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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 Generdl Assembly on the nomination of the Secretary
General. Ll E 5

3. An Environment Fund to provide addifional financing for environmental
programmes,

4, An Environment Coordination Board under the chairmanship of the Executive
Director.
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FOREWORD

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 FAO 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 FAO. 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 Jammary 1977 under the sponsorship of the
United Nations Environment Programme and the Food and Agrioulture Organization of the
United Nations. The Seminar was organized jointly by both organigations as part of their
respongibilities and concern for the protection of the enviromment and the need of inoreasing
food supplies.

World food and feed production barely keep pace with population growth and reserve
gtocks have declined. The traditional method of increasing food supplies is to put more land
into production and to increase the output per asre through the increased use of fertilizers,
energy and improved genetic strains. It is equally important t$o obtain the maximum benefit
from the existing agricultural products, especially from that portion whioh generally is
congidered a waste and can result in air and water pollution.

In the context of this Seminar, wastea from agriculture and agro-industriea are the
excesses and residues from the growing and processing of raw agricultural mroducts, such
as fruits, vegetables, meat, pouliry, fish, milk, cereals, roota and tubers, and trees.
These wastes are residues of production that have not been effectively utilized.

With the development of intensive production and processing methods for animals, crops,
fish and forestry, the problema of agricultural and agro-industrial waste management have
drawn increasing attention. These mroblems are two-fold: under—utilization of available
regources and envirommental hazards. Jonsiderable experience has already been obtained
in certain aspects of residue utilizaticn ;wnd pellution 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
regidues and by-products resulting in a maximum utilization of the raw material and serving
the dual parpose of rescurce conservation and emvirommental protection. Thue, agro-waste
management becomes responsible resource management.

The major ebjeotives of the Seminar were toi

e nrovide a purvey of the main probloms as well ag the occurrence of wastes and
regidues associated with apgriculiure, fisheries, forestry and agro-industries;

2. review the available experience and technology for solving these problems;

3., discuss economic, secial and political situations that are compatible with and
conducive to envirommentally sound residue utilization;

4. identify existing gaps and possgible action programmes to fill such gaps;

5 assess the relative importance and priorities of euch action programmes, taking
into account the particular intereats and requiremente of developing countriea;

Ge outline a framework for internaticnal 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 coat for
collection and transformation for use. They therefore are perceived to have a negative
value and are discharged as wastes. However, the increased emvirommental conocerns and
constrainte reslt in an increased cost for treatment and management of these wastes prior
to discharpe. The colleetion, traneformition and utilization of the residues may bhe leas
than traditional treatment and dispcsal iechniques. Both the environmental constraints and
the need for better resource management are causing residues to have a more pesitive value
and residue utilization to receive more favourable consideration.
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The intent of the Seminar was to inorease awareness of the opportunities for improved
resgidue utilization, to encourage governments and industry to initiate practical action
programmes and to enhance contimuing co=operation on this subject.

Both UNEP and PAO have major responsibilities related to the objeotives and intent of
the Seminar. Both are deeply concerned with the utilization of environmemtally sound and
appropriate technologies to increase food production, to reduce waste, t¢ manage natural
reacurces ¢onstructively, and to maintain the health and well=being of the people. 4at the
conclusion of the Seminar, the participants expressed appreciation for the ocatalytic and
co=ordinating role of both UNEP and PAC in developing and arranging the Seminar. The
participants also locked forward to the implementation of the recommendations as soon as
posgible by UNEP, FAO, other interested Organizations, and Governments.

The Seminar was organized to provide for the interaction of the participants and the
develoment of feasible action programmes. The Seminar was attended by a total of 218
participants remresenting 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, Govermmental and Non-Govermmental Organigations,
and Industry.

The 3eminar 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 1" » plenary sessions, 3ession I dealt with the problems and poasibilities of
residue utilization from a broad perspective. Session 1Ia was devoted to the consiraints
experienced in residue management and utilization, and the incentives that may be needed
to overcome these constrainta.. Session IIb illustrated existing situations using two
major parts of the world (Asia and Africa) as examples. Information exchange was the subject
of Session IIc. Included was a report on existing facilities and suggestions for improved
commnication between people working in identical fields. Session III reviewed existing and
possible end=use oriented technologies. Experts from FAO and throughout the world [repared
and presented the papers in each session.

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

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

- sugar by=products ~ animal by-products and wastes

- cellulosic residues - residues of starchy roots/tubers

-~ oils and oilseeds by-products - residues of the beverages industries
-~ gereal hy-=products ~ fish wastes

= fruit and vegetable by-products = gingle cell protein

The list of papers that were presented is given in Appendix GC. 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 resgidue utilization organized Wy the FAO Library for the attenmtion and inspection of
the participants. Also on display were the draft Directory of Institutions (2nd edition)
involved in agriculiural waste management and residue utilization and the draft Compendium
of Residues Technologies (lst edition). A Bibliography of books and articles on residue
utilization as from 1970 alsc was distributed.



2. Strategies

Zach country and industry should establish definite, feasible residue utiligation
strategies and mriorities for residue utilization that reflect realistic social, economic
and technical goals. The strategy must be compatible with emvironmentally sound decisions
that reflect existing physical, human and other regources. Desirable residue utilization
approaches will depend upon the use of the indigenous capacity to generate and operate
economically viable appropriate technologies. Such strategies and mriorities should take
full account of the interrelated policy gquestions of land=-uee, energy and transportation
as well as the various sociomeconomic, ecologioal, and envirommental considerations.

This will call for co=ordination among responsible authorities in countries and may
require the establishment of suitable mechanisms for this purpose.

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 greatsr 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 logses in food materials, i.e., generation of residues, which ocour in food
mocessing between harvest and consumption.

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

3.  Information Exchange

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

4. Incentives

GOreater incentives should be provided to reduce the generation of agricultural and
agro=indugtrial wastes. Incentives such as stricter pollution comtrol regulations,
wagte discharge taxation, subsidies to enhance utilization, and other poseible incentives
should be evaluated in specific social and economio conditions. Included in the evalnation
of feasible residue utilization approaches should be an analysis of posaible legal
constraints. OQuidelines for appromriate legal apmroaches, such ag model laws, should be
developed.

5. Bducation

Ways to educate the mblic, and inform industry and government concerning the need
for low residue, environmentally sound agrioultural production and processing methods
should be explored. FEducational 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.

6. Implementation

&, Existing Inatitutes of similarly oriented ecological zones should co—operate for the
marpose of the joint organization of training courses, me-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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At the opening ceremony, the Depaty Director—General of FAOG, Mr. Roy I. Jackson,
welcomed all participants on behalf of the Direotor=(leneral, Dr. Edouard Saouma. Mr
Jackason noted that "War on Waste" has long been ons of the concerns of FAO, especialiy with
the conservation of mroductive resources. The hope was exmressed that the Seminar would
not only examine the available technology for the utilization of reaidues, but also the
fundamental problem of why mresent teohnologies are under-utilized. The need and expectation
of proposals leading to measuree for comorete aotion 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 UNEP, Dr. Mostafa K. Telba, also welcomed the participantse
and stressed satisfaction with the help and co-operation provided by FAO in developing the
Seminar. This Seminar is tat one of 30 ongoing joint projects that focus on the envirop=
mental impact of man's activities in the field of food mroduction and agricultural
development. Dr. Tolba highlighted the important and urgent task of securing vastly
increased food production without destroying the ecological base required to suatain it.
The need to have recommendations for action programmes which will help 4o attain the common
goal of "develomment without destruction was also atressed by Dr. Tolba. The draft
Compendium of Residues Technologies, which wag discussed during the Seminar, was identified
ag the type of information that could serve all interested in this topic.
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Tuesday, 18 January

10,30 = 11.15

11,30 - 13,00

16.45 - 16.00

Agenda of the Seminar

Regiatration of Participants
INAUGURATION OF THE SEMINAR

- Address by Dr. Edouard Saoumsa, Direcior-General of FAO
— Address by Dr. Mostafa K. Tolba, Executive Director of UNEP

SESSION I OVERVIEW OF PROBLEMS AND POSSIBILITIES

Utilization of residues from agricultiure and agro-industry
(Loehr, Cornell University, Ithaca, USA)

SESSION II CONSTRAINTS AND INCENTIVES IN RESIUE UTILIZATION
SESSION IIa Institutional Aspects

Socio-Economic Aspects (Szczepanik, FAO)
Health Aspecta (Strauch, WHO)
Legal Aspects (Guttieres, International Juridical Organization)

SESSION IIb Regional Surveys
Report on the Asia Survey (Bharat Bhushan, Regional Research

Laboratory, Hyderabad, India)

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

Information exchange (Barreveld, FAO)

Wednesday, 19 January

09.0. = 11.00

11.15 = 13.00

SESSION IITI  TECHNOLOGIES
SESSION IIla

Energy from Organic Wastes (Stout, Michigan State University, USa)

Food from Wastes and Nutritional Considerations {Kapsiotis, FAQ)

Microbial Conversion of Wastes §1) %Stanton, University of Malaysia)
2) (DaSilva, UNESCO)

SESSION 1IIb
Fertilizer from Organic Residues (Hauck, FAC)
Animu. Feed from Reaidues (Chenost, FLOS

Construction Materials, paper and papsrboard from agricultural
residues {Lintu, FAO)
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14.30 - 18,00
Thurs 20 J

09,00 - 16,00

Friday, 21 January

14.00

18.00

SESSION IV PERCEIVED NEEDS AND OFPPORTUNITIES INCLUDING TRAINING,
RESEARCH AND DEVELOPMENT

Reports and suggestions from participants (see Appendix C(b))

Working Group Sessions
Subjeot areas:

= Sugar by-products

= Qereal by-products

- Starchy by-products

= Cellulosic residues

Fruit and vegetables by~products
~ Beverage residues

- 0ils by-products

« Animal by-products

- Fiah

- Single cell protein

Presentation of the Report
Adoption of findings, concluaions and recommendations

Cloaing of the Sesminar
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latroductory Statement by Dr. Edouard Saouma

tjar on Waste" has long been one of the lejt—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 FAQO with the conaervation of
rroductive resources -~ our soils, our forests, grasslaids and fish-stocks - and with the
protection of erops, livestock and harvests against pests and diseases. These 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 {ibre resources. The fact is, however, the present trends in the
intensirication 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 foed and
other agricultural commodities.

It i8 our hope that this Seminar will not only examine the technology a lready
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
volune of documentation in this Organization in Favour of more concrete activities in the
field. This Seminar, however, was retained om our schedule and you have before you a
considerable amount of documentation. There are several reasons for this. Let me mention
btut three.

Thie is the first time that FAQ has attempted to address itself to the management of
waste in agriculture in a comprehensive marner. We are making an effort to bring together
the expertise and experience available not only in the industrialized world but alsc in
developing countries by undertaking surveys, in Africa and Asia, of the problem of

wastage ind 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 ~ sociow
economic, legal and, with the cooperation of WHD, the health aspecis. PFinally 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. 1 am confident that Mr. Tolba and all of you will share this
view.

I hope this meeting will reflect the change in attitude which ie 80 necessary if we
are to succeed in our efforts to increase food and agricultural produstion. Such a change

19



in attitude is needed not only by United Nations Agencies but also all who are involved
in development activities including induatry which has the technological know=how to
asgist in the formulation of new models of development., We are entering a new era when
our finite world will have to solve ite problsms, not by consuming even more resources
but by re-applying the old principle of good husbandry. Thie is particularly true in
agriculture where wastes must be re—cycled and multiple use be made of all parte of orops
and animals produced.

Above all — and I repeat this deliberately for emph.sis — 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 fuller 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 investiment in projects which stimulate agricultural
development, strengthen processing industries, and provide higher levels of employment.

I am gratified that so many recognized specialistis have accepted the invitation to
participate in this Seminar. I wiash to thank you all for coming and I wish you every
success in your deliberations.
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introductory Statement by Dr. Mostafa K. Tolba

May 1 begin by expreesing deep gratitude, personally and on behalf of the United
Wations Bnvironment Programme, to my friend and colleague Dr. Edouard Saouma, the
Director=General of the Food and Agriculture Organization, and to hie associates for
their cooperation in making this meeting possible. In faot, I must sirees our dsep
gsatisfaction in UNEP with the help and cooperation that characterizes all our
relationshipe with our sister Organization, FAO.

Collaboration between UNEP and FAO is best illustrated by the fact that there are
no less than 30 on going joint projects. While these include subjecta as diverse as
monitoring food contamination, monitoring and combatting goil degradation and the
congervation of agquatic mammals, they all highlight the importance that UNEP attaches to
the environmental impact of man's activities in the field of food production and
agrioultural development.

Viewed from the environmental perspective, the principal issue in the agricultural
pector 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
then doubling world food production by the end of the century, while ensuring the
availability of suppliea for the generations to come, cannot be underestimated. DBut
aimply increasing the production of food 18 not enough. We must overcome the problem
of inequitable disiribution 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 imperativs that these basic needs of every human being
should be satisfied on a long-term sustained basis without destruction of the reaource
base upon which the achievement of such lofty goals rests and without transgression of
the outer limits of the carrying capacity of the bicsphere.

Rich and poor countries must find paths of development which are more rational and
less arrogant in their demand on rescurces. This is especially true in the agricultural
pector. Rational management of arable agricultural land is becoming increasingly
critical. Each year more and more fertile land ie being lost because of ercaion,
salinization, urbanization and industrial development., Meanwhile, the poverty stricken,
in their deeperate endeavours to survive from one day to the next, are forced
increasingly io resort to ever more marginal lands to produce their minimum daily
requirerents, a practice which often provea to be ecologically dieastrous.

Agricultural practices in the developed world have become increasingly energy-
intensive. As® the prices of energy escalate, apmroaching the point of diminishing |
returne, we should re-examine and perhaps re-orient some of our present agrioultural
production practicea. 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
energy~intensive. The new strains of wheat, corn, rice, etc., need more fertilizers,
pesticides and irrigation waters to provide maximum yielda. The Green Revolution also
pte genetic diversity at risk and produces crops highly vulnerable to pests, and even
minor changes in environmental coniitions. We must find alternatives, and there is
certainly a case here for inwdepth atudies of the poasible 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 practicea 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, allalinity and
water logging i a common problem in many parts of the world. Irrigation schemes are
esgential to increased agrioemltural production but without the application of sound
ecological and environmental principles right from the planning stages, the short term
benefite are often offset by long-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 phoaphate and nitrogen fertilizers to eutrophication, and the
possible risks to the ozone layer, with ensuing health and other hazards, as a reeult
of increased use of nitrogen fertilizers, Available fertilizers should therefore be
used with maximum efficiency and biological sources of fertilizer, especially
microbiological nitrogen fixation and compest, 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 unneceasary 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
chaing. 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 i 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 conmidered
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
& programme of action for implementation by the UN system and others. A key element
of our programme is the interrelatedness of epvironment 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 ueing
resources wastefully. Within this broad context, as you are perhaps aware, UNEP is
holding a series of seminars on the envirommental problems of specific industries.

The main purpcse 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 experis, 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—irdustry development were
conagldered by the participants to require priority attention from UNEP. This joint



UNEP/FAO Seminar covers, of course, but one azspect of the complex issue of food and the
environment. BEqually important aspects are post harvesat losses, use of fertilizera and
pesticides and crop intensification within environmental constraints. All these isasues
reguire joint and systematic UNEP/FAO attention in ¢lose co-operation with govermmenta,
industry and concerned international governmental and non—governmental organizations.

We hope that your meeting will help to attain the common goal of "development
without destruction". We need to ensure that the activities of egriculture 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 must not continme to regard the natural
environment, man's common endowment, as a bottomless receptacie of men's wastes, We
need to incorporate such "curative® meassures as proper pellution abatement and waste
treatment systems and at the same time we should aim at low-waste technology systems and
at systems under which wastes could be recycled or reused &3 raw materiale for other
needs. Such endeavours would merve the dual parpose of resource conservation and
environmental protection = a theme of thia meeting.

Turning finally to the specifics of this meeting, I note, with great interest and
high hopea, the topics you will comsider,

I feel no need, Ladies and Gentlemen, to elaborate on the various issuea of
residue applications, ainoe you are all experts and muoh more versed in the field than
myeelf and since reports and background papera giving ample material for your
consideration are already in your hande.

Two points however are worth partiocular mention. The firat relates to the firet
draft for a Compesndium of Residues Teohnologies which is presented to you for
consideration in one of the seasions of thim mesting. I believe that such a compendium
could serve as an ilmportant source of information for those involved in residue
technology activities.

The second point 48 that thia meeting has been structured so that one whole day
is scheduled for working groups. I sincersly hope that this arrangement will enable
those of you who have common areas of interest to get together to discuss in depih,
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:

l. & better understanding of the opportunities for residue utilization;

2. the identification of eppropriate technologies for utilization of agricultural
residues and wastes;

3. the initiation of greater impetus towarde the development, adoption and
implementation of low waste technologies in all agrioultural and food
produ~tion systems;

4+ the enhancement of the knowledge base of reaidue utilization through the
eatablishment of a continuously updated Compendium of Reaidue Technologies
which would ensure acquisition, analysis and dissemination of relevant
information;

S+ the identification of gaps that appear to require highest priority
consideration and study in agricultural and agro-industrial residue
utilization; and

6. 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 colleagus Dr. Sacuma
would agree, the presence of such a distinguished gathering of experts in this hall
encourages us to expect free and frank discuseions, and a sharing of knowledge and
exparience, which will permit the meeting to conclude with concrete action—oriented

recommendaiions. That will help both of us to partioipate meaningfully in the inter—
national endeavour to meet & most basic human need: food.

Thank you Ladies and Gentlemen and I wish you every auccess in the formidable
task ahead of you.
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Summary of Presentations and Discussions

SmSSION I mresented an overview of the problems and opportunities in the area of
utilization of residuss from agriculture and agro-industry. This seasion was opened by
Dr. Raymend G. Loehr, Director, Envirommental Studies Programme, Cormell University,
Ithaca, New York, who emphasized the following points:

Residue utilization should be 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 ccourred. However, this optimism must be temperel by caution
since the result must be a usable product at an economical cost while not causing
greater envirommental or sceial problems.

fdesidues should bz considered as resources and not as wastes. Incentives will be
needed to have such a change in philosophy. BExisting 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 emvironment. However, other incentives are
needed which may result in institutional changes in the relations between guvernments
and industry.

Keys to succesaful residue utilization include: a) a beneficial use, b) an adequate
market, c) use of appropriate technology, and 4) an enterprise that is gocially and
economically feasible although not necessarily profit~making. Hany 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 sconomic, sccial and legal aspects as well
ag the development of emvironmentally socund approaches.

Por the most part, available information on the characteristics of agricultural
residuea 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 importamt aspect in residue utilization is to minimize the residues that are
generated, thus making better use of raw materials and obtaining greater efficiency of
proiduction. Such reductions directly increase the quantity of usable food suppliea. In
each indusiry and in each country, a major programme should be initiated to identify,
control and reduce the logses in food materials which oceur between harvest and consumption.

Residue utilization methods rarely solve an entire wagbte problem, since the material

produced or removed may be only a small component of the original residue. Thus environ—
mentally sound approaches will contimue to be needed for the remaining residues and wastes.
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The selsction of appropriate residue utilization approaches requirea oareful study.
The following faotors deserve close evaluation: possible markets, health asmpects, the
lavel of economic and technological development in the local area, available physical and
human resourves, sooial changes that may be needed to implement the approaches, research
and development institutes which may be needed to explore {otpntial approachens, industry
and government policies, national interests, and posasible legimlation as well as other
incentives.

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

The questions 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?

= yhat are the factors currently constraining broader residue utilization
and what possibilities exist to reduce the constrainte?

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

— bvhat priorities and action programmes should be established?

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

SESSION II focused on the constraints and incentives in residue utilization.
Seasion Ila emphasized the institutional aspects.

(A) Dr. 2.F. 3zczepanik, Senior Economist, Policy Studies Group, Policy Analysis
Division, FA0, discussed the socio-eoonomic aspects. He emphasized the need to
establish national research and develomment centreés on residue utilization and
recycling, the necessity for researoh on appropriate technologies, the need for
research on the social coste of residue utilization, the need for social changes in
attitudes, economic and social organization, and intersectoral plamning, and the need
for information and adult education programmes to c¢reate the requirsd awareness.

During the discussion the participants raised the following peints:

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

It would be useful for govermnments to establish a mechanism to monitor and encourage
developments 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 sige of recycling units was found impossible in
general terms without specific reference to the nature of residues, quantity, tyrpe
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.



The cost of recycling the residues is increasing and, although the coste are
poasibly 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 stressed. 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 UNEP.

The oxpression "waste", having the comnotation of uselessness, should be replaced
by a positive term such as "resgidues".

(B} A discussion on the health aspects of agricultural residue utilization was
resented by Dr. Dieter Strauch, Institute of Animal Medicine and Animal Hygiene,
University of Hohenheim, Stuttgart. The presentation emphasized the need o minimize
the transfer of human and animal pathogens when utilizing agricultural and agro-
industry residues, the types of infectious diseases that can be transmitted,
technologies that can be used for contrel, problems with the use of antibiotics in
animal feeds and their resultant concentrations in mamres, and common hygienic
problems such ag so0il and water contamination that result from excess application of
mamuras to the land.

The discussion following the mresentation covered the following issues:

It was not always desirable that straw surplue be applied o the soil since it took
a long time to degrade in certain soils and the residue could hamper tillapge operations.
Txoess amounts of straw applied to the land might produce phytotoxic effects. With
extensive crop production, the resultant crop residues could be more than should bve
applied to the asoil.

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 technology could be made in the light of the test
results.

Chlorine disinfection continued in wide use although there wam concern regarding
potentially toxic substances formed during the chlorination of heavily contaminated
waste streams, Ozone and other disinfecting agents were under investigation.
Bffective disinfeotion works best on effluents containing low BUD 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 muet result between complete removal of health hazards and complete
avoidance of environmemtal problems. In many cases, these desirable aims are in
direct conflict. It was also smtressed that legislation prohibiting the use of certain
materiala in feeds or requiring specific health and safety measures should be based
upon fact and supportable data.
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(C) 1Information on the legal aspects of agricultural and agro-industrial waste
management was mresented by Avv. Mario Guttieree of the Intermational Juridical
Organization, Rome. This presentation stressed the need for further information on
appropriate legislative and administrative instruments for waste utilization and
control, especially in view of the requirements of developing countriea. In most
developed countries, legislative measures had been taken to promote rational management
of residues in various sectors, but only few coumtries had enacted organic envirommental
legislation facilitating an integrated appreach. A summary of the recommendations
formilated by the IJO working group, both as regards improvements in national legis—
lation and as regards international harmonization of standards was presented. These
recommendationg included the following:

{2} Bach government should:

= 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 fragmentation relating to residue utilization to
unify as much as possible the various functions and reeponsibilities and to
better co-ordinate envirommental legal policies.

= Help ensure local implementation of residue utilization programmes by public
authorities and private organizations, posaibly through a specialized
adminigtrative office.

~ Promote legislation to encourage research and develorment of residue utiliza=
tion technologies.

~ Help ersure that common enviornmental and sanitary standards are applied to
mroducts resgulting from residue utilization for both internal consumption and
export.

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

(v) At the international level, action should he taken tos

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

— Go-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 mriority of technical and eoonomic requirements over purely lezal
considerations and because of the difficulty to reconcile conflicting legislative
objectives, legislation, in order to be sffective, should be {a) based on good
scientific evidence, (bs enforceable in practice, and (¢) 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. wWith
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.



Legal measures shoull facilitate systematic collection and internmational exchange
of statistical data relating to residues utilization.

Attention was Jdrawn to the importance of legal liability incurred by the producers of
resiiues which are not recycled or treated in accordance with envirommental standards, and
to ths 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 harmonizei strategies at an international lavel must take due account of national
gsoverei mty and that the competent central authority mentioned in the recommendations,
raferrel to co—ordinatisn at the national level rather than at the international level.

3a2z3sia ITY centained spresentations on regional surveys in Asia and Africa as well
2755 o5
a9 an information exchange.

“1} The paper Yy Dr. Bharat Bhushan, Deputy Director, Regional Research Laboratory,
Hrierabad, 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
main finiings of the survey were:

— FRice is the major crop of the region and it generates an estimated amount of
ragidu=s as followst 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
fincds,

~ pProduction of commodities obtained mainly by primary proceasing (e.z. palm oil,
rubber, coconut, sugar, etc.) and inadequate develomment of secondary and
tartiary 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 technelogies 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 attenticn ghould be paid to the utilization of agricultural
#agte and preparation for animal feed. At present nearly 2 million gallons of
palm 0il sluize 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 ceir pith waste
{2ust) regulting 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. Pleischman made a brief report of the
Project of the American Institute of Chemical Engineers for the League for International
Food &ducation (L.I.F.E.) sponsored by the U.S. Agency for International Development.
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= In the Philippines, from the standpoint of environmental impact as well as potential
regidue utilization, distillery slops from mamufacture 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 wagtes are significant. In Indonesia, the emphasis is primarily
on food production and empleyment and not as yet on environmental matters. Another
factor limiting waste utilization is the largely rural based and widely dispersed
food industry. Potential possibilities for residue utilization are wasgstes from
palm oil, trash fish and wastewater resulting from coconut dessication. 1In
Malaysia, palm oil wastes are of major environmental concern and hence are a major
gource of residue. Much work is being Jdone on treatment and utilization of this
wagte for animal feed.

= Attention was also drawn to the pilot plant in the Philippines, for mamufacturs
of dextrine and single cell mrotein from coconut wastewater.

(¢} Prof. {.R. Stanton, Faculty of Sciences, University of Malaya, Kuala Lumpur,
Malayeia, reported on the survey made in Egypt, 3Sudan, ¥enya, 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 1o be implemented to meet this need for food directly, by improved
supply of primary products rather than by indireet supply of protein via animals.

Grain legumes were noted to be the group of crops which can best mrovide an effective
total utilization of the biomasa grown.

Comments and suggestions made in the discussion are:

=~ In Kigeria, regearch is being carried cut on the fermentation of over—ripe fruits
such as bananas, plantains, and pineapples to produce alcohol. In addition,
work ie 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. Among the items being studied
are wheatwbran, rice=bran, corn-cob, spent malt, copra cake, groundnut cake,
and peelings from cassava, pineapples and plantains.

= In Zgypt a new process for extracting pectin has been patented. Mango seeds are
noW used to produce starch, oil and animal feed products. Bricks, stroager 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. mast be motivated to utilize wastes, was also mads,

= There is a great need for small-scale driers, espacially using solar snergy,
for the drying of agricultural products. This comment also applied to other
developing regions.



(D) At the request of the chairman, Mr. S. Barnett made an additional repart of the
Project of the American Institute of Chemical Engineers for the League of International
Pood Bducation, sponsored by the U.S. Agency for International Development.

— 4 conclugion ¥ the study is that there is a great need for small-scale driers,
expecially using solar energy, for the drying of agricultural and food mroceszing
residues.

— In Ghana, cocoa processing residues are a major waste. In the Ivory Goast, oil
palm siudge is a major residue. Jhile 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. |

(B) 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 reaidues began in 1973, when the first internatiomal
direstory of institutions involved in residue utilization was published. This will
e followed by the publication of a compendiumn of seiected 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 acditional information or corrections from the seminar partiocipante
were rejquested.

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

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

- Zgypt -~ The Academy of Scientific Research and Technelogy, Cairo has information
on residue utilization, pertaining specially to Egypt and would be willing to
assist FAQ/UNEP.

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

— The Prench Ministry of Industry is conducting a census on exieting residus
disposing and utilizing processes which have gome economic wviability.

- Attention was drawn to the monthly publication, Regource Utilizaticn and
Conservation, published by Elsevier Press.

- India = A copy of the draft status report "itilization and Recycling of Wastes',
prepared by the Hational Committee of Sciences and Technology was provided.

-~ USA = Mention was made of the work being done by EPA in relation to 1IR3 as
well as with the EPA bibliographic and documentation system and alao of the
facilities available at the EEC Documentation ILaboratory on Computers located
at ISPRA Ttaly.

- The delegate from Jweden mentioned the catalytic and co-ordinating role of
UNzP. Other international organizations, especially within the UN family, for
example, UNIDC, WHO, ILD 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 experiennes, was suggested.
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— In response to a comment that often developing countries have a need, not only
for abstracts tut the complete article, mention was made that FPAO'm Library and
Documentation Systems Division can provide copies of documents available at FAD,
If the material is not available then addresses of other poasible sources would
ba provided.

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

= The UNIDO International Gentre for Industrial Studies and the Industrial Informa=
tion Bank that provide information on technologies, policies, engineering and
other aspectsz of industries were also described. UNIDO has considerable
information available, part of which deals with the utilization of industrial
by=products and the safe diaposal of wagtes.

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

3ESSION IIT ~ Technology which may be considered for the utilization of residues
was the subject of this third session and covered the fields of energy, focd and
animel feeds, fertilizers, construction materials and paper from wastes asg well as
the microbial conversion of wastes.

(4) Energy from Organic Waste was discussed in a report presented by Profeasor
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 gasecus forms of energy as well as the feasibility
of various comvergion processes. It also discussed the economics of production and
suggests some incentives to industry and individuals for applying these prooesses.

Note was taken that although enormous quantities of biomass (1 x 101! t/a) are
available for the use of man, there are a number of competing uses, such as food
¢lothing, construction, fertilizers, etc., beaidee energy. Thae cost of collaction of
residues can be a formidable obstacle to their use as sources of energy. FPFurthermore,
quantity of energy required to use organic wastes as a source 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 alac was taken of a mumber of recommendations to governments, industry and
international organizations:

(g} To governmenta:

= Initiate surveys and studies to determine the quantity of organic
regidues available for direct use as fuel or for comversion te
more convenient solid, liquid or gaseous fuels.

— Identify and assess appropriate technologieé for oconverting orgamnic
repiduss to more convenient solid, liquid and gaseocus 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 rogrammes to encourage individusals and industyy
to take the necessary risk and make investments to develop and apply
innovative technology to utilize organic residues asg apmropriate for
fuel, fertilizer, feed or other uaes. Mount a pablicity campaign to
advertise thesSe new incentives and highlight successful adoptiona.



(b) To industry:

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

{¢c) To international organizations:

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

= Develop and dismeminate technical and sconomic parameters governing
optimum use of organic residues for fuel, fertilizer, feed or other
uses.

~ Tabulate and disseminate examples of successful use of organic residues
as energy acurces and publish guidelines for transferring succesasful
technoelogy elsewhere.

(B) Food from Waste and Nutritional Considerations was discussed by Dr. George D.
Kapsiotis, Senior Officer, Food Policy and Nutrition Division, FAO. The report dealt
with preduction of foods from reaidues in the light of the two major world mroblems
of food shortages and pollution. The types of food products conmidered ars those
which are reecovered as nutrients and those which may be transformed through bio-
engineering processes. Nutritional implications of various available technologies and
present ractices are congidered and gujdelines already in use were stressed. In this
context note was taken of the work of the Proteinw=Calorie Advisory Group of the UN
System (PAG).

Qonsideration 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 alaso discussed. The important questions of acceptability and
tolerance by the consumer are dealt with as well ag the need to adapt food regulations
before commercial investment is made.

Discussion focused on aspects of the production of single cell protein (SCP). The
reluctance of the consumer to accept new food, particularly derived from SCF, was
observed, particularly under conditions of large traditional food surpluses. The
present case of the askim milk surplus within the Buropean Comminity was mentioned.

It vas pointed out, however, that the situation varied in different parts of the world.
wWhilst the demand for SCP would not be competitive in the Western European market, it
wag reported that the U,3.5.R. and Venezuela ares considering large investments in SCP
production to supplement animal feed. Gapital investment in SCF production facilities
in Zurope had been made, but production awaited a decision as to safety of the product
for speacific uses.

In developed countries, SCP production is apt to be promoted to reduse pollution
because governmente are imposing legislation to reduce industrial pellution and in some
cagses 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.
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Whilst some delegates considered that the mutritional as well am the toxicological
aspects of SCP had been solved for the most important types which have been developed for
growth on n-paraffing and certain odd carbon fatty acids, others stated that the economio
feasibility as well as the mutritional and toxisological considerations needed further
examination. This raised the question of the use of 3CP for direot human consumption as
well ag for animal feed. The value of exchange of experience amongst countries was noted.
In this context the proposed compendium would make a useful contritmtion.

Concerning the cost of SCP harvesting it wae reported that whilst there were high
cogts and harvesting problems with chlorslla algae, there were no problems in harvesting
biomaszs from fermentation processes.

Pinally, 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 33%
by poultry (broilers % layers):appr. 2
by pigs @ appr. 15%
by ruminants (beef cattle} : appr. 5%
sheep 1 appr. %

Although the meat ruminants appear inefficient with regard to protein converszion, 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 hetter 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 mroblems since the animal acts
as an efficient bioclogical filter provided that care ig taken to eliminate non-
metabolizable contaminants such as heavy metals or substrate residues and pathogenic
organisms which may be non~harmful t¢ the animals but harmful to man. If the second
approach ia considered, there are more formidable problems and great care must be taken
before the processed regidues are used for human consumption, such as feeding residue
generated SCP directly to man.

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

Professor Stanton's report provided a systematic swmmary of the microbiological
mrocesses available for various residues, particularly cellulosic and starch wastes,
sugar and mixed effluents, animal by-products and itoxic wastes. Certain grectical
aspects were considered. BEmphasis 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 proceases 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. 1In this context attention should be paid to dilution
and contamination of the substrate. Pinally, it was emphasized thal, whilat moat
microbiological research has been carried out in the temperate climate countries, many
developing countries have high ambient temperatures and high and regular solar input.
The "enviromment™ of the microbial processes is paramount. Attention was drawn to the
green algae, yeasts and lactobacilli.



Dr. Da Silva drew attention to the assistance UNESCO is giving in eatablishing a
data bank of culture collections in Brisbane and the training courses on microbiology
organized by the UNEP/UNESCO/IGRO Panel on Microbiology.

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

The optimization and consequent design of equipment and ita control system, by use
of mathematical models to maet the requirementz of chemically defined, but variable,
wastes in activated sludge processes was discussed. It was reported that mathematical
models for rlti-~ and sequential orgarism 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 100g of protein
requires 1%z of ammonia, 34g of urea, or 75g of ammonium sulphate. As SCP contains
avproximately 307 crude protein, very large quantities of fixed nitrogen are involved.
It was noted, howevar, that the 50% fized nitrogen recovery in fermentation processes
contrastc with 19 for agricultural processes. The need to optimize the process of
fezdstocs production by agriculture with optimal post-harvest technology was emphasized.
3imilar 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,
de=colourization, purification and extraction of pigments from this material.

Information on this plant was offered by UNIDO. A commercially viable plant for the
aroduction of Chlorella exista in Southeast Asia where there is a market for the product.
This product is not considered solely as a source of 3CP.

{D) The paper on "Jaste and Organic Materials as Fertilizers", prepared by the
S0il Resources Development and Conservation Service, Land and ‘Water Develogment Division,
PAC, vas presented by Mr. 4. Hauck 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 fertilizera during
the recent energy crisis was deseribed. The expacted benefits from organic fertilizers
include a supply of plant nutrients and the improvement of physical properties of the
soils.

Organic fertilizers should not replase 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,
economic considerations under certain conditions, and tradition and use of organic
miterials for other purposes such as fuel and fodder. More intensive utilization of
rural wastes is essentially a problem of information and training and international
assistance should concentrate on transfer of useful practices, training of ataff and
supply of teaching material.

In the field of urban and industrial wastes, action is required on the development
of more rational proceasing planta, on the organization of the compost distribution and
utilization, and on special problems in ralation to the contrel of toxic and hazardous
waste componenta.
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PAC ie co~oparating 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 preepentation emphasized the following:

— All forms of organic material can be considered ag potential fertilizers,
including green manures, pests as well a8 urban and industrial wastes.

~ There is a need for simple methods for preparing residues, such as composting,
for use as fertilizers and scil ¢onditioners. With proper preparation,
such residues can help restore the juality 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 efforte are needed 1o achieve proper utilization of
residues as fertilizers. The talents of engineers, agronomists and soil
scientiats are needed. Criteria are needed to use the residues as fertilizers.
The criteria should recognize the differences in the characteristica of the
regidues, the type of soils, the crops to be grown and geographical differences
of climate, temperature and humidity.

= hen regidues are applied to the soil as a conditioner or fertilizer, they
should be applied at an appropriate rate to avoid contamination of run-oif
anl s0il water and to aveoid 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 identify 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
componenta.

— Priorities will be needed on specific situations, te identify the proper
uee 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 FAQ, who summarized the Gonsultation
held at PAQ in November 1976 on New Sources of Peed for Animals. This consultation had as
its objective examination of the use of (a) low quality coarse forage, (b) agro-
industrial by-products, (¢) by-products from the wood and cellulose industry, and
(3) 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 ineorporating by-product residues in animal feed
but their use is sometimes restricted by economical and technical considerations.

The mroblem of the pharmaoeutical product content, particularly of poultry manure,
and the possible hazards to animals fed on processed manure wag discussed. It was
reported that these producta may not be affected by any processes applied to treat mamre
used as a supplement in animal feed. This situation may call for govermment 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-treament ig nacessary and this step could result
in costs for protein being as much as 50% greater than alternative protein sources such
as soya bean.



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

The opinion oppesing the usge of larges quantities of cereala for animal feed waa
noted. Leas intense animal production patterns may be required for more effective use
of agricultural residuals in feed.

(F) Mr. L. lintu, Foresiry Officer, of the Porest Industries and Trade Division of
FPAO summarized the paper on construction materials, paper and paperhoard from agri-—
cultural residues. Two groups of end-products were discuaged = pulp for paper industries
and non-wood panel board. Regional statistics on the quantities of residue used for each
end~product were reviewed. Pive requirements of a satisfactory supply of raw materiala
Wwere enumerated:

=~ The supply must be large to permit economies of scale;

- It must be even throughout the year;

= The supply must be gunaranteed for the lifetime of the mill equipment;
= The guality of the raw material must be homogeneous and conatant;

= The cost must be competitive;

The potesntial supply of agricultural reaidues far exceeda actual utilization because:

= Agricultural residues are often widely diapersed and therefore costly to
¢ollect and transport;

— The denisty is low and in some ases unwanted materiala are included;

= The harvesting pericd for anmial crops ia limited to.a few months;

~ Local weather conditions may adveraely affect the supply of residues;

— 3ome residues have an excess.vely high silica content;

— Residue availability may be reduced by changes in agricultural poliecy.

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

No questions or corrections were submitted hy ths Delesgates.

SESSION IV ~ The following contributions from participants were presented at the
Wednesday afternoon session:

= Dr. James Parr, Chisf, Biological Waste Management and Soil Nitrogen Laboratory,
Uni.ed Staies Department of Agriculture, Washington, D.C., talked about the
recent conference on the crop reasidue management systems, held at Houston, Texas.
He focuscu on the need to change aystems in view of the move to the introduction
of reduced or zerc tillage. Some areas of the United States of Amerioca have
more than enovgn crop residue to prevent ascil erosion while other areas are
less fortunate. The Conference discusssd the related problems and suggested
the need for further research to determine the amount of crop residues needed
for erosion control, the amount whioh could be removed for fuel, cattls feed,
otc., to determine the factors affecting decomposition when residues are left
on or just below the surface in minimum tillage systems. It was alse felt that
plant breeders should develop varietiee which will respond wall under = trash
tillage environment rather than clean tillage; similarly there is a need to
treed higher nitrogen content resiiues, which would reduce the carbon/nitrogen
ratio and the energy required to decompose the residue.

a1
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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 Brasi
Reference was made to the high rate of waste bananai which amounts to 10=30% of
the exported crop. 4 second product is pineapple waste, which only on one occasion
was peen to be uged as an animal feed. Rice hulls are burnt or piled up. No use
is made of them. A process using Aspergillus fumigatus is applied in Colombia,
using casgava as a substrate. The fermented broth is pressed in common jute bags
and further aundried and used as pig feed.

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

Bagasse is mainly used as fuel. Mention was made of a sugar opsration where the
fiYtormid was ueed to feed a 900 head pig operation. In Peru citrus pulp is a
promihent residue. Constraint for use is its high moisture content and develorment
of solar driers is recommended. In the discuasion the question was raised whether
the strain of mioro organism ueed could not create a health hazard. The apeaker
indicated that no problems had been experienced,

Mr. André DPonin of SODETEG, Prance, presented a paper on electrodialysis. One of
the appropriate technologies which can be used to convert effluent liquids from
agro-industries is the system of elecirodialysis. The system developed by SRTI
gives a high rate of mineral salt removal, a low membrane surface area, a one

or two—gtage operation, a compact technology with low overall dimensions which
concumes little electrical power. The system has been used with success in the
French Dairy Industry to mroduce 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 variocus 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 aunccessful utilization were discussed.

Non-fossil Oarbon Sources (J.C. Shorrock, Battelle, Switzerland). The meeting
was informed of the Battelle Institute's programme of resgearch on non-fogeil
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 05 and 06 gugars which can then be
fermented to 3CP or ethanol.

An Approach to daste Utilization in Rural India —(J.J. Patel, Bombay) The
approach deals with the production of biogams, or gobargas, from the fermentation
of cattle manure and other wastes. Data on the quantity of the wastes was
rovided. Most of the electricity in rural areas comes from such systems.

This approach also conserves the mitrient 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 pomulation with
efficient non-commercial fuel, reducing use of commercial fuels. The

resultant manure from the gae plants is msuperior to available farm yard

manure. PFarmers using gas plant manure obtain 25 to 33% more yield from their
fields. The gas is alge used for domestic purposes as well as for the energy
needs of other operations such as poultry production and laundries., Inter-
national asgistance is needed to expand and enhance the use of this scheme. "_/



-~ Pig and Poultry Wastes in Hong Kong (P.G.G. Isaac, J.D. & D.M. Watson, U.X.)
The seminar was informed of the problems of disposal of pig and poultry wastes
in Hong Kong, presently the main source of organic pollution. Landspreading
can do little to mitigate the problem in Hong Kong. The only answer isa
artificial drying to produce fertilizer or animal feed supplement. Pilot
plants for continucus drying of poultry mamre and a batch dryer for pig
mamure have been installed. The costs of the contimuous process are
mresently rather high and require skilled supervision. Assuming further
modifications to the dryers it may be possible to considerably reduce costa.
The products from these procesaes have a wide application, especially as
animal {eed 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. Mogt of these latter wastes
do not re—enter the productive ¢ycle and are estimated to represent a loss
of one hundred million dollars. The most severe problems are encountered hy
the dispozal of waste waters from pig farma. Specific moblems are existing
in the Po plain where the concentration of imtensive production units is very
high., Lagooning iz practised most frequently in Italy. After separation of
the solid parts the ligquid is used for irrigation. Also dry removal of animal
mamure is increasingly applied in modern production unita.

~ Animal Feedgtuffs from Waste and Surplus Fish (D. James, Fishery Industry
Division, PAO, Rome), Fish meal production utilizes about 27% of the fish that
are caught. Other processes include fish silage and fish powder. Figh engilage
could be on a village or industrial level for small fish catches., There is
need for experimental work in the mechanism for acid production and on feeding
trials with livestock, partioularly in the tropice. Posgible constraints relate
to taints in meat and eggs, the corrosive nature of silages, and the need for
starter cultures of microorganisms.

— Lleaf 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 Iuwmriantly in the humid tropics during the
viet Beason. In the past this grass has simply been burnt at the end of the
dry season. The firocess described produses a rmmber of producta including grass
meal, edible oil, leaf protein and fermentation products. The introduction of
an oxygenator improves the efficiency of the process.

— Recovery and Utilization of Residues from Brewing and Other Permentation
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, distillerps 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 separaticn methods.

=~ A paper on Protein Recovery from fAbattoir and Poultry Proceasing Wastewaters
was introduced by A'watech, U.K. The Alprecin Process for protein recovery
from meat and fish industry wastewaters is in fullscale operation in several
countries. The process ‘e based upon protein rescovery with lignosulphuric acid at
pH3, followed by dissolved air flotation; the flotated material is concentrated
together with blood and dried with other produots in a rendering plant. The
safety of the recovered product in animal feed has been established, and the
efficiency of the system for effluent treatment has been demonstrated at about
807, BOD removal.
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The economics of the proceas are usually good for unite 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 agrioulture and agro-industry in
Central America was introduced by Mrs. Schneider de Cabrera. The utilization
of coffee mrocessing wastes iz a major mroblem in Central America. Coffee is
mocesaed by wet proceesing and there is coffee waste water, 40% by weight

of pulp and 207 mucilage. Fungi grown on coffee waste water produces an
animal feed supplement. A pilot plant has been established in El1 Salvador.
The high oaffeine and polyphenclic ocontent of pulp has limited its use

in animal feed. A gystem of fermentation has been developed which reduces
the content of these limiting substances so it is now hoped to start feeding
triale. 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 phase as a fermentation subgtrate. The mucilage layer, having a high
carbohydrate, mainly pectin, can be used as a substrate for fungal growth
and also for the production of commercial pectin.

A paper on Congiderations 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
congidered 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
mrocesses for upgrading these wastes for further use. More research is
rejquired on the hydrolysis of cellulosic materials to produce sugars. Research
was reported to develop a non-waste technology in order to minimize the problems
of biological sludge disposal, with simultaneous recovery of valuable materials
as SCP.

The following papers were distributed to participants hut not orally presented to

the Seminar:

~ Products based on sulphite spent liquor (Minigtry of Agriculture and Forestry,
' Pinland
= Processes for SCP recovery from agricultural wastes (Tate & Iyle, Ltd., U.K.)

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

= Wapte bioconversion : environmental management for economic progress in
developing countries (UNBSCO/UNEP)
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Summary of Working Groups

Working groupe 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 programmes to help fill such gaps. The following material swwmarizes the dis=
cuspion 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 P.

l. PFruit and Vegetables

The following commodities were reviewed: tomatoes, peas, artichokes, string beans,
potatoes, carrots, citrus fruit, grapes, olives, amricots, peaches, mangoes, guava,
quince, onionas, garlic, dates, cocoa, bananas, pineapples, apples, cherries and figs.
Processing of these commodities produces the following reeidues: seeds, peela, cores,
giones, husks, leaves, rejected whole fruit and juice.

Theae residues occur in all geographical regions and in varions ssasons, depending on
commodity, but usually in short periods, thus creating problems of supply. The resi lues
occur mainly during canning or botiling but also when fruit and vegetablee 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 eguipment 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 uvet or dry form, fuel, compoat and construction materials.

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

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

It was agreed that assistance should be provided to developinmg countries in the
mocessing 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 energy-reducing techniques,
research programmes, demonstration unite, and training programmes,

2e Beveraggs

The main residuea 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 and apple.

Holasses, 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 pharmaceutical mroducts., The protlem asacciated with molasses
fermentation is the disposal of residnes (distillery alop, stillage, vinasse). Some
technology for further processing, such as evaporation, anaerobic fermentation, yeast
and rrotein separation, and desalination is available.

The residues have a relatively high mineral content and high BOD which makes
further utilization di ff:.cult. Ne 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 world.

4ith 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
developer countries the question was primarily associated with the mevention of
seriocus pollution.
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Well developed technology existe for the treatment of residues from cereal
baged beverage mroc~sses to render them suitable for blending with other materials to
form excellent feed materiala, Present technology tends to be energy intensive.
In some countries asuch tcohnolegy was not commonly applied. This was attributed to
comparatively low profitability, the absence of feed manufacturing industries in areas
unfavourable t0 animal husban’ry; and a lack of recognition of the potential by
rossivle users.

The utilization of coffee grounds and spent green tea does not present serious
problems. Research into further utilization of these end products is well nnderway.
Jdith an increasing mroduction of instant coffee in developing countries, new pathways
of residue utilization might have to be pursued.

Fruit juices are, for the major part, produced in tropical or semi-tropical
oountries. Residue utilization in the form of o0il production, manure and fuel did not
seem to present problema. Residues of several fruit juices are being utilized in the
mamifacture of natural colours.

1., Cellulcz - Qeaidues

4ill planta contain celluloasic materials and cellulosic residues are therefore
wildely available., Plants can become a residue in four different stages: when being
left unused such as the tropical grasses, after harvegting the main crop such asm
straw in cereal mroduction, after proocesasing the plant iu industrial or semi=industrial
operations, such as bagasse in the sugar industry, and after conswaption of the product.

Fost of the cellulosic residues are available sensonally although there are aome
regidues which become available contimuously, e.g. urban solid waste. Eeological zones
have an effect on the type of the residue. Develcmmant of new plant varieties affects the
quantity and quality of residue. In some instances use of oellulosic residues can be
improved through plant breeding. Qmantification of the availability of cellulosic
residues for any particular use always should toke into acoount the competing uses.

An inventory by countries of the quantities and qualitieg of cellulosic residues
available for use in each country should be made.

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

A great number of technologies for residue oconversion to more useful producta
is available but their application completely depends on the eoonomical feasibility.
For instance under present economical conditions, wheat straw, of which 8 million tons
are produced in Demmark, can be successfully converted to feedstuff for cattle by mixing
with other agricultiural wastes. Of the other methods for mrocessing cellulosic residues,
silage, composting, chemical hydrolysis and anaerobic fermentation appear to have
economic possibilities.

The proper end-use of cellulosic residues is mogtly for feedstuff so far as
industrial conversion of residuss is concerned. The use of ssa~plants may be new
materials for feedstuff because they are not limited. Further remearch is requeated
on this subject. Other poasible uses of cellulosic reasidues are as medicines, chemicals,
energy SOUrces.

The economics of collecting and proceasing the cellulosic residuss are the most
gevere oonstraint to their uee. TIdentification of appropriate technologies, encourage—
ment to their use, and additional basic research on the physical, chemical and biochemical
propert.=3 of materials that ia relevant to the residue utilization, could help to
increase the use. Exchange of information on technical and economic parameters governing
the optimum use of residues as means for furthering their use is needed.

4. Pish

The fishery industries have a unique residue pattern which does not conform with
that of other agro-industries. The most pressing jroblem is the loes or wagtage of high
quality animal protein which results from ineffective utilization of what is harvested.
The solution te this problem, whioh is partioularly apparent in tropical developing
countries, lies in a long and slow development effort to make more and better fish
available for direct human consumption. At the same time catches not suitable for,



or surplus to, human requirements should be processed to high quality animal feedatuffs.
The major residues and losses in the fishery industries are in three broad areasi

a) in many fishing operations, particularly trawling, considerable quantities
of low value or undesirable species are taken incidentally to the target
gpecieg. Where the difference in value is great, such as in the shrimp
trawling industry, the low value species are frequently discarded immediately
after the catoh. It has been conservatively eetimated that 5 million tons
of ™—catch is disoarded anmually by shrimp trawlers. This represents a net
loss as the fish is dead when returned to the sea.

b) The second major area where high losses ocour is where fish is allowed to
gpoil or lose nutritional value as a result of bad handling or mrocessing,
before reaching the consumer. Significant losses of dried fish also
result from infestation by insects and rodents, representing a net loss
of protein. It ie difficult to quantify these losses, but an averall
figure of 30 would not be unreasonable.

¢) Potential pollutants from fish processing operations which are discharged
intc 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 occecur
at peak fishing seasons. ,Most of the by-catch discarded hy shrimp trawlers is in
developing tropical countries. These countries also account for a high proportion of
spoilage and infestation losses during processing and distribution. Additienally,
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
gignificant problem except where high -rolume coperations, such as fish meal production,
are established.

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

Considerable reduction of losses could be achieved in all areas of the world.
Howevar, this demands willingness to change traditional practices and the transfer
of appromiate technology.

The priority area for attention is the increased use of marine resources as human
f .2 Introduction of new technelogy, leading to reduced lusmes, will contribute to
this aim.

Th2 resources which are available btut which for one reason or another are surplus
to present i tulrements should be converted to effective animal fzedztuffs. The
.poasibility of extracting valuable industrial or pharmaceutical products from fish
wastes shoull not we overlooked.

In all areas of f.sh production for human food or animal feed, low cost products
generally demand low cost technology. A number of low cost technologies are being
developed to fulfil these nec.ds. 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 wasle heat from static.ary diesel engines more effectively. Improved smoke
dryinz ovens for fish have been leveloped and are being introduced.

49



50

The proper use of ice, and where appropriate the use of boxes, can play an important
role in reducing spoilage. At present ice is expensive, but the development -f wind—driven
ice plants should significantly reduce the cost.

Low—-cost products can alsc be made by machinery which has been developed for
geparating fish meat from skin and bone. This method is particularly applicable to utili-
zation of mixed species from the by=catoh. As a raw material this sejarated fish can be
used for sophistiocated, blended and extruded mroduots for developed countries. There are
also opportunities for producing very low-~oost products for low income aonmumere hy mixing
with salt or blending with cereal and frying.

Apart from the well advanced fish meal technology which is available, the most promising
averne for animal feed produotion would appear to be the ensilage of waste and surplus
fish. Although a considerable amount of work is underway, a greater development effort
is needed. The major requirement ie for intensive feeding “rials under tropical
conditiona to establish the esonomios and safety.

Dovelopments in the technologies of FPC Type B pro‘action for huwman feeding and fish
hydrolysates as milk replacers should not he 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 applicable at a village level,

A great deal of effort has been put into control of pollution from large plants and
mrocesses, and an array of relatively expeneive technoloegy has reeulted. It is clear
that waste recovery will only be undertaken where therse is ocertainty of profit from the
gale of recovered materials or where the polluter must pay for the costs of waste
treatment.

Bconomics is the principal barrier to reduction of losses. A4S an example, the hy=
catch situation oould be improved by selectivse trawling and separation of the oatoh. It
ig still difficult to persuade oaptains and orews tc handle fish of low market value,
Beonomic studies, inoluding the uwee of collector vesmsels, have shown marginal mrofitability
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 diffiocult to ohange .ntrenched social customs and established food
habits.

