
as has boen the case with flax shivee • These would be economically disastrous to the 
mills due to the long term nature of the investment; therefore the guaranteed long—term 
supply of standard quality raw material is one of the most vital points when planning 
this type of an industry. 

The suitability of pulp for making various types of paper is determined by the 
characteristics of raw material and the pulping processes used. One of the main 
characteristics of the raw material in determining its suitability for various papers is 
the fibre length. 1ost of the agricultural residues contain short fibres comparable to 
these cbtained from hardwoods, although notable exceptions exist. High short fibre content 
restricts their use for paper grades in which the strength is less important i.e. mainly 
for cultural papers and low grade packaging papers and paperboards. The pulping process 
used dependL on the final use of the pulp and on the properties of the raw material. In 
general several quite different well—mown processes are used for pulping agricultural 
residues, most of which have been adapted from the wood pulping processes. This also 
means that the technical problems related to pulping of agricultural residues do not as 
a rule set any limitations for extension of their use. 

Specific features of a few most important AgricJtural Residues 

In the following, short descriptions are given of the current use, specific features 
and the technologr applied when using bagasse, straw, cotton linters and flax tow as 
raw materials in the co'xstruction material and paper aid paperboard industries. 

Baga S6 e 

Bagasse is the fibrous residue remaining after the juice is pressed from the sugar 
cane in a sugar mill. Green bagasee contains about 50 percent moisture, 2-3 percent 
residual sugar and close to 50 percent fibre. Out of the dry volume of the bagasee 
fibre, pith constitutes some 35 percent. Although chemically similar to cellulose, pith 
does not have the fibrous structure required from raw materials for pulping and panel 
production and must, therefore, be removed. Only the remaining depithed bagasse is 
suitable for pulping or panel manufacture. It has a fibre length averaging 1.7 mm 
(maximum 2.6, minimum 0.8 mm), which is shorter than fibre from coniferous trees but 
somewhat longer than average broadleaved wood fibres. Its chemical composition resembles 
that of hardwoods especially as regards the lignin content. 

Based on the quantity of world raw cane sugar production of some 50 million tons 
during the 1975-76 harvesting period and by assuming a dry bagasse quantity of 1.15 tons 
per each sugar tonne, the estimated total dry bagasse quantity is 57.5 million tons. 

The amount of bagasse available as raw mater!al for paper and panel mills is, however, 
limited to a great extent since sugar mills utilize bagasse as fuel in their boilers. 
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Even without changtng to alternative fuels, improved thermaL efficiency in sugar mills can 
result in 20 percent of bagasse production being in excess of fuel requirements. This 
would mean a surplus of some 11 million tons of dry bagasse corresponding to over 3  million 
tons of paper pulp. Bagasse pulping capacity in 1975 was only around one million tons. 
The capacity to produce particle boards was estimated to be 212 000 tons in 1973. 

One of the limiting factors to increase the use of bagasse as raw material is, 
besides the difficulties of using substitute fuels at sugar mills, that sugar mills quite 
often are small and widely scattered. Bagasse is bulky and, therefore, its transportation 
for long distances is a significant economic disadvantage. The new sugar mills are 
however larger and their fuel recruirercents are better planned so that larger and more 
concentrated quantities of bagasse become available. 

The seasonal nature of the cane processing operation in most places means that 
extensivc, storage of bagasse has to be arranged in order to guarantee uninterrupted 
supply of raw material to the paper or panel mill, the operation of vhich cannot be 
interrupted, or changed to use other raw materials. 

Therefore, economic operations in handling, baling, transport and storage of 
bagasse are essential for a successful paper or panel mill. 

Several different processes are used for the pulping of bagasse, depending on the 
end product desired. Chemical pulps made from bagasse are used for making almost all 
grades of paper and paperboard; however, due to the short fibre length of bag-asse pulp, 
additional lonfibre chemical pulp is often required to improve the strength of the 
panel proluced. Semi—chemical and cherrii—mechanical processes are used in plpin 
bagasse for corrugating .edium, which is the medium layer of the corrigJei board. 
echanic1 pulp has not yet been made commercially from bagasse, although this s an area 

of active investigation. The success in developing a commercially viable mechanical 
pulping process for bagasse could be considerable breakthrough in the production of 
newsprint from bag-asse which has so far not been economically possible. 