Geographically the priority area 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 technology introduced should be simple, c¢heap and foolproof without eacrificing
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 i~ many areas, the only room for further increase of mroduction will be by more
effective utilization. There i3 an urgent need for development of technology in this
ares.

5. Animals

The topic is extreme., 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 utilizi..ion of animal mamres.

Meat processing whether at the .illage or industrial level, produces a number of
by~products including hides and sking, intestines and paunch content; wool, hair and
feathers; hoof, horn, bone and blood and ..eat trimmings. Depending on the size of



operation, these by=products can be processed into a single mroduct for fertilizer, or
inte 2 large array of products, such as through tanning, wet or dry rendering, fat and
0il extraction and other mrocesses. While the technologies for these processes are
widely available, in many oountries there are legal requirements which have to be
considered. These legal measures have been introduced to protect the enviromment and
to mrotect human and animal health in the case of recycling into the food chain.

Some problems which require further researoh inolude the effective utilization of
paunch content where it appears that after drying it becomes an acceptable animal feed
supplement. This process has net been widely aoccepted because of the economics of water
removal, The digposal of spent chrome tanning liquors is a recurrent moblem for the
tanning industry. There is also the problem of animal disease dispersion in effluents
and in particular, dispersal of anthrax sporss from tanneries whioh 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 mroblems with regard to the disposal of whey. The disposal problems of
siteet whey are due to marketing probleme whereas the disposal problems of acid whey are
due to technical problems. Plash drying as well as reverse ommosis and electrodialysis
are posgible technical golutions for acid whey conversion.

The disposal of animal manure only becomes a problem where livestock numbers exceed
.vailable lanl for land spreading operations. Purification techniques may give cood
results provided that treatment mrocesses are used which are adapted to this type of
effluent. W4ell designed aerated lagooning for example allows a purification rate of
at least 95¢ of the BODS. while standards for a livestock/land ratio should be
established, the standard will vary from place to place depending on such factors as
climate, animal diet, species, and soil types. The aim of animal mamure disposal
technelogy 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 habitatio1 ae the tolerance to odours is reduced.
Ixperience with anaerobic fermentation to produce methane from manures dces exist.
Global comoperation in, and financing of research for, efficient methane utilization is
needed.

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

Little direct experience on the use of animal waste for animal fesd is available
ot the present time. However, the human health aspects of this mroblem were discussed
at a JHO Conference held in October 1975 at Bratislava. The seminar waa organized by
the % sechoslovak Research and Development Centre for Emvironmental Pollution Gontrol —
Uimp/.mo programme, under the mponsorship of the Federal Ministry of Agriculture and
Food and e Federal Kinistry of Technical and Investment Development and in co—operation
with “Jorld Health Organization Regional Office for Burope. Proceedings will be available
in Yoy 1977 fre.. Applied Science Publishers.

The production .f animal feed from ensiling mixtures of animal and crop residues was
discussed. 1In considering the refeeding of animal waste, attention has to be paid to
the Jdanger of disease tranamission, and build-up of toxicity due to chemical compounds
used as feed additives or in therapy.

In several countries the legal regulations on waste discharges are based on
effluent technology and sanitation ~:pects. Other countries have proposed more stringent
measures baged on a "receiving water" quality standard. It is difficult to get
environmental biologists to agree on suech standards.
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6. Gereals

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 rioe is approximately 344 million tonnes, which can potentially
provide over 60 million tonnes of husk, 12 million tonnes of bran and 1.9 million tonnes
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 cames, up to 50 are wasted. AB
sich, 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 silioate, silica
molecular sieves, furfural, cement and other construction material. Rice straw if
collected oarefully, can be utilized in animal feed, manufacture of strawboard, and also
as subgtrate for mushroom cultivation.

The production of wheat is nearly 355 million tonnes. I¥ 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 teochnologiew which will ensure
utilization of high extraction flour. This could increase food availability from milled
qroducts by 20=-25% and reduce corresponding residues. Where a sufficient amount of wheat
germ can be collected for processing, it should be possible to mamufacture germ oil and
tocopheralas from it with the extracted material used in the manufacture of protein rich
foods. Bran could be ugsed in composite animal feeds.

The production of corn is 322 million tonaes, 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 tonnes. Although these are not
cereals, they are the largeat source of protein in many developing countries. Their
improved storage and milling operations can increage the supply of edible material by
5 to 10% 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.
3pecial attention should be paid to the use of spent grain from the brewing industry not
only for utilization in animal feed but alsc to upgrade it for human food.

In producing cereal ¢rops, the quantity of straw that is produced is egual to or
greater than the quantity of edible grain. Its utilization is therefore of great
importance. A conaiderable amount of werk has been done on the use of rice and wheat
gtraw. New technclogies have been developed for their efficient utilization in compogite
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 develomment infra-
gtructure, 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.



T. Starchy Roots and Tubers

Concentration was placed on residues from cassava, and potatoes since no industrial
processing of other roots is known. Yam, sago palm and s<eet potatoes were therefore
not considered. Bananas wWwere included in the discussion 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.
Orop residuss 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
liquil residues occur during washing, blanching, and trimming. Cassava residuss ars
rroduced 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.

fesidues 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 eni-uses are recovery of starch for cattle feeds, mroteins and
sugzar recovery from potato residues, biogas production and 5CP, provided a useable
concentration from the recovery is obtainable.

The constraints which have to be overcome are: (a) the transport costs due to the
scattering of residues and diluted effluents in small quantity, {b) capital costs and
{¢) 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 tonsg of cassava per day processing capacities. Another
p098ibility is farm level production of SCP from agricultural starch (cassava or bananas)
to feed directly to cattle or poultry and pige and thus short cutl marketing vosts whioh
would make such 3CP uncompetitive to other protein produots.

Major priority areas are:

(a) Where large industrial etarch plants already exist in developed or developing
countries;
(b) Jhere small quantities of residues are available with many plants located
in the same areaj
() ‘mere the enl use can be made valuable due to partial or total prooessing
of the residues or due to pellution control regulations. Answers can be
only made on a case by case basis and require detailed feasibility studies,

3, Gils and Qilseeds

The following commodities were reviewsd: groundmits, cottonseed, soyabean, cocomt,
sesame seed, sunflower seed, saffron flower, rapeseed, mustard seed, rice bran, palm oil,
castor bern, tung seed, olive seed, kapok seed,linsesd and rubber seed. The processing
of these commodities produces the following residues: shell, husk, lint, coir, fibre,
sludge, pressceke and water,

These reaidues ~ccur in all geographical regione. However, they prevail in tropisal
zones and are seasonal, depending on the commodity. The residues ccour mainly during
the mre-processing stage ™ut also at the atage of refining apd final processging. Some
of these residues are unavoidable, whereas others could be limited. Except for groundnuti,
cottonseed, palm oil and olive seed, the cceurrence of oils and oilseed residues may be
reduced by alteration in the process or of parent material.

IThe mogt promising end uses of these residues include direct animal feeding,
fertilizer use, and for composting. The ghells of some of the ¢il Beeds also could he
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used aa raw material for the production of activated carbon. In the particular case of
the palm oil industry they may be an important source of emergy, possibly capable cf
making a prooessing plant self-sufficient in ensrgy.

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

The main constraint in the effective use of residues is the difficulty of c¢ollection
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
poszsible to make optimal use of some of the residues. Lack of an export market and of
appropriate utilization technologies were also felt to be responaible for ineffective
use of these reaidues.

Prior to determining the end use of a residue, efforts should be made to quantify
the socio—economical impact of the operation. Residue utilization in the caase of oil
gseeds is a two=fold problem; one being an effective use of all products derived from
the process, and the second heing related to the protection of the enviromment. These
two aspects are interrelated.

Spacifio action programmes should depend on individual country or regional needs.
However, high priority shouli be given ito research on developing adequate technologies
g0 that o0il 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 aroblems related to soap stocks and volatiles from de=odourization alsc¢ were
reviewed. It was felt that soap stocks should not be considered as residuea and in
faot 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 asome
countries, are not considered to be a major residue problem.

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

Spent liquor from animal rendering ocours after centrifugation and becomes a
residue which might be reduced by concentration or the use of less water during the
proceas. As a single product it might be congsidered as the largest oil source as
comparad 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
gerves as a substrate for mierobially produced bio—chemicals.

9. Sugar By-Products

SBugar cane is an important crop for conversion of solar energy. In the future sugar
cane product may be direoted towards that of an energy crop, where not only crystalline
sugar will be extracted. In practice, sugar cane by=product utilization must be
congidered 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 termp of digestible
carbohydrate (non=extracted juice) affects its value as an animal food. Bagasse paper
is not highly valued and, therefore, ia not competitive on the world market. The
technology for further processing of bagasse is well developed; though continued



resasrch to produce structural materials is required. Bagasse is one of the best
gubstrates for cultivation of mushrooms and the fermentation residue can be used as an
animal feed.

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

Account should be taken of the cost of pollution abatement. New developments in
decorticatior (derinding sugar oane) may improve the utility of bagasse and so affect
its sconomic value. Incorporation of bagasse into smoil is not economioal.

In general bagasee is used as a fuel 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 chemicals. These by-products, however,
may not be produced competitively compared with alternatives, unless mrotected by
tariffs.

The present use of molasses is limited by cost and availability of transport.
Attention is called to the UBCD report on the world-wide utilization of molasses.
fuva has a full-scale process for use of molasses in feeding animals. The rapid
Jevelopmment of fermentation technology will have an impact on the economics of
utilization of both molasses and cane juice. GCurrently, 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 vianasse depends on the original substrate
(sugar cane juice, molasses, wine, etc.)s Vinasse contains biodegradable carbohydrates
not available to yeast in relation to small=scale tropical distilleries, and continued
research is needed on anaerobic, aercbic Jenitrification 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
(021-1) derived alceohol, it should be noted that the overall economy of a country might
be s'&rved by a controlled ethanol market. Brazil is a case in point.

Citric acid may be mroduced from sugar hy-products, but with the current world
gcapacity for citric acid production, further development of capacity, except for local
internal markets, should be approached with caution.

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

Full scale integrated chemical and fermentation plants using molasses as a feed-
gt sak or subgtrate are in operation in certain countries where the politico—economic
gituation is appromriate.

Water pollution problems arise not only from vinasse, but also from both cane and
beet industr.es through the incorporation of carbohydrates from variocus stages in
process water. The level of polluticon ia higher for the heet sugar industry than for
';he ?La.ne gugar in.ustry. Abatement of these probleme is required at a plant engineering

evel.

Bagasse is one of the best cellulosic sources available for the production of
pentosans, for which there is an expanding market. A large range of other products
i8 theoretically producable from sugar cane, tut other sources, feedstocks and
substrates are economically super:or for these end products.
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Pilter press mud is usually dumped in rivers, a practice which should be avoided.
Tt has been used (after cocling) in spreading on land, but this use should be treated
with caution. The recovery of wax from the mud is considered uneconomic. The study
of its use for soil conditioning and as a source of phosphate and potassium could be
recammended.

The pollution problems arising from the sugar beet industry differ from thoge 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 sgevere for the beet than for the cane
industry.

Beet pulp residues can be used as a feed, but it is necessary to press and dry the
mlp prior to feed use since wet pulp presenis a mycotoxic hazard in an asrobic
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 swWweeteners might be furnished from
atarch and cellulose raw materials. Industries baged on develoment in sucrose
ochemistry might have an o¢verall benefit on carbohydrate producer countries. Thus
these industries might lead to improved per caput incomes.

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

10. 8i1 .. Cell Protein

(a) General Position of SCP Production

In recent years tremendous progress has been made in research and development of
gingle cell protein production on unconventional substrates like gamoil, paraffins and
methancl. The construction of producticn plants with capacities up to 100,000 tons per
anmw is announced for the United Kingdom, Italy and the 3oviet Union and in a number
of cases already completed.

The develomment a® mentioned forms a stimulus for intensification of the study of
the potentials of 3CP production based on organic reaidues of agricultural origin. The
adorking Group focused its attention on this field.

(b) Requirements of SCP Production Unit for Azro-residues

It was reccgnized that the logistic aspects concerning the substrates form a major
[roblem. 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
cogta have to be low, technology involved should not be too complicated in order to
make a mroject economically and technically feasible.

(c) Aimg 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 comtent from the farmentor.

From the U.S.A. as well as from Thailand the idea was launched that pollution

gontrol can be the mimary object of SCP production, because the system uses residues

that are otherwige discharged inte the environment.



Muring fermentation the microbiolegical status of the residue may be improved,
depending on temperature applied.

In the ¢ase of algae, the production of pigments was considered as a wvaluable
item.

(3} 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 ¢allulose from wood (Finland) reached the
level of advanced research—projects or even the production stage. Not everybody is
artimistic about the economic aspects.

Fruit by—prodnctes, distillery effluents and wolasses were mentioned as substrates
izt investization.

Fungi, yeasts and baoteria are most frequently uwed as an organism. Their genetioe
sotenbicl is of predominant significance for the success with which the substrate is
attecksl and for the amine acid composition of the protein produced.

Algas, usnall; moationed togsther with the other categories seem to offer less
bright pros;ccts from the vieupoint of production technology.

(2} Huatritional and Toxicolomical Svaluation

The Protein Advisory Group of the UI' System provided guideline 15 for testing novel
gources of protein. Such a full scale testing is costly and time—consuming. To
mrovide applicable data, the testing has to be carried out with a standardized product.
Por economic reasons elaborate teating is imposgsible for the small scale production
units under discussion.

I the degree of novelty of suistrate anl of microorganiem is limited, and
s mpuratively small quantitative impacts are to be expected, then safety and nutritional
aspects can preobably be determined at an accaptable degree by small scale experiments.

Thase exyperiments have to be preferably carried out with the animal for which the
proiuct is Jlestined, the target species, because they respond often specifically. By
making use of young animals the amount of material required for testing c¢an be limited.

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

{f) Internationalization of Know—how

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

It might be 'seful to select microorganisms and teet their products under

standardized conditions which are of relevanoce for the areas disoussmed. These mioro—
nrzanisms could then » made available for gensral 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,
ag identi~®ied in Seotions III and IV, the Seminar makes the fellowing recommendations.

The Seminar participants recognized that in considering the utilization of agri-
cultural and agro—industrial reeidues, it is essential that the environmental impact of
thege residuea be mroperly evaluated as a baais for work in the field. Envirommental
mrotection implies more than the abatement of pellution. Some agrioultural reeidues nay
be of considerable envirommental value, for example, in the prevention of erosion, even
though it is difficult to place an economic value on euch use, On the other hand,
inveatmente in residue utilization for envirommental improvement may increase ocosts of
food and other agricultural products. However, such direct ocomt inorease may be offwet Ly
the advantages gained by the public through the removal of the adverse effeots of the
reasidue or by the savinge in coets to industry of complying with regulations imposed
to correct the adverse impacts.

As IMPROVING INSTITUTIONAL CAPABILITIES

1. Naticnal Centres

Each country or region should establish or have available a ocentre to co—ordinate
and carry out, as apmropriate, the research, development and other investigations
necesaary for the evaluation and sucocess of possible residus utilisation approaches.
Where needed, aseistance from international, intergovermmental amd non—govermmental
organizations should be provided to increase the capabilities of msuch centres.

The action programmes for residue utilization approaches must be multidisoiplinary
and maltifunctionary. Co-ordination of these programmes is necessary to achieve desired
results. The disciplinea that should be imvolved in the approaches inoclude engineeras,
foed scientists, microblologists, agrioultural scientiste, economists, socoiologiste and
lawyers.
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2 Strategies

Bach country and industry should establish definite, feasible residue utilization
strategies and mriorities for residue utilization that reflect realistic social, economic
and technical goale. The strategy must be compatible with environmentally sound decisions
that reflect existing physical, human and other resources. Desirable reasidue utilization
approaches will depend upon the use of the indigenous capacity to generate and operate
economically viable appropriate technologies. Such strategies and pmriorities should take
full account of the interrelated policy questions of land-use, energy and transportation
as well aa the various socio=economic, ecclegical, and envirommental considerations.

This will call for co—ordination among responsgible authorities in countries and may
require the establishment of suitable mechanisms for this purpose.

Greater effort should be made by both industry and govermments 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 mrogramme 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 appromriate controls and resulations are hased on sound scientific
data, that they are enforceable, and take into consideration socic=economic conditions.
Care alec ghould be taken not to create non-tariff trade barriers through unjustified
import restrictions. ’

3. Information Exchange

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

4. Incentives

(Qreater incentives should be provided to reduce the generation of agricultural and
agro=industrial wastes. Incentives such as stricter pollution control regulations,
wagte discharge taxation, subsidies to enhance utilization, and other posaible incentives
should be evaluated in specific social and economic oonditions. Included in the evaluation
of feasible residue utilization approaches should be an analysis of pogssible legal

¢onsiraints. Guidelines for apmropriate legal apmroaches, such as model laws, should be
developed.

5. Bducation

Ways to educate the publie, and inform industry and government concerning the need
for low residue, environmentally mound 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 produots need to be applied more broadly.
The success of utilization approaches depends upon the asceptance of an approach and the
resultant product.

6. Implementation

a. Existing Inatitutes of mimilarly oriented ecological gones should co=operate for the
purpose of the joint organization of training courses, pre-investment feasibility astudiss,
research and demonstration projects, incentive and market posegibilities, evaluation of
gocial, legal and economic impacts, and an information exchange system, based on the



important residues of agrioulturs, forestry, fisheries and related industries oocurring 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
gervices and technical aesistance.

b, In a follow-up programme, UNEP should give consideration to providing a forum for
exchange of experience amongst countries in establishing and implementing effective residue
management strategies which improve the quality of the enviromment and use of resources.
Consideration should alsc 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,

¢. 3ach goverament and industry, through its existing laboratories and organiszations,
shouldi initiate surveys and studies to evaluate 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, caleculating
the types, quantities and distribution of these residues. The characteristics of
agricultural and agro—industrial residues are vital information for sound utilization
approaches., TInformation on the characteristics should include parameters to measure their
pollution potential, their mutriticnal and energy value, and potential health hazarda.
Ahere such information im not available, adequate testing of the residues should take place
for such parameters prior to decigions on residus utilization. '

ds+ To enhancs the knowledge base of residue utilization posaibilities and appro—
priats technolozies, thare should be a central information centre that would, over and
above the information supplied %y the IR3 of UNEP, acquire, analyze and summarize
information from liverse sources, and distribute it to potential users. Information from
original sources is needed by those considering various utilization appreoaches. Bxisting
rasesarch institutes, industries and organizations should be encouraged to supply information,
reprints, articles, reports and gimilar material to the central information centre for
acquisition hy other interested parties.

es FAC has taken an important step to mrovide information in agricultural waste
managsment and resilue utilization. FAC should update the material in the Directory of
Institutions, the Compendium of Residues Techneclogies, and the Residue Utilization
Bibliography at a minimum of every three years.

f. 4 comprzhenaive assesement of traditional local village level remiduea
technologies should be made to identify pessible application in other situations.

g+ Pilot and demonsiration projects should be established on small community
recycling systems and on small-scale processing facilities aiming at total utilization of
Iresources.

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

i+ «hen residuss 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
ghould 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.

Jo To initiate a change 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 Teferrad to as "residues" rather than as "wasgtes®.
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B. MEASURE3 FOR IMPRCVED RESCURCEZ WANATEMENT IN SPECIFIC AREAS

Bach of the working groups was requested to identify recommendationa that would improve
residue management in the commodity that the group discussed. These recommendations are
presented in the following paragraphs. There were, however, a mumber of recommendations
common to more than one working group. To avoid repetitioen, but more importantly to emphasize
that certain recommendations were felt important by more than one group, these resommendationa
are presented first.

Generai
These recommendations ware resented by more than one working group.

— QJovermments and agro=industriee should atiempt to make the greateat posaible use
of repidues as a source of raw materials.

~ QGovernments should establish regulations that would lead to a reduction of environ=
mental pollution.

= (overmmants, International Organizations, and agro-industries should support research
and lemonstration projects that more clearly define the proper use of residues as
fuel, fertilizer, feed and other uses.

— International Organizations, in collaboration with Governments, should develop
and encourage adoption of stamlard terminolegy and methodology for reporting
data on quantity and character of organic residues.

- (overnments, International Organizations, and agro=industries should initiate
surveys and gstudies to determins the guantity and characteristics of available
agricultural and agro~industrial residues sc that the optimum end use will be
achieved and the best technology utilized.,

— vhen planning agricultural and agro—industry development, governments and industry
should provide careful thought to the technical and socio—economic oongiderations
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 concernsd parties. Information on the successful utilization
technologies, institutional approaches, and incentives should be broadly
disseminated.

1. Pruit and Vepetable Residues and By-producta

{a) Sovernments

=~ Should provide, where neceasary, technical assistance, regulatory strategies,
andl economic and other incentives to stimulate the utilization of residues.

= J3hould undertake market research with reference to export ocutlets for end-—
products of residues.

= 3Should re-examine health and sanitary legislaiion with regard to animal feeds
80 that it does not unduly hampar the use of residues.

= Jhould pay greater attention to the develomment of energy-saving technologies.

= 3hould give special attention to the develoment of residue utilization technologies
for small farmers and small=gcale processes.



2.

(v} International Organizations

FAD 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 aotivities.

FAO should keep up to date the compendium on the residus utilization technologiesn
and management.

PAQ shoull cellect and disseminate bibliographical information on residue
utilization and management.

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

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

The Protein~GCalorie Advisory Group (PAG) or its successor mechanism of the UN
System should continue to review the approgriate 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 heo
investigations on residue utilizatiocon and management.

(¢} Agro=Industries

Attention should be given to the potential use of residues as aocurces of direct
energy, feedstuffs, fertilizers and other mroducts. PFull use should be made of
bioconversion processes in various mtages of proceasing, Full use also should

be made of solar and other kinde of renewable energy.

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 regidues, industries
could try the method of vertical integration by forming suitable consertia which
might have catalytic effect on farmers, co—operatives, eto.

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 o=
duction should be considered.

The interest of producera of processing equipment must be attracted in stimlating
better utiligation of residues.

Beverage Industries Residues and By-products

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

The production of animal feeda from residues of cereal based beverages should be

encouraged where plants exist for the production of such beverages or where such
planta are to be egtablished.
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Thia may be achieved Yy issue of information on feed material to wsers and to

compound manufacturers where they exist, bearing in mind that utilization of residuas
from the brewery and distillery industries in new areas will ultimately depend on their
marketability.

1.

64

GCellulosic Beaidues

(8) Governments:

Should support and conduct further research on the physical, chemical and bio-
chemical propertiea 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 immovative
technology to utilize organic residuss 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.

(b) Industry:

Each industry and each company is urgedl to analyse its own operations or production
practices to assess the potential for economic utilization or reduction of its
organic by-preducts and reeidues. Industry should communicate to the government
the nature of botitlenecks and restraints 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 oollect and disseminate examples of economioally viable and environmentally
sound uses of organic residues as fuel, fertilizer, feed or other uses and
pablish guidelines for transferring successful technology elsewhere.

Should inform Governments of countries where conversion of available organic
residues would seem ecomomically viable and of the possibility of developing
industrial utilization of thess residues.

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

The appromriate international organizations are urged to provide technical
assistance in carrying out residue utilization projects initiated by the
government s.

Should undertake a strategic study of land use planning on starch and cellulose
as raw materials for sugar production and energy and feedstock sources.



4.

Fieh Residues and By-products

Priority attention should be given to develomments 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 financiel assistance in post<harvest aapects 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 jromising projects he assisted by relevant international
organizationg to a point vhere 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. 3pecific 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 reasconably
priced enargy sources., It is recommended that assistance be provided.

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

work on the production of animal feed by ensiling is proceeding at a low level in
a number of centres. Both acid and microbiclogical methode suitable for smalle
scale production in the tropics are being developed. There is an urgent need for
more animal feeding trials which could be carried out by increaging the level of
assistance to the FAC Programme of Co=operative Research in Pish Technology in
South-Eagt Asmia.

It is considered that assistance in developing these technologies could have a

significant impact at the village level. A8 a result they would contribute to immroving
the living conditions of the rural poor in fishing/farming communities.

5.

Animal By=preducte and Residues

In view of the fact that the animal by-products industry is constrained by failure

to gain planning consentg for new operations and existing operations are being closed
due to the difficulties of controlling envirommental problems, it ia recommended that
congideration be given to the following:

Investigation of low energy (cold processing) as an alternative to present hot
proceesing 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 qualitys

Research development, and increased application of technicues that will allow
for the use of whey in human feeding;

Upgrading of materials such as blood and certain other so=0slled non-edible
offal by extracting protein for human use;

Where centralized plants involve high transport costs and deterioration of
raw material, investigation of chemical ocontrol of spoilage between site of
production and eite of yrocessing, using non-toxic substances;
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6.

Effective recovery of all by-products, by providing suitably sized integrated
processing plants and mobile plants as an alterpative to large cemtralized
rendering plants;

In view of strong social pressures against envirommental muisances 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
agro—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
grounl water pollution is prevented.

It is further recommended that:

When livestock wastes are used on the land, the ratio of livestook numbers to
the available land should not be exceszive to insure the efficient use of the
plant mutrients contained in the manure and so avoid environmental pollutiony

In tropical and sub-tropical countries where energy may be limited, attention
ghould be given to the conversicn by anasrobic fermentation of animal mamure 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 meagures must be taken to ensure that no disease is transmitted to
humans or livestock;

In view of the dangers of environmental pollution from agrioultural and agro-
industrial pursuits, attenticn must be given to site selection go as to minimize
this pollution and nuisance;

Attention should be given to the hazards arising under circumstances where
infrequent, intensive slaughter of animals takea placej

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

Cereal Residues and By-mroducts

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

Identify and use available appropriate technologies that will reduce agricultural
regidues generated in processing of food graing and in their transfer and
utilizations

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 technologien;

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

Give special attention to the utilization of cereal residues such as straw and
¢obs for the mamufacture of animal feeds and other industrial produots.



-~ Develop a policy, as appropriate, and an integrated programme of action for improves
ma2nt of the food grain proceasing industry.

- Create centres at national and regional levels for demonstrating ipt?grated
oparations of the cereal industry generating low residues and utilizing them
efficiently.

Ts Residues and By—products of 3Starchy Roots and Tubers

{a) Governments:

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

-~ 3Shoull make every effort to cbtain from international organizations and others,
enginesring feasibility studies to determine which technologies are more
anplicable to their national situation for gtarch/glucose/sugar production, SCP
ani biogas production from starch concentrated residues of bananas, cassava and
notatoes;

- Shouli establish pilot demonstration projects for {a) starch recovery from
effluents both for large and small starch factories and glucose/fructose
»roiuction, (b) uses of starch for biogas production which residues can be used
a~main as fertilizers;

— 3hould implement wherever possible, measures for regenerating the agricultural
soil with crop regiduss and used water;

(») International Organizations:

-~ 3hould assist in the technical and financial establishment of the pilot demon=
stration projects listed above, especially at smallwscale levels;

(e} Agro-Industries:

- 3houldl carry out feasibility studies including the evaluation of starch residues
using available technologies and make a special sffort to produce economically
ussful products such as animal feeds, biogas, fertilizers, glucose/fructose
8YTUD.

g, 0ils ani Qilseeds' By~products and Residues

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

(2) Governments:

= Should use husks linked with local requirements but in c¢ertain cases with
international markets;

= 5hould reduce envirommental pollution by appropriate use of oilseed residues;
~ Should introduce technologies which are energy saving.

(b) Food Industries:

= Shkould 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 o0il factories to optimize the use of residues and energy,
give attention to selection of varieties with low lipase activity in the maturing
fruit, encourage modification of palm fruit processing to minimige entrainment
of extraneous mineral matter during harvesting and processing, encourage dissemina-
tion of technical data on optimizing 0il extraction to minimize the oil content in
the residues and waste streams.

9. Sugar Regidues and By-products

~ Harvesting machinery for sugar should be designed to recover cane tops for animal
fead;

— Countries should investigate the "local' use of molassez in the production of
secondary producte;

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

=~ Purther testing should be undertaken on the animal feeding systemsa using high
rates of molasses in the feed;

= Special training courses should be organized on water pollution controel techniques
fer plant engineers in the cane and beet sugar indusiries;

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

10. Single Cell Protein

= 3pacial emphasig should ba given to research and develomment that will indicate
the approaches for the generation and utilization of SCP that will be applicable
at the farm or village lgve].;

~ To obtain rapid results in economic utilization and avoid the complicated
technelogy and regulations necesaary to produce palatable and acceptable products
for direet human consumption, SCP produced from agricultural residues should be used
for animal feeding;

= Attention should be paid to mutrients other than mroteins which result from SCP
production, such as oil, vitamins, ete.;

= SCP production from residwues should be considered as a means of combatting
environmental deterioration;

- Adequate feeding tests regarding safety and mutritional efficacy should be carried
out with the target aspecies at an early stage)

- Infermation regarding the technical, logistio and other aspects of SCP mroduction
should be made available to all interested individuals and organizations;

— The International Fund for Agricultural Development should consider the inclusion
of SCF developments in its programme of work.

C. ADDITIONAL RECOMMENDATIONS

Specific recommendations that were made following the presented papers, but which
ware not included in the working groups' recommendations include those for research
which should be initiated or intensified in the following specific subjeot areas:



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
gtandards for international trade and transportation of products resulting from
agricultural and agro-industry residue utilization;

Assessment of the egocial 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. INTRODUCTICH

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 management has been mini-
mum treatment snd disposal. 1In only a few cases has residuc 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 pelicies 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

75



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 cxceed the costs of con-
version or if it were judged to be sound governmental policy to encourage

recovery arnd 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



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 rescurces 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 teo require insti-
tutional changes in the relations between governments and industry, Current
approaches employ police powers to impose proﬁibitions 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 nceded 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 thec 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 1t 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 percént represents increased purchasing power (1). There

are major differences between countries. In the developed countries the



growth rate of demand is projected at 1.6 percent per year, while 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 feods, in particular, proteins derived from animal origin. Promisiac
arecas for increasing and improving animal and human food include the efficienc

use of residues from agriculture and agro-industries.

During the same period in which it has bgcome cbvious that our resourcas
are finite and that residues from agricultural production need to be better
utilized, thesc residues have caused a variety of environmental problems,
Mcthods of handling, treating, and disposing of agricultural and agro-industry
wastes may adversely affcct air, water, and soil quality and may be a nuisance

to those whe 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 1)

water pollutien from surface runoff,

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

accomplish two important objectives: a) better utilization of existing
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resources to meet human and animal food needs, and b) reduction of potential

environmental problems caused by such residues,

1.3 - Non-technical Aspects - 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:

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

b) 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

d) existing practices and technologies capable of use

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

f) available research and development institutes to help modify
and develeop 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) incentives to encourage the utilization
of residues, including economic and regulatory incentives, and ¢) 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 intoc 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,
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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

cconomic, 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, im 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



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 utilirzation, 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 per 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 rcom

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 implementii.y

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 developing the technology, and it -

using the results of the technology.

One of the needs related to residue utilization is for information systen:

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.



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 ftuel, 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-industiy 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 tesultant
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 c¢ycle or

improper management of one of the components, environmental problems increase.
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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 prices of the inputs and outputs, As these factors change, the
extent of residue recovery and utilization may increase or decrease. Knowledge
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 CHARACTERISTICS

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 uszble products. The characteristics of agricultural residues 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 recently, 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/l, 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 fransport 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 actuglly
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, BOD and suspended solids content of wastes from frozen potato
product processing (2) while Figure 6 indicates the wastewater and BOD
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 utilization
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 duplicatu
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 applicatiom
of the available characteristics, and general illustrations of how the

residues may be utilized.

9N



21l -MYy

ik

S31SvM QINLN

SGIN0S 3LSWVM

(AINO dN-NY37D)

-

AN3MI443 ILSTYM

ONY S12100Hd-AB
STVIH3LVYN S5300ud
H3IHLVIT ONY S3IAIK

aN3937

“IN3NI333 ILSUM

T "3Iisvm
aros
il ettt
M3IHivan| ONIONVS
Q3HSINIZ]  ONIVLS
ONILYOD
ONIAMQ
ONIHSINI 4

“(SONIAVHSY ILSUM Q1103 |

—

-

-

IN3A1433 315vm

I‘J

J0N0DNLvs
400D

HOAOITLYA-H0T0D

_ i 22V 3YD
B 15381_
— ]
IAVHS 3Sv3y93Q [“1NIAT0S
B prnd
I
117dS [| #vos eHswm|™ m3lwm
I A
(1INIAT0S
IN3M333 © WY3is)
315vm HOdVA
{3NOEHD) NY L m.ﬂq&.m.lm
AW ll._ 1vS .
a1V JOVNHO0LS SNINS
FYL7 SR DU, Q31vHIONA
W [SAUERE | ONIABIRY | -3y ganwg
3] /ONY N3Z0¥3
HILTM

AYINNVL NIMSOId TWOIdAL
WvHOVIQ MO

 sInd1g



FLOW Bop,  SUSPENDED

SOLIDS
(17kkg) (kg/kkg (kg/kkg)
POTATOES
RECEIVING
WASHING —_ {100 0.68 138
{
PEELING
DRY CAUSTIC S 1,450 7.32 9.57
TRIMMING — 793 078 0.26
SLICING — 1,520 2.63 130
)
BLANCHING — 1,040 5.46 2.0
4
DEWATERING — 513 0.47 035
T
FRYER/
SCRUBBER - 420 ? ?
J
FRYER BELT
SPRAYS — 420 ? ?
FREEZING — 1,600 ? ?
¥
PACKAGING — — —_ —_
CLEAN-UP —_— 950 2.72 ?

WASTE AND PROCESS FLOW DIAGRAM
FROZEN POTATO PRODUCTS

Figure 5
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POUND WASTE WATER POUND BGD

POUND MILK PROCESSED 1000 POUNDS
MILK PROCESSED

M!i_x
RECEIVING 0.125 0.20
}
STORAGE ,
STANDARDIZATION 0.015 0.18
k |
PASTEURIZATION
HOMOGENIZATION 0.50 0.80
1-
VACUUM .
EVAPORATION 9.0 0.25
|
}
CAN FILLING
CONVEYING 0.10 0.10
¥
COOKING
STERILIZATION 0.30 0.05
DISTRIBUTION

WASTE AND PROCESS FLOW DIAGRAM
CANNED CONDENSED MILK

Figure 6



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. Flants 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 slaughtexs

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-edibie

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 BOD5 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 same category,
the BOD5 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 BODS.
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 anim#:
feed production have been developed to utilize meat and poultry processing

residues,

3.3 - Rendering - Rendering is a process to convert animal by-product-
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 temperatul-
process which does not evaporate raw material moisture during cooking. The
liquid separated from the edible product contains significant soluble orgoe
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 further
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 tyres of rendering and the genc.::

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 other



TABLE 3
a/ b/

Summary of Raw Waste Characteristics— for Rendering Industry—

Parameter Average Range
Flow 3260 470-20,000
BOD5 2.15 0.1-5.8
SS 1.13 0.03-5.2
Grease 0.72 0-4.2
COoD 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 Nitregen as N 0.48 0.12-1,20
Ammonia 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 as P 0.04 0,003-0,28

a/

The raw waste loads are in terms of liters per 1000 kilograms of raw
material (RM) 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.

from: Environmental Brotection 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,



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 same 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 inelude 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, o0il, 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 cutputs tc the plant c¢an provide reason-

able estimates of the total waste flow and residué gemeration.

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 not removed by mechanical or physical separation methods,
although they can be stabilized and/or removed 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 pH decreases. In
addition to the organic content, fruit and vegetable processing wastes can

contain other 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 pH 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 heing available for vutrilization. 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 resuit
from processing plant techrnology 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 ¢ and 7. Table 6 presents the average characteristics
for U.S. plants processing fruits, vegetables, and some specialty foods.,
Wastewater volumnes and waste generation vary significantly between categories

and between plants within categories,

Table 7 indicates the average characteristies of wastes from U.S,
plants preparing specialty foocds. These plants produce wastes that are
highly organic. The wastes are often deficient in nutrients and contain

significant cil and grease where substantial frying is done.

3.7 - Dairy Product Production - The largest wastes from dairy food

plants are whey from cheese production followed by wash water and pastcuriza-
tion water. The manufacture of cheese from either whele 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 pH in the range of 5 to 7.

Skim milk is uscd 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 ccagulation. Each pound of
cheese produced results in 5-10 pounds of fluid whey. About 70% of the
mutrients in skim milk are part of the acid whey, The BOD of whey ranges
from 32,000 to 60,000 mg/1l 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 foed products



TABLE 6

a/

Raw Waste Loads—~ for the Fruit, Vegetable,
and Specialties Processing Industryﬁ

Flow BOD Total suspended solids
Category gallons/ton 1bs/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
Cranbcrries 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 0.8
Olives 9,160 87. 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
Strawberries 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 1bs/ton 1bs/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 onion

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 5,520 45,1 18,7
Peas

canned 4,720 44,2 10.8

frozen 3,480 36.6 9.
Pimentos 6,910 54.5 5.
Saverkraut

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

canned 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 1bs/ton lbs/ton

White Potatoes 1,990 54.6 74.8
Potatoes

frozen 2,710 45.8 38.8

dehydrated 2,100 22.1 14.7

Specialty Foods

Baby Food 1,770 5.1 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

a/

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 LCffluent Limitations Guidelines and New Source Perfor-
mance Standards for the Fruits, Vegetables, and Specialties Segment of the
Canned and Preserved Fruits and Vegetabies Peint Source Category,' 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 growéh 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.

BODS/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 BOD, 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 BOD. BOD to solids

relationship in dairy food plant wastewaters are noted in Table 10,

3.8 - Grain Processing - The milling of grains dates to the begimning

of recorded history. The cereal grains include barley, corn, grain sorghunm,
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 aminmo acids such as cystine, lysine, histidine, tryptophane and

arginine (6).

The 0jl 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 de-oiled rice bran can be utilized as an animal feed,



TABLE 8

Milk Plant Waste Water CoefficientsEf
Waste Volume BOD
{1b/1b milk processed) (1b/1000 1b milk processed)
Type of Product Average Range Average Range

Milk 3.25 0.1-5.4 4.2 0.2-7.8
Cheese 3.14 1.6-5.7 2.0 1,0-3.5
Ice Cream 2.8 0.8-5.6 5.7 1,9-20.4
Condenscd 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 0.02-4.06
Cottage Cheese 6.0 0.8-12.4 34.0 1.3-71., b/
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
a/

~ From: Harper, W.J. and Blaisdell, 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.

b/

—'Whey included, whey excluded from all other operations manufacturing cottage
cheese,



TABLE 9

Milk Plant Processing Waste Data from Five Plants (mg/l]E/

Range of Averages Total Range of Data

BOD 940-4790 400-9440
CoD 1240-7800 360-15,300
Ammonia 7-36 1-76
Organic Nitrogen 36-150 9-250
Alkalinity 81-505 0-1080
pH 4.8-6.8 4.2-9.5
Total Solids 2280-6490 1210-11,89¢C
Suspended Solids 360-1040 270-1980
Volatile Suspended Solids 300-1000 200-1840
E-”Frc:-m: Lawton, G.W., Engelhart, 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,



TABLE 10
Milk Plant Waste Characteristicsgf

BOD-Solids Relationshipsgj

8S/BOD TS/BCD

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

E/Environmental Protection Agency "Dairy Food Plant Wastes and Waste
Treatment Practices" Report by Department of Dairy Technology, Ohic
State University, Columbus, Chio, Grant 12060 EGU, March 1971,
Washington, D.C,

b/gs = suspended solids; TS = total 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 must
be collected, transported, and disposed of in an economical and non-cffensive

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 alsc 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.$, 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 information 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 harvestcd,
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
utilizatioﬁ of the about 1.2 billion pounds of seazfood 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.



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 fermentation of organic residues., Several indus-
tries such as soap, lcather, and animal feed manufacturing vtilize meat packing
wastes., Biochemicals such as hormones, vitamins, and enzymes also have heen
produced from packinghouse residues. Animal manure has been used as a 5011
conditioner, an znimal feed supplement, for fertilizer, and to produce methane,
Other cxamples con be provided and will be identified in subsequent sections

of this rcport,

While these and other methods can be used for residue utilization, they
rarely solve an entire waste problem since the matcerial produced or reomoved
may be only a small component of the original residue. There will be sccoen-
dary vesidues requiring trecatiment 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 "totol utitization' has not

been achieved with most utilization approaches,

Any residue utilization process will be subjccted 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 carbohvdrate, fat and oil,
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, transpertation, and physical
processing of the residues and end products of the utilization
techriology

-use of the end product - markets, demand and rate ¢f growth of
demand, storability, seasonality of use

-socio-economic aspects - necds of arcas, countries, and regions,

overall goals, available skills, impact on thc culture,

Information about the propertics of agricultural residues is fundamental
to the development of feasible residue utilizaticn systems. Technology that
may have been successful with certain residues may be less successful with
other residues unless _he echnology 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 low 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 1osses,
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 rcsidue supplies such as these due to the seasonal nature of fruit
and vegetuble processing. Identification of the residue sources within a
processing plant also can be important since it provides information for
in-plant scparation 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 issuec 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 tc¢tal quantity of agricultural
residues has been cstimated at about 474 million dry tons aunnually - 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 ic 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 sclutions to such problems. To be fully realistic, all
potential utilization of residues must be linked to local oppertunities.
Candid recognition of the economics involved in residue utilization is
important. Solutions satisfactory for a given cet 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 entreprencur 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 evuluation of existing literature to detcrmine applicable
technology

- evaluation of available market potential

- possibilitics for change in the production process to generate
a residuc more suitable for utilization

- determination of rcgulations governing the transport, processing,
and utilization of the residue and any rcesultant 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

wn the marketing and public relations areas.

Few really novel residue utilization technoiogies exist., A variety 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 1s important to



avoid reinventing the wheel. Available information should be ¢ritically
analyzed to learn from and adapt the knowledge and experience that does

exist,

A key to the development and application of suitable residue utilization
technelogies is the ability to modify the technologies to the local conditions
and the characteristics of the specific residue. Lérge scale pi}ot 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 beconing available for many techndlogies that permit a
reasonable evaluation of their application to agricultural residues. On the
basis of current informatien, many utilization processes have significant
potential but will result in a low level of application until such time as

social or cconomic 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 used 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
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can be used directly as a fuel by combustion or may be fermented to produce
methane with the subsesquent residues applied to the land for crop preduction
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 decrcased.

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 estimute the total amount produced vhile others ectimate
the amounts considered to Le collectible in practice., However, the values
indicate the order of magnitude of the available material. Ihether al?l
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 potential 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 continuocusly 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 awount of recoverabie energy in
the residues and its relation to the total energy nceded in generation process,
b} compatibility of the form of the energy to the uses for it, ¢) 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

Estimatcd Quanties of Organic Waste Products (11)

Million metric

Waste dry tons per year
Urban
-sewage 60
-municipal 160

Agricultural

-cereal strawvs 132

~other plant residue 220

-CoW manure 210
Food

-logging rcsidues 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 etliylene.

The process is not new having been in us¢ for many ycars in the pro-
duction of methanol, acetic acid, and turpentine from wood plus recovery of
the residual charcoal. Pyvrolysis has been investigated as a potential proces:
for several types of agricultural residues (12)., Low temperature pyrolysic 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% potassium and represented a

50 to 80% weight and volume reduction.

The pyrolysis of animal wastes indicated that the heating value of gases
from dried bcef cattle wastes, dried poultry wastes, and dried swine wastes
was about 4.4 x 105, 3.8 x 10%, .and 3.2 x 10% joules/kilogram. The heat .
value of the remaining carbon char was 4 x 105 and 8.1 x 10% 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 10° joules/kilogram.

A full scale nyrolysis facility using dry wood residues has been in
operation since 1972 without major problems (13). The system operates at
lower temperatures (300° 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 e¢il 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 sterilization of waste
during fermentation to reduce the public health hazard of fecal nathogens.
The fermentation process will also reduce the transfer of fungal and other
plant pathogens from a crop residuc to subscquent crops when the liquid
residuc from the methane generation process is used as a fertilizer, By
using some of these materials to support methane production, additioral
value can be gained, methane, while still realizing previous benefits.

The original nutricents in the digested material ave returncd 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. Thesc gases can be an cnergy source close
to the generation site. Approximately 8-9 cubic feet of gas can be produced
per pound of volatile sclids added to the digesier when easily biodcgradable
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 municipa. sciage 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 ntilized when
energy supplies have been reduced as in several countries during and after
World War II.
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TABLE 15

Agricultural Residues Having Potential for Methane Generation

-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, mcat,
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 {rom 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 conditicns, For example,
several thousand units are operative in Taiwan using primarily pig manure and
by-products from individually owned and operated pig famms. In India crop

residues and cow c¢ung 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 anacrobic 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 variocus

-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. Tor
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 be minimized and fresh wastes should be utiiized.

Caution is advised in utilizing design data obtained from residues having
characteristics different from those under considerstion. The biodegradable
fraction may be different and the residues may have components that may cause

inhibition of the digestion process.

An important aspect to be considerad with the anaeyobic digestion of
animal wastes is that the total velume 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 cobtain a solids concen-
tration that can be mixed. Although considerable solids decomposition occurs

in a digester, little reduction 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
(1b/day /1000 1b live weight) 85 58 50 59
Volatile solids
{(1b dry solids/day/1000 1b
live weight) 8.7 5.9 5.9 12.8
Digestion efficiency of the
manure solids (%) 35 50 55 65
Bio-gas production
(f£3/1b VS added) 4.7 6.7 7.3 8.6
(££3/1000 1b live weight/day) 40.8 39.5 43.1 110.9
(1b x 0.454 = kg: ft3/1b x 0.062 = m3/kg)
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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 the gas; d) encugh
raw material available to meet the production requirements; and e) suitable

maintenance and operational control.

The following examples 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 §7% at a digester solids content of 6.5%. Utilization of the remaining
nutrients in the digested effluent was achieved by the growth of bluegreen
algae to provide high protein feed. One pound of protein could be obtained
from 20 pounds of dry manure and the reclaimed water after 2l
was recycled. The effluent had a very high nitrogen content znd met the

fertilization requirements for crops.

-Solar energy fixation and conversion with algae-bacterial systems to

produce methane - The study invelves 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 anacrobic digestion,
variazble 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 energ
production ~ A study of systems for the treatment and utilization of Jivestock
and agricultural wastes as alternate sources of animal feed, energy and ferti-
lizer such as: a) development of physical-chemical processes for recovering
undigested grain, fibrous residue and protein from livestock wastes, and b)
natural biotogical processes to treat livestock wastes and produce energy

(methane gas), fertilizer and animal feeds (single-cell protein).

-Anuaerobic fermentation of organic material - Development and design
of anaerobic fermentation rcactors 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 propertics of apple and grape ponuace are being studied to
determine factors conducive to the manufacture of briquets. Dried apple
pomace and grape pomace were found to contain 8000 and 8400 BTU per 1b.,
respectively, These values were approximately 60-65 percent of the combustion
energy of commercial charcoal briquets (12,800 BTU per 1b.) and sawdust fire
logs (14,000 BTU per 1b.). When the pomace was subjected to peroxide treat-
ment and pyrolyzed before combustion, the BTU per 1b. 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. S8ingle 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 veast.

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 gquality, and can flourish

on simple organic nutrients and a diversity of carbon scurces,

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. Yecasts 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 arc small and

more difficult to harvest than fungi and yeasts.

Successful production of microbial protein requires attention be given
to engincering and biochemical fundamentals., These include adequate oxygen
supply, mixing, no inhibitors, temperature control, and suitable microorganisus

to metabolize the substrate.

Many examples can be provided for waste recovery by microorganisms,
including specific fermentaticn processes to produce fermentcd 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 rescarch 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 acrobic microbial fermentation of spent sulfite liquor produced high
yields of bacterial protein having a protein content of 66 to 70% (17). Approxi-
matcly 20,000 wg/]1 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 of cclls containing 68% protein could be produced per ton of pulp.
Fecding studies on rats indicated the ccll material was palatable, non-toxic,

and an excellent protcin supplement.

Other investigstions into sulfite liquor treatment have resulted iwn
processes utilizing the liquor itself or its components cuch as the lignin.
Vanillin, oxalic acid, tanning matcrial, road binders and alcohol and yveast

are by-products made from sulfite liquor,

Torula yeast has been produced by fermentation of the spent sulfite
ligquor. The protein content of such yeast constitutes asbout one-half its

weight.

Biological waste trcatment 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 major 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 vegetahle processing wastes -
Expefiments are bcing 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 continruous laboratory aerobic fermentor is being used to identify
the feasibility of effectively treating food pruvcessing 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 2 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
a high content of furfural compounds. These furfural compounds result from
a 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 vich 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 vhey by fermcntation - Fermenters convert

whole and deproteinized acid whey to a feed product using Saccharonveces

frasilis. No dischavge of pollutants is contemplated due to planned evapora-

tion and spray drying of the entire fermented medium,

-Fish protein isolates - Fish that is undeyutilized 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 stourage. The rescarch is to explore the technology to prepare
such isolates.

-Preservation and evaluation of marine foods - The chjectives are ta
identifty 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 nonconventional techniques. The practjcal
methods of control under study could be of valuc to underfed countries wheye
other protein foods are lacking, yet the fish protein is present in the

nearby seas but cannot be utilized mainly because of its high perishability
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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 the¢ 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 marinc 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 seafvod 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

mere valuable waste fractions, and to formulate marketable products.
-Utilization of slaughterhouse and meat preocessing by-products - The

objective is to investigate the preparation of vholesome and nutritious protein

products from slaughterhouse and meat processing by-products, for use as

140



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, is to be explored. Studies on the conversion of hide

12
protein hydrolyzates jinto 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 potassiune levels in dricd potato solubles so higher levels of dried

solubles may Le used in poultry feeds.

A full scale example is the processing of grape and olive waste into
0il and animal feed. 0il can be recovered from grape waste and olive press
waste by solvent extraction. A complex incorporating such extraction has

been reported on Cyprus (19).

The general process for grape waste utilization 1s to remove the coarse
impurities from the grapes as they are reccived from the wineries, following
which the sceds and skins are removed and dried. The seeds are crushed,
flaked, and subseguently 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 fecd.

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
0il, 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 illustrations 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 cof ways to utilize this material.
Whey can be used as a partial animal feed, a feed supplement, a starting
material for some cliemical productions such zs alcohol, and as a growth

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 milk used. Most of the
whey is discharged to waste treatment plants and to strcuns thereby increasing
the cost of the cheesc 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 possibilitices
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,

bDehydration of whey can be accomplished by roller drying and spray
drying. Cottage cheese whey is difficult to dry by the roller or cenventional
spray process because of its high acid content. Foeam spray drying can be
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,



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 electrodialysis, may be used to producc a‘protein supplement grade of
whey that may be economically competitive. The technical and marketing

aspects of this approach vemain to be evaluated in depth.

The following examples indicate somz of the curvent research (15) on

whey and dairy product utilization that is in progress:

-Utilization of checse, fermented foods, ard their waste products -
The objectives include investigating factors contributing to excessive con-

centrations of hydvogen sulfide in ripened Cheddar cheesc and to discover

control mechanisms and developing new flavored fc¢rmented milk foods and trans-

forming waste acid whey powder into nutritious foods for humans and aninmals.

-Demonstrate an ultrafiltration plant for the gbatement of pollution
from cottage cheese whey - The objective is to recover edible protein and
lactose by ultrafiltration and reverse osmosis thereby reducing influent
BOD by 99 percent and perform an operation, technical, and ccenomic evalua-
tion of both a 10,000 ib/day pilot plant and a 300,000 lb/day Full scale
system.

-Utilization of chcese whey for wine production - The technical feasi-
bility of producing accepiuble alcoholic beverages from checse 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. Yesst nutrients, such as nitrogen and B-vitamins, help little
in increasing the rate of fcrmentation. 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 preteins 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 checse whey solids - The objectives include
finding new uses for whey, adapting vacuum foam drying to the high protein
fractions in whey, and separating the whey into components or fractions. Nutri-
tionally improved extruded products (pasta, breakfast cerceal, snacks) which
contain whole whey or whey fractions and which are suitable for huwnan use

are being developed.

4.5 - Animal Feeds - The tyaditional method of increasing livestock
production by supplementary forage and pasture with grains and protein concen-
trates may not mect the increased meat protein necds. Use of the grain
and protein for human food will compete with such use for animal feed.
Increcased use can be made of the residues of agricultural and apro-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.



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 woisture, 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, hofmones, larvacides, 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 uséd as a feed supplement for animals. When adequately processed,
animal waste_and“ﬁoultry litter may be an economic¢ source of nutrients and
should be‘recogniied 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 ére'other feed ingredients. In research evaluations, feeding
processed animal manures has not altered the taste or quality of meat, milk,
or eggs. Potential transfer 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 1s 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 depende¢nt 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 scurce of energy in ruminant nutrition.

If the resistant portion of ruminant wastes were treated and/or processcd

in a manner to allow subsequént animal digestion by the rumen microbial
population, these wastis could become an available sonrce of cnerey to the

animal.

Chemical treatment and use of manures in this manner may offor an cxpe-
dient methdd of reuse and volume reduction of othcrwise potentially poliuting
wastes., OStudies have shown that the digestibility of the material in aninal
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 materiul,
and sodium chlorite which altered the lignin content. Heat treatment under
alkaline conditions zppears to effect hydrolysis of hemicellulose solubilization
of lignin but causes little change in the chemical nature of cellulose,

Under acid conditions cellulose is hydrolyzed to glucose. Hemicellulose
also is hydrolyzed and chemically changed to furfural. Lignin 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 shecp
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; pH 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" residues, including those from agricultural operations, industry,
and municipalities, can modify the characteristics of such residues so that
they are more susceptible to microbial degradation. JTncreased methane pro-
duction, protein production, or other beneficial use can result. The rela-
tive economics of this approach, including equipment and manpowexr requirements,

need clos¢ 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 ddys., Fermentation
occurs in the silo and the pH decreases to near 4.0, This acidic condition
inhibits most biolegical 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 cutputs
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; CIT - a dry pelletized product containing
27-30% crude protein, 4% fat, and 25% ash, this material is fermented 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
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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, envirommental
conditions under which the manure was kept prior to collection, and conditions
used for processing for refeeding. 1In 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 nceded nutrient and energy
content of the ration.

As with any feed material, proper handling of the raw material and product
after processing are nceded 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 examples (15) of existing research on the use of agricultural

residues for producing animal feeds include:



-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 gilts was:
energy, 52.4%; dry matter, 52.7%; crude protein, 62,9%; crude fiber, 52.6%;
NFE, 77.9%. Ensiling 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 ensiled 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 ensiled
waste., Beef breeding animals continued to be fed on waste containing feeds
and in third generation animals, health remained excellient 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, weod, 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 ¢) 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 fecd - 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 comnposts 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 vegetutive
origin such as vegetable processing wastes and cron 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 Lhe availabie nutrients seriousiy depleted, Main-
tenance of the fertility can be accomplished by the frequent addition of
organic matter such as animal manures and cother agricultural residues thus

properly utilizing their nutrient and soil conditioning constituents,



Available information 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). 1This 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
residucs offer a potential for suitable utilization if they can be collected

and properly used as fertilizers,

Nitrogen is one of the impertant components of agricultural residues
that make them possibilities as fertilizers. Nitrogen is the principal
nutrient limiting crop production in the United Stuates and Europe., [t docs
not accumulate or persist in cultivated soils as ceontrasted with phosphorus
and potassium. Conservation of nitrogen in the residues and when applied te

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 enviromment. 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 firty 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 toms 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:

a) technology to conserve the nitrogen prior to land application

b) manure application rates that match the ability of crops to
utilize the available nitrogen

c) manure placed below the soil surface and under conditions that

do not lead to denitrification or leaching losses in the so0il,

After the residues are incorporated in the seoil, 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 sc¢il 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 lcaching if water moves through and beyond the root

Zones.,

Proper understanding of the nitrogen and other nutrient cycles will help

better retain and use the nutrients in agricultural residues as fertilizers,

In general, one of the best use of wastes and residues from agracultural
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 incorporuting
them in the soil; b} the transmission of plant pathogens; and ¢) the need to
avoid exceeding the capacity of the land to assimilate the residues. As an
example of the latter factor, rescarch has shown that 10 tons of dry manurc
per acre, applied to irrigated sorghum, provided the same 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 local site such as precipitation patterns,

natural soil fertility, crop needs, quantity of needed nutrients, and factors



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 watcers can be reused in the processing plants and
for irrigation and recharge of groundwater. In-plant operational changes
may be necded to best utilize the available water. These changes can be
grouped into tvo categories: circulation and discharge of highly polluted
water separately from the wash and cooling waters, and the elimination of
some processes such as the lye peeling of potatoes which result in highly

polluted water.

Land dispesal 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 teo 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 tne root zene and
forage or cover crop inhibition., The latter ¢onditions should be aveoided

when considering or designing wastewater irrigation systems.

Agricultural wastes and wastewaters are well suited for land disposal,
since most agricultural operations arc 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 usea for hoth'year round and for seasonal operations.
Competent soil science advice will prove useful when considering this alter-
native, Preliminary investigations may be necessary, The ability to monitor
the groundwaters, the soil water percolate, the so0il characteristics, and the
crops that are grown is desirable. . It cuan 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 encloscd cnvironmentally
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.



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 stabilized 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 uscful 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 objcctives
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-
ed:

rt

tigated over the past decades and the feollowing factors clucida
o }-‘ &

-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-aerobie process regquiring less
aeration than the term implies,

-Simple turning is an effective way of maintaining necded 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 compost is a low grade fertilizer, more valuable for its

s0il 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 com-

posted successfully.

4.9 - Forest Opcrations and lulp and Parer Producticn - The residucs

from forest operations include waste from silviculture operations such o
thinning and pruning, from logging such as bark, teaves, branches nod »=umps,
and from wood processing such as bark, sawdust, and pulp and paper processing
wastes. A considerable anmount of these wastes can be utilized vhen the

economic situation is favorahle. [Lxamples inchude barl used for fuel, horticul-
tural purposes, or in wood paneling; sawdust used for fuel and as a fermentation
base; resin used for turpentine and fatty acid production; and pulp and

paper processing wastes used as a vead binder, for veniilen production,

for protein and organic chemical produetien, and for fu i,

Paper is made from raw materials containing adegnaie amounts of celln-
lose fiber. Currently wood accounts for over 98 percent of the virpin fiber
used in papermaking. There are several methods for pulping wood and freeiny
the cellulose fiber. Wood particles can be cooked with chemicals under

controlled conditions of temperaturc, pressure, time, and cooking liquor



compositlon,  Wood alse can be reduced to a fibrous state by mechanical means

or by a combination of chemical and mechanical action.

Each paper making proccss 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 hemicellulose, 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

morce detail elsewhere {11},

In the forest products industry, considerahle muterial such as sawdust
and hark remain as reziducs for possible utilization. Such residues have
been used, cither dirvectly or as part of coimpost, as organic soil conditioners

or growing medin for greenhouses in Europe and Novth America.

Many fibrous agricultural residues and nonwood plant fibers can be
used for the production of pulp, paper, paperboard and panelboard. These
residucs and fibers include buagasse and straw, plants and grasses (29},
0f the many nonwood fibers considered for pulp manufacture, bagasée is
an interesiing possibitity, Sugarcane is crushed in multiple mills for
juice extraction. The fibrous material remaining after the juice is extracted
is knowr as bagasse, Bagasse can be used as fuel in the boilers of the
sugar factories and as o raw material for manufacturc of paper. Bagasse
is avallalle in many countrics 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 objec¢-
tives are to determine 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 for soil epplication -
The study will evaluate processed aspen pulpwood bark as animal bedding and
poultry litter, and determine the suitabjlity 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 mulching agent. The results

indicated technical success but poor economics.

-Bedding materials for stanchion and free stall barns - The investi-
gations will evaluate the fecasibility of using various wood products such

as shredded bark and sawdust for deiry 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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5. 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 wastc management has been disposal with or
without treatment. Concerns of environmental pellution and adequate food has
focused attention on better use of all resources, including agricultural

residues.

Continuing efforts are neceded 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 tcchnology and incentivces

but also a change in philosophy and attitudes.

As this overview has indicated, many processes arce availople for the
utilization of agricultural residues. Other possible technelogics exist
in addition to those mentioned.  Few novel utillization processes exist.
Any noveliy tends to be more in the application of the specific technology

to specific wastes under diiferent geographic, climatic and cultuval situwaticans,

The successful application of residue utilization technology will
require the sclection, modification, transfer and adaeption cf technologies
to local conditions. The ability of local manpowey ©o opérate ana service
the various techneclogical approaches requires careful evaluation. UWhere

necessary, educationual programs may be required to assure quaiified manpower.

There is no one best approach to residue utilization. In each situation,
the possible altevnatives need careful evaluation with the most appropriate
single technology or combination of technologies chosen to provide the desired

envirceumenial, econvmic, and social objectives. The la ;e arc
importzant since even when the costs of recovery, including return from sales,
cannet be brought below the disposal cost, therce 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 to‘develop and operate viable technelogies 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 dispesal and relocation., The
keys to successful utilization of such residues are a beneficial use, an
adequate market, suitable techneclogy 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 technelo-
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 HESIDUE ULILIZATION

The purpose of this paper is to bring together the mosi important sccial and economic
considerations which have been recently raised in the readily available publications with
regard to the utilization and management of agricultural and agro—industrial 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 govermment policy are outlined.

Unfortunately, because of the lack of data, it has been imposgible 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 usea 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 becasuse uses as a feed supplement and as a fertilizer or secil
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 men was a hunter and gatherer, and there was no conception, let alone
problem, of waste. He used what he required, and vhatever remained was readily absorbed
into the ecosystem and recycled. It was only vhen 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 lhe ecosystem. 'loday
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). This 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 farm and processing industry (2, p.50).
Both animal and crop production, especially in developed countries, have been considerably
intengified in order to meet the magnified demand for a good and constant gquality product.
However, the greater the erop 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 cage 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 gquest for a pollution-free environment (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
(3 p+99) s Symptoms of this pollution are especially appearing near to high-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. TFor 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 4o prevent fouling of the soil for the
next crop. In some countries, most of the straw produced is bummt 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
ig 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 high-dengity 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—industrial
residues.

HWithin 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 ag waste will be
inevitable in a few decades because of the following considerations (g, Pe264) 1

&) unlike the population growth, exponential growth of future agriculfural output
is not plausible;
b) engineered food would make too high a demand upon resources;
c) public pressure against pollution is justified;
a) a population dependent upon food from fossil carbon would be courting disaster;
e) largely unused organic wastes are a major renewable regervoir of carbon compounds.
a) Elaborating these points, it should be mentioned, first, that there is rather

widespread doubt as 1o for what period even the linear increase in agricultural ocutput can
be maintained. Improvements in fertilizer application, introduction of high~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 malke
conventional agriculture meet the needs of a continually expanding pepulation camnot be
other than a losing pame.

b) At the same time, there is fairly widespread agreement that complete chemical
g;nthesis of nutrient from CO,, without intervention of biological processes, is incon-
ceivable for production of bulk foeds on account of huge demands for energy and capital

{2y p+267)+ The same is true of sophisticated systems for cultwring micro-organisms from
inorganic naterials, such as those algal systems which depend upon artificial illumination
and rapid pumping of the algal suspencion. Algal systems which utilize sunlight as an
energy source are in a stronger pesition, 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.

c) As already mentioned, with the present agricultural and agre-industrial production
methods, public pressure against pollution is a real and justified fastor in promoting
utilisation of organic wastes. As regerds social justification, it is necessary to
emphasize the recovery and reconditioning costs $0 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 penelizing pollution and creating s disposal cost it merely
makes waste utilisation more attractive than it would otherwise be. Theé main direct
incentive to wagte utilisation will still be the future shortages of organic material.

a) On the other hand, the conventional produstion of primary agricultural and forestry
products is itself an extremely wasteful process. The inputs of energy for water iransport,
g80il preparation, fertilizer, crop-cars 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 (2.p+269) .

e} It is, therefore, socially and economically urgent io recognize now that the
pressuree 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 te new managerial, technologieal 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 e¢rucial because without it the necessary measures
cannot be the subject of enterprise budgets and plans., Without planning shead, there is a
danger of drifting into serious; ever worsening shortages of conventional resources and
diffieuities in adapting the technologies and management methods. lhen 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 should be added that, apart from food and feed, many agricultural and egro-industria
residues can be utilised not only as fertilizer but also as fuel, starch, oil for chemical
indusitry, medicines as well as for such purposes as production of construction materials,
pulp and paper, etc. (i, PpP.335-350). However, the existence of suitable technologies is
not enough: 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 3? evaluation based on the
analysigs of social benefits and costs are discussed below,

2. DEMAND COUSIDERATIONS

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 bought in the mariet? There is obviously a
serious problem of public concern abeout what is going into human food, and sources of
waste which are not in themselves foodgrade will have difficuliy 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 o be considered for use only as

animel feed.

There are now guidelines available from the PAG (Protein-Calorie Advisory Group of the
United Nations System) for SCP intended as food or animal feed. It is estimated that a
complete testing recommended by PAG would cost about $500,000, 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 PAG standards.

Although the problem is purely semantic in nature, publicising the idea of food from
waste could in itself be anti-productive as a result of public misunderstanding. It
would perhaps be better to talk in specific rather than generic terme when deecribing 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 unattractive materials — even offensive. Decaying vegetation, food processing
wastee, mouldy materials, animal excretion, even human 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 ig 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 (g, P.273) provided
that regulatory requirements do not prohibit it.

1/' For more details, especially at micro—economic level, see reports of the Cornell
University Conference on Agricultural Waste Management (3). An example of sociological
research on environmental problems is presented in 11, ch.7.
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Nevertheless, the objective of food and feed production from waste mut be to supply
palatable cheap food which 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+T)+ 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 acceptability will vary with the product; for example,
pigs bred on domestic refuse and transforued into pork products would have less sales
resistance than, say, ducks bred directly on sewage and sold for the table. Hicrobial
protein produced from the cellulose fraction of refuse and used as protein enrichment
in convenierice foods would be more acceptable than rabbits, which have been fed on waste,
gold as fresh neat.

Harket research will be necessary to aid the selection of waste for food and feed as
well as of animals, bul it must also be observed that to meet world food requirements
eating habits will have to undergo considerable changes (g, p. 283)., At the same time, it
must be recognized that there is a strong tendency to conservation in food habits. This
tas 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 as 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. buhere vegetable or fungal
foods might be used directly as sources of protein for human consumption, they will
probably continue to be processed in forms 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 mumbers 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 ferce people 1o change their food habits and to look for altermnatives. 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.

T e conversion of waste into an acceptable food material is not the most difficult of the
problems. It is susceptible to solutions by scientifie study and it is encoursging 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 commedities 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 meking use of agricultural
waste are comparatively limited (1;). Some possibilities of utilization exist for wastes
in sugarcane production, treatment of night-soil, geme 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 then by
indirect supply of protein via animals.

Also because of market demand limitations, in South East Asia enormous quantities for
agricultural residues are generated which are not adequately utilized for food production
or otherwise (1)}. However, some of the processing operations result in effluents which



cause serious pollution problems, e.g. wastes from pineapple cammning, palm cil procesping,
rubber industry, slaughter houses, sugar and distilling plants, etc. Utilization of these

wastes might become an important factor in Asian economic development. In this respect,
the situation and prospects in other developing regions seem to be similar.

A8 regards the demand dictated by pollution, a serious health hazard arises from human
wasie in urban areas of all developing countries. 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. This solution has been widely employed in China, where
human excreta became an essential factor in agricultural development (8). Studies in
China had indicated that anaerobic (oxygen—free) digestion of nighi-soil and manure over

a 2=4 week period would destroy hookworm and schistosome ova. Thus the farmer was
exhorted to store hie fertilizer in closed containers over a four week period prior to its
application to the so0il. However, the ascariasis egg is not inactivated by the four-week
storage beside the field, WHO is, therefore, against this kind of use of night-seoil.
Perhaps a more promising utilization of night-soil ie 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 (1).

3. SUPPLY CONSIDERATTONS

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 agriculiural residues in developing countries, e.g. sugar cane bagasse, olive
press cake and citrus waste. A successful procees 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 mugt be assured of a reliable and adequate supply of materials, appropriate
services such ae electricity, water, etc., suitable labour to operate the plant, and an
efficient infrastructure to permit distribution of the finished preduct. In the initial
stages, numerous small-scale, low-energy processing plants will be needed, to save
tranaport costa. FHowever, waste recycle economies are marginal, especially where waste is
allowed to accumulate or be disposed of at public expense, which creates a challange 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 pelicy placing a cost price on acowrulation and undesirable disposal. In some
cages, the way will be to minimise the formation of waste in the first place, e.g. by
genetic research or refwetion of post-harvest 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 ie the overriding factor in the decision to implement any process. Although
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 1o consider for each type of food the total production, distri-
bution and consumption system.

For example, in a country with scarce land resourzes and a primitive food distribution
system, there would be great incentives to collect and recysle 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 developed countries, materials which in the past served
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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 concenirated waste streams which had not previously existed
but could be utilized. The same applies to industries processing agricultural products.

In general, waste streams from sgricultural and agro-industrial operations can be
divided into two general categories on the basis of their biological oxygen demand (BOD)} or
soluble and suspended solids content (2,p.10-11; 7, pp. 100-122 and 148-154):

(i) Low BOD sireams, which are usually ireated because of environmmental pressures. Where
pevere economic penalties are ineurred for direct disposal, by-product recovery or far-
mentation may appear to be the more desirahle disposal route. However, because these
streams are s0 dilute, at present the disposal by microbial processes necessitates either
pre~concentration of the waste stream, or a large capital investment per weight wunit of BOD
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.

(ii) High BOD streams or solid wastes, which may be treated because of environmental
pressures. lowever, 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 regquire additional processing to lower DOD to meet
regqulatory 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 (SCP)
processes, and an economically successful process will generally depend upon the local
value of the subsirate.

The economic considerations of high BOD waste disposal schemes present the semantic
riddle of whether something is a waste or a by-preduct. Obviously, once a waste stream
achieves some messurc of value it 18 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 quegtion of locale, as for example, the fuel value of bagasse or sulphite waste
liquor (3¢, p.318). Depending upon ftax iaws and invesimeni incentives, it might be more
profitable for an entorprise to assign a negative (or positive) value to a waste stream
at the expense of the main process.

4L problem in the case of many wagtes is their content of non-fermentable subatances
which may accumulaie in the cells of tfermenter effluent and which may be non-nutritive
or even toxic (g, p.14) . Examples include lignin degradation products, heavy metals,
agricultural chemical residues, etc. In such cases, it is hardly likely that the extira
procesging necessary to guarantee safety would be economicel frem 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 epportunities. An outstandiug evample of this type ofwaste iz the whey
which is a by-product of cheese manutacture, 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 lactose to SCP for use es animal feed.
The profitability of any part or all of the combined operation depends upon how one
wishes to distribute the total cost of sales. Although the combined proocess provides the
most useful manner in vwhich 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 Jjust
beginning. Detailed infermation on the costa 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 uneconomiec (g), but it could be undertaken for
policy reasons such as pollution control, nutrition, employment, balance of payments,
income generation and distribution, regional development, etc. (ll,pp.223~236), i.e. in
line with a broad concept of social welfare.

4. PCLICY IMPLICATIONS

The modern world is facing four main problems: its population, its preoduction 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 enviromment. 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 tre same results as
optimisation from an energy peint of view would produce the same results as optimisation
from other economic points of wview, particularly if the cost of energy is subsidised by
the government.

In search for an ideal solution, various methods of waste utilization have been propomed.
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 mround the houses. Follow-
ing this example, some writers have suggested the creation of the “city-fam', as one
appreoach 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 perpetus] motion. HNo matter where the boundaries are drawn, an external source
of energy will be required and somewhere along the way the system will also ultimately
pruduce 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 brought to a maximum whilst the waste is minimized. A& further benefit would
be that transpoert costs from one process to another are minimized and any changees due
to biodeterioration during transit are prevented. It has been further pointed out
(g,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
bic—engineering equipment. Although this system requires further study, 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 (g,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 ¢limatic conditions if the lagoon is operated on a semi-
continuous basis using optimum catch techniques. Failure to use weeds growing in water
is another conepicuous example of waste, which can be contrasted with Chine 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 adegquately
utilize these wastes, since they are a valuable part of national resources. Irrespective
of the mystem, probably the best way to ensure the proper integration of all the disciplines
necessary for optimizing all waste and residue utilization would be the establighment of a
National Research and Tevelopment Centre for Recycling. In such a Centre, many of the
techniques would have to be locked at for their social, economic, legal and political
effects,

Through such organized research work it must be, first, ensured that the new technologies
for residuwe utilization are "“appropriate"”, in the sense that they possess the environmental
characteristic of ecological soundness (i.e. harmony with the environment)}, the economic
characterigtic of reduction of inequalities between and within countries (i.e. satisfaction
of basic human needs)}, and the social characteristice of participation and control by the
people (i.e. self-reliance) (12}. In the developing countries, there would have to be
capital-gaving, energy-saving, employment-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 (j). The society tended to consider
the elimination of the wastes themsclves 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 hammfulness of these wastes. However, with very few
exceptions, fermentation and other waste effluents can no longer be disposed of for no cost.
Whether the waste is discharged to sewers, rivers or tidal waters, some expenditure is
necessary for treatmeni or on a means of disposal that ensures that no harm is done to the
environment (1&). The social cost of waste is thus detemmined by the sum of its intrinsic
value, in temms 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 (5). It should, furthemmore, be borne in mind that the lack
of a rational system of waste-management causes the costs of pollution of the environment
10 be "externalized" and therefore borme by the community as a whole rather than "inter—
nalized" as a part of production costs. For this reason, the problem of recyclage and
reutiligation of wastes must be considered as one of public utility and interest, and a
flexible programme must be estzblished 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 materizls 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, including payments to licensed disposal companies. This .d/
principle might be applied to agricultural and especially to agro—industrial enterprises.

j7 For a detailed discuassion of problems and inatruments of envirommental cost allocation,
pee Problems of environmental economios, Record of the Seminar held at-the CECD in
summer 1971, Paris 1972 (10).
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It appears, therefere, 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 publie 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 (l,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 views. Ilost private industry
actg in pursuit of short-term profits and, rather than plan the overall utilization of a
regource, often melects the most profitable portions, leaving the residue unexploitable.
Some government control, guidance and incentives will, therefore, be necesgary 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 hishlights the
erucial 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 theose minimizing waste and environmental
damage. Maximization of rescurce conversion and congservation will require sweeping changes |
in social attitudes, economic and social organization (including types of inspection,
enforoement and service mechanisms to firms, families and communities, changes in home and
family organization and management)} and in pattern of participation in public affairs.
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 types 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 ito 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 se far attracted attention mainly in developed countries.
Still, developing countries should take account of these considerations at an early
gtage before they run into the same problems. OQtherwise, the danger exists that particular—
ly the polluting industries vhich face severe anti-pollution measures in many developed
countries would shift progressively tc¢ developing countries (2, p«238). On the other hand,
in thoge 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 upen 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 merita according to composition, whether or not they are
repulsive. Ultimately, by using wastes very efficiently for food production, waste would
e eliminated. From thoroughly scavenging present agro~-industrial waste, a natural
development would be to reprogramme agriculture to provide feedstocks for biocangineering
Plants. The wild lands would be harvested, too, for their crop of miscellaneous organic
matter, This is probably not a preferred way 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 UTILIZATICN

D. Strauch*

1. Introduction

Agriculture has mede phenomenal strides since the beginning of this
century. In spite of the rapld increase in population asgriculture has been
able to maintain an sbundance of quslity food and fibre crops, and has a
potentlal 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 animels.

The term "waste" in relstion to agricultural pollution refers to any by-
product or residue from agricultural operations that may adversely affect the
quality of the envimmment or the health of humans and/gr 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 end the many factors that are involved, some of
vhich are not controllable by man, These factors include topography,
precipitation, cover crop, timing and location of chemical or fertilizer
spplication, and cultivation practices. The varlability 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 disposal 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 potentlal environmental quality and health
problems due to agricultural operations may 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 animasls 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,

#
WHC Temporary Adviser
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2. Residues from plar productign

2.1 Silage effluents, In plast production, the residues are mainly so-called
Joint products like straw and leaves and stalks of beets, potatoes, and
vegetables, Their utilization 1s 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 animsls. 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 197C. In the Federasl Republic of Germany and
Switzerland, since 1560, up to 25 and 28% respectively of fish kills were
caused by agricultural waste waters (3).

Silage effluent hits a very high content of easily decomposable organic
substances compared with municipal sewage. For microblal decomposition of
these substrates, large amounts of oxygen are needed. The BOD, of these
sewvages ranges from 50 000 to 80 000 mg/litre. From these valges a pollution
load results for the effluent of one ton of silage prepared from sugar beet
leaves of 15-24 kg BODg which corresponds to 280445 population equivalents.
Drainage of silege effiuent into ground water causes severe health-hazards
(changes of odour and flavour, ink-like tint, bacterial counts of over 100 000 Anl,
and silting of water mains caused by irot-, manganese- and sulfur-bacteria) {4).

2.2 Straw. The purplus of straw iz 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 siraw ia burning
in the fielde, this method also preventa large amounte of organic substances

from going into the goil which are urgently needed to maintain the biological
activity and humue balance of a healthy soil. In farme where rvot orops are
cultivated and in intensive grain-growing areas, the residues of roois and stubble
plus an oocamional green mapure crop are not sufficient to cover the yearly
requirements of humue ayeraging 4 000 kg of organio dry matter compared with a
former value of 2 500 kg. Therefore in such arsas it is recomended that straw
surplus should be applied to the acil as a matter of principle {5)., In other areas
it is not always desirable that straw surplus be applied to the moll aince it takes
a long time to break down in certain soils and, if it is not removed, subaequent
arable operatione are hampered.

2.3 Food proceseing wmetes, Although not a direot part of faming operations,
usable products have been developed from the waste producte formed during the
procesaing of forest produots, the slaughtering armd processing of meat aniwals,
the processing of dairy preducts, the canning of fruite and vegetables, and the
prooessing of grain products.

Processing plant effluents are usually objectional because of high oxygen
demands. The contribution of various processing industries to pollution in terms
of BOD ia shown in table 1. Data on population equivelents represent the pollution
equivalent of the waste compared with the BOD of normel sewage (1).

The table shows that many of these processing effluents have a high organic
matter content. It ie well known that pathogenic microorganisms, once they
are discharged into sewage with a high protein content, grow rapldly. So it was
found, for instance, that in summer salmonellae quickly multiplied.




Table 1 Estimated loading of selected agricultural processing industries (1)

Processing industry ;:Eg:ition igBBig/ P°;§?ti§§d ﬁﬁﬁﬁﬁiﬁnmf
107 1b processed equivalent 10

Canneries - - 1 300 8.0

Dairy products - - 1 982 11.93

Meat processing 59 400 1.0 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 €0 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, reat,
poultry, and also fish processing plants there exists a certain epidemiological

problem. On the other hand, ome must admit that most of this sewage-in developed
countries finally reaches a mmioipal sewerage or a sewage treatment plant. Municia ! sewage

usually contains considerable amounts of pathogenic microorganisms, since
between 0.5 and 2% of a normal human population excretes pathogens without
apparently being 111, Therefore any normal municlpal sewage contalns
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 hyglene.
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 1lnto contact with the still
infectious municipal sewage. In any case, on-site disinfection will reduce
the microbial populatipn 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. Resjdues from spimal production

The problem of animal wastes as a direct or indirect source of human
111ness or of envirommental pollution has been increasing in recent years as
a result of development in different animal industries and changes in the
density of farm and domestlc animal populatlons,
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Table 2:

Utilization of food industry wastes {12,13)

L’Nduct Fertilizer | Animal |Medium for Plant protein [Refined
(plough feed |[fermentation or products
under the respective
soil) product
Apples,
pears x x x
Feas,
beans x x
IFish x X
Grain
pill x x
feads
Potatoes x X
Dilseeds x x X
Beet
leaves x x
IAsparagis x X
Spinach x x
Starch x X
Tomatoes x x
Distillery,
hrewvery
and x x x
inery
Fastes
ugar
nufac- x x x x
uring




Conventional methods for the disposal of animsl wastes, carcasses, and
manure, as well as slaughterhouseand other animal industry wastes, are now
proving inadequate in many countries, The actual numbers and densities of
animal populaetions have increased both in rural ereas {(with the development of
ever larger animal production units) aend in towns. In many countries,
significant expansion has alsc taken place in animal-related industries with
the construction of more and larger slaughterhouses, rendering plants, feed
proecessing plants, ete, Publie concern about these problems has grown in
many areas snd is reflected in increasing demands for more stringent measures
to reduce contamination end the nulsances asseclated with it.

Safe means of disposing of animal wastes and dead animals are of great
importance in countries with newly developing industries, a&s 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 protectlon 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 quasntitites of organic westes., WHO
colleborates with other services in order to collect basic data for the
establishment of "pollution characteristics" and epidemiologicel data to
identify areass 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 mechanlsms, and any
special problems they pose tc human and animal health.

In many developing countries, there is an additionsl problem when live-
stock also share the urban enviromment, often in great numbers, and pose
major contaminetion and health problems for urban health agencles. The
management of such horses, cattle, buffalces, 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 programme (6).

3.1 Animal carcasses and slaughterhpuse offal. Animal carcesses and slaughter-

house offal together with the so-called "confiscates" {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 nulsances, especially in warm seasons and in hot areas, if, they are
not disposed of very quickly. The 1deal installation for treatment and
recycling of such organic wastes under hyglenic conditions 1s the rendering
plant which thus fulfills a public task of environmental and healtW 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 velue will have increased to 9%4% (7).

The fundamental aspects of hygilene necessary for the operation of any
rendering plant have besn egtablished for a mumber of years. Thus,
it is of paramount importance that there be complete physical separation of the
"nlean" ares from that part of the premises where the unprocessed carcasses
and offal are handled.

193



194

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 i3 also self-evident that sepaerate 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 althowgh it is a procedure that may continue 1t is
necessary to take certain precautions, i.e. ensuring that personnel
handling hides are not exposed to diseases communicable to man (zoonoses).

It is recommended that all condemned carcasses ami offal should be consigned
to processing plants or destroyed by other means that will prevemt the spread of
pathogenic microorgeanisme. Special attention in future research has to be paid to
the coocurrence of heat~stable toxio substances and heat-resistant niorc—organiams
in the products of processing plants, Legislation will be neceasary to ensure this.

It is a well established fact that the Trendering syetem of disposal
of carcasses and certain other productes is preferable to any other measns of
disposal, since it has very many advantages from the point of view of hyglene.
Thus, the disposal of carcasses and offal in rendering plants should be
obgligatory by law, However, it may not be possible tc use this system under
all circumstances unless suitable rendering plants are avallable in the area,
If this is not the zase 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 1s equalled by the nesd to ensure that neither the animals
nor thelr products pose a threat to public health.

The most usual method of disposing of animal fsecal waste 1s to spread
it on the land as manure. The hygienic problems involved with this kind of
use must be considered under two aspects:

a) Epidemiology of infectious diseases
b)  General principles of animal husbandry many of which are closely related
to environmental hygiene (common hygilenic problems).

3.2,1 Infectious diseases. Epidemioclogicel 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 from animal confinements possesses a high potential of micro-
organisms which are pathogenic for both man and animals.



3.2.1.1 Conventiongal waste h ing. Conventional livestock units where
bedding is used do not cause a speclal epldemiclogicel 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 hendling., Both intensive animal farming and modern
rural livestock management have resulted in the introduction of systems for
rational reasomg, Straw for bedding is no longer used. Animal excreta are
generally collected jointly in liquid form, the so-called "liquld manure".

This mixture of urine, faeces, forage remains, and splashed water 1s also called
slurry or "guelle”, It is either collected and stored within the animal
building or is drained off and kept in under or above ground reservoirs until it
i1s used. No matter which handling or storage methods are used, spontaneous
generation of heat that gould entail the destruction of pathogens wlll not

oceur in this medium either in summer or in winter.

Self=-disinfection. A possible measure would consist of awaiting a sort of
self=disinfection of the slurry durlng storage. However, it has been shown
experimentally that this does not. In fact, salmonella or stable forms of
parasites remain alive in 1iquid manure for up to six months in summer and

for much longer periods in winter or in constantly cold areas. Other pathogens
with a viability in slurry of several month's include the viruses, especlally
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 litersture, many cases have been published which
prove that infection of men and animels occurs via the excrement of enimals
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 maen 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 serosol-borne transmission
fr:m the urine of infected cattle, in farmers, veterinarians, packing-house
workera, and hunters,

In acute cases of salmonelloais in calves, 10 000 Q00 aslmonella organiams
per gram of fameces may be discharged. In many countries salmonellosis 1s one
of the major communicable disease problems. There are an estimated 2 million
human cases per year in the USA and sbout 320 000 in the Federal Republic of
Germany. Salmonellosis causes substantial losses both in livestoek and in the
food industry. The cost in the USA is estimated et § 300 00C 000 annuslly.
Salmonellosis is a threet to everyone es a food-borne disease which usually
originates from infected products of animal origin (9).

Figure 1 shows that there are seven direct end 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 mlcroorganisms both to man and animals,
Thus, the spreading of germs by mesns of infected slurry must be prevented,
Successful preventlon is only possible if the ways shown in figure 1 can be
blocked efficlently. Because of the many possible ways of disease transmission,
a great number of measures would be necessary to block all ways of transmission
uriless epidemiologicsl measures were launched before the germs were released
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into the environment. 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-blological methods (10).

Figure 1. Animsl feecal waste/disease relationships (1%5)

_E

.
‘ ceor I ‘ AMNAL INFECTION,
AMWAL FEED ¥00D LOSS 08
CONTAMBATION pre b DISEASE .
]:I{ CONTAMNATION MLHJTIYIM.NAH CONTAMRATION
ot

DNRECT CONTALY OM E

]

L
CONTANINA TION

[

DIRECT CONTACT

WATER DIRECT COMTACT ON INGESTION

Chenical treatment. The aims of chemical treatment are:

a) Improvement of the mutritional value of the manure for plants,

b) Improvement of the consistency of the manure for further processing

¢) Improvement of the hyglenic quality of the manure by disinfection
which in gertain cases can be connected with deodorisation.

Disinfectants have to be chosen from the polint of view that they
should be harmless to the crops after the subsequent agricultural appllca-
tion of the disinfected slurry, and that they should be allowed by the
responsible authorities.

Physical-blological treatment. The aim of thls treatment is to reduce
odorous substances, to destroy pathogenic orgasnlsms and to produce an
acceptable organic matter content in the effluent. The following
methods are used:

&) Anasrobic trestment
= lagoons
~ digesters
b) Aerobic treatment
"+ = lagoons
- mechanical aeration
~ oxidation ditches
- surface aeration
- rotating aeration



Aoccording to recent experiences none of these procedures is completely
succesaful, The rotating aeration succeeds in so far ae hygienic measures
are oconcerned..

¢) Composting.

By the traditional method of storing in heaps or windrows the meass is
reduced. For the destruction of pathogenic miocroorgeniems, higher
t{emperatures are necessary. This can be achieved by composting faeces
with bedding or by adding subastancee to the slurry whioh support asration
of the compost (e.g. straw, muniocipal refuse, leaves, peat or dry oompoat
from the return~flow of the same oomposting prooess.s

3,2.2. Recyoling. There has been a major trend recently to recycle animal faeces
through 1 populations as a source offood. For example, pouliry manure is now used
as oattle feed on a large scale in many parts of the world. Such practioss, while

in general commendable, introduce new rieks, as for example the risk that man may
acquire poultry zoonoses such as salmonellosis from oattle produota. The waste for
recyoling, thersfore, has to be fres from pathogenic microorganismas and the level

of residues from feed additives, therapeutio agents, and toxic eubstances should

not exceed the intermational standards (if there are any).

Recycling of wastes in the aqueoulture of fish and ahellfieh as fish feed often
lacks hygienio precautions. Pretreatment of effluents is eesential as shown by
tranamission of diseases through shellfish produced in polluted waters.

Fish raised in oxidation pcnds readily acquire objeotionable tagtee and odoura
from their environment and astrict quality oontrel prior to markeiing is required.
Cleansing of fish or shellfish invelves holding the animals in fresh water for appropriate
periode., Oxidstion ponds are often marginal or unsuitable for fish life, Hygienic aspectna
are alac involved in the procedure of diluting effluente or treated effluents by miring
them as "fertilizer" with estuarine or fresh water. (8)

Adequate testing of agrioultursl residues at the earliest possible stage should be a
part of all utilization approaches. This teating should include all poseible health hazards.
In doing so, decieions on suitable technologies or modifications in the technmology ocan be
made in the light of the test resuits.

As has already bsen shown in the eection ooncerning food prooessing wastes thai
municipal eewage contains considerable amounts of pathogemic miorovorganisms. Sewage eludge
is a concentrate of all pathogens ocourring in sewage. Depending on its origin it also
containg toxio conoentratione of heavy metala. Even if the uee of animals to recycle
such wagstes ocould make a contribution to the solution of environmental health problems
as well ag to the oampaign against human hunger, it should not be allowed at’ the present
time. Much preliminary research ie 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 ias no kmown reliable method of eliminating
the toxic heavy metals and other toxic substances. Furthermore, all methods of
dressing these sludges as animal feed have tc be ecomomical because they have to compete
with other kinda of feed available on the world market,

The same hygienio principles must also be applied to sewage farming. If the
sewage or sludge ia not disinfeoted before being used for agrioultural purpoaes, special
regulations are needed concerning the orops on whioh it may be used, the duration
and amount of spray irrigation, seourity distances from oiher fielda, living quarters
and public roads, and the period of time after irrigation which must elapee before the
crops mey 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 tepe-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 soll improver,
fertilizer, or animal feed.

3.2.3 Common enic problems

3.2.3.1 Soil and water contamination., In numerous animal production
units the number of animals compared with the agricultural acreage
available 1s 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 retalin 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 1s 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 Cermany, 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 P205.

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 & 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 335 000 tomnes 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 offlcial statement from the responaible state
veterinary officer 1s necessary to conf%rm that the transported manure
is free from pathogenic micrevorganisms, 9)

Microbial water contemipation. Effluent from feed lots may contain

large numbers of pathogens since some animals eliminate pathogens without
showing any signa of infection or illness. Thus, feed lot wastewsters
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 ggainst

the transmission of enteric and other diseases by this route.'7/On the other
gide there are concerns regarding potemtially toxio substances formed during

the chlorimation of heavily contaminated waste treams., Other disinfeoting -
agents like ozone are pregently under investigation in various countries.ln
general it is to be ptated that effective disinfeciion can only be achieved

if effluents are low in suspended solids and BOD5.




3.2.3.2 Problems with antibiotics. In the early 13950's, the feeding

of diets containing low levels of antiblotles was found to lncrease the
growth of farm animals. Commercially, this was a major breakthrough

in the intensive farming cf animals. However, it was soon found that

the widespread use of antibiotiecs for non=-therapeutic purposes resulted

in the development of microorganisms which became resistant to antibloties,

The situation was made worse by the fact that some bacteria became
capable of transferring their antiblotic 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 antibloties should be discontinued.  However,
transferable resistance 1s 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 ?u?t be consldered as a massive source of
resistant bacterial strains.(?

The nonmedical and indiscriminate medical applications of anti-
bacterial drugs have subjected most domestic animal populations in the
developed countries to extensive antiblotic pressures. Products of
theas animals that enter the food chain of man are ideal prerequisites
for the creation of ecological problems such as the adminlstration of
subtherapeutic quantities of antibiotics throughout most of a lifetime.

The effects of widespread antibacterial drug use are difficult to
determine with the current state of the sclence. Many unanswered
questions exlst 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 antiblotics to livestock and poultry
with the spread of animal orgasnisms on meat and meat products during
slaughter, processing, and packaging are emormous. From other investigations,
it has been inferred that animals cannot be a major source of resistant
coli bacteria for msn since he 1s already the carrier of antiblotie
resistant coli bacteria of human origin, In elther case this problem must
be serutinized very carefully in the future.

The ingestion of antibacterial drugs, their metabolites, and
degradation products through the meat portion of man's food supply 1s a
problem which can be corrected by satisfactory testing programmes as has
been shown in some countries, A reallstic 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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Many .countries have begun to reduce the number of antibiotics which sre
allowed as feed additives, especially those which are urgently needed for
therapy in humsn 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 antibioties do not
produce transferable resistance. If this can be confirmed in leng-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 prob%ems and more efficient animal produc-
tion will be appreciated by many.(ll
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I. TERMS AND DEFINITIONS

To facilitate a better understanding of the ume of different terms and
definitions frequently adopted in this paper, it ie indispensable to clarify the
different meanings of such terms and definifions. Thims is particularly neocessary
in a legal paper dealing with technical problems. In faot, in various glossaries,
in texts on environmental law, in reports and papers of intermational institutions,
in national laws on envirommental protection, the basic terms do not alwmys have the
same meaning, and often there are gsubstantial discrepancies between them.

For example, as concerns the term "WASTE" there are two pregmatic definitions
from the point of view of economice. The first defines wanste as: “"matter which has
no market value and which the holder no longer wants in a given place at a given time." ¥
The second one, considers waste: "any material which mey have marketabls value but is
not utilized.” 2/

In our opinion, the following definition is technically more accurate: "Any
part (liquid, eolid or gaseous) of a product, resulting from operation processes or
from consumption, which can no longer be used for its originally intended purpose.” ;/

Likewinme, the term "RESIDUE", refers to wastes in general, often with differant
meanings such ag soraps and left-overs from working processes, byprodusts, amd broadly,
substances, materiale and snergies still present in something after ite primary use." i/

On the other hand; the definition of YRESIDUE" in technical terme ie: ™ihat
partioular substance or active principle (i.e. radicactivity) which is still active in
the environment after ite initial use" (e.g. DDT, TCDD).

To etrees our point, we refer to a report ECE, 22.11.1974 (ENV/R.24, p. 14, item
54); where the expression "residual wasie products" is used to indicate what should
be coneidered reusable.

We realize that these definitione are used oconventionally, also according to
subjeotive oriteria often partially or completsly overlapping in their meaning.

In law, uniforn definitions are necessary to facilitate a better understanding of
the subjeoi matter and to avoid confusion in the use of the most frequent terms.

After thie short introduction, we want to mention what we ooneider could he the
final definition of some techniocal terms, ani mean to expand further on these points
during the preparatory work of the Seminar.

1/ Y. MAYSTRE General Report, ECE Seminsr on the ocolleotion, disposal, treatment
and reoyoling of Solid Wastes, ENV/SEM. 3/R.1, 3 Junme, 1975, p.3, item 9.

J.N. WINBURNME, A Dictionary of Agricultural and Allied Temminology, Miohigmn
University Press, 1935, torm ™wanate™ {1}, p.-ﬁ.’
EEC, G.U. n.C146/6, 16th Novenber, 1974; APHA et al.,

Glossary: Wastes and Wastewater Control Engineering, by W.T. INGRAM, 1969,
term "waste" (3), p.366.

Ses Intréductory Faper by FAC on the Agro-Wastes Seminar,

J.N. WINBURNE, A Dictiomg of %mlwnl and Allied Terminology,
terms "Residue” "Reai eoffect," p, .

w
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REFUSE: "any waste product of solid or semi-~fluid materials", l/

RESIDUE: a particular substance or active principle, which continues to be
active in the enviromment after its initial use has terminated. g/

POLLUTION: the contamination of environment (of one or more of its natural
regources, such as: air surface or ground waters, soil, wildlife)
by any subetances or active principles of such aize, cordition and
quality as to determine undesirable biologioal, chemical or physioal
alterations of the environmental characteristics and ecologioal balances,
and consequent damages or noxiocus effects to human beings and their
activities as well as to public or private property. 3/

POLLUTANT: 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
processens and treatments, deales with the use ard conservation of these
commodities exploiting their full value. 4/

BYPRCDUCT: any part of a product which is not utilized by the main productive
process concemed.

Examples:
Product: Meat Byproduots Skin, Blcod Waste: Viecera
" Wheat " Straw " Stubble

It ia evident that the two concepts of "pollutant" and "residue" are in a
functional relationahip to each other, inasmuch ag the former is the noxious effect
of the pressncs of & residue in the environment.

The difference between "wastes", "goods", and "pollutante", is clearly outlinad
by Maystire §/ acoording to whom waste is etill controlled by men, whereas a pollutant
is no longer subject to hie control; thus its recovery from nature is no longer
posgsible. It can only be abated or purified.

See Greece, San. Reg. n.E1B 301/10.2.1964, sec. 1.1.)

See Winburne, A Dictionary of Agricultural and Allied Terminology,
Michigan Universily Press, 1062, Lerms "Residue" &nd "Hesidual Effeot™, p.536.

3/ See F.P. GRAD, Environmental Law, New York 1971, par. 1.01 (1) p.7; CILF,
Vocabulaire de 1'Environnement, Paria 1972, terms "Pollutant” and "Pollution®
n. 115=316; DELL'ARNG, la Tutela Giuridica Contro Gli Inquinamenti Ambientali,
L'aquila 1974.

See Winbume, A Dictjonary of Agricultural and Allied Terminology cit. term
vpgriculture®,

See Winburne, 4 Dictionary of Agricultural and Allied Teminology, cit. term
"Wastes" p., 852.

See p. 3=4, cit.
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11 QENERAL SURVEY OF EXISTING NATTIONAL LEGISLATION

2.1 Two directives have been followsd for a general survey of legielations governing
envirommental protection in various nations, and, more specifically, agro-waste
digposal 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-wastes problems have been considered from two poinis 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 energy.

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 atates to the
problem of protection of the envirorment from pollution:

2.1.1 Doea present legislation inolude an organic law for the control of
pollution from agricultural and agre-industrial wastes?
211,2 If ®o, does it take into account pellution from livestock?
2.1.3 1Ia 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 egquipment and plants

to prevent pollution is obligatory for obtaining a permit for certain agricultural
activities, or if it is eimply encouraged.

2.2.1 1Is the adoption of purification plamts or other mati=pollution measures
obligatory?
2.2.2 Ie 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 conaiders envirommental protection as a primary

objective to be achieved by prohibiting the dispersion of wastes and by providing
jncentives for their reutilization, the Questiomnaire includes the following items:

2.3.1 Does the legislation provide regulations with an aim to the Provention
of pollution through agricultural waste management and utilization?

2.3.2 Is this utilization encouraged by tax exemptions?

2.3.3 Or loan facilitiea?

2.3.4 Or octher forms or meane of assistance?
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As reutilization of agro-wastes, and especially organic wastes raises particular
problems from the hygienic and sanitary pointe of view, more information is required:

2.4.1 Does sanitary legislation regulate disposal of wastes from agricultural
operations?

2.4.2 Does it oover the utilization of livestock wastes (excrements, horms, bones,
nails, feathers, viscera, fats etc.) ?

2.4.3 Can wastes he utilized for human food?
2.4.4 For livestook feeding?

2.4.5 As fertilizers?

2.4.6 For other uses?

Most infeotious oaitle diseases are spread by wastes amd repidues. 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 amd avoid the spread of infectious disease?

2.5.2 1If wantes can be used as fertilizer, is adequate treatment in order to avoid
the gpread of infecticus disesses mandatory?

2.5.3 1Is waste purification treatment subject to public comtrol?

Since the purifioation or reutilization of wastes may frequently not be carried
out at their source, the following enquiries were made conceming legal measures
concerning transportation, import and export of residues and wastes:

2.6.1 1Is the transport of residues of agricultural production practices subject
to authorization?

2.6,2 Is the import of wastes permitted?
2.6.,3 1Is the export of wastes permitted?

2.2 From the answers to the Questionnaire and the research on single leginlations, it

is possible to establish general irends in environmental protection, particularly in
agrioulture, Almost all the axamined countries have a law or at lesst a group of norms
conoerning environmental protection. Only a few countries have adopted an organic law
providing for environmental protection from all the pospible sources of pollution (Usa,
Ganad;, United Kingdom, Denmark, Sweden, Norway, Switzerland, Federsl Republic of CGermany,
Japan).

The same countries have enacted laws goveming the protection of the environment from
agrioulturel and agro-industrial pollution,

Certain oountries have special provisions for feedlots {Italy, Federal Republic
of Cermany).

In other ocountries, norus governing agro-pollution are oftem to be found in laws
not dealing specifically with the environmental laws, (criminal laws, water legielation,
sanitary and veterinary legislation).



Air pollution control: nearly every country considered hase legislation regulating

air poilution sontrol. Pollutants from agricultural activities, however, are governed
in a generical manner and sometimes leave important pollution fasctors such as odors and
miao)mprovided for {e.g. Japan only, has epecifio regulations ooncerming odours and
noise}.

1t should be mentioned that control of air pollution in countries with a market
economy is affected to some extent through the mechaniems 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 jwdicial action in order to impede pollution
and claim damages by the polluter (Italy, Federal Republic of Germany).

Soil pollution control: National Legislation generally governs only eolid waste disposal,
oonsidering the fact that underground or surface water may be polluted through the soil,
Only in a few countries, e.g. Norway, Demmark and Federal Republic of Germany are there laws
providing a fixed maximum to the quantity of manure that can be epread on a field,

Water pollution control: Nearly all the legislation oontains provieions both for publio
and for private waters, if existing., The control of pollution sources is partioularly

rigorous for water supply systems. Moreover, in water rescurces protection areas, several
countriee prohibit the spreading of manure on the fields {e.2. Canada, United Kingdom,
France, Denmark, Sweden, Greece, Bulgaria, U.S.S.R.).

Anti=pollution measurses: The use of depurating plamte for agricultural and agro-
industrial activities which pollute ie provided for in all the member countries of EEC,

in Oreece, Forway, Sweden, U3A, Japan.

A nusber of laws fix obligetory 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 ic be dealt with),

The adoption of depurating plants is encouraged by ta~ exemptione (Federal Republic
of Germany, Japan), or by other forms of inoentives{in Moscow, USSR, the ocorrect use amd
ranning of depurating plants is & prerequisite for the quarterly production award to
industrial managers in Momcow, and in Japan financial facilitation is provided partioularly
for small and medium 1ndustry5.

Recovery and reutilisation of agro~wastes: The laws of few nations are epecifically
conoerned with the problem of the recovery and the reutiliszation of agro-wastes, to
avoid pollution and to reutilize available natursl resources.

In most oountries, this problem has been given little legiplative attention and laws
on the subject are at an initial stage.

Health protection: Considereble legislation provides for dispogal and use of agro-
wastes, Bo that harmful effects for human health may be avoided and that epizootic
diseases may be prevented. For example, Ureece prohibits the use of agricultiural
residues for human consump§ion. Hygiemic problems arise in many countries when the
produots of agro-wastes used as animal feed may eventually be consumed by humans,

{e.g. in the USA the use of fish viecera is not allowed for animal feeding, and in
Demuark strict morme fix the sterilization of producte used for animal feeding).
Fational lagislations have a different approach to the use of agro-wagtes as fertilizers:
some of them prohidbit the use of waste waters from certain sources for irrigation.
(Czechoslovakia, for example, from meat processing plants, plants for proceseing roast-
ing poultry and other agro-industries), others specify special treatments before spread-
ing, or for the use of crope so treated (Pederal 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.

have

In order to indicate the types of existing legislation, the following counitries
been chosen a8 prototypes of different legislation:

United States of America

Canada

Union of Boviet Socialist Republics
Italy

Federal Republic of Germany
Denmark

Greece

Japan

In the course of preparing the present paper, the Intermational Juridiecal Organization

has carried out research on the legislation of other countries. The additional country
studies, together with an introductory analysis & socio—economic aspects of legislation,
were also submitted as pari of the IJO report to the Secretariat of the FAQ/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 beemn of particular importance for the
development of legislation governing waste management and residue utilization in general,
and of agro-waste and agro—-indusiry management in partiocular.

The Environmental Protection Agency (EPA, established in 1370) has the responsibility
tc pee that certain federal environmental legislation in the United States is enforced and
effective,

At the federal level, the basic laws are the following:~

a) +the Water Quality Act (1365) which requires establishment and enforcement of standards
for all interstate waters;

b) the Solid Waste Disposal Act {1965) amended in 1970 as the Rescurce 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 oonsiderations, 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 technology-baped effluent limitations in the ocomtrol of waste discharge point
sources, including feedlots. All the laws provide federal supervision of pollution
control. Each State ia empowered to develop water quality criteria and the relative
enforcement measures. These laws stress prevemtive ae well as corrective meagures,
Noxious wastes are to be kept out of the water rather than reduced or counteracted,

The Federsl Water Pollution Control Act, indicates three comtrol levele amd their
respectively different technologies; Beat Practicable Control Technology Currently
Available (hereinafter BPCTCA) and Best Available Technology Economiocally Achievable
{BATEA), both applicable to existing wources and to be applied at tive=year intervals,
and Best Available Demonsirmted Control Technology (BADCT), for new pollutjion sources,
all of which were to move towarde the goal of elimination of the discharge of pollutamts
into the navigable waters of the United States by 1985, This Act emmerates a muber
of agricultural operations (dairy product processing, fruit and vegetables processing,
seafood processing, feedlots and fertilizer processing) to be inocluded among the point
sources subject to effluent limitations. The stiress however is on the aim to be
achieved, mnot on the means to be used, and sources are to be controlled through effluent
limitations.

EPA'a aotion has been moving in this direction by evaluwating all the relevant
factors, particularly the costs of the three levels of techrnology, which have been
caloulated by considering ocapital investment, operating and maintemance costs arnd energy
and power cost. The factors relevant to identifying the teohnologies 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-Dct 1375
pEe €).

v 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;

*# Extreots from internal reporta by P. Foster and M. Traylor,
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% ¢) the process employed;
d) the engineering aspects of applying various types of control technologies;

e) process changes;
f) the non-water quality environmental impact including energy requirements" ;

(see Loehr and Denit, cit., pg=5-6)

The trend is then to achieve "the maximum use of technology within economio limits,.®
(ses 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 dischargea of pollutants from all point sources
into navigable waterways are unlawful unlesa the discharger has a permit or is exempted
by statute from having such a permit. (=ee Foaster cit, pg. 20).

At the pame time EPA has dealt with the apecific problem of discharge of animal
waptes, including those from feedlots, proposing to exempt all feedlots with less than
1 000 animal units, a proposal which was later (1973) ohanged, exempting all except
about 4 105 feedlots from the programme, This programme has led to the "National
Pollutant Discharge Elimination System" (NFDES) pemmit programme which has been amended
(March 1976) to reach the following structures:— (see Pederel Register, vol. 41 n.54,
18th March, 1976 pg. 11458).

Feodleots with 1000 or more Feedlote with leas than 1000 but PFeedlots with less than
animal unita with 300 or more animal units 300 animal units
Permit required for all Pempit required if feedlot- Ko permit required (unless
feedlots with diacharges 1)discharges 1/ pollutanta case by case designation
of pollutants 1/ through a man-made oonveyance, a8 provided below).
or Case by case designation
2)disoharges 1/pollutante only if feedlot-—
into waters pasaing through 1)discharges pollutants

or coming into direct contact through & man-wade con-
with animals in the confined veyance; or

area, 2)discharges pollutants
Feedlota subject to caae by into waters passing
cage designation 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 aite inspection

written notices tranamit-
ted to the owmer or
operator.