Straw 

Unlike bagacee, straw is not a uniform group of raw material but it consists of 
a number of cereal straws, rice straw and corn stalks which all have somewhat 
differing pulping and paperrnaking properties. Rye straw and wheat straw are considered 
to be the beet of the cereal straws while oat straw and barley straw, due to a higher 
proportion of leafy material and other extraneous materials are considered to be less 
suitable. Rice sLraw, ;:hich is perhaps the most difficult of all scraws to use, has, 
besides the extremely slow drainage characteristics which are common of all straws 
aiwo very high silica content, which makes chemical recovery more difficult. Cereal 
straws and corn stalks have a fibre length averaging about 1.5 mm with a sigaificant content 
of long fibres. In this recpect they resemble bagacce. Ccernically, they have a low 
liCnin content; cereal straws contain about 17 - 19 percent, and rice straw about 12 percent 
higning, resulting in easy pulping. The cellulose content of European and North American 
cereal straws ranges from 36 to 42 percent, rice straw has a cellulose content of about 
34 to 38 percent. All straws have a high herai-e1lulose content, which makes them 
particularly suitable for the production of grease proof and glassine papers. 

Straw has also been used in the production of special type of panel b: 	o1pressing 
the shredded straw which results in an extruded panel use in building constructions. 

It can be estimated that on on average about 3  tons of moisture—free straw are 
required per one ton of paper. 

The yields of straw per ton of grain vcuy according to the location and type of the 
plant. In calculating the amount of straw actually available to a paper mill, it is 
unlikely that more than 50 percent would be considered surplus to agricultural, require- 
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rnents, and draught, storms, disease and crop failures have to be taken also into 
acecount. The following yields of straw per ton of grain estimated in the USA give 
an indication of the orders of mageitude by plants: 

W'neat Straw - 	 2.3 tons/ton of grain 
Rye Straw - 	 3.1 tons/ton of grain 
Oat straw - 	 1.6 tons/ton of grain 
Barley Straw - 	 1.5 tons/ton of grain 
Rice Straw - 	 1.5 tons/ton of grain 

In one calculation, a southern kuropean farming area with a radius of E'O 1n and an 
annual wheat production of 320 000 tons was considered to be a reliable supply of only 
125 000 tons of straw per year for a pulp and paper mill. This is about 0.4 ton of straw 
per ton of grain. 

The harvest season for cereal straws is brief, which means that nearly a year's supply 
of these bulky materials must be stored at the pulp and paper mill. There is always 
deterioration in storage although in mild, dry climatic conditions it is tolerable to 
store straw in the open. In humid or tropical regions storage under cover is mandatory. 
In some areas narvesting of rice straw is carried out twice a year or three times every two 
years, in which canes storage of a cix months' supply at least must be provided. The problems 
associated with the supply of corn stalks are in gener 1 similar to those of cereal straws. 

The procesea  used tO  pulp straw are generally similar to those used for pulping 
bagasse. The high bulk of straw leads to relatively low yields per cubic metre of digester 
capacity. Struw pulps are slow—draining, and paper machine sheet—forming sections ar,e 
thusually 1onu compared with those forming wood fibre papers. Washers in the pulp mill 
must also be o'er—sized. 

Straw puips may be used in almost all grades of paper and paper'board, from the 
coarsest to the finest. Paperboa.rds and corrugating medium are usually made of 100 percent 
straw p-alp furnish, although some long fibre supplementation may be required for the best 
grades. As with hardwood pulps, a small amount of straw pulp is beneficial to the printing 
quality of the paper. Some has been used in this way in newsprint anufacture. 