1/ Feedlots not subject to requirement to obtain permit if discharge occurs 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 case by
case" depignation) within the boundaries of very definite standards.

We may now examine State lawe on agro and agro-industry waste management. State
powers include police power which in the United States ia carefully reserved ito the
States.

At the present time State statutes carry the heaviest burden of pollution regula-
tions in agriculture, and each State may have ite own code of pollution regulation
astatutes, varying from State to State as a function of its geographical aml economic
factors. (see Traylor, Prototypes: New Jersey, Pemnsylvania, Chio, California,

Waste Management and Residue Utilization).

The structure of State pollution regulation laws are gquite similar and generally
have the following pattern:—

1) Statement of purpose and definitions of pollution and its expected sources, within
agriculture and agro-industry.

2) 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 agenoy., An administrative tribunal is always
inoluded within the agenoy iteelf where oconflicts may be resclved, These tribunals

are wsually staffed by attorneys having special expertise for pollution ocontrol, Access
is always guaranteed to the regular court system by the &tatutes afier the administrative
judiocial 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~industry is the procedure in Pennsylvania where a
pollution control enforoement official may issue a summons to the pearson responsible
when he notes an infraction. The case is then handled in a court of initial jurisdiotion
in the area. Appeal through the regular judiciary system is available.

3) Establishing of sanctions of a oriminal nature which may give rise to civil
liability. Municipalities as well as individual oitizems 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 bounlaries between agriculture amd industry,
especially for agro-industries. By now, a threefold dietinction has been pet up:—~

= polid waste
- water pollution by waste

~ air pollution (toxic and noxious cdours and matters carried into the air by
open burning).

There ie a Solid Waste Disposal Aot in mowt States which may regulate how waste
nmust be transported, stored and proceseed, with poseibly a difference between regulations
for large ard small farme. In the case of sgro=industry, wapte products from induatrial
procesges muat be removed from the area of production,

Regarding air pollution, the traditionmal practice of controlled burming is no longer
satiefactory where residential developments have heen set up in rural areas, Some State
statutes provide meams by which agriculture and foreet management officials may acquire
permits to burn uwnder comtrolled oomditions of air movement and time limitations. (i.e.
in California).

One advanced exampls worth considering is the New Jerasey gtatute whioh makes solid
waste oocllection and dieposal a public utility, so that the servioes repmdered are publioly
sdministered and financed like the provision of electriocal service., Thie operation is
regulated and controlled by the Board of Public Utility Commissioners as well as by the
State Department of Environmental Protection.
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CANADA

In Canada the reaponsibility 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 governmeni 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 conitrolling air and water pollution over a two year period, that is 50%
per year. The expenditures may cover the cost of prevention, reduciion or elimination of
pellution, 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 bheen extended for two years
until the end of 1976, However, the pollution contrel asseis musi be acquired to abate
pollution caused by operations which were in exiatence at a site in Canada prior to 1974.
JIf pollution control assets are acquired for a building or plant, consiruction of that
building or plant must have commenced under agreement in writing prior to 1974.

The Farm Credit Corporation (FCC), furthermore, adminigtrates 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 ireated
by compoating require authorization for import from the Pederal Department of Agriculture,

A general survey of the existing situation both at federal and at provineial level is
offered by Table 1,

In any case, and generally speaking, a comprehensive approach to pollution control
and agro-wastes management has been adopied 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 sxists a distinction between different agricultural
activities, and those considered normal are exempted from regulaticns concerning waste
management. Cooperation betwesen interdepartmant or govermment 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 aoil/climate relationship to agricultural productivity.

A more detailed survey of the situation sristing in Ontario shows that the Waste
Management Act specifically indicates research for waste management and disposel, and the
Government is empowered to make grants and loans for the development of waste menagement
facilities in such amounts and upon such terma and conditions as the regulations may



pmescribe {S8.1). Depositing, emitting or discharging pollutants into the environment
{8.5.(1}} in an amount, concentration or level iB excess of that prescribed by the reguls~
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, whoe muat be informed of its location and
technological characteristics as well as of the quality and quantity of discharges., The
discharge or depositing of pellutants, neise, noxious odors harmful or dangercus to persona,
fauna, flora or property is likewise prohibited.

However, such regulations are net applicable to agricultural activities, as the law
expressly stipulates (8.8.(4); 14.(2); 15.(2)). In particular, the prohibition of depositing,
emitting or discharging pollutants {$.5.(1}), does not concern animal wastes disposed of in
accordance with normal farming practices (S.5.(2)}). Likewise, existing legislation in the
Provincea 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 Environmental 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 Direcior, 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 US§ 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 preovided 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 managenent,
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 unly brought remedy ito damages alresadydons;

— in many cases, intensive livesiock operations have been dealt with as agricultural
activities, not as industrial complexes; +they have been evempted 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 mamner and minimum standards for livestock concerns effluent regulations shall
be prepared;

- provincial authorities shall regulate their own programmes of standards and regulatory
action aen the basis of national guidelines under the joint responsibility of the
Pederal Departments of Agriculture and Environment.
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TABLE 1

LEGISLATION RELEVANT TO LIVESTOCK MANURE MANAGEMENT IN CANADA*

Province

411 provingces and
territories under
Canadian Jurisdiction

Newfoundland and
Labrador

Prince Edward Island

Nova Scotia

New Brunswick

Quebec

Ontario

Manitoba

Saskatchewan

Legi slation

The Fisheries Act, 1970

Waste Material and (Disposal) Act '73
Stipulations for Livestock Qperatora#*

Dept. of Provincial Affairs and
Enviromment Act, 1973

The Waters Protection Act, 1970
Depts of Health Act, 1970

Environment Control
Commiasion Act, 1971

Public Health Act, 1951
Environmental Protection Act, 1973
Public Health Act, 1967

Clean Environment Act, 1971

Water Act, 1961
Health Act, 1952, Regulation 66-43
Environment Quality Act, 1972

Guidelinesg for the development of
livestock production facilitiesg #m#

Public Health Protection Act, 1972
Regulation 15

The Envircmmental Protection Act, 'T1

Ontario Water Resourcee Act, 1970
The Public Health Act, 1970
Waste Management Act, 1970

The Clean Environment Act, 1972
Regulation 34/73

Public Health Act, 1965

The Pollution (By Livestock) Control

Act, 1971 Regulation 204/74

Adminigtration Body
Responsible for
Implementation

Environment Canada

Dept. of Provincial Affairs and
Environment

id, id.

id, id.
Department of Health

Prince Edward Island Environ-
mental Control Commimsion

Dept. of Health and Welfare
Dept. of Environment
Dept., of Public Health

Dept. of Fisheries and Environ-
ment

id. id.
Dept. of Health and Welfare

Environmental Protection Servi-
ces (Dept. of Environment)

Minister of Social Affajirs
(Dept. of Health)

Ministry of Environment
id, id.
Minigtry of Health

Environmental Management Diviaion
Department of Mines, Resources
and Environmental Management
Department of Health

Department of Agriculture

%  Dwyer Righy M., A Review of Legidation affecting Manure Management in the Canadian Livestock

Industry, 1975

#%  Draft form only as of December 1974, not legislation as yet.
Section 23 of Waste Material {Disposal) Act.

experimentally during fall of 1974.
#4% Programme is cperated under the auspices of Environmental Protection Services,not legisla~

tion as yet,
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TABLE 1 {cont'd)

Province

Alberta

British Columbia

Legislation
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

Administration Body

Responsible for

Implementation
Department of the Environment
id. id.

Dept. of Health and Social
Development

Pollution Control Branch, Dept.
of Lands, Forests and Water
Resources

Inspection Services, Depariment
of Health
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TABLE 2

PROVINCIAL PROGRAMMES AIMED AT REGULATING OR STANDARDIZING LIVESTOCK
MANURE MANAGEMENT — DECEMEER 1974*

Province Responsible Government Agency Programme
Newfoundiand Environment Division #% nStipulations for Livestock

Operations™ a 13 point programme
related to the standards expected
in the operations of livestock
facilities is in experimental use.

Department of Provincial Affairs
and Environment

Prince Edward Island Department of Agriculture and #a#nGuidelines for Livestock Manure
Forestry and Environmental Conirel and Waste Management in the
Commiesion. Atlantic Region" is in draft form.

Nova Scotia Department of Agriculture and #ad MCyujdelines 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 #a# Guidelines for Livestock Manure
Rural Development and and Waste HManagement in the
Department of Fisheries and Atlantic Region" is in draft fomm
Envircnment

Quebec Department of Environment 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".

Ontario Ministry of the Environment, and Voluntary Certificate of

Compliance Programme

Ministry of Agriculture and Food  ##¥#igriculture Code of Practice for
Ontario”, Farm Pollution Advisory
Committee is repponsible for
assegging problem cases not
rectified through government/
operator cooperation,

Manitoba Environmental Protection Branch, Regulation 34/73, Livestock
Environmental Management Division Production Regulation. All live~
Department of Mines, Resources and stock operations which fall inte
Environmental Management the gize 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,

Saskatchewan Family Farm Improvement Branch, Reg. 204/74 all new or propoged
Saskatchewan Dept. of Agriculture expanding livestock facilities which
fall into size or location catego-
ries specified in the regulations

* Dwyer-Rigby, M.A., A Review of Legislation affecting Manure Management in the Canadian
Livestock Industry, 1975

##*  The material is being implemented in an experimental programme form, it is not yet legiszlated,

##% 4 Certificate of Compliance Programme will be implemented in conjunction with the Guideline
acceptance,

w#d# Thig Code is being revised and expanded. The new version should be available during the
first half of 1975.
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Table 2 (cont'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)
Conirol Act, 1971.

Alberta Department of Enviromment 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.
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UKION OF SOVIET SOCIALIST REPUBLICS - USSR

The directives for emvironmental protection through public intervention may be in
large part summarized by a decree of the Supreme Soviet of USSR dealing with the
"provieions for the ulterior improvement of the enviromment and the utilization of
natural resources,” isgued September 20, 1972, This decree specifies and reaffirms that
state ownership guarantees proper utilization of natural resources and an effective means
of proteotion of the environment in USSR. Under these conditions planned management
and rapid economic development are facilitated.

Rational utilization, conservation and removation of matural resources whioh will
protect the environment are a few of the provisions propoged in the XXIV Session of the
CP5U, and included in the 1971+1975 five year plan for economic development.

In the 1976-1980 five year plan 1/, particular attemtion should be given to
various directives which are designed to protect and improve envirormental conditions
in USSR.

Scientific and technical progress is considered a detemining factor in the battle
ageinst the phenomena of waste and improper management.

A policy whioh unifies all seoctors 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 nmatural resource consumption, 1o increase
investment returns, and to mend working comditions.

The above mentioned directives stress the importance of maximwm utilization of all
resources by minimizing losses, and the development of effective depuration plants in
factories.

Hew methode have been suggested shich will fight against noxicus substances discharged
in the air, exceseive noise during production, transportation, eto., aml the vibration and
effects of radiation and of electrical and magnetio fields.

Forestry resources must be rationally utilized in the European part of USSR by
inoreasing the amount of commerciable wood exiracted from each imdividual woodland,
and by accelerating the production in plante which process (through mechaniocal and
chemical means) wooden by-producte and low-quality timber. Paper pulp in the produs-
tion of paper amd card board must be utilized more effioiently. Technically advanced
machinery shioh raise the rate of productivity of wood, celulose and paper are needed,

Systems and methods which will improve the fishing industry are needed as well. Again
new machinee, ingtrumenie and mechanisms must be developed which will mechanize and
automige the fishing industry and the technical processing of fish and other sea products
in order to raige the level of utilization of fish producte in an assortment of foodstuffa.

Industiries processing complex animal feed should increage their production by utiliz-
ing additives. The production of meat, milk, bone and fish surrogates shouwld rise to meet
sootechnical needs.

Microbiological industries must be developed and improved to assure an inoreased
production of proteine used in animal feed, premixed products, and microbiological
Preparation which proteot agricultural and agro-industrial activities. Socraps and by~
producte of food industries muat he utiliged more extensively as animal feed,

i Prinoipie Directives of Eoonomic Development for 1976—1980 (five year plan),
Mopcow, Dec. 1975.



A more organized method of food waste collection in commercial enmterprises and
inhabited areas, in general, should be adopted.

Livegtock and pouliry breeding must increase by improving maintensnce oconditions
and mitrition and by applying the most advanced mechanical and technical aystems.
Veterinary assistance should also improve, Provisions for the perfection aml reinforce-
ment of services for the protection of cultivations in agriculture must be taken.
Ulterior improvements for the protection of lands from fires, harmful insects, and
diseages are to he made,

The principles established in the Final Act of the Conference on Security and
Cooperation in Burope which ensure intemational collaboration in the field of "eoonomica,
soience and techniques for the protection of the environment," are to be respected.

The report included in the state plan for the development of Russia's national
economy for 1976 of the vice president of the Council of Ministries of the USSR and
presidant of the Goeplan, deputy N.K. Bajbakov, _1/ establishes epecific objectives for
the proteotion of the environment and for the rational wtilization of naturel rescurces.
In 1976 an inoreased construction of plants for the protection of water bodies from
the discharges of industrial amd sootechniocal activities is anticipated., An inorease of
water reutilization and recycling by 7% in respect to 1975 ie expected., The plan also
oontaine ohjectives for the proteotion of mineral waters and umierground waters. FPurther-
more, the number of plants which detect noxious impurities in gases freed from indusirial
discharges will increase.

There are numerous obpervations to be made concerning the legisliation and the
administrative structure regulating environmental protection in the USSR. The State
Committee for the Planification of the (ouncil of Minietries of the Soviet Union
(Goeplan) regulates the use of natural resources while environmental comtrol ie
directed by the single competent winistiries,

The following laws concerning environmental protection are applicable in the USSR:

~ Legal principles in agriculture, 13,12,1968;
- Legnl principles in water managemert, 10.12.1970;
- Legal principles for public health, 19.12,1969.

The norms regulating amd controlling the use of waters for agricultural activities
request that all waters being publicly owned, their special use may only be permitied
by a epecifio concesaion (art. 14 and 15 of Fundamental Principles in Water Legislation
of the USSR and of the Federal Republics; at Vedomosti Verchovnogo Soveta, SSSR, n.50,
December, 1970). "Special use™ defines those activities of installations or techniocal
constructions which alter the characteristics of the waters. Thia epecial use includes,
therefore, irrigation and draining plants belonging %o state organizations, oolcos,
sovoos and other consumers, Specific conmditions control these epecial uses in order to
avoid damage or waste. The irrigation of lamd by liquid run-off and drain water is
permitted, provided there ie also the authorization of the sanitary and veterinary
suthorities.

The protection of waters from pollutants of agricultural origin is aleo achieved
by obliging the state water administrations, the colcos, the sovcos and every enterprise,
organization and plant to avoid contaminstion of waters with animal feed and toxic
substances used in the protection of oultivations,

1/ 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.m

Certain articles determine the duties of the farmers as they relate to the rational
utiligation 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 oultivations, or for thoae who do
not take into conaideration the necessary provisions which protect and combat against
the procese of soil depletion,

Ample legislation exists also in the variocus Federal Republics. For example, art.223
of the penal code of the Russian Republic states that "pollution of rivers, lakes amd
other water bodies or sourcee 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 plarmned management of the economy some forms of incentives are present in
the Russian system. For example, the municipality of Moscow 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 toc 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 CMEA before reaching any
conclugion,



ITALY

Italian legislation does not include specific 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
gubstances ir this field are easily biodegradable)}, and alsc 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 lamd.
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,

Provieions for the pollution caused by agricultural activities appear only in
fragmentary form in various norus 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 atiacks on the environment
notoriously derive from pig raising.

The pame 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 (ar¢. 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., 58) 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 scurces of potable waters by poisoning or adulteration whether
fravdulent or unpremeditated is punishable through the Penal Code (art. 439 and 452).

In 1976 a new law on water pcllution came into effect {10th May 1976 n.319) which
repealed all preceding norms dealing with water pollution. This new legislation
establighes in effect that any discharge in public waters must be authorized by a public
administration. Some perplexity was caused by the fact that the authorozation to discharge
(controlled by means of depuration, decantation, etc., } establishes limitations to the
pollution standard of each diascharge activity without specific reference to the total
tolerance capacity of the receiving body. One may criticize the excesaive leniency in
the time allotted (up to nime years) to the industries to regularize their discharges.
Penal procedurea pending against polluters who presented to the communal administration
on application to discharge within two months after this new law came into effect, were
annuiled. 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, pemits
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 emiggion
of noxious gases and vapours unless they are expressly authorized. The law dated 13ith
July, 1966, n.615, which establishes norms against air pollution is scarcely applicable.
The law, in fact, pertains only to activitiee in thermal and imdustrial plants and the
use of motor vehicles which cause the emission of fumes, dust or gas into the air,

While Italian legislation includes a compliete and organic law dealing with the
digposal 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 11, the law regulating urban wastes (dated 20th March 1941, n.366) had as its chisf
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objective not only municipal sireet cleaning and refuse collectiion 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, horns, wool, feathera or hristles are subject to veterinary care.

Even the gathering of such residuea is allowed only after a permit has been obtained
from the responsible veterinarian of the Province, while their tranasport 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 aleo of animalwastes, in order to avoid the apreading
of infeotious diseanes, These norme may be limited by ordinances isesued by the Ministry
of Public Health prohibiting imperts from certain countries to avoid the epread of
disease,

The Miniasterial Order dated $th March, 1973 is of great interest since it provides
for an organic hygienic regulation of animal feeding obtained from food wastes or other
wagtey. The above mentioned order (art.2) prohibits use for animal feeding of urban
solid wastes. If focd residues are used for animal feeding, they must be previously
boiled for not less than one hour or given other suitable treatment.

Acoording to art. 4, "centralized plants” must be used to depurate wastes and
residuens; by "centralized plant" is meant a complex designed to depurate wastes from
different sources and furnished with imstallations and equipment adequate for the same.
The norm is applicable to food wastes from ships and aireraft whereas no limitation
ie provided for food residues produced inside the farm, which may be fully utilised.
Animale may be fed with raw meat, viscera, elaughtering residues and byproducts, only
after they have been considered safe by the responsible Veterinary office (art.12).

The abovementioned order doee not apply to byproduotis and wastes of cheesxe proceasing.

The processing of agricultural and agro-industrial wastes is considered as
Punhealthy activity" and, according to art. 216 and 217 of "Pesto Unico™ on sanitary
laws, is subject to apecial preceutione in order to avoid harmful affecta to the
employed workers. Among the aotivities coneidered, the Ministerial Decree dated
12 February, 1971 enumerates viscera processing, production of animal glues and gelatines,
tammeriee, produwction of fertilizer from animal wastes, animal fat blending, prooesaing
of horns, nails, skina, feathers ato.

Italian lawe do not provide for fiscal or financial facilities for encouraging the
reutilization of agro-wastes., The finanoing of construction or installation of depuration
plants or collecting facilities is through normal credit charmels,

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 hae now been sxtended to the "regioni” after investigation amd approval
of the provinoial agricultural inspector conoerning the utiiity of the projeot and the
legitimacy of the expense,

In conclusion we see that Italian law does not organically and epecifically regulate
agriocoultural activities with a view to preventing pollution of the environment. Such
regulation, where poseible, oan only be effected through the general provisions goverming
proteation of the enviroment,
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FEDERAL EEPUBLIC OF GERMANY *

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, esmoke, noise etc., ) is the private citizen's ocapacity to sue when nuisances
go beyond tolerability standards or are expressly prohibited by the law,

The basic regulations are to be fourd in 8 1004, 862, 903, 906, 907 of the Civil
Code (Purgerliches Gesetzbuch), Besides these injunctions against nuisances, private
ocitisens are also allowed to oppose the setting up of plants, which may prove harmful
or troublesome, in their neighbourts property.

Past experience has shown that the private~law way rarely leads to success
because of problems such as difficultiee in coordination, in the identification of the
responeible disturber in a chain of cause and effect, in the recovery of existing
rights, and because of the faot that the private parties are often unequally balanced,
&8 for instanoe in the case of a olaim againet a disturbing factory.

The trend now ie to aim at an institutional consolidation of the legal protection
of organizations created by private oitizens for the defense of their own interests and
able to sue for these interests.

To & certain extent, a kind of citizen's control, in relation to single laws, is
embodied in the pereon of the so—called factory-representative for pollution 1/ and
waste proteotion g/ s Besides, apert from legal proceadings, citizens can tumn to
Petition=Commismions of Federal and State Parliament. These commissions correspond to
the institution of an Ombudeman (a government offical - as in Sweden or New Zealand -
appolited to receive and investigate oomplaints made by individuals against abuses or
capricious acte of public officials),

The attempt to gather all exisiing scattered laws pertaining to public law, under
the heading of environmental protestion and to give a legal solution to all problems
which, specially in cases of water and air pollution bhad come up in practice, was
admittedly wndertaken for the first time in commeotion with the Environmental Programme
of the Federal Govermment of 14th October, 1971, which sete down the fundamental laws of
Envirommental Policy as followst=

1) Environmental poliocy is the totality of all measures necessary in order to:

= seoure an envirorment for man swoh as is needed for hie health and the purmuit of
an existence worth living,

~ proteot soil, air, water, plants and animals from damaging effects of human
interventions and eliminate the damages or drawbackes of such interventions.

2) In principle, oosts of envirommemtal damages have to be paid by the party who causes
the damage (principle of the causing party).

3) National economio production shall not be overburdened by the realization of an
énvironmental programme. Environmental protection must be backed by financial and tax
policies as well as by the neoessary technical installations (infrastructures).

* Extract - Intermal Report by C. Netzer and B, Bendel

l/ Stated in Par, 53 Federal Pcllution Protection Act (BImSchG) and in the 5. amd 6,
mecutiv'e)])eoree relative to the BImSchG of 14.2 and 12.49975 - BGBl 13.504/?27
ard 8.957

2/ Stated in Par 11a of the Waste Disposal Act ~ AbLNG)
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4) The state of environment is determined by technology. Technological progreas

must take place in such a way as to protect enviromment. DBurdening the environment very
slightly or not at all through an "Envirorment Protective Technology" is one of the aims
of this progremme., Hereby technical progress and economic growth do not have to be
hampered.

5) Pnvironmental protection concerns erery citizen.

6) In decisions relating to questions of envirormental pelicy, the Federal Govermment
will increasingly turn to scientific advice. For this purpese it will, among other things,
call a board of envirommental experts.

The last four paragraphs specially concern the role to be played by environmental
education, and the need for a close cooperation between States, Govermments and communities.

Subsequently a series of laws amnd decrees related to environment appeared in rapid
succession, those already existing were worked over and expanded and fitted into the newly
formulated principles.

Letspertaining to the argument in question include:
- Act concerning disposal of waste,

(Waste Disposal Act - German abr, 4bfG) of 7.6.1972 (Bundee-Cesetz-Blatt I, p. 873),
last amended 21.6.1976. (BGBY, I p.1601).

~ Act concerning the protection from dangercus environmmental effecta caused by water
pollution, noises, vibrations and similar eventa (Pederal = Pollution Protection
Aot = BImSchG) of 15.3.1974 (Bundes-Gesetz~Blatt I, p. 721), last amended 4.5.1976
(BGBl. I p.1148).

However, the attempts to create a conaitutionally guaranteed fundamental
environment protection law have so far been unsuccessful.

Environmental damages stemming from agriculture should equally be avoided
particularly through the above memtioned Aots, the Wamste Disposal Aot and the Federal
Pcllution Protection Act, as also through the Water Aot which appeared earlier
(WHG of 27th July, 1975 -~ BGRL I p.1110/1386, last amended 26.4.1976 - BGEL I p.1109).

These are Federal lawa 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 Pederal Pollution Protection Act, establighments requir-
ing authorization are to be built and to be run in such a way as:

1) not to cause adverse environmemtal effects or other dangers, not to cause
considerable disadvantages and considerable disturbances to the community and the
neighbourhood,

2) +to prevent adverse environmental effects, specially through those measures which
correspond to the technical possibilities of pollution limitations,and

3) 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 them as waste according to regulations.

According to Par. 22 of the Pederal Pollution Protection Act, establishments
net requiring authorization are to built and run in such a way as:
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1} %o avoid adverse envirommental effects, in soc far as the standard of technology
permits,

2) to reduce to a minimum the technically unavoidable adverse environmental
effects, and

3) to be able to regularly diapose of waste generated during the functioning of the
eatablishment,

At present a decree is being prepared by the Federal Govermment siating the
standards which an establishment not requiring authorization must come up to, in its
construction and management, in order to protect the commmity and neighbourhood from
adverse environmental effects.

In certain apecial cases it is therefore possible that the setting up of
pollution minimizing plants be ordered. However, experimemts with similar measures
have not proved adaquate, i.e. to reduce odours. An obligation to cultivate planis
as pollution protectants can, on the other hand, have another legal.origin, namely
the Fature and Agriculturel Protection Act which, to thie extent, substitutes the
other abovementioned environmental protection actas, 4 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 periocd of time - to the extent that purchase
and inastallment of emvircnmentally favourable property entitles the taxpayer to a
certain percemiage of deduction in the computation of taxation liable profita. 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 Proteotion Act, also serve to avoid environmental pollution through
agriculturel waste disposal. Private waste disposal prohibition is already a stimulus
to the reutilization of residues, inasmuch ag a substance still having a potential value
cannot automatically be considered waste in the connotation of the Waste Diaposal Act,
and, therefore, is not subject to ite regulations. Considering that the Waste Disposal
Act does not draw & clear line — as the more recent Federal Pollution Protection iot,
for instance, does — between waste and residue, in many cases there is uncertainty
whether certain byproducts resulting from the agro-industrial complex are to be considered
waste at all, ani 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 persons and not tothings. Health protection is
also amply included within the framework of waste diaposal regulations, therefore there
are no provisions in the special health law regulations comwerning animal waste
reutilization.

Epidemiclogical laws, particularly decrees relating io epizootic law, which have %o
be complisd with, whenever residues are used as animal fodder or fertilizer, are mostly
regulated by the same juridical subjeot matter and partially overlap, so that they will
be mentioned jointly in the text that follows.

When fertiligation is planned, it should be kept in mind that commercial circulation
of fertilizers is controlled by law and that limitations can ensue alao from these
instruotions. Within the framework of the Waste Disposal Act, the control of certain
substances is inclwled in Par, 15 concerning their processing.
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According to the Epizootic Act of 19th December, 1973 (BGBl. I p.1974) last
amepded on 2.9.1975 - BGBl. I p.2313) the following measures among cthers can be
enforced to protect livestock from permanent danger of epizootic diseapes:

- Control of the installation and management of establishmente for the commeroial
roduction and preparation of fodder which can be a veotor of contagious diseases
Par. 17 Nr. 14);

- Control of the use and disinfection of food waste which can be a veotor of
contagious diseases {Par.17 Nr. 19);

- In masa livestock breeding, specifications concerning litter and liquid samre
and fodder processing within the concerm itself, and litter and liquid wanure disposal
as such (Par.17b Nr. 4).

On the bagis of Par. 17b Nr. 4 of the EpizZootio Act a decree of 9.4.1975
(BGBl. 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 standams in hygienic prenautions are
requested alao in connection with animal waste, as protection against infections,

To what extent the problem of residues will be limited in the future through the
Fertilizer Law, it is not yet posaible to say, because a new law is being prepared
presently., TFor the time bheing, the following limitationa are still wvalid:

- Law ooncerning handling fertilizers {Fertilizing substances Act) of 14th August,
1962 (BOBl.I p.558; last amended on 2.3.1974, BGBl, I p.469) and the relative

- Pertilizer Decree of 21st November, 1963 (BGBl. I p.805; last amended on 29th
January, 1976, BGBl. I p.245).

According to the guideline of the Counoil of the Eurvpean Compunity of 18.32.1975
conceming uniformity of legal specifications of member states for fertilizer substancea,
the abovementioned specifications will be thoroughly altered. Thus the jarisdiotion of the
forthooming law, asopposed to the one still in force, will also apply to the so=-called
commercial fertilizers, i.e: litter, dung, liquid manure, freash wanure, compost and, in
agriculture, plant residues, It is antioipated that the responeible Federal Minister
will be authorized thiough legal decrees to prohibit or limit the circulation of
certain fertilizing substances and therefore also of commercial fertilizers, to the
ertent to which it is necessary in order to protect eoil fertility or human and animal
health.

The problem of residue disinfection before their utilization as fertilizers is
examined, for certain substances, sxplicitly in FPar. 15 per 2 AbfG. According to thias
regulation, the responsible Pederal Minister is entitled to reguire that the utilization
of sewage waters, sludge, excreta and other substances such as liquid manure, dung and
litter on agriculturally, eilviculturally or horticulturally exploited soilm, ashall 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 eludge and similar substances requires specific disinfection proceedings, while
the draft of the decree concerning excessive utilization of ligquid manure, dung and littier,
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 animale on a farm should be in proportion with the extent of land to be fertilized by
liguid and solid manure produced by them.



Regarding the hauling of agricultural residues, especially the transport of dung,
liquid manure and litter, is regulated by various administrative district and municipality

decreea. The purpose here is to avoid astreet aciling and offenasive 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 complex, the main points are the following:

1) In relation to the Pollution Protection Aot, techmologies permitting elimination
or limitation of pollution by treating, storing or otherwise influencing waste amd
residue as such (i.e. in the reutilization) have been hardly developed yet, so that
it will not be poseible in any foreseeable future to meet the very exaoting legal
requiremente, if only for the abovementioned reasons.

2} As concerns health proteotion of man, animals and plantse, legal measures, by and
large, even though there are differences between various sections, are rather all-
inclugive and efficiemt, The aim to protect the citizen in his physical and moral well-
being, to safeguard the economic, natural and ethical bases of life for him and develop
them for his make and use, has given origin to deorees of imediate or indirect applica-
tion which avoid dangers to the life or health of man through waste and residue alsc fron
agriculture and silvioulture, or at least reduce them greatly.

3) In the German Federal Republic, environmental damage due to utilization and
disposal of agrioultural and silviculturael waste has not yet reached such importance
(in proportion to industry, households and traffic) as to oreate the necessity to
influenoe market mechanisms through direct or imdirect interventions, price comtrols,
import limitatione or export facilitations or similar measures.

The possibility for offioial publie imterwention so far developed, with ite first
attempta to apply the law of torte, the poseibility to punish transgressors of
prohibitions and laws, and to sue the responsible party for damage, have proved
suffioient so far to stimulate the develomrent of technologies for emvironmental mafe—
guard and utilization of agriculturel and silvicultural residues, Besides, they have ihe
sffeot of a stimuius to search for economically rewarding altermatives and to utilize
them thoroughly, specially when waste and residue materials becocme necessary as altemative
produotne.
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DENMARK

The Environment Protection Law (1973, efflective 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 Miniatry 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 Zonimg Law, the country is divided into urban
and rural areas, the latter being governed by precise norms prohibiting activities other
than agriculture, foresiry 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 polution, are
subject to a preventive permit covering their location, their installations and any
conatructional and operational changes. The law covers incinerators, fish meal factories,
farms for animalsg whose skin is used as fur, slaughter houses, plants for the treatment
of wastes and othera.

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 plante,

4 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
plang, 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 asr well as gatherings or
storage of gubsiances which could pollute the water supply plant (e.g. the use of fertilizers
on neighbouring land) are prohibited. Depuration plants for liquid runoff may be
compulsory, but they are noit granted economic or fiscal facilities. Discharging effluenta
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 regulationas
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 aspecific provisions. In particular, the disposal of
sewage and dung is dealt with in Chapters 3, 4 and 5 of the Envircnment Proteoticm Law
and in the Order no. 170, March 19, 1974. Local gans are expected to provide for sites for
the discharge or the desiruction of wastes, under the control of the county councila.

Wagte deposit and disposal are considered as pollutant activities, and they are
subject to the control of the Minietry 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 waates to provide
animal feed., Orders on this subject are completed by regulations comcerning food.

If private enterprises cannot manage wastes correctly, local authorities can issue
mandatory orders on this subject.

The Environment Protection Law epecially provides for containers and t{ransport of
animal wastes, under the contrel 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 premizes
on the same terrain}.

In Denmark, more than a half of wastes produced are destroyed by burning.
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GREECE

Environmental competence is exercised by the various Ministries (Justice, Sooial
Services, Internal Affairs, eto.), and both Central and Public Authorities.

There ls no specific lew governing agro-wastes. The prevalent aspect under which
the dispoeal amd geatation of wastes are controlled is amnitary one.

The principle legislation ie contained in the panitary 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 eolid
waste and food remainders used ag animal food".

The regulations of the law on "Sanitary Regulation, 1940" deal chiefly with soiid
wastes of urban origin (refuse). Its object is to prevent wnhealtyy situations, such as
the proliferation of animals which are carriers of infection, the pollution of surface
and underground watera, the contamination of animals and the defacement of the landscape.

It includes regulations goverming the modes and systems of harvesting, transportation
and waste disposal (subjeot to the authorisation of the Prefect and the Sanitary Centre).
In addition it eets up looal authorities with power of control.

The disposal of wastes on lamd ie pemitted provided epecific measures are
obgerved — a distance of at least 1,500 m away from inhabited arsas, a reasonable
clearance from water mains, a system of fencing which prevents access to animals,
The discharge of wastes in the eeas, lakes or rivers is forbidden {art. 5,1.1.).

Composting is another approved method for waate dispoeal. The comditions
required are the following:=—

Location cutside inhablited areas;

transport, treatment amd storage in a way which will avoid noise, dust,
offensive odoura, oonditions whioh attract ineects or rodents;

the composting product should be ptable so that further decomposition
or production of cffenmive odours is prevented and should be free of
pathogenioc micro=organisms, inteatinal parasites or their egge;

In cases where waste iz sorted, the stabling or feeding of pigs in the dispomal
sites is forbidden.

Sorted fodder for the fesding of pigs should be protected from flies and should
be bolled within 24 hours after morting for at least half an hour and before
trensportation to the places of oonsumption.

Sorting foods for human consumption ie oompletely forbidden {art. 5,1.6.).

Animal corpees 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).

Animal magure ghall be oollected daily and both the stables and the surrounding
arsa should be kept clean and free from marure, food remains ste, The floor of the
stablee should be made of impermeable material and should be well drained. The
surrounding area shculd aleo be well drained sc that any escaping marure or food
remaine be kept dry thus preventing the atiraction 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 10m 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 oovered. 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 ae
provided by law.

Issuance of a permit is required for the operation of stables and special
regulatione with regard to the collection, transportation amd dispowal of manure
ghould 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
procesess to be followed for their treatment.

This decree alse determines the regulations for buildings and mechanical
facllities. Limitations ae 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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JAPAT

A new series of laws and administrative regulations governing environment
protection have been adopted in Japan during the past ten years.

On 25%th Decenmber 1770 a mumber of laws amending the Basic Act for Environmental
Pollution {1967) were pasaed; they specifinally resulate air, water, sea, soil
rollution and provide norms for neise, odours, vibraticns, the use of chemical
fertilizers in ariculture and so on.

On izt July 1271 the task of resiructuring the envirommental sector was completed
with the creation of the Kankyn-Che (National Environmental Asency) with a
oonseruant unification of the spheres of authority of the various previously
cperative axencies. Nrl's main tasks are the Tollowins:

- to {ix envircnmental cuality standands, to control the enforcement of rellution
control laws, 1o provide recommendations to the various Linistries and tc make
proposala to the Govemment,

A6 Tar as we know, the dispcsal and reutilization of asro-wastes is not
specilically remulated; many laws, however, provide for direct and specific
repulation of arrienltural and acro~industrial activities.

AS an example, the Offensive (Qdour Control Law (1571) is applicable to
arricultural, forestry and fishing activities and industries (such as dead animals
processing, stockbreeding factories, fertilizer blending), which produce more than
one third of the whole quantity of malodours emitted in Japan. Thirteen malodorcus
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 ammoniwnm,
hydrosen silphide, trimethylamine are in the agro~industrial sector),

Odour control areas, designated by prefectural governments, are esiablished 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 maledorous substances in the
atmosphere is the criterion to be adopted (e.g. the fifth class is 1.500 ppm of
methyl mercaptan).

Prefectural moverners may issne orders or recommendations to a factory for
improving anti=pollution measures when the density of malodorcus substances exceeds
odour control standards. The Water Pollution Control Law (1970 n.138) and successive
amendments by the Act for the Establishment of an Fnmvironmental Agency (1971) govern
water pollution control, and fix standards for the whole country governing the
maintenance of wniform sanitary conditions for environmental protection. These
standards are differentiated as a funclion of the uses to which water containers are
put .

The abovenentioned quaiity standards are estahlished by WEA, while orders and
rerulatiens issuved by prefectural povermments way provide for stricter effluent
standards,

Flants discharging harmful substances {among which about 500 have been already
classified) must present a report to prefectural governments on the basig of which
the anti-pollutivn measures tc be adopted will be decided.

Afterwards the prefectural govemment is empowered to impose changes in the
installation and in the production or waste processing procedure or to close down the
plant when effluent standardas are nct met.
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Dumping or discharges may beprchibited when the pollution level in the area concerned
exceeds fixed standards.

Violations of waler comtrocl norms are runishable with fines {from 50,000 up to
200,000 yen) or with imprisonment {from three months to one year).

Regional pollution comtrel plans, the Urban Planning dct (1968) and the
Agricultural Development Areas {1969) govern urban and rural plannins in Japan,
These norms also provide for zoning restrictions, land development permits for
desigpnated areas. The complexity of these repulations shows how comprehensively
‘he problem of land manarement and consequently ithe problem of asricultural pollution
gources management is faced.

The Jater Pollution Control Law provides for facilities to improve dischar -e
dispozal plants by avpropriation of fumds cr technical assistance to overalors.
Medium and small enterprises are given special attention.

The special task of manasing public funds to subsidize industries when setting
up depuration plants and to help the victims of pollution is the responsibility of
Fnvironmental Pollution Control Service Corporation, established in 1965.

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 amd in agricultural activities, Iechanization 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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EUROPEAN ECONOMIC COMMUNITY — EEC

The Eurcvpean Economic Commnity is well aware not only of rational environment-—
management and natural resources protection problems, but also of thoae problems
related to waste reduction and disposal.

The Action Programmeof 22 November, 1973 pointed out that farmers' activities
represent a unigue form of soil and landscape maimtenance, while they simuitaneously
create situations which often affect environment itself,

The 1977/81 Environmental Programne caremplates a thorough study of the effects
of agriculturzl activity on environment in order to gain a better understanding of
ithe 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 favourable dfects of agriculture on environment, and to eliminate or
reduce the unfavourable ones which, very often, are secondary and wnknown,

Particularly, pesticides application and waste disposal on feedlots, have bheen
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;
- controlling 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 fighting pests. Concerning feedlots,
their three main sources of pollution are: odours, wastes (principally excreta) amd noise.
To reduce pollution from wastes, measures are necessary to prevent and limit liquid manure
rin~-off and percolation into the soil, and technical devices to reduce the emission of

bad edours during waste collection, storage and utilization. These measures will consist
essentially in establishing techmical characteristics of waste-collecting and storage
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 jin this field with the aim of:

~ reducing pollution created by waste accummlation and treatment;

- contributing tc the harmmonious development of economic activities zcoording

tc its EEC function, in an attempt to overcome difficulties such as unfavourable
raw material costs increase, Community and Member States' dependency on supplies,
and, on the long run, predictable acarcity of certain materials and their consequent
price increase;

= avoiding unfair competition and trade complications which would inevitably arise if
decigions concerning wastes were taken exclusively on a national level;

= improving knowledge about these problems and pasi experiences in the field ..."



The directive of 15th July, 1975, referring to solid wastes {excluding agro-
wastes), comtemplates that: "Member States shall adopt adequate measures to promote
waste prevention, recycling and tramsformation, and exrtraction, from the above, of
raw materials and eventually of energy, and shall frrther adopt any other method
allowing waste reuse", and whatemore: "that Member States shall inform the Commission
in due time of any project having the abovementicned purpeses, and specifically of any
legal project relating to:

a) utilization of products apt to cause technical disposal problems and exocessive
disposal costs;

b) furtbering the elimination of certain types of wastes, encouraging waste recycling
and reuse, and raw materials anii/or energy—-production recovery from certain wastes;

¢) use of certain natural resources, including theemergetic ones, for purposes allowing
substitution with recovery materials."

Ar 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 altermative %o those producing
excesgive wastes, or wastes difficult to reuse. Simultaneously, a campaign is planned
to direct consumers itowards product-—consumption not entailing excessive waste formation
or particular environmental damage.

An initiative of the EEC worth mentioning in this context, ie the project of
gathering all envirommental legiglation of the nine member countries agcording to
systematic criterie, integrating this work with commemts on the practical aspects of
the various norms and regulations. (see bibliogrephy).
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COUNGIL FOR MUTUAL ECONOMIC ASSISTANCE — CHEA

Information on the cooperation of the CHEA countries in the field of environmental
protection and improvement, aml in the related rational use of natural resources. _1_/

Cooperation between CHEA 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 consegquence of the cooperation under “The {Overall Programme'".
the CMEA institutions, the Council of Plenipotentiaries and experts of CHEA research
ingtitutes drafted more than 260 projects on environmental protection from the
sociclogzical, ecconomical and legzal point of view, elaborating advanced technology
rrocecses.

At present this cooperation invelves more than 360 research and plamming
institutions from CMEA member countries and from Yugoslavia. The interaction
between economic, social, legal, technological and biological factors and their
influence upon envircnment hag been carefully considered. The economic asgpect of
the man-environment relationshp is to be a fundamental tool in the development of
economic planning, including the rational use of matwral 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 internationzl legal norms conceming environmental
protection in the CHEA countries.

Concerning "Hygienic Aspects of Environmental Protecticn", a classification of
hazardous atmospheric pollutants has been set up hy scientists and experts of
hysienic institutes of the CMEA member countries. Environmental hygiene has been
planned both from a scientific and a technological point of view, up to 19920. One
regult of the joint work of CLIA member couniries experts was represented by the
introduction of a2 practical technique fcr the treatment of waste gases from fluorides
and chlorides,

Techniques have heen elaborated to evaluate the impact of chemistry on agriculture,
gpecially on the guality of surface and underground waters, and measures to prevent
water pollution were studied. THequirements have been determmined for the protection
of surface and underground waters and of coastal sea areas from pollution. There has
been an improvement in the methods to predict the guality of water in water bodies under
the impact of contaminated waters. 3J3tudies have been carried out on the impact of
diascharged heated waters on the thermal and biological status of water bodies and
standards have been established for water economy needs.

Ap a result of cooperation between interested CIEA member countries on the
problem of "Disposal aml Reuse of Household, Agro-Industrisl, Agricultural and other
Wastes", definitions of solid and liguid industrial, household and agricultural
wastes have been worked out, and the concepts relating i¢ 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.

l/ Report by the CMEA Secretariat for the fourth session cf Senior Advisors of the ECE
Member Governments on Environmental Problems, Geneva, 9-13th February, 1976.



In the field of arriculture we hnave: bhetter utilization of the natural economic
conditions of CHEA member couniries for the purpose of a more rational agricultural
development and an increased food production, alsoe for the improvement of livestock
raising and agricultural products in general, Ileagures were elaborated dealing with
the compreiensive solution of technical amd crganizational cuestions reducing losses
of raw materials and finished products durin; production processes in the QLA member
countries.

A& joint programme of cconcration, lastins until 19580, hetween member states of
ClRA and Yugeslavia, in the field of envircnment proiection and improvement, and of
associated natural rescurces exploitation problems, has been aprroved in October 1971,

The programme implies elaboration of 150 subjects grouped in eleven pub-sections
which include: social, econcmic, juridiecal, organization and pedarprical aspects
of environment protection. Ac to the sanitary aspects: utilizalion and treatment
of househcld, industrial, agricultural and other wasies; protection of wuniversal rescurces
and national use of natural resocurces in connection with impruvenent and protection of
the environment, have been lalen into consideraticn. As concerns dispesal and recovery of
seneral, industrial and agro-wastes, technological processes are te be elaborated for the
collecting, transport and storage of said wastes, keepine in mind the necessity of waste
disposal, including incineraticn.

Cooperation is well underway towards developing: methods, ecuipment and facilities
to incinerate sludge produced during the purification process of effluent waters, as
well as of ligquid and selid wastes from chemical, pulp and paper industries ete.

Cooperation also ains at working out definiticns and standards for lon: tern
facilities to be put inte preduction, at designings purification sysienms for reclamation
of wastes for reuse and of industrial and agricwltiural wastes, including rational
utilization of wastes from cattle Lreeding, of wood wastes and also of ormanic food
industry wastes. The function of a coordinating centre for these problems is held by
the Institute of Economics and the Organization of Constiruction in the eity of Dudapest
(Hungary).

Frompted by the spirii of mutwal cooperation, CLF) member countries and the Council's

bodies are seeking to develop their ties with cther international orranizations. Currently,

they are takin: steps te further coordinate their activities in environmemtal protection
and improvement, carrying them out within the franework of the CMEA., In this field ECE,
UNEP and other orgunizations of the UN family are particularly active.

Thus, CHEA member countries are following the recommendations adopted by the 27th
Session of the Council, nanely tc comtribute actively to the expansicn of caoperaticn
with all interested countries and international orsanizaticns in dealins with
environmental problens.

Along ithe directives of ClBA member countries, which so willingly follow a policy
cf bread international cooperalicn, the Couneil for Jutual Feononic Assistance is firmly
fletermined to contribute, within the realn of its own competence, to the implementation
of the main principles ard preovisions memlioned in the Section an "Cooperatiecn in the
Field of liconomics, of 3cicnce and Technoloy and of the Environment", in the Minal
Act of the Conference on Semurity and Cooneratinn in Purope, availing itself 1o that
end of an active cooperation with the N, ECE, UNESCC and cther international
orranizations.
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At present, scientific amd 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
arnd pedagogical aspects of environmental protection; protection of the atmosphere from
pollution with harmful substances; elaboration of methode 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 propesals are also being worked out for
joint development of programmes relating to the problems listed and, thereby, the first
gteps are being taken towards the practical implementation of the provisions of the
Final Act of the Conference on Security and Cocperation in Burope to the effect that:
"many environmental problems, particularly in Burope, can be solved effectively only
through ¢lose intemational cooperation®,

242



III. GENFRAL CONSIDERATIONS ARD APPROACHES TO EXISTING NATIONAL ISGISIATION

3,1 With the exception of public health measures embodied in much older legislatien,
specific norms regulating waste disposal are very recemt., Agricultural and agro-
industrial wastes, in particular, represent a new envirommental problem in developed
areas.

Consequently the need emerges for a new envirommental policy which takes under
congsideration economic anmd technological factors. This polioy 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
vaste. Thosge that do exist throughout various countries are generally only "framework
lawe", These laws delegate to the local authorities the responeibility of waste
disposal. In fact, cemtral authorities are detached from the reality of everyday
environmental problems. BRarely do these laws deal with mattera of technical amd
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 managed by small local units without an economic
programme at a national level and without any coordination with the other local
wnits. In the futurethis work should be done by large units covering considerable
areas. For this reason the treatment of wastesm must be coordinated by a large system
of economic management where efficient waste treatment methods are plammed 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:

a) Countries in which the problem is confined 4o the remcval of wastes for the
protection of public health;

b) Densely populated cowntries with a high degres of industrialization, mechanized
agriculture amd intensive livestock breeding, whers the waste problem is more
extensive and includes the necessity of saving natural resources and raw materials,
In thie 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 environmemt, but which also deal with
problems of agricultural production. In many countries, the establishment of extensive
livestock concerns anl waste disposal plants are subjeot to approval. These plants
must operate under specific comditions, without causing harmful effects.

The following examples concerning ipdustrialized coumiries may be uaeful:
a) The manuring with liquid, semi=liquid, and farmyard manure is relevent to the
environment only in so far as it exceeds the usual level of agricultural fertilization;
official control may begin only beyornd that level;

b) Sewage, sewage sludge, and faecal matter may be used as fertilizers only if they
meet certain conditions of hygiene;
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¢) 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 Tor an approach to a comprehensive environmental legislation which will achieve
a deeper intecrztion, & new philosophy of production and utilization of material goods
must be developed, In fact,not only are technological solutions for manufacturing
procesges needed, but alse an improvement in the mechanism of industrial development,
achieved throuth incentive measures, in which the costs of envirommemtal protection
{ineluding waste disposal) are intermalized into the production system.

& deliberate commection between the system of economic incentives has become
essential with the new philosophy concept., The concept ™he polluter pays" implies
that a social cost may be appropriately measured. Investigation must be made to
determine the total socio—economic cost of envirommental protection in order to establish
a new price system for more rational decisions in respect to scarce natural resowrces,

3.1 A modern and organic system of management and reuwtilization of agricultural and
agro—industrial wastes must be conceived along the following fundamental lines:

a.) rreservation of natural resources;

b) reduction of pollution ard environmental miisances;

c) saving of energy and available resources;

d) reduction of costs of agriculture and agro-industrial procduction;
e) reduction of costs of waste management and reutilization;

f) ensuring health protection of the personnel engaged in recovering and reusing
waste materials (protective masks, gloves, special uniforms);

g) avoiding the risk of pollution or spread of infective diseases, after reuse;
h) aveiding air amd water pellution in comnection with recycling.

Such aims must be pursued through anti-wastage measures which tend to reduce
consumption of natural resources, introducing azlternative technologies which require a
decreased use of same or through alternative methods (technological abstinence) involving
a smaller quantity of wastes {e.g. the substitution or intesration of pesticides with
methods of biclogical warfare against crop parasites). MNoreover, 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 alsc be provided.

3.5 The rvle of public authorities is the same hoth in countries with planned economies
and in countries with market economies. Public authorities must promote and coordinate
activities in order to rationalize waste dispesal and utilization of material goods ard
energies.

For this purpose, the following activities should be promoted:



a)

The study of all stages of technical processes in waste recirculation (recycling,

recovery and reuse);

b)
the

c)
d)

e)
f)

the installment or promotion of plants for waste disposal, with the adoption of
most advanced technological methods;

the adoption of special controls to protect against hazardous wastes;
the establishment of emisgion load standards;
the coordination of the management of industrial, agricultural and urban wastes;

the organization of a system of information exchange concerming technclogical

and economic aspects of waste management, among different countries, intemational
organizations and inetitutions;

g)

the utilization of mass-media in order to increase public awareness on the importance
of citizens' participation amd cooperation.
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IV, RECOMMENDATIONS FOR A COMPREHENSIVE APPROACH TO WASTE MANAGEMENT PROBLENIS

4.1 3Specific legal proposals aimed at facing the agro-wastes problem organically and
rationally can be forrulated 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 measurees 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
recomuendations:

4.2 Creation of a complete and organic domestic system for agricultural and azro—
indusirial wastes management, Therein a legal framework should specify the purposes, means,
rulings, sanetions, incentives and local regulations (regional or municipal) which - in
accordance with land-use planning - would actually regulate agricultural and agro—imlustrial
activities as concerns waste-management and also organize a technical assistance progremme,
along national guidelines amd, further, create and manage public ¢ollecting centres and
mublic wastes recycling-installations.

4.3 1In principle, a legislative and managerial national policy conceming agro=wastes,
should contemplate:

a) a competent cemtral authority having the task of programing aml coordinating
agricultural and agro-industirial wastes, and being in a position of availing itself,
on the operational level, of local authorities and bodies existing in the various
countries;

b) coordination between aims and means of agro-wastes management amd other economic
and social development programmes; '

¢) establishing national standards for agro~wastes as well as for commodities resulting
from recovery amd recycling processes;
c.1 Agro—wastes: standards mwt include:

(i) waste characteristics

(ii) 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);

(iidi) 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).

{iv) Performance procedures for treatment amd disposal plans,

¢.2 Stamdards for resulting commodities (or recovered goods} should concern:

(1) quality requirements of the products;
(ii) permitted use (as in human and animal nutrition, fertilizers stc,)
(iii) tolerance threshold of wastes.
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d) land-use planning according to criteria of agricultural area-zoning, and industrial
settlements depernding on their probable environmental impact {spacially as concerns

water and soil) amd their compatibility with other productive settlements, as well as with
other land usea; and, last but not least, according to their economic projection;

e) 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 geologicy pedologic, hydrologic and climatic
features of the involved area.

f) severe hygienic and sanitary contrel of disposal, collecting, storage, transport,
handling and recycling processes of wastes and their by-products intended for animal
nutrition, or somehovw connected with animal raising; equal sanitary contrel on any
other waste reuse {alsc as fertilizers) requiring sanitary precautions.

g} 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;

h) 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 uwsefully be recycled;

i} fiscal amd financial incentives to study and adopt techniques of recovery, recycling
and utilization of agro-wastesy

j} 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
10 a system of public licensing and control. In case of on-site management, the farmer or
the agro~industrialist, should observe all the proviaions issued by the competent publio
autherities;

l-c) economic and financial measures to encourage the adoption and improvement of non-
waste technologies, the creation of closed—cycle agro-waste preductive systems and the
setting up of nationzal agro~wastes recovery-processing-and reutilization industries
vhich could also benefit from mass production economy in their organization;

1) 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 concerming technological discoveries apt to
limit or avoid pollution and waste formation, as well as to recover and reuse wastes
themselves,

4.4 Useful international cocperation could be obtained by bilateral and multilateral
treaties concerning:

a) the getting of standards for agro-wastes disposal and utilization syetems, and

for their transport and international trade. Working out an intermational wastes-
code might prove useful;
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b) a programme to eliminate, dispose and #eutilize agricultural and agro-industrial
wagtes invelving more than one country, if only for the sole purpose of finding elsewhere
a proper utilization of those wastes congidered useless or to be utilized or disposed of
ohly with great difficulty in the country preducing then.

¢) the elaboration of special waste reutilization projects, coordinated and directed
by specialized intermational institutions (FAO, UNEP, WHO, ECE, OECD, EEG, etc.);

d) periodic publication of all technical and legal information relating to the
subject (Data Bank) through specialized intemational institutions (FAO, UNEP, OECD, etc.);

e) the promotion of an "intemaiional 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

gociety from the legal point of view and in viewing the aima and abovementioned
solutions suggested for wastes management, one reaches the conclusion that a uniform
stratezy 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 ap concerns normative regulations.

Thus, taking into account recommended guidelines and general legal principles, a
normatiive 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,  INTROIUCTION

This paper reviews the agricultural situation in some mlected countries (India,
Indoneeia, Malaysia, Philippines, Thailand and Singapore) primarily to assess the
availability and utilization of agricultural reeidues arising from processing of feood and
commercial crope, forest products, livestock and poultry and fisheries, and their effeci
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 residuee are generated which are not adequately utilized. Some of the
processing operations result in effluents which cause sericus pollution problems, such as
pineapple canning wastes, palm oil processing wastes, rubber industry wastes, slaughter house
wagtes and sugar and digtillery wastes, Serious attempts are being made to find economic
uges of these wastes and some commercial/aemi—commercial plants are already operating
producing valuable byproducts.

After the lagst world war, most Asian countries started economic development programmnes
with emphasis on industrialization. Agriculture was assigned only a secondary role. The tagk
of converting an agricultural society into an industrial society ie not easy easpecially with
insufficient capital response from the agricultural sector and whose poor purchasing power
could not absorb the manufactured goods. Thus, raising the agricultural sector to match the
industrial sector is an egsential 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 wae this that compelled thece
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 technology in most cases was imported from the more advanced countries. Several years
of experience has shown that this mode of transfer of technology to overcome time gap can=
not often Ybe integrated with the social, economic and indusirial needs of the society.
This integration can only be brought about by developing new skills and resources and thus
eatablishing a close relationship between technological opportunitiea and social goals to draw
the vast majority of masses within the ambit of sccio—sconomic progress. Excessive dependence
on import of sophistigated technology will lead to a permanent 'second hand' economy.

The capitaleintensive and labour-saving technology does not, in most cases, satisfy the
gocio-economic needs nor meet the infrastructural situation in a developing country where the
capital is scarce and manpower abundant. 3Such 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 prioritiee based on the needs of the vast majority
of the people and must aleo involve a wast majority of the people in the production activity.

It ehould be peossible to disperse a technology in the rura!l areag, raise the technological
competence of the rural population and involve them in value-increasing production activity.

It should also be poswsible to produce more goods with less capital inveetment without in any way
employing retrograde technology by presenting an alternative patiern of growth through dispersal
of technology in areae of raw material availability.
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2. STATUS OF AGRO-INDUSTRIES, AGRICULTURAL GENERATION 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 1273-74 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
Weztern 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 k1),

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 Irdia, of
which 43 are large-scale, 343 medium scale and 3,209 small scale units producing 0.39 million
tonnes of bresd and biscuits. The demend of bakery products is increasing. It is placed at
0.5 million tonnes in selected urban areaes 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 ecattle. With the introduction of shorter high-yielding varieties, the availability
of wheat siraw is somewhat reduced, Ita 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

Maize is grown extensively in almost all the countries of the region (total productiorn,
15 million tomnes). The pattern of maize grain uee differs from country to country. In India,
it is a supplementary food-grain, 8 raw material for starch and glucose manufacture (6 factories)
and as a componeut of poultry feed, In Tha:land, almost all the grain production (3 million
tonnes) is oriented towards export and in the Fhilippines, it ic used almoct exclusively as
animal and poultry feed. In Indonesia, it is consumed 22 a supplementary food, and as animal
and poultry feed.

Residues

Each hectare roughly produces 3-4 tonnes of stalks during narvesting. The ear 15 deshusked
to recover the grain from the cob. The yielde of various componenis are: grain 35 percent;
husk and skin 30 percent; cobs 30 perceqt and skin trimmings & perce-t. The residue availlabili-
ties in the principal producing countries are (in million tonnes):

Stalks Husk, ekin Cobs
and trimmings

India 16=-24 57 4.8
Indonasia 9=-12 2.9 2.5
Philippines 9-12 2.5 2.5
Thailand 10-14 149 2.6
Total 46-62 14 .4 12,9



Thus, 75-90 million itonnes of maize crop residues are available in these four principal
maize producing countries of the region.

Use pattern

The current use pattern of the regidues obtained during the harveating of maize is
gimilar 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 parte of the stalks are composted. In Thailand, the usual practice is to plough
the ash into the land after burning the stalks.

The cobes 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
ag a s0il conditioner. Corn cobs are also used in India to produce furfural and as a moisture
abgorbant in stored grain.

Possibilities

The principal chemical constituents of maize stalke are cellulose {40 percent), pentosans
{25 percent) and lignin (25 percent)., Though several research laboratories in India and
elsewhere have produced paper from maize stallis, 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 ‘dirty' 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 ag 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,
€.Z+y in lubricants manufacture, in resin production, ae a plant protectlon chemical and as a
raw materizl 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 ueed 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 cobe 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 cobt meal mixed with a non-inflammable solvent.

2+1.2 Rice

The cultivation of rice is the principal agricultural activity of the region. The six
countries of the region produce nearly £C million fonnes of paddy whose processing 1s therefore
a major though scattered agro-based industry. The rice mills have varying capacities ~ from
0.5 tonne/hour of huller-gheller type to 4 tonneg/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 ise
mostly produced by hand-pounding of paddy anc 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 ghorter high~yielding hybrids, the availabilaty
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of rice straw will cerrespondingly 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--15G 14=-15 1.21,5%
Indonesiza TO=80 5-6 1.0
Philippines 12-34 1 Ce25=0.3
Thailand 50-60 3-4 0u7=0.8

* 40=5C 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.

T

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 progressive introduction of high-yielding varieties which give lower straw yields
the total availability may be restricted for the new ventures., Thig has been taken into
consideration while expaneion 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: S0 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 highaellulose 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 lagt 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 Lroken stazte 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
iteelf. 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 16-19, Ninety percent ash is ailica 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 parboiling, 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 (hollowblocks). 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
burnt husk in India is by the washermen who mix it with soda ash and wash their laundry with the mixture.

The average compopiticn of rice bran in India is as: water 0.5=12,5; protein 10.6=13.4;
N free extract 3d.7=44.C; fat 10=20; fibre 9,6=14,1; ash 9.3=-14.3; and pentosans 8.4=11.4 percent.
It also contains Bevitamins of the order of 544 mg/100 g+ The variation in its composition is
due to the type of eguipment used for paddy processing. For example, the fat content of bran
from huller mills is & percent, from sheller mills, 12-15 percent, and from modern rice mills,
15-2C percent. Again, the parboiled rice gives bran with relatively higher oil content,
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Mogt 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 o0il (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 dus 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 lipage 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 ag an edible oil poasible (fatty acid composition is: oleic 41-45; linoleic 26-37;
palmitic 12-17 percent). Rice bran ¢il has 3,5~9 percent wax which is deposited durin;
storage. It finds use in the mamufacture of polishes and carbon paper.

Mogt of the rice bran oil in India is split and distilled to rive fatty acids and glycerol.
Fatty acids are used for making soaps, and in rubber and other industries. The deciled bran
is exported or uged as a cattle and poultry feed.

Possibilities

Rice straw can be used as - source of pulp and paper. With its diminishing availability
as more and more lJand goes under high-yielding varieties, greater attention is needed to the
utilization of husk and bran. However, gome 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 ie capital intensive., Alkali treatment followed by ensilage is considered promising.

The rice mills have to he modernized not only to obtain better yields and quality
of hugk 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 Ts similar though figures are not available.

Riece husk can fingd 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. GCertain types of tyres and tubes use both carbon black and silica
{vhite carbor) in their manufacture, Rice husk carbon black may perbaps be a cheaper substitute.

In Thailand, rice husk along with coconut fibre has been successfully tested as a filtration medum 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 ured as
extenders during the glueing cperation., Detailed investigation is needed to see if husk
of the desired fineness can be used instead. Some preliminary studies have ghown promising
results,
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Another poesibhility ies the manufacture of gilicon carbide which iB being investigated
in USA and India. Rice husk has the deeired composition with respect to eilica and carbon
requirements., Since silica in rice husk is highly reactive, it will require lower reaction
temperatures. Production of silicon tetrachloride required for silicon manufacture, is
being investigated in USA.

The rice huek hae a calorific value of 5,000-6,000 BTU/lb and an ash content of about
20 percent. Experiments in India and USA ehow that these characteristice can be taken
edvantage of in its utilization as a raw material for cement manufacture.

Indian workera have also showm that rice husk can be used for the manufacture of
fire-proof and water~resistant bricks, ae 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 aa 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 millete 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+145 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 etarch in India is the tamarind seed. The manufacture of
gtarch from maize and tamarind ie restricted to India. Tapioca, however, is a cheaper and |
favoured raw material even in India, Starch is used by the textile, kenaf, jute, paper, i
glucose and dextrose, and by the food industries.

Tapioca (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 1 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 scil 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 Ett ern

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 produet ie preferred since it decreages
the volume, is easier to transport and is uniform. It also permita the use of dried tapicca
leaves and the residual pulp for starch manufacture.

The following flowsheet diagram broadly deecribea the process stepe in the manufacture
of starch from tapioca and the nature of effluenta generated.
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Regidues

During the harvesting of roots, the woody 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 alsc be dried and pellatized either alone or with dried roote. The leaves are algo
conpumed aB 2 vitamin-rich green vegetable, The etem is used as a domestic fuel, as a
replanting material or is ploughed 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 & land fill. The pulp is usually
pellatized along with the dried roots., It is also sundried and eold ae 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 mamufacturing
30 tonneg of starch per day in Thailand are:

Separator Root wash
water water

Flow rate, m3/day 660-1,250 760-1,600
pH Jed=4.2 4.2=T.1
Suspended solid, mg/l 1,450-5,400 400-6,100
Settleable solide, mg/l 60--200 10~1C0
Total solids, percent G,56-0.93 0.02-0.55
Volatile solids
percent solids 92=-98.6 59.4~90,0
Disgolved oxygen, mg/1l 0 Ge6-5.3
BOD,, mg/1 1,000-4,400 200~1, 700
COD, mg/1 3, 100-13, 900 2,000~4, 450
Organic N, mg/l 19-33,9 14.5-18.2

The root wagh water normally consists ©f cork cells, sand and ¢lay particles. During wet
season, the demand of water increases as does the quantity of suspended esolids,

FPoseibilities

The effluents from starch industry are the major residues in the processing of tapioca.
Reesiltant environmental pollution has been the concern of all ths countries of the region and
more siringent laws to control such peollution have been introduced. OSeveral research
institutes in the region have worked out schemes to utilize the high organic content of the
effluents before discharge. Various types of yeasts have been made t¢ grow on the waste
waters., Torula yeast will grow well and reduce COD by about 73 percent. The yeamt mass
{protein content, SOmercent) had a yield of 500 g/kg of COD removed. Supplementary nitrogen
(about %00 g for every 25 kg of COD removed) was found neceesary., Without added nutrient,

40 percent of solide in waste waters were recovered as yeast cells in & hours. The total
solide and BOD of the treated waste water after yeast production were 0,38 perceht {w/v) and
1,600 mg/1 respectively. OSome inctitutes are experimentirg on growing algae in the remaining
waste water using oarbon dioxide (likely to be available from ycast propagation)}. The growth
of algae ig,however, slow and harveating expensive.

Among the new uses of tapioca which have been suggesied are its protein enrichment by
direct solid-gubetrate or a liquid fermentation using starch degrading organismas. 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

Pulgee 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 20-3C perceni 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). Chickenpea or Bengal gram
accounte for nearly one=third of the area and two fiftha of the production. The average
7ield of pulses is low. Due to long duration of the maturity of these crops, these are
generally intercropped or are cultivated on lande of marginal productivity. With the
introduction of new shorter duration varietiea, mulitiple cropping is now posgible and 4~5 cropa
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 dal), red bean and
moth, OSoyabean is a new introduction in India more as a source of cooking ¢il than as a grain
legume. The moyabean meal, however, will be available ae a rich souroce of protein for the
human and animal diet.

Soyabean, munghean (green gram) and peanuis are the principle legumes of SE Asian countriea
and are part of the traditional foode ¢f the people. Other species consumed to a lesger extent
are cow-pesa, chickpea, pigeon-pesa, peas and some dry beans., While mung bean and peanuts occupy
more area in Thailand (80 percent of all legume crope), soyabean is the principal legume grain
produced in the Philippinee and Indonesia. Soyabean ie consumed in a variety of ways in all these |
countries. Red bean is a new introduction in Thailand and Malaysia.

Use Egttern

When the grain ie used directly without dehusking as in several moyabean and mungbean
preparations, no preproceseing is required. Milling is neceassary where dehuaking 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 iz used. The dehusking operation gives an
Yield of B0-85 percent of finished product. In India, heat puffed legume grains are aleo
consumed as snacke or in food formulation. For this purpose, the grain is scaked in water and
then toasted (2509C) for a short duration (30 seconds), Ancther form of consumption is in the
form of floura. Recently, several weaning and supplementary foods have been introduced.

Soyabean is congumed as fermented preparations like Natta and Tahu, ae milk and curd,
as boiled beans, as green soyabean, in cakes and bisecuits, and in other ways. Some quantitiesm
are also used for extraction ofoil and production of soyabean meal., This asgpect will be
dealt with under oilseeds (2.3).

Reaidues

All the residues generated during harvesting and processing are fed to cattle or ploughed
back into the land.

2.3 Oilseeds
2.3.1 Cotton

In the region, cotton is grown extensively only in India. There are geveral varietiee of
cotion: some are local short«fibres while others have been developed by cross breeding to give
& long staple, In 1374~75, 1.2 million tonnes of cottonlint was produced,and the ginning yielded
ever two million tonnes of cottonseed. The textile industry is one of the major indusiries in
the country, both from the standpoint of investment and employment potential, The output of
cloth in 1975 was 6,000 million meters. In addition, there are about 5,000 hosiery units in
the country.
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Regidues

The main harvest residues are the stallkts and leaves, The ginning operation yielde
cottongeed and cotton dust in addition t¢ the main product-lint. Dust is alsc obitained in
the textile factories., The processzing of cottonseed for oil and cake leaves hulls and linters
as residues.

The yield of stalks/ha varies according to irrigation conditions. The total availability
in India is estimated at 12 million tonmes.

The processing of cottonseed produces 26 percent hulls, 45 percent cake, 16.5 percent
o0il, and 6 percent linterse, Thue, if all the 2 million tonnes of the available seed is
processed, the various products (in ten thousand tonnes) obtained will be; hulls 52; cake 90;
cottonseed ¢il 33; linters 12.

The cotton dust generation is of the order of 30-33,000 tonnes.

Use pattern

Cotton stalks are currently ueed as a luel, About 60-65 percent of the cottonaeed is
crushed to obtain o0il, ocilcake and other byproducts. The rest ie congumed as cattle feed,
Small producers directly crush the seed, sometimes, even without decortication. The cileake
thus produced carried linters and hulls, It is estimated that about 200,000 tonneg of
cottonseed 0il are being processed in this fashion producing 600,000 tonnes of undecorticated
cake.,

Cottonseed 0il has a high linoleic acid content and is used as a cooking 0il and in the
manufacture of hydrogenated fat. The o0il is refined before use with caustic soda treatment.
The refining carries all thepigments {e.g. gossypol) into scapstock yielding a very dark
product which is split and dietilled to get fatty acids for industrial application.

Cotton linters find ready usere in several alphacelluloese 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 ceustic soda to produce chemical
cotton, The mpecifications for varicus grades of chemical cotton are given below:

For For For cellusose
viscose Celluloee nitrate
Alpha~-cellulose
percent (mino) 9800 9805 %05
Ash, percent (max.) 0.1 0.1 0.1
Fe, ppm (max.) 35 30 10
Mn, ppm (max.) 0.4 ~ ~

The longer fibre is used in the manufacture of surgical dressings, absorbent cotion,
twines, batting material and paper.

Cottoneeed hulls are mainly used as & low-protein roughage in cattle feeds. These also
keep the cattlefeed porous and easy to reach the animal digestive syatem, Their food value
equale rice or wheat straw. A small quantity of hulls are used as a fuel in the oil mills,
Cottonseed hulls have average chemical compoeition ae (percent on dry basis): cellulose 43.%
pentosans 29.%; lignin 22; aeh 1.8; protein 2,3; 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 vitamine. The presence of toxic gossypol 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 §;
protein 40; fibre 10; fat 8; ash 7, The solvent extractod 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 euch as grasse, leaves, stems and bolls.

The cotton dust is used as a fuel in the boilers or as a cheap batting material, Its
characteristice are (percent): moisture B; organic matter 70; carbon 41; nitrogen 1.4;
P20 0,63 K20 1.2. Its C/¥ ratio ie 29.3 and pH 6.2,

Pospibilities

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 psper/board mills,

The major difficulty in proper utilization of cotionseed 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 growth of unorganized mall-scale milling industry where large quantitiee
of undecorticated seed is crushed. In some partes of India (Punjab and Haryana), the
delinting operation is carried ocut in the ginning mille and the peed is made available to
the users. With some incentives, it may be possible to extend delinting facilities to all
ginning mills and thus make linters available to the consuming industries.

In addition to their present use as a roughage, cottonseed hulle 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 tannine, the furfural yield is reported to he 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 »f compost in 3 weeks at a nominal cost. The quality of product is good
and uniform and it lends iteelf to easy packaging.

2¢3.2 Uroundnut

Groundnut ie India's principal oilseed. In 1974=75, an area of 7 million ha was under
cultivation producing 6 million tonnes of groundnuta., Indonesia produced 0.3 million tonnes
in 1973, Production in other countries was little., There are speveral varieties which are
cultivated. They vary in the kernel aize, shelling percentage and the quality and quantity
of oil.

Use pattern

Groundnut is used as & source of cooking oil and cake and as a food component. The total
cil 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 moigture level of about { percent. Any storage of groundnut of higher moisture
content ie 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 gquantities 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 consegquence in groundnut procesesing is the groundnut ghells.
Due to their bulk and high transport costs, large quantities remain unutilized, Wherever

ghelling plants are in rural neighbourhood, shells are returned to the soil. Since they have
poor burning properties, they hardly find outlet as a fuel.

Posaibilities

Croundnut shells ag 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 ag a filler
for fertilizers., Other possibilities are: conversion to briquetted charcoal; particle board;
and conversion to edible protein by action of micro-organiams,

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 0il and 130,000 tonnes
of castorseed cake, About half the quantity of the oilandcake is exported. With the intro-
duction of new, hardy, short duration and high~yielding varieties, especially Aruna, the
production of casgtorseed is expected to go up.

Uge Egttern

Castorseed is crushed for ite ¢il 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 yieldd the oil is around 40 percent by weight of seed.
The seed is usually expelled undecorticated and about 556-59 percent cake is obtained. Where
decortication is carried out, 30 percent cake and about 26-29 percent shella result.

Castor oil is used in terxrtile 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
congiderably, It is aleo used in the manufacture of hydraulic brake fluids and some perfumery.

A declining uee is as a medicine.

The solvent extracted castor meal has the following composition {percent dry basis):
N 5.5 - 6.0; P,O_ 2.5; K,0 1 = 1.5; CaC 1; Mgl 0.5 - 0.7; organic matter 85 - 87. It has
several trace gl ments (éu 27 ppm; Mn 55 ppm; B 23 ppm). Cagtor meal contains ricin, an
alkaloid, and an allergin. The fine sharp particles of castor ghell 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 inte the soil.
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Posgibilities

Castor ¢il is a versatile industrial raw material. Considerable efforis 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 {Helianthus)

Sunflower has recently been introduced in India. The high o0il = yielding varieties
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 ite being a short duration
crop (80-100 days) and its high yield of seed (3~3.2 tonnes/ha). The present ocultivation area
of 351,000 ha, mostly in the Western and South India, is intended to be increased to 650,000 ha
during the current geason especially in eemi-arid zones in the north and central India.

With an edible o0il 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 ¢il cake after extraction of oil is used as
a cattle feed.

2.3+5 Safflawer (Carthamus)

It is a minor o¢oilpeed crop of some parts of Western and South India. The total area
under cultivation in 1972-73 was 416,800 ha producing 78,900 tonnes of seed which is nearly
two=thirdsof that of the previous years. It is reported that the cultivation area hag further
decreaged, perhaps due to competition with sunflower and other more remunerative crops. Like
aunflower, safflower is also a single-stemmed plant and also yields similar oil which is high

in polyuneaturated fatty acids (PUFA). The yield of the oil is arcund S0 percent.

The oilcake and crop residues are disposed of in the same manner as those of sunflower
Beed.

2.3.6 Rape and mustard

These oilpeede are obtained from plants belonging to genus Brassgica, family Cruciferae.
The oleiferous Brassica grown in India are: rai (mustard), and yellew and brown sarson {rape).
In 1974=75, 3.6 million ha in India was under rape and mustard, producing 2.2 million tomnes
of seed which accounte for nearly 25 percent of total oilgeed production. The crop is
generally sown as a mixed erop with wheat, barley and gram.

Usge Egttern

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 ¢il is carried out in the village animal or pover driven rotary mills, in
hydraulic presses and expellem and by solvent extraction. In most cases, a combination is used
to extract the maximum quantity of oil. The rotary mills leave 10-15 percent ¢il in the cake,
the hydraulic presses and expellers 7-8 percent and solvent extraction only 1 percent. The
yields of the 0il and cake are 33 and 62 percent respectively.

The oil is the principal cooking medium of northern and eastern India. It also finde
small applications as o0ils and lubricants, and as a soft soap for textile sizing.

The oilcake ip used mostly ae cattle feed andtoasmall extent as a fertilizer,

The crop regidues after harvesting are used as cattle fodder.
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2+3¢7 Sesamum

Sesame is one of the oldest oilseeds known to India. It is oultivated 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 undsr sesame cultivation producing 408,000 tonnes of seed,

Usge Pattern

About 20 peroent 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 the extraction of the 0il which is consumed directly for cultinary purposes. About
5 perocent of gegame oil im used in hydrogenated cooking fat, It is also umed in pyrethrum
baged insecticides.

The oil cake {o0il content 9=15 percent) is used as cattle and poultry feed and is
marticularly rich in methionine. The cuticles contain oxalic acid. The decutioled seed
meal is used for human consumption.

The c¢rop residues are ploughed back into the soil.
24348 Linseed

The genus Linum, to which Linum usitassium, the common linseed or flax plant, belongs,
emoraces nearly 100 species. The cultivation of linseed varieties for oil is restricted to
a few countries. It is a dual purpose crop, yielding both oilmseed and fibre. In India
during 1974~75, an area of 2 million ha wae under its cultivation, yielding 538,000 tonnes
of linseed mostly through mixed cropping. The ¢il content 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 oake. The deseeded gtalka are either burnt as
# fuel, fed to the cattle, wused for thatching purposes or for extraction of fibre.

Lingeed straw which is free from immature seeds is comparable to oat straw in matritive
value.

The processing for fibre is similar to flax, The stalk bundles are cooked in water or
caustic moda and the fibre separated from the core by passing through fluted rollers, A dry
procese for the removal of fibre is also used. The yield of dry straw is around 1.5 tonnes/ha
and that of fibre im 20-25 peroent of dry straw. The dry process ia 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 spun as textile, generally along with other fibres. It is
alao uged in the mamufacture of ropes, twinea and canvas. Linseed fibre is used for the
manufacture of speciality papera. The pulp yield is 64 percent. The residue left after
axtraotion of fibre ims used as a fuel or aa a oattle bedding material.

During extraction of oil from seeds, the average percent yield of various products is:
oil 37.63 aocapstock 1; oake 57.4; foreign matter 2; and prooessing loss 2. The oil is
oharacterized by the presence of high lincleic acid content (50-57 percent). For this reason,
it is mogtly used a® drying oil in surface coatings industry. To a limited extent it is alse
uged as cooking oil.

Though relatively low in protein (36 percent) linseed cake is palatable to cattle and
is8 congidered as a good supplementary cattle feed due to the presence of other mitrients,
The cake is algo a good organic mamure (N 53 P20 1.4 and K20 1.8 peroent). A considerable
portion of oilcake im exported. >

Poasibilitien

The only part of linseed plant which is not fully utilized is the deseeded stalk. The
total dry siraw generated in the country ie around 3 million tonnes and only a small 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 oan be increased.
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2e 3.9 ng&bean

Soyabean is a minor orop in all the oountries of the region. In 3E Asia, soyabean is
cultivated more as a food supplement than as an cilseed. The produotion in Indonegia in
1973 was 50,000 tonnes. Due to high inputs and peor returne 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 oovered by the ¢rop was 45,000 ha whioch
increased to 0.125 million ha in 1972-73. Bamed on this increase, the target for 1973=74 was
fixed at 0.4 million ha but had to be revised to lessg 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 imporis soyabean o0il to meet domestic demand of cooking oila (in 1973~74,
60,387 tonnes imported).

There are nine processing units in India which are equipped to extract oil and produce
coya meal, A plant to process 250 tpd soyzbean is also being set up by a government agency.
Until the cultivation of aoyabean is stabilized and the utilization of soya products ie
organized adequately, soyabean will continue to be an exotic crop without firm roots.

Uge Eﬁttern

Soyabean is a food supplement in SE Asian diet, Very little extraction of oil from
soyabean occurs., In India, both ¢il and protein componente are intended to be utilized.
Almost all the soyabean oil is consumed by the hydrogemated cooking fat industry., The meal
18 toasted to make it free of trypsin inhibitor and air-classified. The coarser material
ip uped as animal and poultry feed while the finer material is used for making textured food
and other items for human consumption,

243410 Minor oilseeds

The monsoon region with its rich vegetation has & vast resource of as yet unexplored
oilseeds, Some of these, like rubber seed, are being investigated. In India, & few others
are being commercially exploited to a small degree. Their collection and the cost of transport
to the usually distant procesaing centres are the principal reasons of their non-utilization.
Only 200,000 tonnee of seeds are collected to give 40,000 tonnes of oils while the potential
at a conservative egtimate is 7=-8 million tonnes which can produce 1.4 - 1.6 million tonnes
of non-edible oils for scap and other industries. Minor oilseed processing technology lends
iteelf to digpersal in the rural and foreet areas - the source of seed. The establishment of
a new industry in a dispersed fashion will be of interest to all developing countriees.

Some of the minor oilseeds which are being exploited in India are: mahua (Baseia latifolia,

B, longifolia); neem (Malae azadirachtas); karanja (Pongamia ¢labra); kusum {Sheleichera
Toijuga]; and

and sal (Shorea robusta}.

2.4 Vegetables, Fruite and Herbaceous Crops

The vegetables, fruits and herbaceous crops in the region are those which suit its
tropical and semi-trepical c¢limate. In India, temperate region fruits and vegetables are
aleo grown., Moat of the produce is consumed fresh and very little canning is done.

2.4.1 Vegetables
The vegetables and herbacsous ¢rops grown in the region may be classified under:
Solanaceae: potate, capsioum, egg plant, tamato.
Cucurbitaceae: pumpkins, gourds, cucumber, squash, melon.
Compomitae: artichoke, letiuce.
Cruciferae: oabbage, cauliflower, celsry, knol-khol, mustard, radish, turnip.
Unbelliferae: carrot, anise, caraway, coriander, dill, fennel, parsley.
Lilisceae: asparagua, leek, oniocn, garlio.
Amaranthaceas: amaranthue.
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Leguminosae: beans, peas.

Diogcoraceae: yams,
Chenopodiceae: spinach.
Malvaceae: okra, Indian red sowel,

Convolvulaceae: sweet potato.

labiatae: rosemary, sweet basil, sage, spearmint, sweet marjorum, thyme , rue.

Iree orops: green papaya, raw jack fruit, plantains, curry leaf (Murraya koenigi),
drumsticks (Moringa pterygosperma)

20402 FPruits

The main fruits of the region are banana, pineapple, mango, durian, medlar, rambutan,
litchi, guava, papaya, jack fruit and citrus. In India, the temperate climate alsoc permits
the culture of apples, grapes, plum, apricot, fig, strawberry, pear, peach, gooseberry and
pomegranate, In addition, mulberry, custard apple, guava, lemons, sapota, litchi and date
palms are grown as minor fruit crops.

Use patiern

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 amall 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 procesged are: pineapple, citous,
mango, apple and guava. The canning of fruits generates enormous residues of high BOD and GOD
content and is a serious environmental problem.

Regidues

In the manual harvesting and during haunlage of fruit and vegetablesto the market,
considerable damage to the product takes place. Since the transport availability is usually
uncertain, plucking before full ripening ie practised in some cases. This results in losas
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, extensive use of water during processing, high solide 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 following composition {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 wasies 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 industiry generates 5,500 tonnes
of mango wastes which are not utilized., The total production of mango in the country is
about 7 million tonnes, The total residue generation, including that from consumption 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 emall part of it ie alao candied,

Poggibilities

Several research institutes have been working on the poasible 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 pellution. Another microbial approach is the conversion %o alcohol and vinegar
ap pravtised to some extent in the Philippines.

According to one expert, the conversion of fruit cannery waetes into SCP. ia not an
economically viable project. In his o¢pinion, 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 alcohol, 20 tonnes of pineapple bran, 0.4 tonnes of yeast and 1.3 tonnes of disti=-
llable soluble westes, 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 geed. Currently the seed eventually finds its way
to compost pits which perhaps is also a good use., If collection were poseible, oil could
be extracted for use in soap industry.

Engilage of citrus and other fruit peels buried in alternate layers with straw yields
a good animal feesd comparable in nutritional qualities to tlover and alfalfa, The citrus
seed containe about 25-30 percent oil which could be used for soapmaking.

The peels, cores and seeds ¢btained during tomato processing, when dried to 10 percent
moigture, ie a good cattle feed (protein 8-10 percent; fat 10-12 percent), The tomato has
skin 1C percent; stem 2 percent; core plue trim 6 percent, Tomato seed oil {17 percent by
weight of the seed), a good salad o0il, can be extracted.

Since the industry is small in size, and since the nature of the generated

wagtes vary from product to product, the environmental contrel by utilization of wastes
requires the development of tools and technology 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 over 5 miilion ha in the region (Prilippines L H
Indonesia 1,3; India 1.1; Thailand 0.3 and Malaysia 0.2 million ha) producing about 25 billien
nuts. The outermost part of the fruit is green bencath which there is thiek layer of fibre
(25 mm thick). 'The fibre (coir) is followed by a hard shell (6 mm thick) which is lined inside
with soft milky white flesh (copra, on drying). The innermost recess is filled with coconut
water.

Usge Egttern

A1l parts of coconut tree have known uses, though all these are not exploited fully.
The major economic products are copra, coconut oil and desiccated copra, and the shell which
ie processed inte charcocal and activated carbon. The coconut vater which largely goes waste,
is a refreshing drink 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 nute 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 techniquee, 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.

Regidues

The principal residues are coir dust, shell, coconut water, timber and leaves. Noi all
hugk 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 €5 percent,
The dust on dry basis contains about 10 percent long fibre, about 20 percent short fibre, and
70 percent pith. This residue which pilee up near the processing plants has so far defied any
esconomic outlet and constitutes a serious fire and health hazard. It is too refractory to be
composted, 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
belowt

Wet bhasis Dry basis

percent percent
orranic matter §.4 91.3
minerals TeT 8.7
fats and resins 1.6 1.8
cellulose 30.8 35.0
lignin 2229 25-13
pentosans 6-9 7-10
N 0! 26 0 I30
protein 1.7 1.9
K20 0.79 0.9
P50 0.04 0.05
ca0 0435 0.4
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Since husk constitutes 50-55 percent weight of the nut, the region generates about
20 Hillion tonnes of husk annually. The statue 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
regidue, India alone generates about 160,000 tonnea 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
areap., Its use as a raw waterial for mamufacturing hoard is already practiged in Indiz and
Indonesia,

The poseibility of using rubberized ceir dust compositions fer fleoring 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 plastica., Its generation in the region is
estimated at about 2,5 - 3 billion tonnes. The average percent composition of coconut ehell
is: moisture 6.5; ash 1.3; hot water extract 1.3; alcohol-benzene extract 2; ether extract 0.2;
pentosan 30; lignin 32; and cellulese 51. The ash composition varies according to habitat
but ie always rich in K,0 {Ca. 45 percent). Hith such large availability, there is great
scope to extend ite uses, The manufacture of charcoal with recovery of the byproducts, 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; K40: 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 attempied 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, ig 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 due to ite hardaness and the grain direction. Coconut wood
is algo being used as medium for growing mughrooms.

2.5.1 .2 0il Ealm

0il palm is cultivated for its value as source of oil from its fruit and kernel., The
recent improved varieties yield 7.5 tonnes of palm oil per ha per year. It is a major
industry in Malaysia. India has also introduced oil palm recently in Lakahdweep 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 ¢il annually. The production is
expected to increase up to 3 million tonnes by 1980. The proceseing of oil palm generates
enormous reaidues which seriocusly affect the environmental quality of the surroundinga.

Use Ettern

0il 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 48,33 oleic 40; linoleic 8.3 and stearic 2.9. Among the edihle uses
are as shortenings, margarine and spreads, a cocoa butter substitute, and caled and cooking
0oil. Malaysian exports of palm oil are 12 percent of total export value,
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Residues

During proceesing of oil palm fruit for palm oil, the Tirst residue generated is empty
bunchen {25-77 percent of fresh fruit bunches, FFB)., These are diaposed 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 FFB) is obtained., The solid
regidue is deporicarped,nuts are broken tc recover the kernels and the entire residue
consiating of wet fibre (11~15 percent of FFB; moisture 30-40 percent) and ehell (dura 16-20
percent and tenera 6-9 percent of FFB) is sent to the boiler plant. The crude oil cbtained
after pressing is diluted with water {1:1). The o0il is then sent for purification and
vacuum drying and the sludge is again diluted with water and the residual o0il (20 percent)
recovered in a sludge separator. The sludge waste, which now is nearly the weight of FFB and
contains mostly water with high suspended maxtter content, is the principal liquid effluent of
palm oil manufacture. In Malaysia, 2 million gallons of the sludge goes to waste.

The characterigtics of various residues generated during palm o¢il manufacture are
diagramatically represented below:
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The liquid effluents have the following characteristics: pH 4.0; oil content 0.6 percent;
BOD. 18,0C0 ppm; GOD 4G,000 ppm; total solids 30,000 prm; suspended solids 30,000 ppm;
amméniaoal N 30 ppm; nitrate N 9.3 ppm; protein (on dry sludge) 12 percent; and appearance-
brown, colloidal., The effluent which carries a high COD load (100 times sewage} is discharged
into nearby streams causing perious ecological disturbance and pollution.

Pospibilities

Several research institutes in Malayesiaz are engaged in finding economic uses of the
residues of palm ¢il industry. The effect of spraying effluente on the field crope 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 17-14 MJ/kg), experimente 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.

Centrifugation to concentrate the effluent, adding coagulante 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 proposals 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 5CP 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 T,%0C BTU/1b,
Thege 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 Mi power from its S50 million BTU thermal
energy per hour,

Fibrous waste has also been investigated as a source of pulp. The approximate
compositions on dry weight percent basis are:

pericarp fibre - lignin 21; pentosans 24; alpha cellulose 40; ash 5.
empty bunches — lignin 20~25; pentosans 2t-26; alpha cellulese 35-42; ash 5.

The ash from empty bunches has the following composition (percent): P 0.9 = 1.7;
¥ 15 - 403 Ca 1.6 - 3.7 and Mg 2.7 - 4.8. Each tonne of empty bunches containe equivalent
of 6 kg of ammonium sulphate, 1 kg of rock phoesphate and & kg of potasspium sulphate. The
availability of empty bunches is estimated to be about 1 million tonnes which can yleld
16,000 tonnes of concentrated NPK fertilizers,

2+5.143 Arecanut
Arecanut is an important plantation erop of India covering an area about 168,C00 ha
which produces 152,000 tonnes of nuts. The fruit ie spherical (35 em dia) and contains

a hard put (about 1 « 2.5 com in diameter} which is chewed along with betel leaf in the
entire Indian sub-continent.

Use pattern

Arecanut is uged for chewing purposes. The leaves are used for thatching and basket
making. The wood i® hard and used as lamp posts or for construction of huts.
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Residues

The reesidues of arecanut plantations and proceseing industry are: husk; leaves and
the residual dust left after proceesing of arecamit.

The husk 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+10; pectin
1 = 3.3; prentosans 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 ies thrown away. The leaf has 1.5 percent N,
0.15 percent P and 0.7 percent K.

The reeidual dust is obtained when arecanute are boiled. The sediment left in the liguid
is called arecanut dust. The dust is rich in tannins and has been found useful by the tannere.
Its availability is seasonal.

Posgibilities

It is possible to manufacture low density fibre board and high density hardboard from
arecanut husk, The hoards have heen found comparable to those made from other raw materials.
Small plants using husk and other raw materials such as tapioca stems, banana stems, andrubber
wood are being set up in South India. The huek can also be a source of pulp for mized-
pulp paper manufacture. Other possibilities are insulating wood/boards, cushion material,
activated carbon and microbial treatment to get fertilizer.

205.1.4 Cther alms

There are meveral palme of less economic importance. These are palmyra (Borassus
flabellifer), sago or fish-tail (Caryota urens) and wild date (Phoenix sylvestris).

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 aleo converted into vinegar., The fruit
is small, jelly-~like and edible. The stems and leaves are used for construction of village
hute.,

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
yYields 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 ic also exported. BSugar is manufactured in large plants and
sugarcane juice is converted into brown sugar or Jjaggery in the rural areas.

In India, there are 251 sugar factories with a total capacity of about 5 million tonnes.
About 1 million tomnes 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 tonnes.
Malaysia has 16,000 ha under sugarcane cultivation and produced over 1 million tonnes of sugar
in 1974. The sugar production capacity of Thailan: is 20,000 tnd.

The sugar industry generates three princinal residues: bagaese, press mud and melasses,
Commercial applications of thege are known, Liquid effluents from sugar and alcohol industries

are pollutants of high BOD.
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Use Egttern

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. Molaeses 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 teo
2¢ percent of press mud.

The bagasse is largely consumed as a fuel by the sugar mills, In Indcneeia, about 7-D
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 beards, furfural and in
animal feed compesitions. The physical and chemical characteristic of bagasse vary accordinyg
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 micronas; ash 1-2 percent;
lignin 18~20 percent; cellulose 54=58 percent; and pentosans 24-26 percent.

In Thailand, where bagasse is not used for paper manufacture, 1.t million tonnes of
bagasse are available. It is understocd that several paper and pulp plante will utilize th:is
resource. In Indonesia a 45,000 tpa capacity plant is being built,

Molasses ig 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 BOD effluents.
In Indonesis these effluents along with sugar factory streams are led to paddy fields where
they have increased the yield of rice,

Each litre of alcchol produced from molasses yields approximately 10 litres of spent
wagh which 16 acidic in character (pH 4.5) and has high BOD (50,000-60,000 ppm). The total
solid content is alsc high (10 percent), mostly inorganic in nature., Other characterisiice
of spent wash are: volatile solids 40-60 g/1; COD 65,000-95,000; total reducing sugars
0.5 percent; total N 300-1500 ppm; ash 3}-5 percent; P205 100 ppm; and K20 37 percent of ash.

The press mud is currently utilized as an animal feed component and as a soil
conditioner.,

Poassibilities

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 boarde, furfural, activated
carbons and other products. The proepects, however, are not bright, The bagasse usually
hae moisture 50 percent; fibre 30 percent and pith 20 percent. The pith can continue to ve
used ap 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 & source of energy for
enzymatic and microbial reactione to produce SCP and sugars. BSugars can also be produced
by acid treatment of cellulose and converted into alcehol.

The distillery spent wash must be treated before discharge. Anaerobic units are known
to generate methane (73 percent), carbon dioxide (25 percent), and other gmses like hydrogen
sulphide (2-3 percent) at the rate of § ft /1b of organic matter. In this manner, BOD is
reduced by 9C 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 BOD 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 pand 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 preeent use ag animal feed component and as a scil conditioner, the
press mud can be extracted to recover sugarcane wax.

24543 Fibre erops

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
(Mabiscus cannabinus), ramie (Boehmeria nivea), and sunn (C. Juncea)}, and leaf fibres from
abaca or Manila hemp (Musa textilig) and sisal (Agare sisalanai. Other fibre yielding plants
are: kapok (Geiba pentandra.i 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 sunn in India.

Sisal grows wild in India, Indonesia and elsewhere in the region. It is & perennial plant.

A1) bast fibre yielding plants are single stemmed and grow to various heights (2~5 m}).
The fibre strands consisting of overlapping fibre cells, held together with natural gum,
are located between the central woody stem and the bark.

The processing of bast fibre from all these plants is similar. The main operations
consist of retting, stripping and grading and finally baling for the menufacture 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 (12-3C) radiating from a
central rooting system. Abaca fibre, however, is very much stronger than that of banana.
The fibre runs 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 aveiding sun and rain. The fibre yield is 2~3 percent of weight
of the stalk.

The pisal fibre is embedded longitudinally in the agave leaves (1-2 m long; 10-15 em 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 waghed and dried, 1In
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 Lignin and pectin
percent percent percent percent
Jute 63 1C 0.7 24
Kenaf 66 10 1.0 22
Sida 31 10 0.9 6
R me 91 - 0.7 -
Sunn &0 10 0.6 &
Abace &4 12 1,0 22
Himpal 17 6 1.0 15
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Use Egttern

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 wasgted.

Heaidues

The availability of jute sticks is about 2,5 million tonnes in India and that of kenaf
stem about 1 million tonnes in Thailand. Thue enormous quantities of residues from all fibre
plants are available, The average analysis of jute sticks is (percent): Holowcellulose
78,6; alpha=-cellulose 39.3; pentosans 19,5; lignin 21,9; and ash 0.6. The cellulose content
of residues of cother 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 asticks as a
raw material for mixed pulp, In Thailand and the Philippines there are plans 310 build paper
and board plants.

Pogaibilities

The possible uges 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, gete resinified. Modified methode have therefore
developed to overcome this difficulty. Hecogenin is raw material for a variety of hormones.

2 504 Rubber

Natural rubber in the region is obtained from the latex derived from perennial tree,
Hevea brapilisnsgis which was planted during the colonial period. Malaysia, Indonesia,
Thailand, Indie 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 lesa (Thailand
0.2; Indonesia 0.24; India 0,13 and Sri 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 latextio flow whieh is collected and transported
to the processing unit. In Malaysia, the unit may vary from the 5 kg/batch of the cottage
industry t0 a large modern processingplant.

Uge pattern

Till recently, the main materials produced wers 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 tyres; 25 million tubes) and 13 producing automobile
tyres and tubes (6 and 5.5 million respectively). The emall 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 guantities of water are used for
this purpose. The effluent generation of an average 20 tpd factory is eatimated at 410 kl.
These effluents constitiute a serious pollution problem, The general characteristies of the
effluent are: pH 4.86; itotal suspended solids 340 ppm; toial solids 1 580 ppm; volatile
solids 1 440 ppm; steeleable solids 190 ppm; €0OD 2 1380 ppm; BOD 1 340 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 faciories give pariial treaiment (ponding, pitting or filtering)
before discharge of the effluents, 1o 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; CCD 32 690 ppm; BOD 13670 ppm; tetal N 4 620 ppm;
ammoniacal N 3 430; albuminoid 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; €.0; 4.0; 2.0; 613; 61; 0.6; 1l; 61 and
B ppm respsctively.

The non-rubber consiituents are proteins {1 per cent of fresh latex); lipids {1 percent
of latex) which are mosily phospholipids (60 percent of total lipids); querbrachitol
(1 percent of latex); sugars; and inorganic chemicals {0.5 percent of latex). Minor
constituents are carotencids 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 nui and have the following average percent
composition: moisture §.5; crude protein 17.6; ether exiract 43.5; carbohydrates 22.9;
ash 2.5; Ca 0.12; and P J.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; bYe heated before storage to inactivate the enzyme, The o0il is inferier to lingseed
0il as a drying oil and is chiefly used for soapmaking. The characteristics of the 0il are:
acid value 4-40; scap value 190-195; iodine value 132-140; and hydroxyl value 12-32; and
unsaponifiable matier 0.5 — 1 percent. The component fatiy 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-¢,
The seed shell has 57 percent fibre, & percent protein and is used as a roughage.

In Malaysia, 1313 tons seeds are reported to yield 16 tons oil and 30 tons meal, The
annual production is 30 000 ior@oil, 50 000 torsmeal and 195 000 tonsshells.

RHubber wood finds use as a fuel, as an inferior itimber and for furniiure making. Not
all wood is utilized (Malaysians 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, ithe availability of rubber wood in
Malaysia is estimated at 6-7 million tons {1 ton = 50 m3).

Possibilities

Apart from developing the potential of rubher seed and wood as a source of economic
commodities, the major attention is being devoted to the solution of environmental pellution
problems created by the rubber processing industry. The multipronged effort includes
microbial degradation of wastes, their use as a medium for growing of yeasis, algae and fungi,
as a gseedling 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 -t g/1j.
Experiments on growing algae along with fish in treated effluent have given satisfactory
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results., The skim serum has been used as ®o0il stabilizer for maize, soyabean ard groundnut
increasing the crop yields by 75, ¢9 and 27 percenti respectively, The iseolation of gquerbra-
chitol, various enzymes, proteins (as an animal feed) and inorganic salts are other
possibilities which are being investigated.

The rubber wood has adequate sirength, is easy to machine, has negligible distortion
when dry and is durable., Thus, it is an ideal furniture wood. TIts characteristics are:
SG 0.55%; modulus of rupture 60 kg/cmz; impact bending sirength (22.7 kg hammer) 61 om;
compression parallel to grain 330 kg cm“2; shearing strength 112 kg cm“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 em 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 technigues
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 &§0-85 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 toms)and Philippines (57 000 tors}.

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 congidered 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 ig 624 billion pieces which is
being increased to 1 OO0 billion piecas by 1978-79. There are 18 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 cigaretties 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 racemoga or Butea
monosperma, The present preduction is estimated to be 120 billion pieces.

Hesidues

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 aredther burnt or dllowed to rot.
Their use pattern in India is: agricultural use 40-50 tons; destiruction of leaf scrap 2-4 tons;
and burnt as a fuel or otherwise wasted 31-34 tons. Thus sufficient quaniities 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 X are important constituentis of these
residues, their use in agriculiure 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.

Posaibilities

In the Philippines, cultivation of different species of mushreoms 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
recongtituted into leaf sheet.

2.,5.6 Tea, coffee and casghew

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 impoertant 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 ias also burnt to prevent adulteration but more
and more is being used for the extraction of caffeine, For extraction of caffeine, the tea
wagte is mixed with lime, the liquid extract is then further extracted with an organic
golvent., Crude caffeine obtained after recovery of the solvent is further purified by
repeated ¢rystallization. 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 almosi 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 alse manufactured.

Coffee husk obtained during dehulling operation ia 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, robugta is given below:

C. Arabica C. Rotusia
Ash 6.5 4.4
Protein 9.2 9.0
Crude fibre 9.1 18.0
Water extract 25-35 30-40
Caffeine 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 o0il and wax. The bean
0il 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 exiracting the oil
before roasting.
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The tanning exiracted 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.

2.506.3 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 iree, 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 phenolic gubstance and shell as the byproduct residues,
The fruit itself is fleshy and juiey. 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 alsc 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 cof the shell oil. The residual oil in the shell is extracted with a
solvent, The spent shell is either used as a fuel ar composted.

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 composgition: moisture 86.2; protein 0.85; fat 0,6;
carbohydrates 11.9; mineral matter 0.2. Vitamin C is present to an extent of 261.5 mg/lOO £
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 & typical example of primary processing in
the region, Logging is & major forest-based industry tuned, excepting India, to export.
The associated induatries are sawing, plywood manufacture chipping mills and match
manufacture, A sizeable volume of wood is used as a domestic fuel aa firewood or charcoal,

The pattern of industrial utilization of wood (8.3 million m3) 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 ahout

25 000 tons. Safety maiches are manufactured in 5 large plants and innumerable small planta
{total capacity 11 000 million boxes of 50 sticks each). The production of various other
products in 1975 was: paper andpaper 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); cigaretts tissue paper

8 500 tone {22 000 tons in 1978-79)}; speciality papera 10 000 tons. The minor forest
industries are production of lac {about B0O 000 tona}, tanning materials {40 000 tons, mainly
from Aacaias) rosin and turpentine {mainly from Pinces longifolia), katha (from the heariwood
of Acacia catechu) and essential oils (sandalwood, lemongrass, ciironella, palmarosa, vetiver
and linaloe).

Logging is a big industry in Indonegia with an annual capacity of 35.7 millien m3. The
gawing capacity is 7.2 million m3, Logs and sawn timber are moatly exported. Plywood is
manufactured by 25 units (capacity 2.16 million m3) and chips by 4 units (capacity about
1l 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 Q00 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 unitsz 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 heoard mills producing 226 000 tons of paper and 143 000 tons of board. The
largeat 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
loga and timber are used for the manufacture of veneer, plywood, chip boards, charceal,
activated carbon and pulp and paper, and as construction materials. The bark of some
species is extraoted 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 m3.
The minor forest products include cane and the latex for chewing gum (from Dyera costulaca)
which are sxported.

The Thai forest industry ie almost wholly logging for timber and firewcod. Of the
total about 3 million m? 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 weod 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 interegting 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 ihe felling
is lsgal or illegal and include abandoned logs. These are mostly used as a fuel or for small
goale 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 thise
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 indusiry 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:

million m>

Lops and tops 0
3 million tons
0
2

3
Bark from veneer logs 0
2 million tons
0 million tons

Saw mill wastes .
Plywood wastes .
The residue generation in S.E, Asian countries will be more where the logging is much more
extensive,

Poggibilitien

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 resulte in 80 percent of its volume as waste. If the damaged residual
tree ianot 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, eapecially the abandoned logs.

The gensral pattern of residue generation in a saw mill is (percent of input): saw
dust 16; slabs 7; edgings 7; trim 5 and rejecta 17. Thus 52 percent of input results in
residues.

Since wood is likely to continue as a source of domestic fuel, it will be advaniageous
to convert wWaste wood and saw dust into briguettes 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 smokeleas fuel which does not add to the
atmospheric pollution. The market for briguetted 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 thebackyard 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 yielda 30 tona of charcoal and 45-50 kl of byproducts
liguor. The liguor can be processed to give acetic acid (4-5 percent of wood), methanol
(about 2 percent of wood), tar (7-11 perceant 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 pulps (soda,
sulphite, sulphate, mechanical and dissolving) are generally inferior in strength to those
produced from chips, Their industrial potential is therefore confined te¢ 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.

289



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 brigquetted
charcoal, it can be used for the preduction 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 goil conditioner has been suggested. Wood wastefor this
purpose is formulated with other wastes and the composiing accelerated by addition of
ammonium nitrate, superphosphate and limestone. One composition contains {(kg): saw dust 227;
grasses or straw 1316; farmyard manure 91; ammonium nitrate 10-16; super phosphate 9-14;
and limestone 14-18. The composting iz done for several months under conditions of
adéguate 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 nurgeries 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 ve re-examined.

27 Livestock and pouliry

The rerion has a large cattle and buffalo populalion mosily located in India. Of the
tothl cattle population of about 200 million, India accounts for 176 million,and of
buffaloes, 53 million out of a total of about &4 million., In India, there is very little
consumption of beef (due to religious taboos), there is therefore a high of growth of
catile and buffalo population. The bullock is the work animal in contrast to S8.E. Asia
where buffalo is used for this purpose. While teef 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 piy farms in India. The large catile farms provide orly milk, Wherever milk indusiry
is organized, the milk from the village backyard farms is alse cellected at conveniently
located chilling centres and sent eventually to pasteurizing plants for bottling to meet
the urban demand of milk and milk producis. 3Doth cow and buffale 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 chickenswith a relatively
small populatior of ducks. Though there are a few commercial farms, the birds are largely
raised in the backyard. 1In Singapore where land for cultivation is limited, poultry is an
integral part of vegetable and pig farming.

Residues

The livestock and pouliry wastes may be classified as:

animal shed/feedlot wastes
slaughterhouse wastes

carcass of dead ard fallen animals
poultry litter and other wasies.

Since the animals are generally located on the farm itself, the excrela 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 70-80; 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; P20g 0.1; and Kp0 0.15. Urine has

(as percent): nitrogen 0.6; P0g 0.1, and Kz0 0.5. Their annual potential as soil nutrients
for India is:



Waste N PO KéO

22
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. Thue 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 amall 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 P,05 and 2.2 percent K,0. It can be directly used
as a manure. One ton of fresh dung (containing 0.25 percent Nj 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 byproduet
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 gymbiotic 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, 1l.44 million cows and
bufhloes 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
thegse 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 indusiry 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., DBones are used for the
manufacture of bone meal, glue and gelatine. The steamed bone meal containg: 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. Horne and hooves are used for the manufacture of buttons and combs, Neats foot
0il 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 Q0C 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 15.1 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
26 800; guts 48 400; blood 30 000; glands 16 000; Oesophagus 4 000; bladder 1 300; waate
meat 22 T00; tail stumps 150; horns 4 400; hooves T 000; and bones 22 000,

Indonesia has 12 large slaughterhouses and many small cnes., In 1973, 720 000 cows,
193 000 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. Dones are crushed and exported, Glands are not processed and hair is thrown away.

In Nalaysia 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 plang to produce meat meal.

The pattern of slaughter waste utilization in the Philippines ia generally similar
te that in Indonesia. In addition, the rendering plants convert animal residues into
fertilizer.