Cotton Linters 

Cotton linters are the short fibres remaining on the cotton seed after the staple 
(long) fibres have been removed by ginning. L:achines Lut the haters from the seed. 
While linters are too short to be used in textile manufacture, they serve many related 
purposeo, including felting, batting, etc. There are several grades, such as firstut, 
second-cut and mill-run. The first—cut fibres are longest and jof the best quality. Linters 
fibre length is 2 to 7 mm. 

Cotton linters are purified in non—integrated pulp mills and sold for papermaking, 
dissolving pulp, or other uses. For some years it was the principal material for making the 
highest grades of dissolving pulp, for cellulose esters or for tire cord. The position of 
cotton as a fibrous raw material for dissolving pulp has deteriorated almost to the 
vanishing point. From 1945 to 1955, more than 100 000 tons of cotton linters were used 
annually in the United States for the production of dissolving pulp, but by 196 the 
figure ;as less than 1 000 tons. These were for specialties such as tr nsparent moulding 
grade cellulose esters and for X—ray film. It is, however, a source of cotton fibre for 
high—cuality papers. Total United States production of purified linters is about 250 000 
tons; but paper makers may buy raw fibres and purify them themselves. Also, the purified 
lirrters have many other uses, in the highest quality protective and writing papers, 
saturating papers and in filtre papers. 
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For use in paper pulp or dissolving pulp, linters are purified by relatively simple, con-
ventional soda processes. The cotton fibre is over 90 percent cellulose as received., so the 
purification prdcesses involve removing waxes and foreign matter. There are three large 
linters purification plants in the United States, at Hopeuell, Virg±nia, and at Memphis 
and Chattancoga in Tennessee. There is also a linters purification plant at Reynosa, 
I.:exico. In these plants the baled lir.ters are first cleaned and then subjected to a caustic 
soda cook wider pressure in vertical or in rotating cyclindrical, horizontal digesters. 
The resulting pulp is washed, bleached aad may be sheeted, dried, cut and baled for shi 
ment, or the bulk pulp may be dried, compressed and baled. TTere is a significant 
difference in fibre length, since the sheeted pulp is rrechnnically refined (fibrillted). 
The average fibre length of bulk purified linters muip is 2.2 to 3.0 ron, and that of 
sheeted pul: 1.1 to 2.7 mm. The alpha cellulose content is 95 percent or better. Sheeted 
pulp is also sold in rolls. 

The proportion of cotton in the papermaking furnish may vary from 25 (or less) to 
100 percent. Only about 15 percent of cotton content paper contains 100 percent cotton 
fibres and about 70 percent has 25 mercent or less. Banhnote papers are usuafly 75 percent 
linen fibres and 25 percent cotton fibres. 

Flax 

Flax is grom extensively for ma:ing linen and linen—seed oil. The residual material 
after removal of the long fibres is hnown as flax shives . The ahivee contain about 45 
percent cellu'ose (pure linen is more than So percent cellulose) and 13 percent lignin. 
The yield of flax seed straw per area of cultivation is low. E'u:thermore, the yield of 
decorticated fibre and acceptable shives per ton of straw are low. The average pulping 
yield, varying between 25 and 50 percent depending on the cleanliness of the straw, is 
also considered to be on the low side. All these result in an extremely expensive pulp which 
can be used only in very high—priced end products. Such are cigarette paper, for which flax 
pulp is extensively used and other thin papers requiring high strength, such as banhnote 
and airmail papers. It is estimated that something less than 100 000 tons of flax pulp ar 
produced in the world. The use is expected to continue to increase althoun the very high 
price of the pulp will keep the qnartities at a modest level. Flax shives on the other hand, 
as has been mentioned earlier, constitute an important ra.r material in the manufacture of 
particle board. 

Conc lus ions 

The use of agricultural residues in the panel products and paper industries is 
restricted mainly by the economic factors while the technical problems can mostly be 
overcome. The numerous economic restrictions arise from the specific features of the 
industries and of the agriculural residues themselves and are related specifically to 
the economics of harvesting, tranportation, storage, chemical consumption, fibre 
yields and quality of products. 