It has heen estimated that about 8-10 percent of the livestock die due to various
causes in India, The percentage mortality in other couniries of the region is likely to
be similar, Based on 8 percent moriality, the number of carcasses annually available in
India is (in milliors} cows 13.6; buffaloes 4.0; sheep 3.3; goats 5.0; and other animals
€.1, Thr carcass can provide economie products like hides and skins, tallow, bones,
meat, manure, etc. The potential is not fully utilized in any country of the region,
thoush some rendering plants do process some carcasses.

Poultry litier 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
ig 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
75-00 percent and total solids 20-2% percent (volatiles 15-13 percent; ash 5~7 percent}.
On a dry basis, the percent composition is: volatile solids 75=00; ash 20-25; crude
protein 37; carbohydrates 35; fats 1,3; Ca 9.3; P 1.5; K 5.9; Total N 388.2; 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 150Q QOC -~ 160 Q00 ppm.

In Singapore and Malaysia, in addition to the above-mentioned conventional uses,
poultry litter is converted into animal feed by ensilage. The poultry litier is sprinkled
with water to bring moisture to 40-45 percent level and fed into silos for ensilage for
) weeks. The fermented litier is then fed to heef and milch cattle along with supplementary
diet consisting of pelleted tapioca, oil palm pericarp or pineapple waste., The weight gain
in bheef animals is reported to be as high as 750 g — 1 kg per day. Several commercial
plants are being established ih the iwo countries.

Pussibilities
With the break-through achieved in the recycling of poultry litter a=z feed for

ruminants, pigs, poultry and fish, considerable vork is being done on the recycling »f
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 z variety of
processed animal feeds. The technology for the manufacture of a few animal feeds is already
available and includes treatment of poultiry 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, legumincus 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 industiry 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 pellution 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 Scouth and S.E.
Asia. The combining of animal manure with night seil in these plants will provide more gas
and fertilizer and alsc 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, 1In
the Philippines, addition of straw and other farm wastes during anaerobic fermentation was
found to increase the yield of methane., PFurther efforts are required to improve fermeniation
techniques and to produce an improved low cost equipment design.

The economic advantages of 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 technolegy for carcass utilization is known. It only needs an intensive effort
to make use of it to recover the valuable products.

2.8 Pisheries

Fishing has been traditionally a widely engaged occupation of the people of South and
S.E. Asia. Modern commercial fishing requires organization, transpertation, refrigeration
and other pre-requisites of handling a large fish catch. Since the countries of the region
s1ill 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.
Figh 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 fishare converted into fish meal 'along with the
canning wastes generated by two modern and innumerable amall canning plants. Trash fish
are also fed directly to duck. Shark is processed for shark liver oil. It is claimed that
the fishery industiry does not generate amy residues which are not utiiized. The ireatment
given to liquid-effluents of fish canning plants or mode of their disposal could not be
ascertained. Out of an annual catech of 1,5 million tons, o8 221 tons was exported in 1974.
The trash fish catch during this year was 0.6% 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, &0 percent is consumed fresh and 40 percent is processed. Processing
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wastes are converted into fish meal by small manufacturers, 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, converied 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., PFish 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:

- gurplus fish due to heavy landings without corresponding shore facilities;
- processing wastes; and
- trash fish,

In $.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 ithe processing units, accurate figures of thequantum 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, mackeral, sardine, pomfret) 3 Q00; frog wastes 5 00Q; shark liver residues 2 000;
and squilla 100 0Q0.

The prawns and shrimpswhen 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
71 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 a#s is practiSed in the Philippines. With enormous fish wastes available, India
produces only 5 Q00 tons of fish meal. The present method of production, namely sundrying
and powdering, is also inefficient and unhygienic leading t¢ 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 obitainable from these wastes is chitosan, which has outlet as a textile
gizing 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 collectimn,
preservation and storage since the uniis are scattered,

Data on the volume and nature of effluents from fish canning industry are not
available. It is reported that proteins from blanch ligquor can be isolated.

The irash 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 S5,E, Asia is another pocssible use.

The frog .astes constitute about 65 percent of the weight of the frog. The waste can
be defatted to recover the o0il 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; Ca0 6.2; and P,0 5.4). The frog oil is ¢btained in a 6-8 percent
yield (8.G. 0.9107; soap value 194; IV 95; acid value 0.47;: and unsaponifiable matter 2.55
percent ).

2.9 Marine algze: (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 ihe seas of the region. Theough 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 se2aweeds washed ashore are collecied and procesged. 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 alginate have been
set up. The south and west coasts of India have a potential for the manufacture of 2Q 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:

(telidiella and Gracilania species have bean invest{igated 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-
¥ielding ones being Gelidiella acerosa and Gracilania lichencides. Algin is alsc a pely-~
saccharide which is water~insoluble and alkali-goluble and which constitutes the cell walls
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 1o increase their nuiritional
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 azs supplementary
diet of animala or they can be used as a fertilizer in sandy soils where water retention
is desirable. Seaweeds and aguatic plants can be composted along with farmyard manure.

2.10 Agquatic plants

There are large numbersof 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, Wwith long fibrous roots, short stem, spoon-shaped leaves and lilac flowers and is
difficult 1o 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 insecis like mosquitoes in
its dense root system.

The fresh plant containe {in percent}: moisture 95.5; N 0.04; ash 1.9; P205 0.0€;
and K0 0.,2. The dried plant has 28.7% percent K20, 12.8 percent Ca0 and 7.0 peTcent Po0g
which makes 1t 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 milch buffaloes but the milk has correspondingly
low fat content. One Ha can annually yield about 250 tons of fodder.

Phe 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,

Severa’ 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 second 38-45 kg ammonium sulphate
and 1 100 rn3 of gas of low heating value (H2, 16,6; CH4, 4.8; €0 21.7; CO2y 4.1; and Ng,
52.8 percent). The bacterial fermentation per ton of dried material gives about 300 mZ of
gas {600 BPTU)., The commercial possibilities of these alternatives have not been proved.
The cost of transport and drying of a material with 95-36 percent water content is likely
to be very high,

3. SOME END 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 ie affecting not only the farming operations but
alsoc the projiected development of dairy and meat industry.

The traditional animal feed are stiraw, green fodder, grass, oil cakes and brans.
Not all these are equally palatable or nutritiozs, and the animal diet is usually unbalanced.
The cereal straws are generally deficient in digestible protein, poor in energy and minerals,
and unpelatakle. Their palatability and nutritional value can be enhanced by a caustic
soda solution spray by about 25 percent, yet this is not practised widely. The straws
from oilseeds and leguminous crops are palatable and nuiritive (digestible protein 3 and
TDN 40 percent).

The cercal processing waste like rice and wheat bran and maize grit, gluten and
husgk 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 palatabilily 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
ensilage 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 (85-92%) 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 G2. It has digestible protein
of 2.3 percent and total digestible rutrients of 74.9 percent. The use of cashew apple,
mango and tomato wastes as animal feed has been discussed sarlier,

The animals like to forage on grasses and leaves, pods, thorns and tender branches
of several irees. These sources of animal fodder are not collected commercially nor have
any detailed studies been made on their nutritional wvalue., 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 itraditional animal feed components. These should however be
used in quantities in keeping with their nutritional value and palatability.

Molasses, preas 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 liguid sludge
can be a substrate for SCP which can be incorperated 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 proiein {10%) can be
used as part of the supplementary diet of the animal. Fish meal is an accepted animal
diet of high nuitritional 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 alsc be processed and
recycled as supplementary ration for the broilers, 8ilk worm pupae after recovery from
cocoons and penicillin mycellium {protein content 23%) can be used as a suppementary diet
for the poultry and animals.

BEgg 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 P, 1.05. With S$4 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 is 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 wasies for the production of animal feeds creates new oppor-

tunities for commercial enterprise. The attraciive possibilities are due to the availability
of cheap and abundant raw materials, the simplicity of eguipment and ensilage treatiment,

297



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
consista of a crusher or shredder, a horizontal mixer, } 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 US§ 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 SCP or biogas.
The c¢ycle which has not yet been commercialized is shown belows
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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,poeing 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 agricultursl residues such as atraws, husks, kenaf
and jute wastea, bagasse and sawdust. Some of thege are already being used in Scuth 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 wsStes 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 0.5% respectively) while rice straw has a high ash
content (18.6%). Short fibres are obtained in all cases. The cereal siraws are being used
as animal fodder; their availability for pulp and paper industry is thus limited. With
the progressive introduction of shert high~yielding varieties, the yield of straw per unit
area ig also decreaging. Nevertheless, the straws are available in some areas in reasonable
gquantities., Bagasse is mostly (over 90%) used as fuel by the sugar mills. The excesa
quantities are available for alternate uses. Jute and kenaf wastes and maw dust are
available in large guantities.

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 encormous quantities cloee
to mill site is not poesible. 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 Q00 uging 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 hypochloride in a beater, and refined. The cotion
linters are similarly treated but under milder conditions. The cotton rags and cutiings
are also converted into pulp in a beater and bleached. The three pulps are then blended
in different ratics, and processed to produce the following ultimate product mix:

tons/year
Writing/printing paper 700
Wrapping/kraft 500
Pilter, drawing, bond,
grease-proofl papers, etc. 300

Bagasse has been tested as a source of rayon grade pulp tsing a caustic soda and
sulphate process. In both casea, about 34 percent yield of bleached pulp was obtained
{alpha cellulose 92-96%; pentosan 2-25%; ash 0,.12% and brightness (Mg0 ~ 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 pulps 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 uwsing various agricultural residues. The lime
process is used in all the countries of the region., The pulp yield from bagasse, kenaf/jute



waste, wheat and paddy straw is reported to be 65; 00-82; 62 and 55 percent reapectively.

The breaking length is the highesi for bagasse

and the lowest for rice straw.

ribre voards from wood wastes are manutactured by a wet process where wood is first

cenverten inio [ibre and then pressed into board.
and vtilizes saw dust or similar materials which are mixed with Linders and pressed,

The dry procesz is simpler and cheaper
The

boards produced by this process, whichais amenable to small scale manufacture, are hard,
dense and uniform {(dsnsity 1.16-1.37 #/ml; bending strength 2370-7147 psi; water absorption

(24 hr) 4.4-21.655,
Gocorut husk has resinous material wnioch
Trus, satisfa tory bLoards can be prepared from
t o

O.%0 by welsht binder as compared to the usual

Binderless fibre and particle boards can

materials according to a process developed in India.
£ P

preparad from sawdiust and bagasse are:

Bendimz strength (kg/cmz}
tensile sirength gkg/Cme)
bulk density {kg/m<)

water absorption (%, 24 hr)

vives it a unique seif-bonding property.
the husk of mature cocoruts {using only
6=%: with other raw materials).

ne produced from the conventional raw
The characteristics of the boards

Sawdust Bagagsse
13C 150
5 B0

1.3 1.3
A=10 5-10

Tie total investment of a 10-tons per day particle board manufacturing plant is

estimated to be around USE 25 000.

3.3 Fatiy acids and glycerol from "miner" cilseeds

Many of the seeds produced by the forest
of zreat economic wvalue.
several factors,

trees are sufficiently oil-bearing to be

Their non-utilization or insufficient exploitatiorn is due to
In some cases, the economic potential of these seeds is not known.

There

are probliems 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
2. .heir exploitation deserves a closer look. A case study on the sconomics of production

has been made which illustrates the advantages
India was chosen for this study.
been examined.

of mini-plant approach. Andhra Pradesh in

Three alternatives to process 40 tpd of oilseeds have

The comparative data for the three alternatives is given below:

Alternative 1

Alternative 2 Alternative 3

Single plant

Singie plant Mini plants

with solvent ~ith expeller complex
extraction units
units

Total invesimenti®
{Rs million) 11.46 B, 3 5,63
No. of persons employed 91 112 338
Irvestment/person employed, Rs 126 000 TS GO0 17 000
Value of daily production, Rs 92 200 o 790 ob T0O
Annual returns, Rs. million 10.4 10.7 10.9
Annual returns, invesiment rat. 0.91 1.28 1,94

* US¢ 1 = Ca. Rs. 9



It is clear that despite the higher value of daily production, Alternative 1 appears
10 be the least economic (Returns/investment ratio only 0.91) while Alternative 3 is socially |
and economically the most desirable. The project in ihis 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 Furfural

Furfural, a light yellow liquid, is a selvent for removing gum—forming compcunds in
lubricating oils and diesel fuels, It is also used in the manufacture of plastics Tor paints
and resins, fer refining of vegetable oils, for the intermediates and as a pesticids., it is
produced from pentosan-rich agricultural wastes like sawdust, bagasse, hulls and stulks by
acid hydrolysis of pentosan. The thecretical yield of furfural from various raw materiais
(in % dry basis} is given belows:

Oat meal 22; maize cobs 22; cottonseed hulls 20; bagasse 17, maize stalks 16;
groundnut shells 14; and rice husk 1l2.

Other potential raw materials with high pentosan content are: wheat straw, rice stiraw,
soyabean stalks, and vegetable fibre plant residues.

The process consists of crushing and air—drging of the raw material, hydrolysis at
room iemperature 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 2.3; fibre 51.,4; H-free extract 33.5; ash 3; K,0 1.02; Si0, 1.26; and P 0.1L.

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 raw
materials have to be transported to plant site (for every ton of furfural, one requires
approximately ©=10 tons of raw material}. The employment potential of large plants is
alse unfavourable. It is thus appropriate te 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 intangitle advantiages.

The projeci can be iniegrated with mini plant complex for fatty acids and glycercl
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 ceniral
distillation plant located near fatty acids distillation plant, The following flowshect
diagram describes the process:
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Tt is estimated that each mini plant for producing crude furfural will require a
capital investment of US§ 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 US$ 235 000,-
The gross return per annum is expected to be around US$ 260 000,-

3.5 Dehydrated castor oil (DCO)

Introduction

The manufacture of dehydrated castor oil is different from that of other trealed 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 resulis in production of aldehydes and
free carboxylic acids, corrosion due to the presence of the free fatty acida poses a problem,
In addition, an efficieni condensing sysiem 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 Dy means of either inert gas or vacuum. The latter also helps in rapid removal of
ihe 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 sho.ld be
as large as convenient, since this would enable lower temperatures to be used for heating,
due to the large surface available for heat iransference. The reaction kettle should
preferably be constructed of stainless steel, or aluminium and iis 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 DCO obtained.

Pre-treatment of raw materials

a) Castor oil

For ordinary grade of DCO where pale colour is not important, raw castor oil can be
used (free from mucilage) and for pale coloured DCO, the best grade (first special) of
castor oil (light in colour and of low acid value) should be used.

b) Sodium bisulphate {fused)

Sodium bisulphite and sodium sulphite of technical grades can be used. The catalyst
sodium bisulphate and the sodium bisulphite and sodium sulphite are used in the form of a
slurry with castor oil or DC0O, the order of addition being sodium bisulphite, sodium
sulphite and sodium bisulphate 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°C, 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 {DCO). As soon as the castor oil attains a temperature
of 240°C, the slurries of scdium bisulphite and sodium sulphite are sucked in under vacuum,
followed by the slurry of catalyst. Heating is carried out for the required period {30-35
min), 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 afier cooling to 6000, it is
removed intc an open vessel, from where it is pumped into a filter press. The filtered
0il is collected and stored in tanks. Flow-sheet for the manufacture of DCO is shown on
the following page.

3.6  Charcoal

Charcoal is obtained by carboniszation 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 1o yield useful bypreducts, Charcoal burns smokelessly 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)
ie 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 at the bottom, 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 1o 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 bechive-type, vertical type and tunnel-type ovena provide recovery of byproducta
like methanol, acetic acid and acetone. When pinewood is used for carbonization, valusble
pine tar is also obtained. More efficient carbonization techniquea employ an internally
heated system and are continuous in nature. The process is described below:

Product standard

Charcoal (1) Moisture 8-10%
(2) ash 3~5%
53 Volatile Matter 10-15%
4) Fixed carbon
(by difference) 79-70%

Raw material astandard

Hard wood (1) Moisture 10-15%
ée; Ash 1-2 %
1) Volatile Matter 70-75%
(4) 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
carbonigation 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 gaa. The tar obtained is stored separately.
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The plant wiich 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
Ligquor for sale 40 tons/day

The raw materials and utilities requirements are given below:

Haw materials: idood chips 100 tons/day
Utilities: Power 200 KVa
Steam 100 Pounds/hr
Purnace o0il nominal
Water 1000 gallons/min
Sodium carbonate 500 kg/day

The cost of theerected plant will be around US$ 250 000,

The charcoal produced will net only serve as a domestic fuel but also will be suitable
for mary industrial applications like producticen of carbon bisulphide, calecium carbide,
silicon carbide, activated carbon and in metallurgical industries.

3.7 High protein flour from g¢roundnuts

Oilseeds are being cultivated mainly as a source of o0il. 0Oil-seed cake is being
used mostly as catile 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 iypes of food products.

Product standard

Protein content Min, 50%

0il content Max., 1%

Fibre content Max. 7%

Moisture Max, T4

Sand and silica Max. 1%

Aflatoxin contenti Max. 50 parts per billicn
100% to pass
100 mesh

Raw material standard

Groundnut - 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 nuis are roasted and bleached to remove red cuiicle and germs.
The decuticled seeds are hand-picked for removal of discoloured and fungal infesied seeds.
The good clean white kernels are subject to breaking and cocking to conditien the Kernels
for oil extraction. The cake from the expeller is flaked and seolvent extracted using food-
grade hexane, The deoiled meal is desclventised and ground te flour for packing,
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13 000 kg
1 600 KWwH

US$ 40 000,-

" 140 000,-

Shells

Rejects

OIL for sale

IL for sale
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4. CONCLUDING REMARKS

The dominant features of the economy of the region are:

- ite high annual population growth rate (2.2-3.3%) and high density of population in
fertile plains;

- the phenomenon of '‘rural push' caused by a2 continued disruption of rural valance and
the vast disparity betwsen urban and rural wages resulting in non-uniform growth of
urban population;

- the monsoon dependency of most agriculture;

- rice ig the most outetanding crop with associated offwseason crops, chiefly cultivated
for subsistence (Thailand is the only exporter of rice in the region):

- the high percentage of small holdings (uaing labour—intensive and inefficient farming
techniques) making it difficult to introduce modern agriculiural 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 farmming 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 developmant of secondary and tertiary
processing industries;

- the uncontrolled denundation of forests for lumber and fuel causing land erosion and
floods;
- the generation of enormous gquantities 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
tona); .
I
- 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
10 processing centres or simply due to lack of technological information; and

- the capital-intensive and labovr-aaving technologies now being introduced do not,
in mogt cases, satisfy the aocio-economic needs nor meet the infrastructural
situation in these countries where capital is scarce and manpower abundant,

The traditional balance beiween agriculture and rural handicraft was disturbed in
South and South East Asian countries during long periods of colonial rule. The ercouragement
given to feudal type of economy resulted in the reversal of natural process of socioweconomic
change and the base of economy in these countries continuss 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 agriculiure and agro-industiries has only weakened the agricultural base. This
experience shows that only the strengtheaning 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.



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, technclogy and skilled manpower will have to
be considered. Mini plants in the rural areas will not require much capiial 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 gquickly developed. The necessary skills can alse 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 restaration 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 OBSERVATTIONS ON RESTDUE UTILIZATION

1. Introduction

One of the distinctions between & developing and a developed couniry lies in the
difference in the capital available. This capital is in the form not only of monetary
resources, but also institutions, raw and menufactured materials and equipment , and the
size of the skilled cadre of the population. Where these remources are available, the
distinction disappears and equal opportunity is presented to beth types of community froem
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 .
oonstrainte. There must be an economic incentive to utilize the waste, although the term ~
"eoonomic" may be somewhat artificial in thaet as the waste is often a polluting factor, .
failure to utilize the waste by & sector of the community or industry causes pollution, .
s0 that the economic criteria might be in fact & legal necesmity to abate that pellution, .

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 ha:mful
effects.

2. Ecological distribution

It is not entirely a matter of chance that the developing couniries 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 origine of civilization. By definition civilization is a consequence
of the partisl release of man from spending the full daylight houra 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 whichdmins 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 alec equipment. It can if necessary overcome the
logistica of collection of the raw material. It can borrow money. The couniry can but
often finde 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 itraced to its logical conclusion, it is found that this social and cultural
restraint has determined the particular patiern 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 snd appropriate
processes developed.

The question of agro-industrial residue utilization msy be viewed in the light of the

following c¢riteria, all of which are inter-dependent and need to be understood and
integrated.
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that may affect utilization possibilities.

TABLE 1

Factors to be considered in residue utilization

Types of the waste

— Economice of disposal and treatment
- Socio~political aspects of utilization.

Waste Characteristics

The different types of waste are considered in Table 2.
been classified according to whether they are liquide, slurries or solids and the factors

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.

to fractionate the waste into appropriate sub-fractions with a more limited biochemical or

chemical awilability for ease in processing.

TABLE 2

Types of Waste®

Logistice of supply and collection of the secondary materials

In this table the waste have

It is often a desirable feature

s - with suspended solids
Liquid ; without suspended solids

Slurry

) atructured
Selid ) unstructured

With mineral/dirt contaminant

With toxic metal contamination

With organic toxin contamination

With biological/microorganism contamination

Hot/ambient

) fermentable
) non~fermentable

High carbon
High N
High P

High special nutrient components

High inert fraction (silica/silt/clay)

* from the point of view of treatment

A difference in siructured and unstructured solide is that the structured solids may
require comminution or separation on the basis of particle zize.
separation of the physical and chemical characteristics of the components.

4 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.
that of cow-dung , but others may be high mineral slurries in the form of sludges from the

industrisl processing,
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This may result in the

A typical slurry is



In all these itypes of waste there iz the question of the dilution factor. In liquids
this dilution factor is usually water, though it may be an oil. Similarly, with seolids
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 wuseful cellulosic residue. One of the most imporiant 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 affeots filtration
in that it provides a componeni of hetercgeneous 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 salis or non-salie such as compounds of arsenic or oyanide. The
presence of thie 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 o 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 concenirations., These toxins may
arise during waste storage standing, or in transportation prior to treatment. Finally,
thare 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 hoi effluent
may either be disadvantageous or advantegeous., 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 alec the presence of suspended or immiscible solids in a
liquid. However, further down the scale in size it is important to conaider how finely
divided the waste material is and whether it is amorphous or crystalline. The differences
arige in treatment if the individual components form heterogenous aggregates or if it is
possible, in the process of classifying the components aocording to size and gravity, to
also separate them chemically. If the latter is possible this renders the whole gquestion
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 imporiant
component which ies to be salvaged or is the basis of a fermentation process; recognition
of & minor compenent, in terms of quantity, which nevertheless may make the whole waste
much more valuable; resognition of the carbon to nitrogen ration; recognition of the
presence of appropriste nutrients; and recognition of the presence of specisl
vitamins and growth factors. An inert fraction cen 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 appropriate 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 proceesing. This
requires both a spatial and a temporal analysis. As indicated in the couniry 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 considerationa are tabulated in Table 3,
TABLE 3

Logistic Considerations in Wamsie Diaposal

avenly
unevenly

Dispersed ;
Concentrated
Seasonal
Aseasonal
Polluting if not ireated, or removed
Non-polluting if not ireated, or removed

Other economic considerations, of which logistice forms & part, are listed in Table 4.

TABLE 4

Boonomice of Waste disposal/treatment

A. Costly to dispose of if not treated
Can be disposed of at little or no cost

CoBtly to collect
Cheap to collect

Costly to store in relation to value of end-product
Cheaply and easily stored

B. Market of indefinite size for products recovered
Market of limited size for products recovered

c. End preoducts part of an 'alternative demand group'
End producis uniqgue

End products part of world trade
End productis restricted to selected localities

D. 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 trested? Alternatively, can the waste be
dieposed of at little or no cost?

Another question ias the cost of residue cocllection, The hygienic colleotion 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.

Bconomic operation of a processing plant depends on a steady supply of the material
1o be processed. Since most waste materials are not furnished with absolute regularity,
atorage ie required and can be a limiting factor in the economic viability ef a process.
This is specially true of large soale agro-industries in which large quantities of waste
are generated on a daily or seasonal basis. Dry solid wastea are relatively easy to store
but even theae can deteriorate during storage or can furnish a health hazard., Liquid waste
demands a tanking or ponding system together with pumping system which can be costly to
congtruct.
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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-productis 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 teo
certain geographical localities and uses. A market survey is then important in amsessing
the ultimate viability of a large project.

Even if a market for the end-product does not exisat, this does not mean necessarily
that the waste should not be utilized. This situation pre-requisite is to generate tesis
for the necessary market before seeking capital for the venture.

b Other aspects

Finally, there are a series of hurdles which the successful operatoer 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, pelitical and legal aspects of waste utilization. (Table 5)

TABLE

Secial, Political and Legal Aspects of Utilization

. ) acceptable waste for handling
Ethically ) 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 inpute and this in turm requires
international confidence in the stability of a particular country since amortization may be
required over a number of years in order to make the project viable,

It is net 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 guite inappropriate. It may be more appropriate
to reorientate unit proceases in order to make best economic use of this poel of under-
utilized manpowWer.
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II. THE SURVEY
1. Introduction

This report is & 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 preblems presented by their production and cpportunities for obtaining a
useful product arising from their existence. As far as possible a standard patiern has
been adopted in reporting so that a comparison can be made between the commodities
occurring in different agrarian siiuations.

It must be noted that the philosophy covered by this report has fundamental restric-
tione imposed on the way in which it can be iransformed into technologies. These are
firstly, that the population in the different situations surveyed determines, both from
itas 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 culiure of specific
populations, bui that these paiterms may not necessarily make the best use, from a
biological peint of view, of the land available in terms of advancing the material welfare
of the people living on that land. Both conetrainis 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.

2. Human and other Biological 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 occcur
between the differant territories., With the exception of Tanzania, all the territories
covered by the survey have a boundary on the Sahara, or have sub-sabaran conditions,

Parts of Tanzania are climatically sub-saharian. Planning the survey and its subsequent
exeoution have been based on this common agro-ecological zonation. The basic characteristics
of sach of the territories visited, in terms of population and land area, according to the
latest statistice available, are listed in Table 6,

TABLE 6
Land and Population

Africa (Algeria| Egypt |Ghana |Kenya kﬁgarﬁl Sudan [lanzania

Land (Million ba)

Surface area 3 031 181(238 174 (100 145 |24 854|58 264] 92 377|250 581 94 509
Land area - - - 23 002]56 92% ~|237 600 -
Arable 211 287| 6 240] 3 720] 1 993 1 454 22 795; 7 094 15 192
Permanent Grops 211 287 552 132( 1 581 214 22 195 42 1 059
Permanent Meadows and

Pastures T92 203 37 416 =11 237 3 944 20 720 24 000 40 202
Forests and Woodland 634 251t 2 424 2] 2 447} 1 935 31 069} 91 509 31 074
Other Land 1 393 440|191 542 97 291 | 7 596|50 715 18 793|127 947 6 982
Irrigated land - 270 2 8s2 12 14 15 1 407 40

Population

Population (1973) million 384.1 16.1 38,00 10.3] 12.41 €1.2| 17.9| 14.7
Annval increase {1970-73) 2.8 3.2 2.2 2.7 3.6 2.7 2.5 2.7
Population density/km? (1973) - 7 36 19 |2 65 7 15
Per capita Income (1970-71) ${ 210 295 210 | 219 [141 167 125 97

Source: FAO 1975. (1) Production Yearboock 1974, Vol. 28-1, Rome; (2) Statistical Yrbk.'74.
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The average populaticn density varies from the relatively high figure for Nigeria to an
extremely low population denaity 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 agriculiural pattern ia
continued.

From the point of view of the crops encountered, there is a clear division between
those bordering the Mediterranean (Algeria and Egypt) and the other territories 'south of
the Sahara.'

The two Mediterranean countries are culturally part of the Msditerranean Arab World,
whereas the other countiries visited may be clasgified cellectively as 'Africa south of the
Sahara', Agro-ecologically the Sudan ie part of the latter group, though culiurally 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 latier system is & comparatively recent
development, but has implications for the managemant of crop processing. Several of the
territories are in the precess 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
‘catile banks' and the purchase of excess stock at the beginning of the dry season.

i, Commodities

Agricultural statistice are notoriously difficult to ¢ollect and in some of the
territories viaited, 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
asaociated with agriculture. The population of these territories is not known to within a
greater accuracy than + 5% 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. Thie procedure
frequently resulted in the eliciting, from the local counterpart, of information which
would otherwise have gone unrecorded.

Tadble 7 is headei ‘commodities', since it is with the latter, :ather than the crops
themselves, that one is concerned in considering a residue utilization. This was particularly
apparent for countries such as Egypi, where a major source of utilisable residues aroces from
materials originally imporied. Further, sources of biomass, cther than cropa, may give rise
to commodities which have a potential for processing into useful preducts.
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TABLE

Production of Commodities

Animals Africa Algeria PFgypt Ghena Kenya Nigeria Sudan Tanzania
Livestock 000 hsad
Horses 31579 150 32 4 2 248 20 -
Mules 2179 210 4 - - - 1 -
Asses 10 877 315 1 480 25 - 710 664 161
Cattle 148 130 950 2 160 1100 7 400 10 918 14 000 12 098
Buffaloes 2 150 - 2150 - - - - -
Camels 9 410 190 110 - 330 18 2 620 -
Pigs 7 182 4 16 340 78 865 7 23
Sheaep 148 769 8100 2 080 1 600 3 200 7 545 11 900 2 850
Goats 116 838 2 400 1278 1600 3 600 22 390 8 600 4 500
Livestock Products 000 ton 1/
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 - -
Horsemeat 4 114 117 389 81 171 434 2 165
Edible Qffals 734 111 63 6 35 76 54 23
Cew 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
Goatskine (fresh) 74 2 3 1 3 18 1 3
Haw silk and woste 25 - 10 - - - - -
Pouliry 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
(ducks and turkeys) 10 184 49 3 869 - - - - 2 293
Poultry meat 000 ton 569 30 84 8 2l 53 11 14
Honey ton 26 736 1 400 7 000 - - - - -
Fish 2/ 4 800 3 80 196 29 - - 168
Plants 000 ton
Cereals 67 921 1 346 T 908 877 2118 7 806 2 527 1031
Wheat 8 534 850 1 984 - 100 6 235 91
Rice T 595 5 2400 107 33 356 7 160
Barley 4 770 450 99 - 21 - -~ 1
Maize 26 766 5 2550 480 1 600 1 100 20 550
Oats 206 33 - - 4 - - -
Nillet 9 051 - 875 120 360 2 800 470 100
Sorghum 9 290 3 - 170 - 3500 1795 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

_1/7 Animals slaughtersd within country, irrespective of origin
2/ 1973

320



TABLE ] (ocont'd)

Africs Algeria Egypt Ghana Kenya Nigeria Sudan Tanzania

Plants (cont'd)

Sweet Potatoes 6 192 - 75 - 540 210 495 300
Manioc 47 541 - - 2900 640 10000 1 100 3 500
Taro 3 397 - 45 1 200 - 1 780 - -
Yans 18 643 - - 600 - 15 000 128 T
Pulges 4 832 48 342 10 310 880 Tl 185
Beans 1153 2 15 - - - 3 130
Broad beans 685 19 234 - - - 17 -
Cow peas 995 - 6 - 830 - - 10
Chick peas 341 14 5 - - - 2 25
Other pulses 1 660 13 82 10 310 50 49 20
Soya beans 85 - - - - 65 - 2
Groundnute 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
Lingeed 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 - - - - -
Clive 0il 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 145 - 350 - - - - -
Egg plants 257 - 220 19 - - - -
Green peas and beans 296 46 150 - - - - -
Water melons and melons 2 545 206 1 410 - - - - -
Grapes 2 111 1 000 167 - - - - -
Wine 897 177 380 - - - 100 -
Sugarcane 53 669 - T 150 300 1 800 670 1 150 1 397
Sugarbeet 2 240 230 - - - - - -
Raw centrifugal sugar 5 826 26 605 g 133 38 118 124
QOrange 2 921 385 725 90 - - 1 -
Tangerines 421 132 96 - - - - -
Lemons and limee 197 16 60 30 - - - -
Grapefruit pomelos 172 5 - - - - - -
Other citrus 385 - - - - - 52 30
Apples, pears, peaches,

pulma, apricots 807 61 55 - -~ - - -
Sisal 375 - - - 8o - - 157
Tobacco leaves 240 6 - 2 - 12 - 15
Bubber 250 - - 2 - a0 - -
Bananas 4 206 - 100 27 - - 10 T20
Tea 152 - - - 53 - - 12
Coffee 1 390 - - 4 70 4 - 25
Tobacco 240 1 - 2 - 11 - 15
Cocoa beans 1 027 - - 386 - 230 - 1
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TABLE 7 (cont'd)

Africa Algeria Egypt Ghans Kenya Nigeria Sudan Tanzania

Plants (cont'd)
Pige 163 58 12

Mangoes 460 - 80 4 - . - - 150
Pineapples 70 - - 30 45 - - 37
Almonds 3% 5 - - - - - -
Cashewnute 315 - - - 16 - - 150
Roundwood Coniferous 12 - - - 0.9 - - 0.2
(million m3) Brosdleaved 297 - - 10,1 10,6 59.8 21.1 32.5

Source: FAO, United Nations, 1975
El Production Yearbook 1974, Vol. 28-1, Rome: 328 pp.
2) Statistical Tearbook 1974, Rome: pp.l44

In Tanzania in particular there appears to be an unutilized 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, miombo woodlands,
sahel and guinea savannae in particular generate a number of secondary products.

From the wetlands and waterways there are weed monoculiures currenily dominant and a
nuisance in blocking the waterways to traffic and fishing. Such plants, as members of the
Cyperaceae and the water hyaccinths (Eichornia orassipes) may form the only unutilized
plant mase in a particular area.

The total biomass is, in most of the Africen 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 agriculiural system
as 1to pase unnoticed,

4. Economice of Utilization

A number of factors contribute to the value of potential secondary products resuliing
from residue utilization. Of primary importance is the ratio of land area to biomaes
available, The same commodity may have a different value in different territories, due to
differences in the cost ¢f collection and transport to an appropriate processing point.

Establishment that there iz a ‘market’ for the processed products from the wasites is
of paramount importance and unless this exists, the residue will not be utilized. However,
other logistic and technical factors may enter into consideration im 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 gquality of the product, in
terms of contamination of various types, and therefore the burden of processing the product
1o an improved commedity. 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 producte 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 have the lowest value.
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S Demarkation of Agro-ecological Zones

Agro-ecological zonation of the terriiories 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 bes: adopted by Papadakis (1966) for the
West African territories, For the purpope 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' reepectively.

In comparing the opportunitiea for applying the principles of crop ecology, there is a
great distinction between the discrete situation which occurs in the Mediterranean couniries
visited and in the northern Sudan and the more flexitle situation occuring in the savanns
woodlands and forest lands of East, Ceniral 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 itrends 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 irend 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 cowpes systems,
which have dominated the agriculture of Savanna Africa in the firat part of this century.
At one time, it waa thought that the soya bean itself offered the beat meanz of providing
improved legume protein aupplies and there is still much scope for the expanaion of aoya
bean cultivation in Africa, together with its incorporation in acceptable African foods.
However, recent research has shown that there are other legumes, such as Psophocarpus 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 examplez 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.

é. Country HReports

The country reports are set out in the order of countries visited.

6.1 Egypt

Egypt is characterized by having its population concentrated on a fixed area of
irrigated flood plain. The agricultural population ie engaged in practising a system of
agriculture which has largely remained unchanged for five thousand years. 8imilarly, 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*ion i® 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 3till the lifeline of the Egyptian agricultural
system and, in spite of industrial development, it remains remarkably unpelluted.

In contrast to the research to develop more land, urban and industrial development are
conguming the agricultural silt-land in the area around Cairc and Alexandria.

In recent years Egypt has become & net staple food importing country, particularly wheat,
although it was classically regarded as the granary of the Mediterranean. 1In 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
a8 very high value crop for which the land is eminently suitable.

Approximately one—third of the total land area iz 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.

Thue, in contrast to the situation found in the other territories visited, in Egypt the
available wagtes (and those which were causing problems)} were limited to & small number of
products derived from the agricultural industries. All cellulosic materials were in short
supply, &8 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
geasonal 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 (atillage).
Research is being done on this byproduct. Sugar production is the monopoly of one company,
the Société des Suctéries 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 Saccharomyces cereviseae and is of human food grade. It has
been tested for food grade gquality by a number of Buropean countries, but is not yet used
directly as a human food in Egypt. Molasess is used as a feed stock for the fermentation
industry which produces alcohol, vinegar, carbon dioxide, glacial acetic acid, food yeast,
spugar derivatives (BUYFOAM for fire extinguishers) and secondary products derived by the
further proceesing of the primary products. 'The vinasse is the only unutilized component,
together with a Beries of factory effluents from the secondary processing of the fermenta~
tion byproducts, At pregsent these are discharged without treatment, or further processing.
The concentration in terms of BOD of the vinasse is 30 000 - 40 000 mg/l.

Apparently the sugar company has a United Nations grant for study of the production of
Torula yeaet 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 indusiry are not, as far as the author was informed, used in any way.

An interesting feature of Egyptian molasges 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 ig used for the production of hard board, paper pulp and the wax is also
extracted.
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6.1.2 Tobacco—dust

From the imported tobacco leaf, tobacco is manufactured both from the blade snd the midrib,
The latter is softened, flatitened 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 lmown as 'reconstiiuted
homogenized tobacco powder.' This reconstituted product is produced by adding water ito the
milled residues and formation of a paste. The paste is then rolled into sheets and the sheets
are gubgequently 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 iwo million US dollars. At
present the tobacco dust is therefore used as & fertilizer and a cheap insecticide. The
monopoly of tobacce preduction is held kv the Southern Tobacco Company.

6.1.3 Starch Wastes

A potentially useful waste, produced in relatively amall quantities, is that from starch
products by the Egyptian Starch Products and Yeast Company in Alexandria. This faciory
produces 36 tons of rice starch per day, which is preferred for many indusirial processes
such as textile sizing. It appears that & tons per day of starch is lost in the processing
and is discharged in the effluent water. The company has been doing remearch on this
effluent with ithe 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, thia would add to the profitability of the
factory. Small quantities of fibre are produced and these are used for animal feed,

6.1.4 Cenning Industries

The major producer of these products is the Nassra Canned Food Compeny, whichle a
total of 7 factories apread out beiween Cairo and Alexandria.

Apparently, an Italian Company ie 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 o0il, 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 waate 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 tone 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 cammot be treated by the normal whey
procesaes 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 matisfactory
method for the processing of this waste. Desalting and protein racovery from the whey is
possible but it may not be profitable. Salt tolerant yeast might be applied {such as
Saccharomyces rourii) 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 Aggicultural 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 gerved 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 ingtitutional funde and there is, in this manpower resource, & potential for the
export of technical expertise.

6.1.7 Conclusions

Egypt ie running into a severe problem of overpopulation with respect to production.
It also has long established amw deep~rcoted traditions in agriculture, government and higher
education institutions. There is an interest amongsi 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 & 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 peascnal rivers {wadis) especially in the
weatern part of the country.

However, it possesassm large fresh water lake areas, unlike the countries further to
the south.

The population iz 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
veried,

The systems of agriculture range from true nomadism through shifting cultivation to
highly intensive irrigated-agriculture systems. There is a surplus of low-grade cellulesic
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 internatjonally
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 & million,

6.2.1 Waste Problems and Opportunities

At prement, due to the highly dispersed and relatively amall 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 apnlied to 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 scil is dieposed of
by trenching outside the to.ns. However, this is a labour consuming method and makes no
uge 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 possgibility of generating salt water oxidation ponde ve 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 probiem and would also make
the waters unattractive to catile,

In the new irrigation schemes in the neighbourhood of Wau, sugar cane, cotton and rice,
are being cultivated. These are beginning to produce seasonal surpiuses which have a potential
for processing.

The processing of sugarcane products is well documented. Similarly, rice hulls have
been the subject of much experimentation and the scheme at Aweil, whieh is 6 000 acres in
extent, generates about 1 000 tons of wastes per annum.

6.2.2 Wagtes from Cotton Growing

Not much waste is derived from the harvested cotton, The seed iz either exported
whole, or the expressed seed is used as cattle cake. However, due to the need for an
overall control of the bacterial disemse caused by Xanthomonas malvacetrum, the black-arm
disease, all plants are destroyed at the end of the growing seasons. This cosis the
Gezira Board, the body which controls cotton growing in the main irrigated cotton growing
area, over a miilion Sudanese pounds per annum in disposal measurss, There are about twe
million tons of this material, as there is one ton of oven dried residue of cotion stalks
produced by each feddan of cotton plantation. J/

It might, within the framework of the sanitary measures needed for the control of
black-arm, be possible to consider ithe ensilage of the whole haulms (s!{ter chopping) at the
end of the season for the cotton crop. This ensilage would take placs when the cotten ie
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 paris »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 3r- season, since in the
Gezira arsa ihere are no trees at all and, even further scuth where 2 ‘e cotion is grown,
the tree population ig very small.

6.2.3 Sugarcine

There are 0,5 millic™ ncres of land under gugarcans, Of %o : - - -ction the sugar
itself is fully wiiiiz 2. the bagssse is being used for Tue. L1 ¢ . ile molasmes is
vasted.

i/ 2.2 feddans approc. ' ‘lectare
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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 fielde 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 Forestry 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 leguminous trees, but other families of tree
are also inwolved.

6.2,6 PFuture 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 cagtor 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 haulm 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 50%. 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 loeses from
ingects in stored grain. Other wastes are present in too small quantities or too
unsuitable zituations 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 arsas, to cereals and cattle on the plateau and coconut and tropical
lowland crops down by the coasi. As with the other territories visited, Xenya generates a
variety of agricultural wastes in small quantities. Much of the cellulosic waste im used
for fuel, which is scarce over most of Kenya, and in the remsining 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 conirol 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 liguid 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 preduction of charceal 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 appeara to be some wastiage 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 liguid milk there is little precessing 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
g0lid waste from sisal processing and the possibility of applying the proposed method for
procesasing sisal waste iz 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 ocutput is only about one
ton of fibre. The whole of the solid residues is at present allowed to rot in heapsh.

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 paseion 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 Tangania

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 Pemba. 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-Salaam and Zanzibar.



From an agro—eoological viewpoint the limiting factor ie reinfall and, although
there are no truly desert regions, large areas of the territory have very low and variable
rainfalls whioch, in the absenoce of ouitivation, develep a eparse deoiduous woodland. The
most productive areas of the country are around the margine, the north-east-coast area, the
slopes of the mountain Mount Kilimanjarc and alongeide Lakes Vistoria and Kyasa.

Cattle produotion in the central area is resirioted by the presence of the tsetse fly.
The major cash crops are sieal, cashevw muts, cloves, cotton, coffee, groundnuts, tea, cane—
suguar and tobacce. Maize and sorghum ars the main sereal staplea, and in some of the more
hmid areas cassava provides an importamt element in the diet. Grain lsgumes such aa the
oowpea are grown throughout the territory. Iu appropriate areas cooonutae, fruite and
vegetables are grown. Meat production from cattle is small, although priority is being
given by the government to the develoment of the industry. In addition to mea fisheries
there ig extensive fresh water fish production, eapeocially around Lake Victoria. At the
present time, the country is undergoing extensive agrarian reform, with a view to develop-
ing cooperative groups of villagea for joint enterprises.

6.4.1 Agricultural Wastes

At premsent, there ie nc extensive utilization of agrioultural wamtes. Most of the
cellulosic waste is either bturned or consumed looally by livestook. A major problem in
Tanzania is lack of transport although maize is sent from the northern territories to
Darwes-Salaam formlling. Thus, the byproducts of milling are not made available to the
arsas of their origin, since these byproducts are not returned to the villages with the
flour.

There is a major animal fesd and dairy development projeoct under the auspices of the
United Nations, which inoludes TO large demonstration sites and 50 villagse schemes. The
team has conduotad a survey on orcp 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 govermnments
research scheme. There isalsc no looal meed production induetry to support the develomment
of improved pasture.

Earlier work has shown that a pumber of pasture legumes,such as 'wtylo', 'siratro’
and Glyoine javamios are possible orops, but this researoh has not yet been applied. The
laok of a looal seed industry ocould be overoome to some extent by importation of seed of
North Australisn legume species, as theae havs been shown to be guitable for culture in
Tanzenia. The improvement of this aspeot of agrioulture would enable hetter utilization
10 be made of the ocellulomic residues in stook feed. None of the agrioultural or agro-
industrial wasts generated in Tansania apparently oaumses any health problem at preasent.

The residues which appear to offer the earlisst opportunity for utilization are
those of coffee, molasses and cereal processing. The residue from sisal processing
requires further research on the fibre extraotion to produce a ligquid fraction whioh oan
be subjected eoonomically to further proocessing bvefore it can be regarded as animal feed.
A amall amount is used to sxtraot the hormone precursor hecogenin.

6.4.2 Molammeg

At prement there are 25,000 tone of molasees produced each year which are wasted
due to laock of transport. The main ocentre of production ie Arusha, though other mills
aleo produce molasses. At Arusha only 800 tons of molasses are uased at rresent on the
pilot etage of an PAD project, but they have a mclasses urea minerals plant planned which
will consume larger quantities of molasses. Thie, together with urea, will assist in the
better utilization of many orop residues.

The urea for the treating of molasses ie imported, although there is a faotory

situated near Tanga which oconverts urea and other fertilizer raw materials into compound
fertilizers.
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4 eurious feature snoountered in asseseinyg the wosaibility of utilizing molasmes is
that the Tanzania Sugar Company sells its molasmes at 176 shillings per ton ex-works,
whereas the Kenya Sugar Corporation sellse its n:olasses for mamfacturing purposes at 50
shillings per ton. The Shell Company i# alrsady operating a MUM (molasses—urea minerals)
plant in Kenya. This produces 6,000 tone of products per year. It was started in 1973
with 4,000 tona and there has been a graduali increase in production ever since.

6.4.3 Copra

At the present time, 90% of the copra and ocotton wseed cake produced is exported and
therefore there is very little available localiy. The oopra cake locally available amounts
to 1,700-1,800 tons. Cocomut production ia declining and there ie a high market value of
the fresh cocoruts.

6.4.4 Coffes Processing Waste

Coffee prooceasing waste iw one of the major potential wastems. Some 9,000 tons of this
are Tejeoted yearly. The National Milling Corporation has looked into the possibility of
using the dried puip for feeding, but this programme is still in the research phame.

6.4.5 Cmustic Soda Treated Bagasse

To improve the utilization of the ocellunlose fraoction of sugarcane, cauetic soda
treatment has been considered, but no action has been taken t0 apply thie well=-lnown
process 8o far.

6.4.6 Brewery Wastes

Brewery wastes and the wastes from extraction of myrethrum ccour, the former in sub—
stantial quantities, but the latter is only a few tons. Neither of these wamtes are used
at the present.

6.4.7 Cotton Seed Cake

Cotton meed cake is umed for feeding at Lake Victoria area, tut it is reported to be
expensive.

6.4.8 Game

Amongst the animal wagte encountered, which have possibilities for processing, is
that derived from the culling of game in the weatern Tanzania. Apparently, 6,000 tons of
elophant meat is wasted per anmum because of the difficulties of extraocting the fresh
meat from the point where the animale are killed. 4 chemical preservation or salt and
staroch fermentation process for the meat might be used to preserve it as a basis for
animal feed, sinoe 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
gimilar animal producte.

6.4.9 Conclusion

While experts are aware of the poseibilities of waste utilization, their main aim at
rresent i to inorease production and, although much of tbe information needed to aschieve
thim is available at the experimental level, transfer to full-scale projects and the
farmer is redquired.

6.5 Nigeria

Nigeria has the largest population of all the territories visited on the survey. It
ie also the territory in the most rapid state of transition, having benafitted from the
influx of money derived from oil revemues. Withinits boundaries is the Imternationsl
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 agricultural products, partioularly in the North, rather than
abating any pollution whioh might arise from the disoarding of agro-industrial and
agrioultural byproducta.

In northern Nigeria, there is an overall shortage of oellulosio byproducts suitable
for animal feed in the dry season. This problem has been enhanced during recent years by
the growth of the animal population, partioularly due to the improved water supply in the
stook raising areas of the far north. The situation has beenaggravated by the recent
series of droughts which have ocoourred in the Sahel zone of the West Afrioan territories
during the last few ysars.

Growth of the northern towns has reesulted in wide-spread soavenging of the suburban
areak for wastes for fuel, resulting in a broad deforested arsa around such towns a® Kanoc.

6.5.1 Palm 0il Processing Wastes

The palm oil industry generates some 50,000 tons of palm o011 shell waste and much of
this could be used for proocessing ¢f charooal.

6.5.2 Sugsroane Byproduots

As a oonsequencs of the develomment of a sugar induetry from sugsr cane grown on the
banks of the Niger River above Jebba (Kanji dam}, Nigeria now has aen industry for
proossgaing byproduots of sugar. Nolasses is used for fermentation at a factory at Jebba
and produces a food yeast and alochol. The bagasse is uased for fuel, but there are plans
for using it for pulp and paper.

6.5.3 Coooa Pads

A major waste of the forest areas of West Africa, particularly Nigeria and Ghana ias
the pods from oocoa cultivation. It is peseible to produce a peotin from these pods, but
this process has not been commercially applied. The pods are aocepted am food by cattle,
but in order to ensure that they consume suffioient quantities it is essemtial to dry the
pods firet and then pelletize them. The Puhler Company of Switzerland has been
sxperimenting with this process of pelletization, but ithas not yet been oommeroially
applied.

6.5.4 Food Proocepsing Wastes

Among the food mamufacturing wastes are thomse of the breweries and is one of the most
serious food production wastes,

One of the most interesiing processes enoountered was that of the develomment of a
small soale gtill for improving the efficienoy of distillation of the local palm wine.
The whole apparatus oan be built very cheaply and now the design is authorised YLy the
governmeut and is in commercial produotion. This 'irtermediate technology' develomment
meems to be one of the most promising new developments $o come within the brief of the
survey. The still ie applicadle to the produotion of alochol from a variety of sugary
wagtes,

Fruit proocessing is not well advanced in Nigeria, though thers are tomato factories
at Zaria in the North and at Gombe in the Kiddle Belt.

The Federal Institute of Industrial Research has a programme for the study of liquid
effinenis from breweries and other food industries. One partionlar project is estudying
the mroduotion of SCP uwsing Geotrichum candidum with oamssava as the substrate. Using e
small fermentor, the yield effioiency was 0.48 units of Frotein per unit of oarbohydrate.
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The waste from gari mamufacture (fermented, gelatinized ocassava mroduct) is used by the
villages directly for animal feed. It i@ debatable whether ccmmercial gari is competitive
with that produced in the villages.

The University of Lagos haa been studying the moduotion of sthanol fram losal
carbohydrates and palm wine with emphasis on the oconditione o fermentation and the additives
required to give the end produot a satisfactory organoleptio comstitution. 4 waste preduct,
coooa shell powder, is used am a oclouring matter for the distiiled liguor.

In view of the relative adequacy of carbohydrates in Nigeria and the problem with
gtorage of valuable mroteinaceous mroduots, particularly fish, it would appesr that
+~utilizing enzyme aotive starchy materials produced hy germination or fermemtation, to
preserve fish by a lactic fermemtation cwva’d be poasible. There would appear to be
potential market for thies type of produot in Nigeria, ss the taste and texture is consmonent
with that of local dists.

6.6 Ghana

Ghans is a relatively ccherent territery with a balanoe between forest and savanna.
Remearch on agricultural waste utilizatien appsars to be well coordinated by the government's
Counsil of Scientific and Industrial Remearch (CSIR).

Agrioultural Industries do not appear to be causing a serious pollution problem in any
part of the territory, even though the country is extremely enviromment oonascious.

Ko situation was encountered im which full scale utilization was made of agricultural
pecondary mroducts, but interest was expressed in the following subjeot areas:
night aoil processing; saw-milling wastes; sugarcane wastesj avoidance of situations giving
rige to the appearance of aflatoxin and other mould toxina; the conversion of woody material
into pulp and paper; the production of algae and the use of water weeds; the use of palm
0il shell and mangrove woodj; the use of staroh and starch wastes, gtarch food conversions
using local material; the mroduotion of phenol: remins for glues from local materials;
the productjon of pectini the produstion of secondary produets from sugar; the production
of furfural.

Ghana im a net cereal imporiting country and it was reported that wheat bran would be
a useful animal feed material if freely available. At present it was pelletized and re~
exported in return for foreign exchange.

6.6.1 Coooa Pods

Unique researoh was being conducted on the ertraction and teating of coocz pectins.
The more valuable pectin ia from the mucilaginous pulp enocasing the beans. The pod also
contains peotin whioh can be removed by steaming and then squeezing out the mucilage. The
value of this pectin im as high as that from the mucilage surrounding the beans dus to
differences in molecular composition of the peotins fram the two sources.

The husks are a oattle food, which im eaten with relish, although the digestibility
is not very good. Intake of husks oan be improved by sun or hot air drying down to 60%
moisture and then ochopping, grimding and pelletizing.

For plant hygiene on the coocoa plantations it is easential to dispose of the pods.
The most eoconomical way is to dry the peds to a condition whereby they can be bturnt and
then to uee the ash, whioh is high in potash, as & fertiliger. Ghana ocoooa production is
a oottage indusiry and it is diffioult to orgmnise waste irocessing on a large soale.

6.6,2 Pood Soaroity

-In Ghana foed is Yeoocming soaroe and expensive for the non~farming oommunity. The
cost of basio food stuffs, partioularly fish and dher protein foods, has riwen by a faotor
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of three in the last two years. Thia scaroity is a major incentive to provesa all possible
materials to supplement the present food supply.