Despite the numerous restrictions to the use of agricultural residues, the economic 
limitations have been vercome in many individual cases. The proof of this are the numerous 
milLs producing products of satisfactory quality for the local markets. However, when 
determining the feasibility of the use of agricultural residues for such highly capital 
intensive industry as paper and paperboard manufacture, it is essential to make a careful 
study to ascertain the continuous long—term economic availability of the raw materials. 
This, together with the correct selection of the products to be produced, is the best 
gnarantee of success of such a mill. 

The use of bagasse for these industries, due to its more concentrated availability, 
will increase faster than that of other agricultural waste materials. The increase in the 
use of straw will be restricted by competitive uses and its scatterd availability. The 
importance of other agricultural residues will remain restricted to products of high price 
and limited demand. 

In the case of panel productu, the consumption of non—wood fibrous raw materials has 
increased over the last ten years but at a slower rate than the total panel production. 
It remains a very small component of the total raw materials used anounting to 2-3 

percent of the total. 
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Introduction 

The objective of all fishery development programmes is to make the best possible use 
of marine resources as food. The most effective means is obviously by making increased 
quantities of fish available as human food. However, in most oases there is always part 
of the fish (intestines, head, bones etc.) which is not consumed. In addition the seasonal 
nature of many fisheries means that from time to time peak landings glut the market. It 
would not be cost—effective to install the processing capacity to deal with them if it was 
to stand idle for the rest of the year. There are also other resources which for one 
reason or another .are not at present used as human food. 

Although this is a rather oversimplified view it does indicate that there are substan-
tial quantities of waste and surplus fish which could be made available as animal feed. At 
present the waste material is a disposal problem, both in developed and developing countries, 
often being allowed to spoil on beaches or rubbish dumps. Apart from the obvious economic 
losses of protein and oil there are the more visible problems of pollution and danger to 
public health. Differences between species make it impossible to assess accurately the 
quantities involved on a world wide scale. As examples filleting yields rarely exceed 50% 
of live weight and even the head and intestines can represent 30% of the fish weight. If a 
conservative figure of 20% of the 47 million tons per year of fish used for direct human 
consumption is wasted, this represents a considerable disposal problem. However, the over-
all protein content is probably not high and some of the waste is converted to fish meal. 
Another more serious oause of waste is inadequate handling and transport facilities which 
often results in large quantities of fish being oaught but becoming unfit for human con-
sumption before they reach the market. Sumner (1976)  estimated that more than 800.000 tons 
of fish per year fall into this category in South East Asia and at least a similar quantity 
is dumped at sea in this area. 

There are also innumerable situations where accessible stocks of fish exist but are 
not caught because there is no market for the products. A process to convert these 
resources to animal feed would encourage the development of the fishing industry and also 
make a significant contribution to the animal protein needs of many countries. 

Choice of process 

The most obvious process for converting waste fish to animal feed is the production of 
fish meal; at present some 20 million tons of fish per year are used for this purpose. The 
meal is mostly fed to poultry and pigs, predominantly in the developed countries although 
many developing countries are substantial producers. The disadvantage to installing fish 
meal equipment to process the waste and surplus catches mentioned earlier, is that modern 
fish meal production is capital intensive and technologically complex (FAQ 1975).  An 
economic operation can only be envisaged if large volumes of fish are available on a 
regular basis. As a rule of thumb it has been suggested that for profitable operation a 
small fish meal plant is required to operate at designed capacity for 200 days per year. 
There is no doubt that fish meal production will continue, and even expand, in areas where 
these conditions can be met, but in situations characterized by scattered and irregular 
landings, an alternative and cheaper technology must be applied. 

Fish silage 

There is a great deal of interest in the production of fish silage as a simple and 
cheap means of preserving waste fish for animal feed. Fish silage is best described as a 
liquid product made from fish or parts of fish and acid. Liquefaction results from the 
action of catheptic enzymes present in the fish and is accelerated by the acid which provides 
optimum conditions for the enzymes as well as helping to break down bone and prevent the 
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growth of spoilage bacteria. Inorganic or organic acids can be used; alternatively the 
production of lactic acid can be encouraged by mixing a carbohydrate source with the fish 
and inducing fermentation by inocculation with lactic acid producing microorganisms. 