64643 Other Agro-Industrial Wastes

For the future, there is a programme for the rapid develommenmt of the o0il palm aoreage.
Thie will result in byproducts for prooessing. The total acreage of new schemes under
implementation at the present time is nearly 100,000 acrea.

Due to the Volta dam project, inland fisheries are being developed. Increased supplies
of fish will in turn generate inoreaged quantities of fish byproducta.

6.6.4 Conclusion

The organized researoh and develoment, the technical competence and the awareness of
the potemtial value of new prooesses augura well for the introduction of new teohniques
toward better commodity utilization.

607 .&lﬁria

Algeria is a territory in which there is little room for expansion of the oropped area.
It is olearly demarcated into four agrioultural zones. These are the coastal zone, the
mountain plateau zZone, the sub-3aharan zone and the Saharan zone. Theae are ocoupied by
intensive agriculture and horticulturs, extensive agrioulture, limited dryland agrioculture
and grazing, and desert respectively. The large esgtates, situated on the richest langd,
have been divided into emall individwal holdings (10 ha), or cooperative farms. The
highland area has remained largely unohanged. The dry hinterland has possibilities of
improved cropping, eepeoially in increasing the culture o low rainfall tolerant legumes.
However, fodder is in short supply and there are no substantial cellulosic wastea
available for ssocondary prooessing. The desert area containa cases in which date and
cereal rroduction ocoura. Here also the quantities of waste are negligible.

The main souroce of agricultural regidues is the oocagtal zone.

6.7.1 Residues Ooourring in the Coastal Zone

Sugar beet tops are wasted and could be umed by ensilage, using some of the molasges
from the sugar extraoction. This technique is not practised.

Vinea undergo regunlar pruning throughout the growing season and the green residues
from these are available for siock fesd, or for snesilage. They do not appear 1o be used
for thie purpose at the mresgent time.

Some of the straw from wheat and other ocereazls is being used for paper. The
remainder is used directly for stock feed or is btnrned. However, stocking is limited in
this area and the use limited for feeding.

There are no wood residues. A4ll trimmings are used for fuel and wood is werall in
short eupply. Pinus halepensig and Cedrus species are being plamted to replenish the
spply of timber.

There are substantial residues from oitrus production. There appsar 1o be
pogsibilities for utilization of oitrus products for the production of pectin, peel oil,
single oell protein and animal feeds.

4 wide variety of grain legumes are grown in all three agricultural zones, tut no
large residues are produced. Misoellaneous residues which appear to exist are:
&) Maro, the solid residue left after expressing the juice out of the grapes for the
mamfacture of wine, b) Market garden residues, miscelaneous vegetable material, and o)
residues from olive o0il, sunflewer oil and safflower oil mroduction.



IIT. GEMERAL CONCLUSION

Prom the gurvey it will be seen that, with certain agro—industrial exceptions such as
staroh and sugar produotion; the opportunities in Africa in the immediate future for
making use of agricultural waste are comparatively limited. In the Sudan and south of the
Sahara a diveraity of wastes have bheen found which oculd bhe better utilized. For instance
in the Judan irrigated area, there are possibilities of rrocesesing the residuss from orop
and eugaroane production on both a large and a small scale, tut the treatment of night
goil and the recovery of methane fermentation producte appears to be especially favourable
for mmall soale enterprisesa.

Undoubtedly, as the irrigated areas under rice develop, thie ocultivation will give
rise to opportunities for better utilization of the residues from rice production.

Tanzania ia #till coming to gripe with the problems of the aotual production of orope
and the problem of pollution arising from agricultural waste is not serious. The two
exoeptiona t0 the absence of utilizable wastes weret game oropping and sisal. It
appears that modern techniques can be applied to nom-refrigerated harvesting of game
products by the setting up of temporary mcbile processing units. This would rrovide &
valuable contribtution to the protein supply of the ocuntry. With the increased supply of
fertilizers there will be a development of more intensive cereal produoction, partioularly
of sorghum, and this will give rise to cellulosio residues which may be utilimed in ways
yther than the present one of burning.

In both Kenya and Tanzania, sisal is a orop with a fufure, if it is regarded ae the
bagic orop of a plamtation agrioultural esystem employing intercropping in a pericd
‘i.mediately after the cut. The sisal harvest iteelf should be regarded as a biomass
rather than & source of fibre aloneand it is reoommended that further investigation is
conducted into the method of extracting the fibre, principally hy ocunter-scurremt
washing and filtration or cemtrifugation of the liquer, to give more ooncentrated
fractionated liquore of greater utility for subsequent mrcoeseing.

In West Afrioa the erops that provide opportunities for the utilization of geocondary
produocts are oil palm and coooz. In Southeast Asia ourrent research is exteneive on the
utilization of the non=o0il fraotion of the palm fruit and it will not be many years
before it is desirable, both from econoic and anti-peollution viewpointe, to apply the
teohniques in West Africa. Simwilarly, it has heen shown in Southeast Asia that the
rubber plantations can provide other products than the rubber latex concentrate,
ranging from algal and other single cell protein produota to the utilization of {the
rubber trees themeelves.

Three products were identified in cooos production, from the pods and from the
mioilage surrounding the seeds. These are peotin, dried pelleted ooooca pod for animal
feed and the ash of the oocoa pod as a fertiliger and a raw material for industrial
ohemical use such as sgoft soap.

It was noted that, throughout the territories surveyed bhut partioularly those south
of the Sahara, there was marginally a shortage of food in general, as distinet from a
protein shortage. Radical ohanges in the agriocultural pattern would need to be
implemented in the near future {0 meet this need for food directly, by improved supply
of primary preducts rather than hy indirect supply of protein via animals. Grain
lagumes ig the group of orops which can best provide an effeotive total ntilizetion of
the biemaes grown.

A serious health hazards arise from human waste and protein residues. There is &

poterntiel health hagard arising from the agro-industirial effluents. In the Sudan the
authorities are fully aware of the health hasards mresented hy the absesnce of sswage
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gystem in the towne and no doubt this is algo a problem in the mmall communities. The
golution appears to be via the treatment of the night meil to give a harmless material
whioh provides both a liquid effluent and a2 aclid fertilizer. Where fresh water ims scarce,
the possibility should be investigeted of discharging the high B.0O.D. effluent into salt
water at appropriate oxidation pond loading rates and producing fish and other aguatic
products. Aliernatively, the liquid can be used for irrigation affer anaerobic fermenta~-

tion.
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ENERGY FROM ORGANIC RESIDUES
by 1
B. A. Stout and T. L. Loudon

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, 1s
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 orgamic 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. Y.



INTRODUCTION

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 enmergy 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 ailr or in a controlled atmosphere, pyrolysis, hydrogasification and
hydrogenation. An attempt 1s 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, finmal 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 kecal (51). 1If only commercial emergy (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 1s more highly developed in most 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, billionsl of metric toms 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 3/4
kWwh 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.

Ag 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

Land Areas

The present annual production of biomass on the land areas of the
world has been estimated at 100 billlion metric toms, 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 comversion losses.

1 1 billion = 10°



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% metric tons/yr (Table 3). He calculated a recoverable
oil potential of 27 x 109 1 and a gas potential of 38 = 109 m representing
about 3% of the total annuzl oil or gas use. Downing (22) calculated the
energy value of crops in Canada (Tzble 4). He also calculated output/input
ratios for varicus 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 annuzlly from Sri Lankz. The Phillippines ies 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 zs a primary source of fuel for cooking
(62). TFAO (11) estimated that of the total world production of wood (2,525 x
106 m3 in 1974), 46% cr 1,172 x 10% 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 werld (9).
Table 8 tabulates manure production for various specles. 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.

Mzrine Based

Mariculture is the harvesting of plants from the sea. The giant kelp,
Macrocystis pyrifera, is abundant, accessible and capable of biolegical
conversion to methane. This giant seaweed commonly reaches 70 m 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. Biomasses up to
22 kg/mg fresh weight have been reported in the relatively thick Californig
beds; while, for example, Igdian Ocean biomasses range from 95 to 606 kg/m2
with an average of 140 kg/m“ (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 m3 of methane

(CHy).
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One proposed ocean food and energy farm consists of a network of kelp
supporting lines extending cut 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 te fuel gas.
Effluent from the digestcrs may be further processed to yield fertilizers
and animal fodder.

A 40,500 hectare mariculture system could produce 7.4 x 108 n3 cu,--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 107 square kilometers of ocean on the earth but only
56 to 70% of this is "arable" surface water. Since kelp cannot reproduce in
water abeve 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.

CONVERSTON PROCESSES

Fig. 4 shows some alternatives for converting nonfossil cellulosic
material (carbon) to gasecus or liquid fuels. The feedstock material (organic
residue) has an energy content of 2,200 to 5,600 kecal/kg (Tables 9, 10) with
3,300 or 3,900 kcal/kg (6,000 or 7,000 BTU/1b) of dry matter being most
common. The typical products {methane, carbon monoxide, hydrogen, oils, ete.)
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/m3 (Table 10).

Dry {(Non-biological) Processes

Combustion in excess zir

A common example of combustion in excess air 1s 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 incineratiom
processes in which the heat generated is used to produce steam tc generate
electricity (19). Particulate control is essential to avoid air pellution.
In an agricultural context, incineration is not very practical. It's costly
and often there are more attractive alternatives.

Combustion in a controlled atmosphere

Casification 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 .
A comparison of heating values of various fuels was given previously (Table 10}.



With a suitable nozzle, the hot gas can be burned somewhat like ratural
gas. In this applicatior, 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-igniticn or diesel (dual-fuel) engine.
The conversion of crop residue to ccld, 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 ¢onsistent gas supplies (7).

The Power-Gas Company began to design and install gas producers in countries
where ccal and 0il were scarce. These stationary gas producers used a
variety of crop residues and wood (4).

In Sweden, where automobiles were extensively powered with wood, one
trailer-mounted gas producer indicated that 100 kg of wood wase 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, charccal, wood and coconut husks. Stationary gas generators
have been designed for and operated with just about every conceivable form
of cellulose, including rice hulls, clive 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 gés was studied extensively in
Australia. Operational problems, field trials and economics were discussed

by Roberts (71). Bowdeén et al (16) discussed fuel consumption, power output
and the effSect 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 Scviets used wood or straw downdraft gas producers. A
discussion of these latter producers appears in a 1945 edition of Gas 0il
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 Enginser (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 Allcut 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 ecm 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 statiomary
gas producer using ground-up vegetable matter to supply fuel for dual-fuel
engines. This gas producer was built by the Wellman Engineering Company of
Cieveland, 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 pewer back into the grid.



Tests will continue as technslogists strive to develop satisfactory
designs for gasifying crop residves 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 nonvelatile residue.

Degtructive 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 procssses 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). Pyrolyeis involves heating crganic
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
commercial pyrolysis precess for municipal wastes produces either 159 1 of
fuel oil or 170 m3 of gas in excess cf heat inputs to the process. The gas
ls a mixture of primarily methane, hydrogen, carbon dioxide and carbon
monoxide and has a heat value of 7,120 kcal/m3 (23).

The pyrolysis processzusing animal manure yields gas with a heating
value of 2,670 to 4,450 keal/m3 or about 560 to 830 kcal/kg cf 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
gags for power generation; 2) a starting material for ammenia synthesis;

3) a starting material for methanol production.

A plant was designed conceptually and its profitazbility analyzed. The
capital investment required for the plant capable of handling 907 metric
tons of manure per day was $6.07 million and annual ¢perating 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 operaticn was calculated The price ranged from $1.00/MSCF
(thousand standard cubic feet) 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 synthesls gas would be
needed for manure pyrolysis to be economically feasible.

1the summary of development of producer gas technology (pp 5-7)is adapted
from Horsefield and Williams (39).

2MSCF = 28.3 m3
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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 $25.30 per head of livestock and is not considered
fe331b1e at this time. :

~ Conversion under presgssure

 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 SOlld fuels.

Hydrogasification - 1is 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 whlch can be further processed
to be 95 to 98% methane with around 8,300 kcal/m -- 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
hydrogasification.

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
0il 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
1s to produce biogas containing methane by anaerobic digestion of organic
wastes. This process 1s the anaerobic equivalent of aerobic composting but
much less heat is liberated in anaerobic digestion than in composting.

Methane production through anaercbic 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 (CHQ) and carbon dioxide (C02).

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), almest any organic waste material can serve as a component of
the substrate for an anaercbic digestor. The suitability of materials for
gas production depends on the carbon to nitrogen (C:N) ratie which should
be below 35 for optimum production.




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 extraction
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 d: 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 wviable. 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-

1lst stage Complex Organics  forming ) ' CO2 + H, + Organic Acids (1}
Bacteria .

2nd stage Organic Acids Methane ) Co, + CH, (2)
Formers B

4Hy + CO, 5 0+ CH, N NG

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 the methane 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/m3/day have been generally satisfactory. Most loading rates
expressed in Table 12 alse 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 peried is c¢ritical because if the acid-forming bacteria
become too active before methane formers begin to fupnction, 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-cutput 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
et al. (15); and Parker et al. (64)) have reported mechanical difficulties
with input-output pumps and recirculation hardware, but the degree of diffi-
culty depends on the solids content.



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 schematiec 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 anaercbic 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 proguced can generally be
expected to have a heat value of about 5,340 kcal/m” at atmospheric pressure.
For comparison, natural gas has a heat value of 8,900 kcal/m3 and a liter
of gasoline contains about 8,000 kecal.

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 cf Biogas - The cuccess of a biogas production unit depends on
making beneficial use of the gas produced. Methane (CHA) 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 CO,. GCas
utilization may involve direct use of the total gas mixture including im-
purities or it may involve purification steps to remove: 1) €0y, thereby
increasing the energy value of gas per unit volume; and 2} hydrogen sulfide
(Hp8) to decrease corrosiveness of the mixture.

The CO, content can be reduced by bubbling the gas through a water
scrubber with pH controlled to keep acid conditiens from developing in the
scrubber. Lime may be added to control pH, but in some cases none is needed
as there may be sufficient ammoniz in rhe solution te 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,¢
removal filter centaining iron filings is shewn in Fig. 10.

The amount of gas produced depends not orly 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 pecrtion of the energy provided is used to heat the
digestor z2nd 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 1s net practical to compress and store gas produced by small
digestors in farms (18). Ncr can significant quantities of energy be
compregsed into small encugh tanks to make use of bilogas in mobile engines
or tractors and other vehicles practical (18). Therefeore, major use of the
gas must be at the preducticn site.

The use at the production site may be through such things as space
heaters, stationary engines or crep dryers or cook stoves. Other possible
uses include electricity generators or low grade (lcw temperature) heat
production.

When planning space heating remember net gas preduction may be lowest
during periods when heating needs are grectest. 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 blogas mixture to increase the energy content of the gas goirg to
the engine. Longer engine life can be attained if hydrogen sulfide is alseo
scrubbed out of the gas before use.

Methane driven statlorary 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.



The quantitles of gas required can be determined zs fellows:

hp = Q wh kw = Q w h (.0098)
33,000 Ep Ep

Q = stream size irn gal/min Q
w = gpecific weight of water w=1 kg/l
(8.34 1b/gal) h
h = total head (ft) E
= pump efficiency
(about 0.7 for well
designed pumps)

Example

Let's congider what is required to lift a flow rate of 100 gal/min
(6.3 1/sec) a distance of 20 ft (6.1 m) for a surface irrigation system:

hp = 100 (8.34) (20) kw = 6.3 (6.1) (0.0098)
33,000 (0.7) 0.7

hp = 0.72 kw = 0.538

1 hp-hr = 2,546 Btu 1 kWh = 860 kcal

If engine efficiency is 20%

1 hp-hr ouvtpuet requires: 1 Wh output requires:
2,546/0.2 = 12,730 Btu input 860/0.2 = 4,300 kcal input
For .72 hp output: For .538 kw output:
0.72 x 12,730 = 9,166 Btu/hr input 0.72 x 4,300 = 2,313.4 kecal input
hr
9,166 Btu/hr = 15.3 ft- of biomase imput 2,313.4 keal/hr = 0.43 m3/hr
600 Btu/ft3 hr 5,337.7 kcal/m?

If the pump were operated for 10 hr/day, 91,660 Btu or 4.3 m3 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
community 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 methanes from other farm crops
and residues (453). 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 fermentatlon 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 bemeficial 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 requlrements 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 engime 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 1n agricultural plants,
into alcohol by fermentation is common in the food and beverage industry.
The starch countent 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 inm sugars or starch,
such as sugar cane, sugar beet, vinasses, cassava, potato and maize.

But organic residues do not generally have a high cugar 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 aqueocus 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.

Alcohel productionm 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 1l/ha).
Cassava {(which can be planted on poor land) provides %80 1/metric ton
(or about 2,200 1/ha). Brazil already uses 200,000 m~ of alcohol as engine
fuel by mixing it with gasoline (80 percent gasoline, 20% alcohol).

National plans are to produce 2,300,000 m” of alcohol, mainly with sugar
cane,
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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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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) Tanzaniz Nigeria (Nocth)
Principle sources: wood,
food, crop residues,
grazing land (except
North Mexico)
1. Domestic Energy use (104 kcal/yr)
per capita
a. Useful energy 5 25 28 19 40
b. 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, <rop
processing and
other activities
a. Useful energy 2 3 1 1 3
b. 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, 011, coal, hydro, etc.

a. Useful energy 13 40 s 4 76

b. Energy input 63 202 25 18 378
2. Total energy use

a. Useful energy 33 103 36 28 459

b. 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).
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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 vyr 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).



Table 3. Estimates of available organic wastes in the U.8., 1971

Total
organic Organic
wastes solids
generated avzilable
Source: 10% 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
Tndustrial wastes 4Q 4.7
Municipal sewage solids 11 1.4
Miscellanecus crganic wastes 45 4.5
Total 798 123.6
Net oil potential (100 Liters) 17.5 2.7
Net gas for fuel potential (10 0 m3) 24.9 3.9
Source: (3).
Table 4. Energy values of crops in Canada
Canada Ontaric Saskatchewan
Crop energy (1012 keal) 275 59 89
Crop energy (10° kcal/ha) 7 18 5
Available crop residue (1012 kcal) 59 7 28
Available animal waste (1012 kcal) 145 51 17
Source: (22).
Table 5. Energy on specific Canadian farms
Farm Precipitation Yield
no. Hectares Crops{a) cm. 102 kg/ha 0/1 ratio
1 250.9 B.0.R.S. 48 26.9, 25.1, 13.8 4.21:1
2 388.5 W.B.S. K}:] 21.5, 26.9 5.50:1
3 518.0 W,8. 33 13.4 4.19:1
4 121.4 Br.-A. 48 1.8 metric tonse 6.7 :1
5 121.4 A. 3R 1.8 M.T., 3.6 M.T. 16.2 :1

(a) Crop Rotation Abbreviations: B-Barley, 0-Cats, R-Rapeseed,

W-Wheat, Br-A-Brome Alfalfa, A-Alfalfa.

Source: (22).

S-Summerfallow,
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Table 6. Woodfuel consumption in some developing countries
Percentage Use of Woodfuel Population Charceal
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 3 woodfuel lation
Country sector m kg yA A %
£
Tanzania 40 2.3 1630 96 99 7
Gambia 50 1.6 1090 94 99 23
Thailand 80 1.4 1000 76 97 15
Source: (62).
Table 7. Livestock numbers, 1973

| 1,000 Head
' Horses Mules Asses Cattle Buffalos Camels TOTAL
!

Africa 3,751 2,201 10,714 149,276 2,283 10,226 178,451
| North &
l 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

| Asla 14,179 2,310 20,306 348,088 121,13C 4,081 510,094
I Europe 6,770 902 1,646 129,294 422 - 139,034

QOceania 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
1. Cattle 27,000 200 5400 80 2.4 1.2
2. Horses, mules
donkeys 18,000 150 2700 80 1.7 1.1
3. Pigs 30,000 50 1500 80 3.75 1.8
4, Sheep & goats 13,000 40 500 70 4.1 2.0
5. Poultry 9,000 1.5 13 60 6.3 6.3
6. Humzn feces
without urine - 40 to 80 50 to 100 66 to 80 - 5 to 7
7. Human urine - 40 to 80 18 to 25 kg - 15 to 19 -
dry solids/yr (urine enly)

Source: (51).

Table 9. Energy content of plant biomass

Plant Plant part Percent H,0 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
Chamicse (z) Leaves 0 5,411
Chamise {c) Stems 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
Qak {a) Bark 7 4,517
Oak (b) Bark 0 4,645
Pine (a) Wood 12 4,416
Pine (c) Bark 0 5,012
Tir (c) Bark 0 4,890
Spruce (e¢) Bark 0 4,851
Redwood (c¢) Bark 0 4,635
Oilseed crop (d) Seed - 4,995

(a) Handbook of Chemistry and Physics, C. D. Hodgeman (Ed.), p. 1945.
The Chemical Rubber Publishing Co., Cleveland, Ohio (1962).
(b) 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).
(d) R. S. Loomis, et al., 1971. Agricultural productivity. Ann. Rev. Plant

Physiol. 22:431-468.

Source: (44).




Table 10. Energyv content of certain fuels
Heat value (a)

Fuel kcal/kg kcal/liter kcal/m3
Producer gas (b) 1,397
Hydrogen 2,403
Carbon monoxide 2,R12
Pyrolysis gas (c)

Municipal 3,337
Feedlot 4,450
Bio-gas (d) 5,517
Methane 13,243 8,846
Natural gas &,899
Propane 11,983 6,005 22,390
Butane 11,778 6,794 29,189
Cattle manure
Alr dry 2,775
Dry matter only 3,735
Volatile seclids only 5,051
Sof twood 4,995
Coal 7,215
Alcohol, methyl 6,383 4,241 8,525
Alcohol, ethyl 9,269
Diesel, Mo. 1 10,878 9,005
Kerosene 11,006 8,729
Gasoline 11,267 8,263
Fuel 01il, No. 2 11,183 8,856

(a) High heat value includes latent heat of evaporation cf resultant
water vapor.

(b) Hot coal + blast of air (2C + Ny + 0y ———> 2C0 (M,).

(c) From Resource Science, Inc., Santa Ana, January 1974.

(d) Also called manure methane or swamp gas.

Source: (26).

Table 11, Typical gas analysis from downdraft gas producer
using wood

Gas Range %7 by volume
€0y 9.5 - 9.7
Hydreocarbons 0~ 0.3
%) 0.6 - 1.4
Co 20.5 -~ 22,2
Eo 12.3 - 15.0
CHy, 2.4 - 3.4
Ny 50.0 - 53.8

Scurce: (39).
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Table 13.

General composition of biogas produced from farm wastes
Gas %

CH, Methane 54-70

002 Carbon dioxide 27-45

N, Nitregen .5~ 3

H, Hydrogen 1-10

co Carbon monoxide -1

02  Oxygen .1

H,S 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 value Liters Liters m> 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 n0.53 0.51 0.4
| Dairy 1.3 6,800 0.87 0.76 0.77 0.6

Poultry breoilers 2.6 13,900 1.74 1.59 .56 1.2
Poultry layers 2.0 10, 800 1.36 1.21 1,22 1.0
Swine 0.8 4,400 0.57 0.49 0.48 0.4

{a) Assumes blogas containing about 70% methane or a heating value of 5,339 kcal/m3

{b) Heating values:

gas, 8,900 kcal/m

{(c) Propane, 11,660 kecal/kg

gasoline, 7,990 kcal/l, diesel fuel, 8,860 kcal/l, natural

Source: (18).
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Table 15. Cost of a community biogas scheme for irrigation

Capital Costs Dollars
Digestors and gas holders (400 m3/day
capacity (a) $ 10,000
Compressor and engine 2,000
Land cost 500
Extensicn services, etc. 1,500
40 cylinders (0.03 m3 capacity for 1irrigation
fruel distribution) (b) 5,000
$ 19,000

Annual Costs

Interest on capital 2,280
Depreciation (5%) 950
Ccst of dung and crop residves (at $2.00/metric
ton) (c) 800
Labor and maintenance 1,000
SUBRTOTAL 5,030
Sale of gas plant residues on the bzsis of nitrogen
content {($400/metric ton nitrogen) 1,000
Net annual cost for 1 x 109 Btu of gas 4,030
Cost per 106 Btu of compressed gas about (d) $  4.50 (%17.86 per 106 kcal)

(a) 400 m3/day capacity enableg production of about 1 x 10% Btu
of methane per year (150 m3 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.

{b) ¢.03 m3 methane at 200 kg/c2 ie encugh to power a 5 hp (3.7 kw)
pump for four hr.

(c) 702 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.

(d) 10% of the gas is used for compression.

Source:; (51).
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FOOD FROM WASTE AND NUTRITIONAL CONSIDERATICNS

1« INTRODUCTION

411 of a sudden society found itself confrented by the energy crisis, by environmental
pellution and by all kinds of shortages: food, water, fertilizers, etc. The shortage of
food and the practically uncontrelled population growth pegsed the stark problem of surviwval
for proliferating mankind., Apprehension is rapidly mounting at a rate faster than a geo-
metric progression.

The struggls 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, bic-engineering and food technology for
food production and scavenging nutrients and food from effluents and wastes.

This paper concerns itself with the nuiritional aspects - whether pogitive 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 wholegomeness 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 foed is produced from waste economically,
thus economic feasibility aspecte 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 industiry containing nutrients which
can be recovered by physical and/or chemical processes, Typical examples in this
category are:

(a) the whey of the cheese processing industry, which can be
concentrated and dried as such, or ite 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
falactose~glucose syrup which may find easy acceptability as
a sweetener. The protein = dried material - can find ready
application in food enrichment processes.

(b) the recovery of the potato protein from effluents of potato
starch mills by ultrafiliration and concentration by reverse
OSMOBis.

(c) 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
vagetable 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—sxchange bed. These last products however are
intended for animal feeding.

(4) 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 Efflusnts and other wastes containing nutrients whioh oan be transformed
into food producte through bio-enginsering processes, Some sxamples in this
category are:

{a) Permentation of the whey lactose — following the separation of
the protein -~ into food grade yeast.

{b) Food yeast produotion from molasses.

(c) Symbiotic fermentation of effluents of potsto starch, cassava starch
and maize starch industries and oconverasion of the starch and other
carbohydrates into biomasgs of Cendida or Torula yeasts. The process
coneiste of the symbiotioc growth of two yeasts: +the firet,
Endomycopais, produces the amylases necessary to break down the
starch to sugars and the gecond, Candida Utilie or Torula, which
growe on the sugars as goon &8 they are produced.

(d) Production of fate by fermentation.

(e) Production by fermentation of food materials esmsential to the food
industry such as acetic, lactic and citric acide as well ae amino
acide, i.s, lysine andi methionine,

3. NUTRITIONAL CONSIDERATIONS

The use of nutrients, recovered from waste, or food products developsd 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 himeelf,
Equally concerned is the public or private prospective investor involved in the creation of
the facilitiea, or in the production of nutrients or foods from waste and in their distri-
bution. Por the two former it is imperative that convincing evidence be provided that the
nutrisnt or the food is wholeesome, that it ia nutritious, that it is free from pathogenioc
and other micro—organisms and that it does not preasent any toxicological hazard when eaten,
Porthe investor it is eseential 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 proapective 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 wventure. It is therefore esmential that agreed-upon prooedures be eatablished
which would satisfy all the parties involved: regulatory authorities, industrial concerns
and the consumer. To this end, the United Nationa 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 loock into the matter and provide the nesded advice, The PAG, renamed recently Protein
Calorie Advisory Group of the United Nationa System, has bhean studying the problem through
ad hoc working groups. Up to now the PAG has issued three Guidelines:

b) PAG Guideline No. 7 for Human Testing of Supplementary Food Mixtures, and
¢} PAG Guideline No, 15 on Nutritional and Safety Aspects of Novel Protein
Sources for Animal Feeding.

;a} PAG CGuideline No. 6 for Pre-clinical Testing of Novel Sources of Protein;

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 Ko.1l5 aims at providing
a chackliet of posaible tests,not a rigid eset of required ones. £Should a published guide-
line constitute a compendium of mandatory teete the acceptance of any new product would be
precluded. And this for very good reasone. Pirstly, at present coets, & rigid test
covering all the requirements of the Quidelines may well occst over US$ 600,000, This is
woll justified if there are reasons for btelieving that a novel source of a food ingredient



auch as a wicrobial protein may present well-founded doubts concerning ite 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 grani the neceasary licences for the production and use of the
nutrient or food in question unless convinced beyond any poesible doubt that the consumers’
pafety is in no danger,

The importance of testing the feed products, particularly those recovered by fermenta-
tion processes from waste materials, is particularly warranted due to the potential danger
that mutations in the strain of the culture may appear or toxic metabolites may develop in
the biomass 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, auch elaborate testing procedures need not necessarily be applied to every
new product: processes which might have detrimental effecis have to be excluded, but the
novelty of a process with itas incognite will determine the extent and type of testing
required, Sound judgement must be made on the product and product characteristice and on
the novelty of process and risks associated with toxioity, pathogenio microorganiems and
of course nutritional value, PAG Guideline 6 states that "Products intended for
incorporation into animal feeds may not require as extenasive testing as is suggested for
human foods, but foods derived from animal sources must be conasidered from the viewpoint of
the possible presence of residues in meat, milkar eggs transmitted from animal feeds', The
minute traces of residues or contaminants in such fooda 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 procedurea. 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 PAG Guideline 15 is that there are
indications that it is probable that the bulk of nutrients recovered from wastea, or derived
from them, would be used in animal - including fish - feeding,

Guidelines 6 and 7, as their t$itles indicate, refer to the testing of novel foods for
humans, While both Guidelines are ssentially 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 wastea, 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
materialas can be predicted from information regarding the source, the processes used, the
chemical and physical properties, content of microorganisma and their metabolites and the
toxicological effects on laboratory test animals. The smanitation with respect to the
gource of the waste material and the assthetic 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
wagte material has to be well defined and ite reproducibility has to be well established
and monitored, Should wide wvariation in the nature and components of the waste material
occur, either seasconally or at unpredictable periods, the parameters of safety and whole
gomeness might change drastically, the final preduct might not be the same, or the process
might prove inadequate and uneconomic.

The recommended tests and procedures to be used for recovered mitrients or processed
products may comprise:

4.1 Chemical analyses for proximate compositiond the nutrient or the food
product, for its content of non-protein nitrogencus components, for the
presence of contaminants, residues of pesticides or solvents (depending



upon the source of the waste material), for naturslly ocourring or adventitious
toxine, and for food additives mubject to tolerance limits,

4.2 Microbiclogical examinations for viable mioroorganiams, pashogens and non-
pathogens, ssroblc ansercbio, vegetative and spors forming, In the cage
of produots of miorcebisl origin oonsideration should be given to the composition
of the substrate on which the organiam is grown,

4.3 Toxicological evaluation ~ Growth depression or any other adverse effeot observed
in the courase of short~term nutritional sesays should be viewed in the light of
poseible toxicity of the waate material source, In order to avoid confueing
nutriticnal insuffioienoy with toxioity in eafety evaluation studies, the baasal
diet to which the test material is added should itself be nutritionally
adequate for normal growth and development of the animal species employed,
Naturally oocurring toxicants found in plants include carcinogens, goitrogens,
lathyrogens, oyanogenstic glucosides ani estrogens, the presence of which must
be axcluded from any waste material intended for the production of nutrientis
or food products. Waste materials exposed to warm, humid conditions which
induce fungal growth must be examined for the possible presence of mycotoxins,
such as the aflatoxina, Single cell proteine produced by growing micro-
organisms on substratea of waste materials must be evaluated to establish the
non~pathogenecity of the microorganiame or their metabolites, or possible
mitagenicity into toxigenic forme., The spontaneous mutatione of straine on a
ocontinuous fermentor could be & serioue hazard should the end product be for
human consumption.

5. NUTRITIONAL VAIUE

The nutritional value can be predicted firet from ite chemical composition with
particular emphasis on the amino acid content and availability and then by means of short-
term rat feeding testms designed to estimate the efficiency of absorption and utilization
of its nitrogen content, The presence and amount of non-protein nitrogencus compeonente
as glucosamines, amides and amines ghould be determined, particulerly in the case of
producte derived from animal sources.

In single cell protein the content of nuocleic 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 poseibly
to the accumulation of uric acid calouli in the kidneys., There are methods to reduce the
content of nucleic acide in a biomass. This will have an effect on the cost and on
modifying the functional characteristics but the PAG also drawe attention to the poesi-
bility that when a btiomase is treated in order to reduce ite nucleic acid content thia may
lead to unforesesn human effects,

Although not relevant to the evaluation of the nutritional quality or safety of novel
food products, it would be expected that studies oz their funotional charmoteristice
{eolubility, viscosity, wettability, etc.) would be oconducted to establish their techno-
logical utility as food or food ingredients.

The chemical examinations yield valuable information for predioting safety and
nutritional value. However, they cannot be oonsidered substitutes for biologiocal
appraisals of protein quality through mhort-term growth responses of rats to the
ingestion of the test food, It ie not the purpose of this paper to discuss the warious
methods used, but s listing of some of them might be useful: Protein Effioienoy Ratio (PER);
Net Protein Ratic (NPR) and Net Protein Utilisation (NPU); Nitrogen balance prooedures;
functional or metabolio estudies,
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6. ACCEPTABILITY AND TOLERANCE

Any undertaking involving human subjecta ghould be preceded by the tests mentioned
above and the satiafactory evidence derived from them on the eafety 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:

a; Acceptability and tolerance tests
Growth tests
c; Nitrogen balance measurements

Other criteria, esaentially of a physiological nature, i.e. serum albumin,
plasma amino acid and enzyme levels etoc,

Whether the human testing has to be extended to cover all these four categoriea will
esgentially 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 tesis are quasi mandatory,
whereas the tests falling under the other three categories are needed when the 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 wouldte used as ingredients to staples or other conventional focds 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 waztes.

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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Summarz

Microbial processes for abating pollution or the'recovery of useful m.terial from
agro~industrial residues are only one sector of an array of optionms for by-product
processing. Only under special circumstances do they compete economically with chemical
processes [or the production of industry's bulk simple organic chewicals.

Employment of microbiological processes should be viewed as part of the strategy of
planning agro~industrial development. The ability ot these processes to assist the
strategist lies in the special features they possess for making complex transformation
of materials with a minimum expenditure of energy and a high degree ol selectivity.

Application of microbiological processes to novel situations is not siwple., liowever
these processes have evolved in the past alongside agriculture and Iood tactimolory ani
current advances in allied disciplines, both in the sciences and social sciewces, lavs
provided many opportunities for extending the harmessing of the microbe.

The report pays special attention to the strategy of microbial depradation of
ligno—cellulose; the recovery of fungal yeast, bacterial and algae products lrom
effluents; the digmestion and liquefaction ol solid residues; the comservation of animal
products by lactic fermentations and the treatment of noxious wastes, excreta and Jdilute
wagstes by variations on the oxidation pond process. Attention is drawn to the fact tit
currently the rumen is the central processing unit of one of the most widely used, and
successful, small=scale processes.

Hazards of microbiological processing are noted but the ability of microbial
proceseing to detoxify, preserve and repel pathogens is also mentioned.

Low capital investment, use of local raw materials, low emergy 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/UNESOD/ICHO Panel on Applied
Microbiology. 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-indusiry.

Ultimately the processes are required to be commercially viable. Industry can
provide various services and items of equipment although the type of product and market
may differ from that of large-scale usage.

In discusaions after the paper special atiention was paid to toxic hazards,

commercial viability of processes, the effect of world shortages of fermertation
materials such as nitrogen and phosphorus.
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Seotion 1: INTRODUCTION

l.1 liicrobiclogical Progcess Feasibility

For the application of a microbioclogical process a special set of criteria needs
to-be considered. There is a great danger in opting for such processes on the grounds of
apparent simplicity, econmomy in the use of emergy and low capital cost.

The 'simplicity' may be the unwritten sills of generations of' people operating a
village process and interference with, or mmiii'ication of, any part of the process may
upset the system as a whole. WNevertheless, by a process of technological evolution,
village processes have been selected [or 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 lFar Bastern food technology im China and 3outheast Asia. In
these transfers the technique has remained, but both substirate and organism have changed.
The importanmt consideration is that, because of its inherent meriis, the process has
survived.

1.2 A check ligt of factors to be considered

Listed below is a table (Table 1) based on a set of questions originally formulated
by Imrie (1976} which need to be answered in the formulation of a new microbiological
process with special reference to the production of SCP for animal feed. The purpose of
the original check list was to form a prelude to a management game for teaching post=
graduate students in a UNEP/UNESCO/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 iull of enthusiasm and with the power to direct its adoption,

The list raises guestions to guide to assessing the scope and limitations of a
prooess for microbial use of carbohydrate waste.

Table 1

Potential of Apro=Industrial Wastes as Raw Materials for Fermentation
A Critical Assessment®

¥The rollowing questions are a development of the thesis introduced by Loehr (UNEP/FAO/TSS,
4/b2 - Jan. 1977) at the symposium and iterated in the author's introduction to hie raper

on the survey of agro-industrial wastes in Africa (UNEP/FAC/ISS, 4/07 - Jan. 1977)

A, FLiaD3TOCK

a) Carbohydrate

i) soluble or insoluble, therefore will it need treatment before
'ermentation?

ii) Sugars nermal, or abnormal? Some sugars are not fermentable ty
most SCP organisme.

iii} Concentration: is there enough carbohydrate in the waste to
support an economic fermentation without Cwsource supplementation?
Remember that for best growth C:N ratio must be optimized
(also see section on Nitrogen).
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b) Fat (Lipid)
i) Will this interfere with fermentation by chosen micro-organisms?

ii) 1Is there any advantage in choosing an organism with lipase activity?

iii) Rancidity?

c) Nitrogen
i) What fraction is 'crude' protein in contrast to ‘'useable' protein?
ii) What is the G:N ratio?
iii) What is potential toxicity of N, fractions?
iv) What ie the amino acid spectrum in comparison with that of a relerence
protein?

d) Other components

i)} What other components might interfere with use of waste as a feed?
Polyphenols and tannins in some fruits are known to inhibit digestive
enzgymes of ruminants. Cyanide compounds may be present in the raw
material, Uill they be destroyed or merely released?

ii) Can the potential SCP organiem break down these inhibitors? Is it
itsell inhibited by them?

iii) Will the secondary compounds act as supplementary growth fantors for
an organism which can metabolize them?

B, ECONOMICS

a) Cost
i) If the waste now has a zero value, what will it cost once a us has been
found for it?

ii) If it is an enviornmental pollutant, what does it cost to ptreat it or
remove it? Is that a 'negative! value to the main product processor?

iii) Will you have to pay for its collection and shipment to your plant?
(see section on Availability)

b) Availability, Abundance

i) Is the waste seasonal?
ii) How much is produced at any one place?
iii) What total quantities are available?
iv) Must it be collected and processed before it is available to you?

¢) General
i} Why ferment it? Maybe the waste can be used as an animal feed, either
on ita own, or by mixing with something else.

i1) What are the socio—economic advantages/disadvantages to using the waste?
For use the waste may require changing the farmers' attitude to agri-
cultural practice. This may be difficult.

i11) Are there any political considerations to the use/non-use of this waste?
{or social or ethical barriers?)
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C.  MICRO-ORGANISM

Primary Screening

a) Protein Content of Cells

Ir it has to compete with alternative protein sources for animal feed the product
magt be capable of being compounded to an adequate protein level,

b) Growth Rate

An efficient process will require & rapid growth rate to minimige retemtion
volumes.,

c) 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 {rom transport bulk storage factorz for a 'no cost
at site' material or a 'negative cost' pollutant.

d) Calorific Value

This must be at least equal to that in alternative animal feeds at the same price
after compounding.

e) Toxicity
(This is a very complicated question since it is toxicity at the pint of

consumption by human beings which ig the ultimate criterion. This question therefore
affects choice of orgenism, process and animal food.)

Ds  PROCESS TECHNCLOGY

a) Supplementary Nutrients

i) Does the feedstack for its fermentation derived from the waste require
supplementing with additional nutrients? What are they? Are they
available locally?

ii) How much will it cost to supplement the feedstock?

b) Selective Advantage or liedium

i) 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.

ii) 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 uged as a fermentation directing agent.

¢) Growth Rate

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 growih rate of the organism, since
this is the rate-limiting step in the whole process. (see self-selection processes under
tcontinuous culture' and 'effluent treatment'.)
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d) 'Pemperature 'Q'olerance

Favour an organisi which grows well at temperatures near the ambiemt for the local
¢limate, Preferably an organism that has a wide tolerance to temperature changes.
Remember microbial growth is exothermic and cooling water way not be available at the
temperature needed.

e) Yiela

For an optimal yield of biomass, on the basis of the carbon and erergy supplied,
the other nutrients must be supplied in balanced proportion to allow rapid growth and
prevent the accumulation by the nrganisim of excess storage carbohydrate and lipids. The
critical yield, in terms of economics, is the amount o7 biomass produced per unit of
subsirate added to the medium. This means that the chosen organism mist be capable of
growing under conditions of balanced carbon and nitrogen limitation rather than that of
limitation due to other nutrients.

f) Protein Content

It is not true that it is best to select the organism producing the highest yield
of protein, The tinal 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.

g) Effects on Quality of Post—termentation Processing

It coste 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. 35ome organisms retain water and require hipgh
temperatures to remove it. This may influence quality adversely. Why not feed the whole
broth or solid?

h) Mutritional Value

The organism is being grown to be eaten by animals. It should have mood nutritive
value, (Thia contrasts with the philosophy applied to a number of secondary product
fermentations used for food by man,)

i} Acceptability

If the product is unacceptable to animals you have wasted your time.

i) Gafety
The micro~organiem must be non=toxie, or liable to give rise to toxine or toxic
straine, 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 which.can pass
unchanged through the animal fed on it to the human recipient. (This is a hazard in the
use of fungi which is discuseed later in the paper.)

E. PROCESS ENGINELRING

a) Type of Fermentation

i} Comtinuous cultures seem attractive because of the high producti vity per unit
volume. Remember that this means, in liquid culture, a high dilution rate
and in turn higher separation coste per unit of dry cells produced. A
'fed batch' process may be preferable, or a fixed substrate procese not
requiring a fermentation. '

ii) Does the country have the engineering technology and infrastructure to
support a sophisticated process?
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iii} Is any one preparsd to make the high investwent in plant for a sophisticated
capital intensive process?

iv) How does one reconcile comtinuous culture with a discontinuous supply of
waste material?

v) Continuous cultures are sensitive to minor changes in substrate composition.
How will this he reconciled with an infinitely variable waste input?

vi)} Continuous processes are normally highly automated. How does this degree
of automation ['it with the labour policy of the c untry? Perhaps creation
of new jobs is more impeortant than a capital intensive/machinery intensive
process. (A sewage system is a=w ciample of a possible nom—automated
continuous culture trermentation system which can utilize waste carbohydrate
to produce. fungi, yeasts, bacteria or algae. The relative meriis of various
systems are discussed at the end of this paper.)

b) Separatiom

The nature ol 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 cenmtrifugal separation, although other technigpues are available,
e.g+y flocculation, froth flotation, Ciltration using filter aids.

Milamentous [ungi are relatively easily separated from a broth by atraining, or

filtration, but control of their growth in lermentation is more difficult than that of
unicells.

¢} Sterilization of Medium

Is asepeis needed? Perhaps the growth activities of the chosen organism will
prevent excessive contamination. Perhaps a minimal level of contamination is acceptable
in the f{inal product provided no toxicity is introduced.

d)} Design of Fermenter

i) 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 [or silage) been considered? What is lost in efficiency
may be gained in Teduced capital costs and the ability to do—it=yourself.

ii} Investigate air lift and aspirator fermenters, surface and 'fixed cultures'

(koji/tempe} method. The supply of agitation and air adds to capital and
recurrent costs.

e) General

1) ALHAYS look for the lowest technology commensurate with the commercial
and technical objectives,

ii} 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.

iii} Investigate the logistics of the problem. Two small plants may be more
efficient than one large one if the waste is widely distributed.

It must be emphasized that this partieular check list ie 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 oi’ technology in the microbiological utilization of specific groups of wastes.

A summary and discussion have been added, the contents of which are based on
discussion at the symposium,
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Section 2: CELIUIOSIC RESIDUES

The most important agro-induetrial waste in world terms is cellulose, (Humphrey, 1976),
usually in the form of ligno=cellulose combined with a variety of secondary compounds.
Hicrobiologically it has proved to be the most dilficult material to treat effectively, to
provide a uselul concentrated food, or other useful preduct, 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 runinant animals
via mushroomn production
via composting

Table 2 below gives data presented by Humphrey (1976) to reinlorce the argument on relative
abundance of cellulosic residues in comparison with other lorms of agro—industrial waste,
Developing countries do not have wastesof this magnitude, in general,though their capacity
to produce wastes increases as their production increases.

Table 2
{uantities of Wastes Available (USA data, Humphrey 1976)

Taste ype 10° Tons/Year
Agricultural and Pood Yastes 400
Mamare 200
Urban Refuse 150
Logging and other Wood Wastes 60
Industrial Wastes 45
Municipal Sewapge 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 pastro-intestinal tract of ruminant animals is still
the most important Cermentation method for the conversion of the cellulosic materials
and accessory substances into useful food materiale. Although this fermentation system
can be subjected to abuse in the living animal by providing unusual substrates 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

2els2.1l Insects

Cellulose digestion, via microorganisms, also occurs in the gui of certain insecis.
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, 19?6). Hevertheless,
the use of insects as a mource 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
cut stump and residues after the extraction of starch of sago palm and is regarded as a
delioacy by the locsl people of Sarawak, Bormeo. BSimilarly, termites are widely
consumed in Africa, though their culture would not appear fo be as easy to control a&@
that of the aforementioned Rhyncophorus species.

214242 Snails

The giant african snail is aleo a cellulose digesting animal and the author was
surprised in his recent visit to Gheana to see how the economic value had increased Bince
he was resident in West Africa in the 1950s. Farming these ®nails has been discussed,
but never taken up as far as the author is aware. Snail digestion is not strictly
microbiological,

241.2,3 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—organisme in the alimentary tract of the animal is not always clear.
Investigations in our laboratory, by dissection of the git of sarp, tilapia and other
species has shown that, whereas in some of the carp species the cell walle of ingested
algae are dissolved, this process does not occur in the gut of tilapia, although tilapia
are widely recommended as a fish suitable for culture in eutrophic waters, such as algae—
containing oxidation ponds.

241.3 Recycling cellulosic faeces

Although the rumen is recognized as the most efficient natural form of cellulose
digestion, neverthelese it has been demonstrated that its efficiency can be improved by
careful balancing of the diet of the animdle aencerned and also by recycling the
excretary producta, with additional nutrients to aid iR the digestion of the recycled
material. In Sweden, for instance, experiments have been conduéted on the ensilage of
cow—dung with beet molasses for use as a winter feed., Loehr (this Sympesium) cites &
number of references to similar work in the U.8.A,

2.1.4 Improving rumen function

In the tropics, most of the cellulosio material available in the dry season is
extremely low in nitrogenous fesidueBs The utilisstion of cellulose present in thie
material can be substantially improved by the addition of & nitrogen source such as urea
to the diet. In areas where i} is available, chiéken mamure is a valuable alternative
source of nitrogen, though it has a pathological danger if 70t pre~treated. This danger
can be reduced by pre-fermentation of the chicken manure, aerobically, prior to recycling.
This has the advantage of breaking down some of the keratin in the material and preé—
digesting part of the celluloBe, Rhigapus Bp., suoh as are used in tempe, will grow on
meist chicken dung and this fungusﬂﬁgg_gizbl-oelhalar cellulases, lactic (anaercbic}
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 microbial antagonism than thermal ingctivation.

24145 Silica oontent

However, both chicken mérure and the other celluloaic wastes, such as the cellulosic
grass wasteB, suffer ftom a high silica content. This is frequently the limiting factor
in their use, A oellulosic weate of a lower silica content, but having complications in
other direotions, 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 poseible to remove the lignin microbiologically. At present this is only a laboratory-

scale process,
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2+2 Nom—Huminant Kicrobial Utilization of Cellulose

2201 iMngi

Huch work has been done by the Natick Laboratory U.s.i. (bandels and Stermbergs 1977 )
and in Japan on the use of the fungus Trichoderma viride as a source of cellulolytic
enzymeg. High efficiency of conversion of pre-treated cellulose to glucose has been
acliieved by these enzymes. Preparations ifrom this fungus can digest, almost quantitatively
to glucose, alkali pre-treated cellulosic materials, Fig. 1 (dolz, 1975). A typical Ilow
chart for a system employing fungal cellulase is given in Figure l. However the eificiency
of Prichoderma processes depends on eXxpensive chemical pre-treatment by acid and alkeli,
together with sterilization and the overall economics compare unfavourably witi direct
chemical digestion to glucose using the Porteus process, for instance.

llore recently, Hof'sten & Holsten (1974) and others have been woriing with tae
basidiomycete Sporotrichum pulverulentum (syn. Phanerochyte chgysosporium). The preferred
method for the production of a microbial biomass, using this fungus, is in liquid culiure
with a mixed substrate containing both starch and cellulose derived from milling residues
with added mutrients. This is a practical ocutcome of work on white rat fungi originmatine
from Waksman (2944) and followed by extensive work of Eriksson and others in Sweden
{reviewed by Wang, 1976).

2242 Bacteria

A high degree of digestion has been achieved, using pre=treated bagasse, by a group
of research workers in Lowisiana using a bacterial system of two orzanisms (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, tranaforms thie polysaccharide into glucose and microbial biomass.

2243 Actinomycetes

Hamphrey et al. (1976) have considered the use of actinomycetes 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 organisme
has theoretical interest for cellulose digestion particularly the thermotolerant species,
Thermoactinomycetes. However, the work is 8%ill 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 oxygen
in the medium.

2.2.4 Tropical Basidiomycetes

Wang (1976) has made a search for basidiomycetes, which might be pubstitutes for the
present limited range of usiful organisms for degrading ligno=cellulose. 1In the wild,
there are a large number of wood-attacking basidiomycetes apd, 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 useful lor the
digestion of straw and wood wastes, using a comparatively short fermentation time - as
short as four days = for the partial conversion of the raw material.

2e2ed.1 Predigestion by Basidiomycetes

Imre and Petofi (1967) used Agmricus bisprous for the partial digestion of cellulosic
material prior to feeding to animals, tut this is a comparatively slow—growing organism.
A virtue of using these higher basidiomycetes is that they are [ood organisms in their
own right. There has been no evidence oi 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 lurther
investigation of their use is recommended.
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243 ushroom Production: Choice ol Jpecies

Of the many thousands oif species of basidiomyceies occurring in the wild only some
20 to 30 are actually used for food,.

Ze3al Wutritional Value Versus leonomic Value

Conversion ol fixed carbon in the substrate to digestible carbon in the product by
basidiomycetes is poor, especially in solid sabstrate culiure and, although mushrooms
may at tiues comprise the major component of a diet in the form of bulk, as tar as the
author is aware no Jood sysiem exists in which basidiomycete-—mycclium is the main conponent
of the diet. Neverthcless, the basidiomycetes provide a product which is, i'or many of the
species cultivated, capable of beinsg processed so vLhat it is easily transporiable, with
a high value per unit weight.

Consideration oi utilization ol cellulosic waste via mushrooms should theref'ore be
seriously considered because it augments the cash income of rural people.

2.3+2 Composting (So0lid substrate fermentation)

2+3+3 Combined Mushroom and fnimal 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
oulture a quick growing mushroom species and, at the end of the mushroom culture, use the
residue Irom the compost ifor animal feed, sor this purpose Agaricus bisporus is
relatively unsuitable, though it has been used, and (quick growing species, such as
Pleurotus (Zadrazil, 1976), are tavoured.

The nutritional value of these fungzi, although not high, are well known and they are
known to be free of toxic components. However, much has to be done at the pilo® plant
stage before these processes can be considered as commercially practicable.

244 Two dtage lermentations Using Basidiomyceles
2.441 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 biomass, as their protein
contents are relatively low in comparison with other groups of filamentous fungi and
yeasts. Harely do the sporophores of bazsidiomycetes achieve a crude protein content
(on the basis of amlno-nltrogen) in the mycelium higher than dsﬂ on the basis of dry
matter and Tigures of the order of 15% are common. By conirasi other Tungi used for
slngle cell protein culiure, such as fusarium sp (AnderSOn and others, 1975) and even

Rhizopus spp (which alsc has cellulitic act1v1ty§ have crude protein contepts of over 40%.
The role of the basidiomycetes therefore is in a two—phase system in which their functiom
is to pre—digest the substrate tor 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 Ratioc in Basidiomycetes

Most basidiomycetes are exacting in their carbon to nitrogen ratio. They iavour
naturally a high carbon content in the medium. These conditions are however unfavourable
to the production of larpe quantities of myceliuw in relation to the swbstrate. Commonly,
in the literature on mushroom, ratios o 1 unit of sporophore mass to 20 units ol substrate
are to be found, whereas on a theoretical basis, it should be possible to produce 1 unit
ol microbial biomass per @ 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 fnund in such genera as Volvariella.



2.4.3. GCellulase Substitution Fig. ¢ (Rolz, 1975)

4a an alternative to the direct use of a culture, it is pessible to use the
cellulolytic enzymes from cellulase active fungi, such as Trichoderma viride, to digest
the cellulosic material, This is now a commercial development in the United Siates
and Japen and is useful in special industrial situvations. As far as the author is
aware this process has not been widely adopted in other territories.

Nevertheless, in view of the combined ligyolitic and cellulolytic properties of
many basidiomycetes, it is posaible to envieage 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 biomase per unit substrate consumed. This type
of process, as an alternative to chemical digestion, is still not in commercial
production, but research is being comducted on it at a number of cenires., Thie is the
equivalent to the SYMBA 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
envalops a natural symbiosis for wood degradation for cattle feed, The yeasts are

allied to the flaxwretting yeasts and utilize lignin breakdown products.) (Kahlwein, 1963)
See Appendix Viable Processes.