The preservation of animal feed by acid ensilage dates back to the 1920's when 
A.I. Virtanen, a Finn, showed that green fodder could be preserved with a mixture of 
sulphuric and hydrochloric acid.. Ed.in (1940) was the first to apply the process to fish and 
fish waste in Sweden. Although the strong inorganio acids are cheap they are highly 
corrosive and the silage must be neutralized with chalk before feeding. Olsson (194 2) used 
formic acid which limits bacterial growth at a higher pH and does not need neutralization, 
although it is more expensive. The manufacturing process will not be considered here as it 
has been extensively reviewed by such authors as Petersen (1953), Sikoreki et a]. (1969) and 
Patterson and Windsor (1974). 

Current production and interest 

Fish silage production on an industrial scale is restricted to Denmark and Poland., 
Danish production in 1974  was about 30.000 tons using a mixture of formic and sulphuric 
acids. Much of this production takes place at sea from fish that would otherwise be dis-
carded. Poland produces about 10.000 tons per year using mineral acids and sometimes sodium 
bisuiphate. In both cases the silage is used to supplement pig feed. A liquid product is 
ideally suited to feeding in modern "river" pig feeding systems. Hester (pers.comm.1976) 
indicates that production has started in Southern California and there is great interest in 
other parts of the world. Nicholson (1976) reported to a symposium on fish silage held in 
the UK that fish silage production could be competitive to fish meal up to a radius of 80 
miles from the point of landing and manufacture. Beyond this distance the extra transport 
cost involved in carrying a product with about 15% protein as opposed to fish meal with 60% 
removed the advantage. However, pig producers in Denmark incorporate fish silage in their 
diets because of an emotive feeling that it gives better weight gains than fish meal. There 
is no experimental evidence to confirm this. 

Disney et al (1976) and Disney and Hoffman (1976) have reported on a dried silage 
product produced in the tropics. A sulphuric and formic acid silage was mixed with cassava, 
readily available in many tropical countries, and sun dried. The resulting product could 
be crumbled up and stored in bags until used. There was no evidence of insect infestation 
during drying. This product has obvious advantages for incorporation in poultry diets where 
a dry feed is required. Other work in the tropics has been carried out by Stanton and Yeoh 
(1976) in Malaysia on microbiological silage. As the rate of liquefaction during ensiling 
is dependent on temperature, the process is ideally suited to the ambient conditions in the 
tropics. It is similar to the production of fish sauces in South East Asia where lique-
faction is effected by natural enzymes in the presence of salt to prevent bacterial growth. 
It is unfortunate that consumption of these products is limited by the high salt content. 

The FAO Fish Production and Marketing Service has a programme of cooperative research 
in fish technology between institutes in the Indo Pacific Fisheries Council Region. Sumner 
(1976) carried out a feasibility study on fish silage production in the region which has 
evinced great interest. Plans are being made for experimental production and animal feeding 
trials in Indonesia, Malaysia, Singapore and Thailand. The results will be spread to other 
countries. This area appears ideally suited to fish silage production as considerable 
quantities of waste and trash fish are available. However, landings are scattered and 
irregular, so fish meal production is unlikely to be economic. All the countries presently 
import fish meal and demand is expected to increase substantially as living standards improve, 
resulting in higher demand for animal protein. Fish silage produced on a village or indus-
trial scale, could help to satisfy this demand; at the same time it would reduce imports, 
remove a pollution problem and make fuller use of available marine resources. 

494 



The cooperative research programme for fish silage production in these countries will 
start with feeding trials in animal research institutes. If these are successful attempts 
will be made to scale the process up to commercial operation. 

Problems and constraints 

It cannot be expected that the production and use of fish silage in developing tropical 
countries can be started without considerable investigation and extension effort. It will 
probably be more difficult under these conditions than in a developed country. Experience 
in the UK, which is a major importer of protein for animal feeding and where surplus fish 
is available, shows that although experimental woit has been going on for. several years 
commercialization is still not a reality. A major problem is that an integrated approach 
between the fishing industry and the livestock industry is required. The livestock 
industries in developing countries are generally not well developed and pigs and poultry are 
often left to forage for themselves. However, in South East Asia the business of feed 
compounding is growing; for instance Malaysia  and Singapore each have 30 feedmills and there 
are 35  in Indonesia. 

Very few feeding trials have been carried out with silage in the tropics, although 
Disney et al (1976) fed silage produced in Africa to chickens in the UK. There have been 
sporadic attempts to experiment with silage but no real indication of its successful use. 
Feeding trials in other parts of the world with properly compounded diets seem to indicate 
weight gains equal to control diets. (Arneson and Einarson 1967 1  011ey and James 1 072, 
Jensen 1973 and Luscombe 1976). Other workers have shown increased weight gains (hillyer 
et al 1976) while others (Smith and Adamson 1976) found reduced weight gains. It is clear 
that more work is required, but all indications are that silage is an acceptable source of 
protein and can be produced more cheaply than fish meal. Under these circumstances, and 
particularly where fish meal has to be imported, reduced weight gains, if they are confirmed, 
may not be significant. 

A more serious potential problem is the possibility cf inducing fish.y taints in the 
meat and eggs by the feeding of too high levels of unsaturated fish oils. It is well known 
that, if the level of marine fat in the total diet exceeds 0.8 to i% then there is a risk 
of taints developing. Smith and Adaxnson (1976) found tainting of pig meat with high levels 
of oily herring silage but not with de—oiled silage. 011ey and James (1972) found an 
absence of characteristic meat flavour in pigs fed up to bacon weight i.th silage produced 
from abalone offal. Dreosti of South Africa has commented previously, that this lack of 
flavour is an indication of incipient tainting. How serious the tainting problem would be 
in developing countries is not known but there is good evidence that it can be avoided if 
marine oils are withdrawn from the diet a short time before slaughter. It is unfortunate 
that much of the waste and surplus fish in the tropics is small oily species. If it is 
necessary to d.e—oil the silage then costs will rise and the recovered oil would have to pay 
for the extra process if silage is to remain competitive with fish meal. It is unclear 
what effect spoilage before ensuing has on growth but 011ey et a]. (1968) have reported 
growth retardation in chickens fed spoiled fish hydrolysates. It is suggested that these 
may be due to the breakdown of histidine to histamine and other toxic imidazole compounds. 
More work is evidently required in this field as at high tropical temperatures some spoilage 
is inevitable. 

The problem of high transport costs involved in carrying a 15% protein solution rather 
than a dry meal have been referred to earlier. In the small fishing and farming communities 
in the tropics this may not be so severe r  as feeding can take place close to the site of 
production. In an industrialized operation it would be necessary to take this factor into 
account, although it should be possible to co—dry silage with cereal in most tropical areas. 
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The corrosive nature of silages made from mineral acids is another difficult problem 
which has to be faced. Praining unskilled and relatively uneducated people in the safety 
procedures and correct use of strong acids will be difficult. It is easier to use formic 
acid alone but this is ruled out because of the high cost. The alternative of making 
microbiological silage in the tropics is attractive, particularly because of the looal 
experience with fermented fish sauces in many places. However, this requires more complex 
processing and if the surpluses are seasonal it means that a starter culture of the micro-
organisms must be retained. 

Conclusion 

Despite the apparent problems there aregood prospects for establishing silage produc-. 
tion industries both in developed and developing countries. Many advantages can be seen in 
developing tropical countries where livestock productjon is rising, causing an increased 
demand for imports or production of fish meal. Although silage production and use may not 
be more economic than fish meal production in all oases, but where scattered and irregular 
landings occur it would solve a potential pollution problem as well as contributing to the 
animal protein needs of the population. Silage production would also increase small—scale 
fishermen's and farmers' incomes and reduce the wastage of a valuable resource. 
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