In view of the economic value of mishrooms 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 conversicn efficiency of product to substrate. This organism is ecasily
cultured. It is particularly fast growing and easy 1o 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 Bullock,1976; Porteous, 1976) 1o the utilization of cellulosic wastes by
micro-organisms. For the immediate future tor application to developing countries it
appears that improved ruminant mutrition and the 'basidiomycete sporophore + compogt=to—
stock' methods are the most easily applicable. Neither of these methods require heavy
capital investment, technological rescurces (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 strategy
is dilferent 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
limno=cellulose.

Section 3 GTARCHY WASTES

Starch wastes, whether in solid or liquid form, are a far more attractive proposition
for micrecbiclogical processing than cellulosic wastes., There are, in consequence, a
number of processas 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 pilot plant scale as food
and drug regulations and medical concern about the poseible 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 organiems preferred for starch degradation and utilization, from a
technical point of view, are members of the genera Aspergillus, Penigillium and Fusarium,
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stirains of all ol which Tungi can produce highly toxic compounds which subseguently could
appear in the ultimate preparation. Food salety becomes, therefore, an important issue
when these organisms are used.

34142 NWon Toxic IMingi

For this reason, the author has lavoured in his own research the use of some ol the
micoraceous fungi, which are the natural tUermenting agents in a wide variety oi Termented
foods such a5 the 'two—stage bantu beer' fermentations of Africa and the TEMPES AND RAGIS
of Southeast Asia. In the tempe (ermenta®iom in pariicular the microbial biomass
constitutes a signiticant provortion (10:=1+.) ol the dry matter of the Tinal product.
Although occasicnal doubts have been raised on the absolute food safety of mucoracecus
fungi, there hag been a general consensus cf opinion amongst ithe scientists working in
this area of study that the Fucoraceae are a particularly innocucus family of fungi as a
wiole [rom the point of view of potential hazards due to mycotoxins,

342 Helative Growth dates ol Dilferent lMungi

Untortunately, in liquid culture, members of the genera Aspermillus and Pusarium
have been showm to Le superior to the genus Rhizopus and other muocraceous fumgi in their
rate oi' growth and in their ability to grow under adverse conditions, such as low pH
and hish temperature. Under industrial conditions, where the whole of the .ermentation
can be caresully controlled, they have been the preferred organisns lor development of
SCP processes. It ig adnitied that the genera aspersillns and Penicillium ave also
widely nused in Uood processes, but wastes in general do nol satisiy the criteria of
gtandard couposition and repular supply.

-

3#3 Gonanercial Processes

34341 Liguida Culiure oif sapei

substantial research has theresore been conducted in recent years into the testing
0 the Jood sasely ol the selected straing ol the Tormer genera and the preliminary tests
have snmm that ihey are ool safe, The genus Aspersillus has been Tavoured by the IDRC
team (University o0 Guelph, Canada) whereas Rank—Hovis?Dupont, U,Ke and Tate and Lyle
(itighelato et al 1576), have favoured a Musariwn (Anderson and others, 1975). The former
now have pilet plant equipment in operation in latin America using cassava meal
(Lanihot esculenta) as the substrate. [he Fermentation licquor is maintained at a low pH
by the aidition of sulphuric acid (Reade and Grerory, 19?65. This presents a hazard when
the elfluent is subsecuently discharged.

Jeded Harvesiing bicroiunzi Urom Carbohydrate Liguors

The iilamentous fungi have mechanical advantages over nnicellular micro=organisms
froin the point of view of harvest in that the products ol fermentation can be fathered
on stainless steel or nylon sieves, or even on 'string' filters, whereas true unicellnlar
cultures remiire precipitation, iiltration or centrifugation. It is therefore possible
to operate iilamenltous—organism cultures at relatively low concentraiions of active
component of the substrate. Jor instance, the 'fruit' waters Crom starch “actories
containing less than 0.5% of starch can be eifectively treated by these meang, provided
that other teatures oi’ the process do not intervene to make the cost of preparation of
the fermentation liquor too expensive.

3.4 Starchy Efi'luents

3.4.1 Avoidance of dterilization

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

therevore indicated, in which a naturally ocourring 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 +t0 the use of 'septic’ aerobic/hicro—aerobio 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 tlora.

3+5«1 Growth of Chlorella

It o happens that the dominant species in the southern monsoonal and equaiorial
conditions of Asia which arises in dilute ethanol/brganic acid containing effiuenwts, that
is oxidation ponds; is the alga Chlorella and effort is therefore being currently applied
to the most economical methed oi harvesting this organism. Too hish a loading or too
highly acidic conditions are not tolerated by the Clilorella.

It has been showm that Chlorella ie mutritionally valuable and has an internmaiional
market value in excess of ite value as a sinzle cell protein source., lhere, h?wever,
the concentrations ol nutrients are too low to give a density of algae (1 x 10° cells/cc)
which can be economically harvested, the ultimate stage of such a waste processing
procedure is to utilize the eutrophic water for [ish [larming. This process is in effect
the maniplation of a 'facultative' oxidation pond.

3«6 Concentrated Starchy Liquors

For more concentrated starcny eifluents (in the range ol 0.% — % concentration
or higher {Labuza, 19?5) ihere are advantages in using a yeast as the ultimate biomass
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.

36,1 Chemical Digesiion

In the chemical process the starch is hydrolysed by hydrochloric acid, which is sub=
sequenily partially neutralized with caustic soda. This is still the most widely used and
cheapest method for the production of glucese syrups irom starch,

34642 Engymic Digeation

Stremacus efforts are being made te improve the economy of engzymic conversion by the
use of immobilized enzymes.

34642+1 Use of Immobilized Bnzymes

A recent report of this application of immobilized enzymes has been given by Heden
and others (19?5§0and enzynes are now being used in effluent treatment. Al{hough the
techniques of preparaiion of the immobilized enzymes requires highly reiined technology,
neverthelegs 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 enzywme system, based on cellulose {ibres for instance,
can remain stable and active for a period of six months or more.

364242 Use of Immobilized Enzymes in Diluted 'Fruit' Waters and 3elf=eneraied Enzymes
for Extraction of Wastes

The great advantage of using immobilized engzymes is thai the enzyme is not diluted
and lost in dilute waste waters, Amongsi the fully biological sysiems of starch
digestion, which has been employed for thousands of years, ims the Japanese KOJI process.
In this process, the starchy substrate — usually grain, but any cramilar waste may be used -
is encouraged to grow a fungus such as an Aspergillus, or Rhizopus sp. This mixture of
fungus mycelium and substrate is subsequently aufolysed by immersion in water 1o give a
sugar syrup., The enzymatic activity of the original KOJI mixture is capable of converting
several times (D¥4X) its own weight of starch when immersed in a starchy slurry. At




At present, it is a relatively expensive method of generation of a glucose syrup, ut
nevertheless has attraction ior waste utilization in thai the [irst stage can be

replaced by a starchy waste, such as that from the production oi tapicca or sago
{lietroxylon sagu) starch. The culture grown on this waste, can then be used to digest the
residual starch in the ruit 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 tibrous residues. This is analagous to the malting process, The resuliing licuor
can then be used for fermentation either to yeast or to alecohol.

As alternatives to chemical disestion, or enzymatic digestion where a yeast is the
preferred end=product, there is a commercially viable process called the SYMBA process.
In this process two organisms are employed similtaneously, a filamentous yeast
Endomycopsis [Cibuliger, which is capable of digesting starch,; and the [ast growing food
yeast Candida utilis. The pre-sterilized starch slurry is inoculated with a mixture of
the twe organiems, but because of the Taster growth of the Candida the end-product is
mainly Candida biomass., However, this process is not 8o 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, hag 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 1o 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 amylsses and Endomycopsis fibuliger
t¢ 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 atiractive materials for the preduction of
microbial biomass and fermentation metabolites. The biomass may be a yeasi, fungus or
alga, the choice being dependent on a variety of technical and social considerations.

Many communities already apply classical fermentation methods involving starch or
getarch 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. RErtreme csution is advocated in the application of small scale starch
based fermentations using fungi.
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Section 4: SUGARY AND MIXED EFFLUBNTS

4.1 Physical Characteristics of Sugary Wastes

Sugary wastes are usually in the form of liquids, though exceptione ocour in that
slurry and even solid wastes from natural product precessing may also contain sugars,
capable of fermentation in situ or after extraction {e.g. Carob. Imrie and Vlitos, 1975 )
Figure 3 .

4.1.1 Examples of Sugary Wastes

Typical of the semi-solid wastes are brewer's grains and of the slurry type are the
liquors which arise from coffee, Rolz, 1975 (Pigure 4) and fibre extraction, from sisal
processing for instance. The pineapply industry produces both a solid and a liguid
waste, the latter is not a slurry, but contains a {ibrous matter suspended in the
effluent. Many other fruit and vegetable wastes also lie in this range of solidity.

44142 Fruit Processing Wastes

Yoteworthy as well documented are those arising from the production of olives,
pears, plums, tomatoes and citrus fruit. Some of these wastes contain a sufiiciently high
percentage oi solids to justify drying the whole waste; these are therefore not available
ror {ermentation treatment.

4ele3 Yeast Containing Wastes

Yet other waste licquors already contain the micro=organism. Typical of these are the
brevery yeast wastes. ["or such wastes it is only a matter ol washing, de=watering and
linelly drying the yeast (Figure 5), or alternatively rupture of the yeast cells,
extraction oi' the protein and a residual non=protein extract ('igure 6)s Breweries are
a world=-wide phenomenon and cause pollution irrespective of their location. The techniques
ol yeast processing are vell lnown and the products find a ready market.

Two approaches to fermentation are possible, FrFirstly, that in which the whole waste
material is fermented and the {ibrous matter harvested along with the microbial biomass.
Leaving the {ibre in the {ermenting 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-Teed market.

4+2 Anaerobic Processing of Sugary Wastes

If, however, an anaercbic process is employed, in which ihe ultimate preduction of
microbial biomase is not important, as with alcohel production from pineapple waste for
example, then it is acceptable to leave the suspended solids in the liguor. This use of
the total slurry is classically applied for the methane fermentation. However, it is
poseible to generate an alecoholic fermentation leaving the suepended solids in the liquor
provided that, during the subsequent distillation process, components of the suspended
golide do not interferc with this second operation. This interference may he physical,
through interference with heat iransfer, and by the solid matter giving rise to volatile
components which make the distillate unacceptable,

4e3 Component Separation Prior to Fermentation

As a choice of approach to processing via fermentation technology, it is eminently
preferable to separate the solid component and apply fermentaiion procedures to the
liquid. If the solid material is suitable for fermentation then thie may be treated
by one of the methods considered in Section 2, in which the fermentation is primari
cellulolytic (see Section 2, Cellulosic fermentation of cattle waste, Hamphrey, 1975).
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4.3.1 Reduction of Pollution by So0lids [Hemowal

Separation of the solid fraction oftem removes the protein and higher palysaccharides
concomitantly, thus conmtributing to the removal of the bioclogical 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 {rom such mixed eflluents as palm oil
processing effluent have been showm to reduce B.0.D. by a half or more. {Stantom, 1974).
Rtemoval of the suspended solids may assist in removal of heavy metal contamination as well
as inert matter. 7This is advantageous to subserquent processing.

4.3+2 Critical level of Garbohydrate

Uhe 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 comecentra—
tion below that in which it is economical 1o harvest a unicellular organism centrifugally.
That is, the concentrations normally encountered are of the order of 0.5% to Q.2% of
carbohydrate, or lower, This concentration is stil) ten times that ol 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

Additiomally, it is necessary 1o 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 cam be overcome then the problem remains of
maintenance of dominance of the prelerred 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 (19?5), 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, togeiher with
the use of a thermophilic yeast with a high flocculation capacity.

4.4+1 'The Meyrath Process

For effective operation of the lMeyrath process, it is necessary to use a continuous
fermeniation with a short residence time and a concentration ol yeast near the maximum
required for rapid removal of the carbon. Uther 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 ito be particularly attiractive for application to sauerkraut,
olive, palm o0il, fruit, tomato processing and pineapple wastes. Bach 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 ag 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 asgsociated
with growing fungi or ligquid wastes.

44,5 Mixed Effluents

44541 Range of Mixed Effluents

By definition, the range of mixed nitrogencus and carbohydrate effluents is very large
and the concentrations of bic=active components varies widely. It is important to
distinguish between the moderately=high=level nitrogenous effluents produced by plant=
product procesmses and the nitrogenous effluents produced by animal processing, a typical
example of the laiter being mlaughterhouse drainings which contain blood, hair and gut
contenta. The latter requires an entirely different Corm 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 mach one of technical difficulty of miecrobiological conversion
but seasonality of production. The period ol production ranges from a [lew days
(as ig found with pickles such as olive and sauerkraut) up to six months for crops such
ag tomato. Though the duration of processing time for the tomato is deceptive in thzt,
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 alter this peak, during which the
production is comparatively small. These differences in duration of production were ‘ound
by the anthor in his survey of IZgypt.

4.5.3 All=Year-Round Vegetable Wasies

Far more attractive, irom the fermentation point of view, are tiose vesetable wastes
which oceur throughout the year auch as from cocoa, pineapple canning wastes, copra waste
licquor and others encountered by the author, including sisal and paln o0il processing
wasties. Rather surprisingly research is being concentrated in the sisal waste on
processing the fibrous solid material as the major nutritional componment lies in the
liquid fraction.

44544 Liquig_FTactiOn of Hieal daste

Jisal waste is particularly interesting in that, in conirast to most creps, the Tiure
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 ol fibre
extraction to ensure that the final wash water containg a much higher concentration of
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, A4 similar processing
situation arises with abaca (Musa textilis)., 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 ligquor contains a mixture of cell walls and short
fibres, plant organelles, proteina, 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 regeining importance and being
recognized for their true worth.

4+5.5 Economic Future of Sisal Linked fo Waele Usage

Provided that other factors do not intervene, it is envisaged that sisal will be
one of the pioneer cropes 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 Palm O0il Processing Waste

Palm o0il proceesing waste, with which the author has had some experience, has similar
problems to that of sisal in that it is a slurry containing ash/ﬁirt and suspended plant=
derived solids., It has a chemical oxygen 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 1o operate in
that it is not strong enough for an 'intensive' fermentation, btut oo strong {or normal
sewage treatment methods. Thus the type of process developed by Meyrath appears ideal
for this type of liquor.
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L4601 Final '‘reatiaent (Polishing) oi" Agro=Industirial liaste .lajers

Yeast processes do not 'polish' the liquor i(rom an eiiluent. It is difficult to do
this vith any process inmvolving a heterotroph, though the gas o0il research worlkers clainm
that, by adjustrent o the nutrient input, a very high esficiency of recovery of the
applied mutrients is achieved., A5 far as normal e:fi'luents are concerned such high
efliciencies of recovery are diiTicult to obtain because o the expense o adjusting the
mitrient level to neet the variable inbalance which oceurs in eifluents.

4.7 Loverin: of Residual B.U.D.

Jor Tismel polishing at the presewnt tire almae offer one oo the most attractive methods
in tlie tropies in that they can be enmcoura:w b0 consun2 orgenic acids directly and, at
the sane time, generate their own air supply. Vhis aethod is already being applied in the
oxidation ponds of seuwasge systems. These can be regarded as mixed culiure fermentation
systens, alithough the harvested product is usually Tish or other aquatic animals. An
interesting new development is the oulture in a lighi-assisted anaerobic system of the
so~called 'parple' bacteria (Kobayashi, 1976).

440 Other Processoes

space does not perait detailed discussing of other sugary and organic acid wastes,
such as those arising in latex processing, or methods being developed for addition
Minn, 1976} and removal (Pocht and Chang, 1975) of nitrogen and for the application of
‘adhesive fermentation’, a type of wvholewlivewcell immobilized enzyme system
(Englebert and Deluwez, 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 1to 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
metabolisi of the organisms are well understood, particularly the yeasts (Tomlinson, 1975)
and some of the algae. Hesearch 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 SCP study over toxicity problems, for animals, with
nucleic acids have been proved unjustified. For human foods the pre~ireatment illustrated
in figure 6 is appropriate.

wection 5 ANTHAL BY-PRODUCTS AND WASTES

3.1 Pig Faeces

The recycling of cattle dung has already been mentioned in Section 2 (2.1.3). Direct
re—ieeding of pig facces is also practised and it is reported from Japan that a solid
substrate fernentation using pig faeces and aspen (Corxlus sp.) leaves, using an
Asperpgillus species as the fermentation micro-organism, is also used as an animal feed.
No details are available to the author.

%.2 Chicken Yaeces

tiicken {aeces are a valuable source of nitrogen and phoaphorus to asaist in cellulosic

Termentations, or for feeding to cattle along with cellulosic wastes 1o improve digestion
of the cellnlose,

Sefel Value of Chicken Faeces in So0ljid Substrate Fermentation

decently, the author has been experimenting with chicken mamure as the nmutrient source
Cor solid=substrate lermentation of starchy wastes for non-ruminant animal feed, This
naterial, 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

ammonium salts and urea inhibit growth at concentrations below 2% nitrogen in the dry matter
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of the substrate, the :ermentation using chicizen wanure is unatfectad by bisher concenira~
tions of nitrogen. The upper limit or prastical purposes is deferminmed by the agh ami Tibre
contents of the mamure. This absence of inhibition may be demonsirated in petri-disk

culiure using pure uriec acid. Under these conditions the iungus mycelium, o! Rhizopus for
example, may be seen 1o be atiracted towards the insoluble particles of tle acid,

5e2eé Effect of bource of Chicken Dung

The utility ol' this material is greatly aflected by the source irom whenecs it is
derived and the feeding of the stock, since a high ash or fibre in the diet will be
rellected in the faeces. Murther ash and fibre is contributed after excretion, though ihLis
addition is small with intensively reared animals.

54243 Substitution of Pig for Chicken Faeces

Fig faeces could be used in a similar manner and the [ermentation would destroy patho=-
gend in the excreta, bui this material would present problems with collection and handling.
At present, the principsl study on the utilization of pig laeces is for methane production.

S5+3 Human Sewage

Humphrey, 1965 has suggested a method of hydro=classification of human sewage/hrban
refuse which could be applied to mixed faecal animal wastes such ase that [rom piggeries.
The method employs comminution followed by hydro—classification. The comminution
releases the heavy particles such as sand and these are subsequently separated by the
hydrocyclone. TFrom this stage the liquid fraction would be treated by an activated sludge
and algal process and the excess of sludge over that recuired f'or recycling added back to
the fibre fraction for composting.

Chicken manure is amenable to air clasaification after drying and grinding. This
provides a suitable solid for use as a mutrient source in the solid=subsirate starch
wagte fermentation discussed in Jection 3.

5.4 Slaughier House Waste

As far as the author is aware no microbial biomass 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. e ourrent method of recovery of
protein from slaughter house waste water is not a micrcobial process.

5.5 Milk Processing Wastes

Milk 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
acide as nitrogen source. (Figure 7) It is difficult to identily a 'waste’ trom milk
processing as the whey is now frequently utilized and in separated milk the hon=fat solids
are alsc used. Alcoholic fermentation based on milk carbohydrates is inown 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=iat components ol milk and these processes are
well documented. The only difficult waste encountered by the author was a high-salt whey,
but this isg 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 rermentation and their
uae for fermentation competes with direct methods for protein recovery {FPC, or fish
protein concentrate). However, FPC demands expensive equipment and advanced technology.
Further, it is only economical to produce thia material if there is a large regular supply
of feedstock, Further, if the end-product is to be acceptable then the raw material
requires selection.

48 an alternative, t'ish trash may be preserved by chemically or microbiological
ensiling. The latter process lies within the domain of this paper.
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5 06 +1 ¥ish 4i 13:‘59

Fermentation ensilage of fish depends on the generation o a lactic lermentation with
added sugars, or an autolytic process in the presence‘of salt (more than 12%)}., Hirh salt
Termentation is not suitable for the preservation of [ish to provide a main protein
component of' a diet. On the contrary, a lactic lermentation not only preserves the protein,
but adde a protective element.

The method of lactic fermentation was initially developed in 3candinavia, though there
are equivalent oriental processes. More recently 2 citric preservation has been applied
but this depends on pre-Cormed citrie acid. The Scandinavian process depends on the use of
active malt as an additive to the minced fish, care being taken that the process is main-
tained anaerobic. Uver 1% lactic acid is gemersted and the pH drops to below 4,8, ©n
the basis of this the author investigated the possible application under equatorial
conditions and found that an efiective lactic lermentation could be produced at tropical
ambient temperatures (27°¢), As a substitute for malt a local fermenting agent, RAGI,
was used together with a lactic bacteria starter culture. RAGI is the Indonesian term
but equivalent microbial enzyme active cakes are found throughout South Bast Asia.

This method has the advantage over an FPC process of being applicable on a small
scale with little cost of equipment and the use of locally available additives (Stantom
and Yeo, 1976).

5.7 Conclusions

In conclusion it may be said that subject to 'loadinz rate' and aeration, all the
above wastes, even the solid wastes of faeces, are amenable to oxidation pond treatment to
yield fish ae 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 crassipes 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
plante assist in denitrification (Wooten 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 fermentatinn systems and are, in the author's opinion, one of the most
practical methods of processing a wide variety of ef[l'luents.

Section 63 TOXIC WASTIY

6.1 Degradation of Agirucltural Chemicals

This survey of microbial processing and utilization of agricultural wastes would not
be complete without oconsideration of the application of micre=organisms to the destruction
of toxic compounds and thus the rendering safe of potential food materials, or water lor
re=upe.

Fermentation microbiclogy 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 compounda and organic sulphur is now well documented.

Some of the most formidable compounde arising from agriculture are insecticidal and
herbicidal residues and the wastes from cellulosic mlp extraction. Removal of these
compounds produces & 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.
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fi.2 Troduction ol Toxicants by Jaaste llermentation

lowever, care muet b2 taken in adopting a fermentation process to utilize agriculiural
waste that a pollutant is mol yemerated at the same time. This subject has been reviewed
recently Ly Alexander (1974). Alexander also points out that incorrect operation of a solid
or liquicd (ermentation system can give rise to hazardous micro-organisms. Potential users
af microbial 'waste recovery' processes should alsc be aware o the capacity of many micro=
organioms 1o selectively concentrate heavy metals such as lead, zinc and mercury. These
may already remier tie orizinal waste umsale, Chromiwm [or instance can be released [rom
stainless steels and appear in the process ei"luent. The mechanism of release is uncertain,
but the cause of wetal contamination may lic in raulty pairing oi" equipment marts which
are individually corrosion resistant, thus ;[iving rise to electrolytic release in acid
solations. ketals arising by such action could inhibit a subsequent microbial ireatment
process, or be acommulated to render the biomass toxic.

dection T: OGENKIAL OONCLUSIONS

7.1 Zlelevance to developing countries of the processes mentioned in the review.

7.1.1 In the 1960s, there was an unbridled enthusiasm amongst microbiologists and nutrie
tionists “or the benelits which the application of 5CP techniques and other microbioclogical
processes using agricultural wastes could bring. Now the attitude has changed to ome of
caution and the approach has also changed trom an emphasis on fomsil fixed carbon to a
return 1o interest in renewable fixed carbon and autoirophic processes. Respect has been
generated for the classieal fermentation processes inherent particularly in the Far East
and a more iavourable attitude has been shown to the idea that it is by gralting onto and
evolving these processes that applications of the new microbiology can be made., I'rom thie
approach and by ihe application of 'technology transfer bDetween developing countries' will,

in the auther's opinion, come the most rapid increase in the impact otf' microbiology in the
developing world. '

T+l.¢ The 'hearths' of the origin of agriculture and food crops are well recognized,

Less well identilied are the hearthe of food technology and food Fermentation (Stanton, 1969)
Just as changes have occurred in the lives of many commnities by the introduction of

maize, groundnuts, cassava and oil palm, 80 one may see in the future equally dramatic
changes arising from the spread ol techniques such as: the KOJI process; the TEMPE process;
the SOY4 SAUCE 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 10 RAGI and BANTU

BEIR and the various detoxifying and micro=nutrient-supplying fermentations which are
benelicial to diets. -

7.1.3 It follows lrom this consideration of a need for technology transfer that a valuable
contribution may be made by training of persomnel not in the advanced laboratories of the
United Jtates, estern burope and Japan, but in a region difierent from that of the techno-
lozists' homes. Tlhat is, the technology transfer should proceed hand-in-hand with crop
plant ani animal transfer. Une might even take this concept further by suggesting that

the microbiologists, biotechnologists and nutritionists of the developed world might
themselves be in the role of trainees in that there are many lessons to be learmed from
studying the previously inentioned processes,

7.2 Ihie New Processes

qhat has been said does not preclude the pursuit of the application of advanced
tvechrnimues. The author has identified some of these below:

7¢2s1 < The incorporation of N=rixing organisms in low=nitrogen fermentation substrates.

Tscsd = The application of immobilized engymes to the technology of substrate preparation
and product axtraction.
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Tee} = hembrane i'iltration and other physico-chemical tecliniques to fractionate the
waste products prior to application of microbial techniques and aiter
Fermentation to recover useul products.

Tecsdi = The mamipulation of cell loceulation both during and alter the iermentation
proceas,

T+w3 = 'Tbe use ol methane, methanol, ethancl, acetic acid derived I'rom low=grade wastes,
microbiologiscally chemically or pirolytically, as the substrate for the (inal
rernentation,

Te2s6 = Environment manimlation as an alternative to sterilization.

Te2sT = Wew desipms and new materials for the comstruction of Fermenmtors to economize
on capital cost and unit conversion efiliciency.

Te248 = Application ol the principle of 'fed-batch' culture in the development ol
chemical as well as new [ermentations.

T+.2.9 = Application of the principle of 'self optimization of growth' of the preferred
micro=organism harvested from liquid wastcs fermented under continuous culture,
thus avoiding the problems of mycotoxin producing and phage sensitive strains.

T+24.10 — Application ol solar energy to the growth of microbial cultures, recognizing
that solar energy may be applied to anaerobic as well as aerobic cultures.

7«3 Sirategy and Benefits of Adopting Microlial Processes

T+3.1 HMicrobes can use leriilizers, ineluding nitrogen and phosphorus, [ar more
efficiently than higher plants by agriculture.

T+3.2 Microbes can fix nitrogen and can render non-protein nitrogen available to man
and animale as protein economically.

T+3.3 ‘They can detoxifx potentially useful material and release the useful ingredient
Irom inert matter.

Te3sd They can concentrate the useiul component.
T+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. O particular concern has been the group of agro—industrial waste utilization
proceases which employ fungi to attain a useful food produci for man or animals.

T.5 Rate of Development

T+5+1 Research and Inlormation

Parallel work on many of the topice mentioned in this report is being conducted in
different countries. Much of the work is as yet unpablished and the author is grateful
for the many helpful discussions he has had on his recent travels, The field ias so broad
that a review would run into many hundreds of references.

T+52 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



is difficult, since there is & lack ol control over the organisus, their substrates and
the envirowmment vhich is in great contrast to the equivalent industrial processes. Dbany
processes, applicable to specific biological products, are not applicable when those
products are seasonal, comtaminated, dispersed residues,

7545 Bconoaic Ar -uments
. ;

lisperscion, small size, irrepularity of supply make these products unattractive to the
industrial technmolegist, The U.N. Agencies by definition operale in these difficult and
remote situations. Development of extensive collecting systems, increase in the supply
oi energy (Heyer 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.

T+5+4 Rate of Change

Innovations, especially involving biclogical processes, impinging on the daily life
ol commnities, are only slowly absorbed. Currently, systems analyste (Bildder Wissenschafi
1976) indicate that a 50-year lag is not uncommon (Marchetti 1976). This figure is one
order of magnitude too high lor 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 oifsprings of the U.N., such
as the UNEP .m:GJ/ICRO Panel of Applied Wicrobioleogy is accepted as developing that
understanding. BEvolution occurs by trying though progress may be difficounlt to see and
critics many (Harrison, 1976).

Section B: PUINTS FROM THE DISCUSSION

8.1 Mycotoxins in SCP Fermentation

8,1,.1 (Mr. Hugill). What information was available on the occurrence ol these?

In reply (Prof. Senez) stated that extensive research had been conducted and
that there was no danger of the organisms matating to give rise to toxin-producing or
pathogenic strains. He added that it had been demonstrated that in continuous culiure
there was a self selection by the organism for mutants with optiimum growth rate on the
substrate an. towards a genetic condition of 'improved stability'.

8.1.2 Bimilarly (Dr. Forage) stated that at maximal growth rates of the {ungi used for
3CFP culture on starch the danger Trom toxic metabolite producing strains was minimal.

8.1.3 (Dr. Kapsiotis) in commenting sireseed that what pertained in large industrial
plants was not necessarily true at the village level where sub—optimal conditions and
surface contanination could occur. He also stated that the statement of Professor denez
might need modifying in relation to processes utilizing residues of variable composition
and subject to seasonal fluctuation, transport and storage hazards. (Prof. Senez) agreed
with this,

8.2 Mutrient Bupplies for Fermentations

8.2,1 (Dr. Nabney) pointed out that every 100 gm oi protein required 19 gm NH., 34 gm urea,
or 75 gm ammonium sulphate. Attention should be drawn to the problem of distr}bupion of
the large gquantities of material invelved, assuming 3CP contains approximately 50% crude
protein, to rural areas.

8.2,2 (Prof. rleischmann) asked what was likely to be the effect of a world shortage of
phosphorus on nutrient supplies Tor S5CP production.

8.2.3 In reply (Prof. Stanton) referred to the relative eificiency with which micro-
organisms in culture used nitrogen and phosphorus in comparison with field-grown plants.
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These rernentations would coapete increasingly eitectively Jor muiriemts in short supply.

8.244 (Prof, Bheril) as%ed whether it was beitter to supply the rminant with uvea or
amnonigted cellulose in mixed animal reeds.

3.2.5 In reply (Pro?. Stanton and Frof. Wilson) stated tha: it was a matter i'or case
study. olow release nitrogen, as Murnished by coated ureas or ureas incorporated into
starch, was used more eflectively by the ruminant but thesc rorms o nitrogen were
relatively expensive.

3.3 Process optimization.

84341 (Proi. Shuytov) brought to the attention of the neetins the recent results rrem
Ruesia of successful mathematical modelling of multi-organisms, rmulti=-phase Termentation
systems as were I'ound in biodepradable ef{luents. He considered that application of
these resulis to elflnent treatment would be econocmically valuable.

8.3.,2 Dr, Schreier {in a similar comment at the 3CP dession) advocated application of
the principles of ecomomy in oxygen transier in aerobic lermentations both in terms
"of rate per unit volume and rate per unit energy supplied, {"his concept also applied
to the systems men®ioned under 8.3,1),

{In discussion afterwards Dr. Nabney pointed out that SCP was won in hetero-
trophic lermentations at the expense of the fermentable carbohydrate, a {eature oiten
overlooked in SCP processes, )
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Appendix Table

Jummary of the Present Position on Viability of Various Agro-Industrial WHaste Processes

for Producing Microbial Biomass and hence 5.C.P.

Organism Processes Hemarks
Bacteria On—-stream processes for SCP One company has announced
none commitment to large-—scale

On—gtream processes for amino-acids/
vitamins, etc.
several

Classical processes
e.g2. the microbial gum
and cellulose processes

Hear future
lMethane utilizing bacteria
Photosynthetic bacteria

production using methanol.
Some mother liquors are used
as food additives after
extraction of specific amino=
acids.

Primarily for production of
the pelysaccharide as a food.
Have been developed for pro—
ducing commercial food gums
but these no longer contain
the micro=organisms.

Unpublished.

Reported to be used in Japan
harvesatins aided by hydro-
lysed chitin (Kobayashi 1976)

Live bacteria in quantity are already ingested as a regular
foods, particularly the lactobacillae,

element of human and animal

Blue green Spiruline processes Viable for special application
algae A classical process with commercial
developments.
Fungi On=stream processes The wastes mycelium o: anti=
{imperfecti) none bintic manulacture is widely

Near future

Starch=derived mycelium oi iasarium
and Aspergillus sp.

ClagBical processes

animal and vegetable cheeses
and 'bantu beer' type processes.
Many sSoya bean processes

used as an animal food, though
not widely publicized, or
recommended .

As large-scale sprocesses
projected viable and passed
all food & drug tests in

10 years.

Not pure $.C.P. but regularly
applied as small-scale pro-—
ceBses

fungi (Basidio= Op~stream processes for 5.C.P.
mycetes and for food additive
some higher

Asooxmyoetes), Near future

Sporotrichum on starch base
by deep culture fermentation

Cost of culture too high as
source of straight 3.C.F.

Construction in progrees ol
full-seale plant. HNutritional
testing programme complete.



Appendix Table

Page 2
Organism Processes Remarks
Mushrooms
FRiEhrooms are 'microbial biomass' Utilization has been limited
and a limited number of the possible by cultural requirenients and
species are widely grown. rate of growth.

Yeasts On=gtirean processges Viability depends on special
Using molasses, milk-processing wastes ciroumstances such as cost
and paper—making wastes (as well as non= offsetting in pollution
recurrent carbon Sources) control,

Near future/limited at present Convenient to handle in large
Brows ot Trit and tabl and small scale {ermentations.
roztzgi 8 ea;e rui vege e Applicable to a wide range of

13 ng wastes substrates.
Algae Un~gtream processes
Fresh water Chlorella Econonies depend on special
markets for the end product.
Special=case viability
Scened samus Used as an animal feed, but
o research on harvesting still
needed.
Used as fish food
widespread Application of principles of
fermentation technology still
in their infancy. FProspects
go0d.
Algae On~stream processes
Marine

Micromalgae, not deliberately
cultivated widespread

Macro algae -~ cultivated and
gathered

Controlled enrichment of
tropical marine waters is
feasible,

Not primarily S.C.P. but
commercially important

Kigher plant
cells

On~8tream processes
I'or special products only

A high value endsuse of
special agricultural liquid
by=products.
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WASTE ARD ORGANIC MATERIALS AS FERTILIZERS

by

Soil Rescurces Development and Conservation Service
Land and Water Development Divieion, FAO

Introduction

The interest in a more systematic snd intensive use of organic fertilizers regained
momentum during the period in 1973/74 when, as & consequence of the energy crisie, mineral
fertilizers became very scarce and expeneive and, becsuee of this, were out of reach of
many farmers particularly in developing countries. In the meantime, fertiilizer supply
poesibilities on the world market have returned to normal and prices have reached more
reagonable levels, DBut the experience gained under such eritical circumetances has drawn
warld attention to the need to exploit more intensively all peseibilities eof increasing
agricultural production with less dependency en purchasing expensive inputs. These
poasibilities include inter alia the recycling of plant nutrients within agricultural
preduction systeme and from various organic wastes outside agriculture and maldng use
of beneficial effecte of organic material te improve eeils in their physical properties
for the betterment of water and mitrient helding capacity, seil asratien and the
reduction of losses of plant nutrients,

While all these possibilities have high worldwide importance for agriculture, they
need epecific attention in countries with developing economies in which millions of msmall
farmere are in eerious need of increasing the preductivity of their sells. Feor many eof
these farmers organic sources of fertilization are the only means available and may remain
8o fer a long time te come,

Emphasis on organic fertilizers dees not mean that in sgricultural predunctien mineral
fertilizers ceuld be fully replaced by organic seurces of plant nutriente, But,
dependent on the availability of both sources of plant mutriemts, on the econemic
feasibilitiee and on environmental consideratiens, the optimal exploitatien and cembination

of both mources muet guide all efferts to increase soil preductivity, crep yields and seil
conservation,

As a consequence of the energy crisis and fellewing & reselutien by the World Food
Conference in November 1974, FAO has developed a systematic pregramme for assistance in
the better use of organic materials as fertilizers, The pregramme includes:

« Expert consultatiens on organic materiales as fertilizers with the objective of
accumilating the most up te date informatien on the subject.

= Workshops on & regienal basis on erganic materials as fertilizers with the main
objective of adjusting the information advailable te the requiremenis ef ceuntriee
and working eut guidelines for national follow up action,

- Seminars and training courses on the use of erganic and mineral fertilizers for
extension staff,

~ Preparation of training material te be used by extenmion staff,
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The mest recent event in FAC'e programme on the use of organic materials as fertilizers
was the FAO/SIDA Workehop en Organic Fertilizere in Asia, held in Octeber/Nevember 1976 in
Bangkok. It was prebably the meeting where, due te the erperience available in the region,
most of the practiocal kmow—kew was put itogether by a cenaiderable rusber of very cempetent
people from the ceuniries cencerned. As far as the use of different types of wastes as
fertilizers is ocsncerned, the fellewing highlights frem the Werkshop should be presented:

Iue to the rapid pepulation increase and urbanizatien, cities in Asian ceuntries are
preducing large amounts ef erganic wastes and sewager and will produce mere in the coming
years, The experiences gained frem cemposting selid waste materials are not always pesitive
but, in general, there is a trend tewards iucressing the number of cempest plante in
developing ceuntries.

Fight Boil iz being used for sgriculture in China and Kerea and seme cities in Japan
are using diluted sewage on farmland wnder centract, Due te Bome reasons, night soil isa
not used by farmers for instance in India, Bangladesh and Srl Lanks. However, the
imporiance and pessibilities of using sewsage and night seil is recognized and a more
rational use seems to be ahead,

Blo-gas system2 are becoming more and mere widespresd in India, China and increasingly
in other countries in Asia, The agricultural interest in this is the utilizatien of their
effluente, Interest in thie matter has been expressed in Bangladesh, Nepal, Korea and
Thailsend.

Follawing some experiences gained in USA, interest was raimed in the problem of sludge
use methods, The aerated pile method utilizing weedchips and ether bulk agents to stabilize
dewstered raw eludge is under disocussion, The cempost proeduced by these methods is
presently used for gardening. There meem to be aseveral ressone for the relatively peer
usage of organic fertilizers, namelys

(1) Relative lack of abundance of organic materials due to the use of the
material for fuel and fedder.

{ii) Relatively high coet of ite use in termes of labour utilization and tranepert
associated with its mevement,

(i1i) The long eetablished social custom ef neglecting its use, and

(iv) Lack of kmowledge concerning the preper metheds of processing and utilization
of compost and similar materials,

The Working CGroups at the Workehop en Organic Fertilizere in Asia proposed the
fellowing activitiee at the natienal and international level:

1. Rural Wastes and Bio—gas

The better utilization of rural wastes as manure ie essentially a problem ef
information and training, Since the raw materials are avallshle in farme and
villages, useful Imow-how practices and motivation of farwers regarding the
ceollection, precessing and utilizaiion of wasted may be transferred froem countries
where it ie available te interested ceuniries, The followving proposals are madet

Pural Wastest
J. Rational Programmes

1. Assesement of the petential resources of rural wastes/organic materials
should be made by different countries and their pessible utilization ae
organic fertilizer, en priority basiws,
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3s
4.

5

Improvement of rural organic wastes utilization threugh development and
applied research programmes.

Trajning of extension workere teo deal with these mpecific preblems,
Effective extension and publicity programmes to disseminate knowledge
and educate farmers in different techniques of organic fertilizer
preparation and utilizatien.

Popularigation eof specific green manuring practices witich do not interfere
with the production of mwain crops,

II, International asaistance for Fegional Prograumes

A, Developme:t:

B,

Bj o~-ga8

The

— Truasfer of know-how on specific practices on recycling ef erganic wastes
f£.om one country to enother.

- Training of selected staff in order te acquaint them with technical, socio-
economic and organizational aspects of erganic reoycling in countries where
these practices have been well establieshed,

= For the introduction of new practices in organic recycling, assistance may be
provided to esteblisk 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 compest and farmyard
manure on priority.

Research

= Research needed io sherten 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 cembinations eof
organic and inorganic fertilizers on the yield and quality eof creps
including seil properties on long~term basis,

concept of bio=-gas technolegy is well recognized but the technical inow=how

has to he disseminated in countries in this region.

International Aselstances

= Tranefer of technology for eetting up blogas plants {to interested
countries,

«~ Research required io improve the efficiency of bio-gam 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 aseistance on long term and soft loans required,
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Peat and Muock Soils

International Assistance

Study tour of peat and muck soile of Malaysia, Philippines, Indonesia and Thailand
with respect to their utilization and menagement,

2., Urban and Industrial Wastes

Utilization of urban wastes for organio fertilizer preductien 1s impertant frem the
atandpeint of ensuring an asrthetic urban envirenment, preventing air and water pellutien
and increasing sgricultural production, There ia ocbvieunsly a vast petential and an
urgent need for many countrisse t¢ move toward & grester utilizatien of urban and
industrial wastes as orgamic fertilizers for increased crop preduction and as smeil
oonditioners to maintain soll productivity.

The following action programmes are, therefore, recommendesd:

I. By Governments and urban authorities

(1) Collection of data on the source, availability and composition of organic
wastes including liquid wsstes; <the present situation and future
projections for the next 20 years,

(1) Collection of data on the cost and efficiency of present methods of
collection, treatment, disposal and/or utilization,

(ii1) Investigation of health and pollution hazerds arising from present
methods of collection, treatment, dispesal and/or utilization snd
sptimation of Muture health and pollution problems.

{iv) Investigation of possible outlets for utilization of organic wastes,
e.g. marketing of compost for home gardeners, market gardeners,
manicipal parke and gardens, urban re-safforestation programmes,
reclamation of disused quarries and distributed lande, etc., am well
a8 the utilizatien of certain industrial wastes, e.g, bagasss, food
prooessing wastes, slaughterhouse wastes and wastes from paper mills
and wooed procesasing,

(v) Leunching & national programme t¢ increase public awareness of the nead
for Banitary disposal, reclamation and recycling of urban wastes for use in
agrioulture and for other purposes, and to provide training and orientation
for munioipal workers as well am agricultural extension personnel,

II. International Assistance

(1) In the form of case studies, collect and diseeminate information on the
economices of existing waste ireatment and/or ocomposting plents in
developed and developing countries with a view to analysing the reasons
for their success or fallure, 8o &a to provide necessary guidance to
developing countries.

(ii) Collect information and cost data on the technology, prooesses and equipment
currently available for urban waste treatment and utilization,and evaluate
their advantages and disadvantages,

(11i) Inveatigaie the ways by whioh the technology, processes and equipment may be
adopted for fabrication and use in developing countries,



(iv)

(v)

(vi)

(vii)

{viit)

Collect and disseminate information on special preblems, eg. utilization
of certain types ef wastes requiring specialized treatment and control of
toxc and hazardous wastie components,

Continue technical assistance programmes for developing oountries to improve
exating plants, to carry out feasibility studies and to eatablish pilot
plm‘ts.

Impress governments of the urgency for & commitment to the establishment
and support of multi=-disciplinary research snd development centres to
deal with the processing and utilization of urban and induetrial wastes
for agricultural use and for ¢ther 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 conzultations and exchange of information among interestied
countries,
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UTILIZATION OF WASTE PRODUCTS IN ANINAL FEEDING

Introduction

In the present economic and demograsphic situsation of the world, any way in which
snima) production may be inoreased Ly making it less expenmsive on the cne hand, and less
competitive with human feeding on the other hand,.merits special attention.

Many agro-industrial wastes snd by-products, though poieniially usesble as animal feeds,
are poorly utilized snd even discarded im millions of tonm every year, & practice, however,
which crestez a mensos to the environment,

In keeping with itm polioy of developing animal preduction, the Animal Preduction and
Bealth Division organised, in collaboration with the Induetry Cooperative Programme, a
Technical Comsultation on New Feed Resources.

This consultation was held in Rome from 22 to 24 November 1975. It was divided into
4 parts: 1, Poor quality roughages; 2. Agro—industrial byeproducts; 3. By-products
from the wood and cellulose industry, and 4, Reoyeling of animal and mmicipal wastes,

The objectives were to review scientifio and teohnical progress in the utilisation of
these Ly-products snd wastes in snimal feeding, to discuss the economic feasibility of euch
utiligation, to study the possibilities for extending resesrch and extension activities in
the developing countries, and to suggest mesns Ly which to launch su.. activities.

The purpose of the present note is to summarisze the various ev.jecte discussed during
that coneultation.

I. ©Poor quality roughsgus

Involved hers were not only roughages {(which, stricti, speaking, are not agricultural
'by-prodnots), but alec the straws amd other fibrous materisie vremaining in a field after
harvesting, and bagasses., These products are rioch in woody material and hence are not
eanily ingested or digested; ruminemts are the only poesible feeders., Under this heading
only crop residues and bagasses will bs discumseed.

Their animal feed potential was described by C.C, Balch (1). We may note the world
figures of 1 710 million tons of cersal strawe, 49.9 million tons of sugar—cane tops, and
66,5 million tone of bagamse, These by-products sre thrown awsy or improperly used in very
substantial quantities wheream, if properly supplemenied — and even in the unireated state -~
they could comstitute a valuable source of supplementary feed during dry periode or in
countries where the mgricultural land ie so limited as to render imlikely the sstablishment
of new graeslands.

Physical trestments to improve their feed valus were reviewed by E. Domefer (2).

Crushing is simpleat ireatment, and is relatively cheap. It inoreases the quantities
ingested but reduces their digestibility somewhat. Treatment by steam wnder pressure is
ugeful in the case of bagasse; this treaitmeat oam be carried cut in sugar—cane mills where,
morecver, T5 percent of the bagasee produced is burned as fuel.

The chemical treatments describded by T. Homb et al. (3) are promising and are already
in practical uee in the Soandinaviem countries without effeots on animal health, We may
note in particular that the dry treatment with soda in Denmark and the NHi-treatment of
Norway are practicable on the scale of the mmall 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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Treaiment techniques suitable for dissemination exist, therefore, btut their profit-
ability, be they physioal or chemical, remains to be studied in the specifio oenditions
of each coumtry or regiom interested in using them.

The biological trestmenis demcribed by N, Linko (4) seem promising both for the
production of single-cell protein as for the use a8 animal fsed of the prodyots resulting

from the slight hydrolyeis of the residues of fermentation, However, the ecomomio
feanibility of these techniques is sven more diffioult to gmuge tham for those previocusly
mentioned.

The use of these ducts, whether trested or untreated, in smimal production systems
is generally regarded as vital in developing countries (S.F. Ators, 5) though it is more
problematical in intensive-production mits where, however, it may be justified at least
in the feeding of snimals with low requiremants (C. Demarquilly and M. Petit, 6).

The Consultation strongly urged FAO and interested countries to promete the establish-
ment in the field of simple pilot farmas on which methods already kmown could be tested.

II, Agro-industrial by-products

Involved here are the by=products of the preduction and processing of cereals, sugar,
starch, fruits and vegetables, o0il crops, beverages and animal products (milk, mest, eggs,
beverages), which may be divided into four major categories for the various nutriente they
supply and the part they osn play in diets (as sources of emergy, nitrogen, of energy and
nitrogen together, and misoellsneous by-products suitable as ration supplements).

Their potential end contribution were desoribed on the world level by M. Chenost and
L. Mayer (1), and then on the regional level ty C., Devendrs (8] for Asia and the Far East,
by C. Chioco and T. Schulte (9] Hor tin America, by A.A. Adegbola (10) for Afries, and
by M. Skouri (11) for the Maditerrsneam countries and the Middle East. The more specific
probleme invelved in the uee of nonprotein nitrogen and the establishment of integrated
gystems of plant and animsl production (om the example of sugar—cane) were treated
respectively by J. Eowalozyk (12) and T.R, Preston (13). PFinally, H.Forage (14), presented
the ecomomic aspeots of another way of utilising these by-producte: fermenting them for
the production of single-cell protein,

The use of these Yvy-produocts as snimal feed cen be conmiderably inocreamed; doing eo
would, moreover, seclve a number of pollutiom problems, Their potential ie highly dependent
on when and where they are available.

A better understanding is needed not only of their composition but alsc of their
nutritive value and of the quantities in which they are ingestible by the animal, Henoe,
the toxicity riske should be determined as of'tem as possible.

The seasonality of their supply and the variations in their characteristios meke it
necessary that snimal production systems be as flexidble as possible.

Nethods of utilisstion suitable for dissemimation are already available for some of
them, suoh @8 molasses, sugsr=ofne grown as a foldder ¢rop, binana wastes, oitrus pulp,
ocaks® end the Yy-products of the ocereal procsssing industry snd of breweries end distilleries.
In oontrast, further studies are still needed on other by-products such as thome of coffee,
0000a, pinegpple, fruit and vegetable ocmmneries, eto, These studies will involve, in some
ocases, sither basio or spplied research. They will be preferably oriented toward the
development of the mimplest possible methods of utilisation, suitable for applicetion on
the small ferm and allowing, to the extent pcssible, the by-paseing of any expensive
industrial treatment (dehydration) of these by-produets.



Finally, economio feasibility studies will have to be wndertaken wherever neceesary
in the context of the very region in which the use of these by-products is envimsaged. It
will have to be kept in mind that any given by-product, though of no monetary walue to
begin with, has e strong likelihood of being given a ocommeroial valus when its usefulness
a8 a feed has besn demcmstrated.

One important recompendstion put forwsrd éwring this session calls the attention of
governments and the private sector to the need, when contemplating the establishment of
some new agro-industry, to provide also for the appropriate utilization of its by-products.

III. By-products from the wood snd osllulose industry

The potential (30 to 60 peroent of the wood tormage cut in the United States is lost
a5 waste) of the by~products of wood processing was discussed by H. Hemnecke (15) and the
nutritional and eoomomic aspecis of their utilisatiom by W.J. Pigdsn (16)., These by-products,
whose utilization in snimal feeding deserves to be developed, constitute a major longeterm
remource for developing oowntries, but the tecimiques now available are not yet ready for
applioation or ectmomically feasible,

The cost of producingsingle=cell protein from lignosulfites of the wood=pulp industry
ig gtill high.

The complete hydrolysis of wood smd 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 hydrolysie of hardwoods snd their wastes, however, hold out some hopes for
the production of feedsiuffs useable Ly ruminmts, The treatment of wood with stream under
prespure, with or without scid hydrolyeis, which yields a product with a digestibility of
5 to 65 percent at a cost of US§ 10 - 25/ton of dry matter, ie already in practice in
Ceneda.

Close collaboration between industrialised snd developing countries and feeding trials
on larger pcales than in the past are recommended.

IV, Recycling of snimal and mmioipal wastes

The feed value potential of animal exoreta for the various animal spscies was depicted
by L.W, Smith (17), the technology for the production of animal proteins from these wastes
(indirect recycling through protein production by momoocellular orgenisns and others such as
larvae, earthworms, etc.) by C.C. Calvert (18), the eoomomic aspects by Z, Miller (19), and
the health aspecte by A.C. de Moor (20),

Theme wastes consiitute an immense protein reservoir; in the United Statese, for example,
they are esiimated to represent more than 5 000 million tome of nitrogen (equivalent to
the soyabean orop), half of which is recoverable.

Poultry droppings and litier are already reocgnised as attractive sources of protein
for ruminat feeds. They are mainly used in dehydrated form. They can also be ensiled
either alone or in association with by-produots rich in fermentable sugarm, and on the
scale of the large commercial farm (nesr agro-industrial plents) or on that of the emall
farm (where sources of supply and users sre in reasonsble proximity to easch other).
Integrated agro-indusirial projecis recyoling snimal excreta and sunicipal wastes are
already opersting in some regions (Malaysia, Miller); they appear to be economical.
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It ip demirable to eet wp pilot farms on whioch to test the ecomomic aspects of a
perticular omtext, especially in regard to indireot recyoling techmiques.

Properly treated, mnimal and sumioipal wastes pows no particular health risks for
ingesting animals, Emnsiling has proved s offective technique for the elimination of
pethogens,

Conclusion
The salient conclusions that may be drswn from this Technical Consultation are:

- The by-products and wastes of agrioultural industries oconstitute an emormous but
still wnder—exploited potential reservoir of snimal feede,

- Some teochniques and methods for inoorporating 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 propomed to apply thenm,

- The factors limiting & better utilisation of these residues are generally:

= economic snd structural, linked to the nature of the livestock raising
systeme and to the organigation of the food industry in the given country,

- technical end scientific, linked, for some products, to an ae yet imperfect

understanding of their composition snd feed walue, and of the teckniques for
incerporating them iato diets.
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Consiruction Materials, Paper and Paperboard from Agriculiural Residues

by
Forest Industiries Division
FAO, 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 smallness of the use in relation
to the total availability of agricultural residues in the world. It describee some ¢f 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 moest imporiant resiricting factors are related to the eccnomice of
harvesting, transportation, storage, chemical coneumption, fibre yields in relation to raw
material input, and firally, 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.

Introductiion

Some typas of agricultural residuer were uged aF raw material for paper already
before the introduction of wond whirk, at - ~r-rnt, dominates the raw material supply
together with waste paper. The most 1xpor-. i naricnltural residues used in the paper

industry are straw and ragaere, and for panel producis bagasse and flax shives, but there
are a number of other reeiduce which are aleso used., Theoretically, any fibrous plant can be
pulped to provide cellulesic fibres for paper manufacture, but technical and, more often,
economic constrainte limit the usa2,

The purpose of this paper is to provide information on the current use of agricultural
residues for consiructicn materials, which in this connexion mean panel products such as
fibreboard and particle board, and for paper and paperboard and to indicate the main
restrictions which consirain the extension of the use. The epecific features of the moset
important agricultiural residues used in these industries are discussed separately,

Current Use

Before any fibrous raw material, be it wood, straw, bambes, ete. , can be used for
paper manufacture, it has to be converted into pulp by disintegrating the fibres from each
cther. Thie is alec the case in fibreboard production., Pulp and paper manufacturing are

ary often integrated operations, This ies the case practically always when agricultural
residues are used as row material, Fibreboard production is anyway an integrated operation,
The technical & 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 iypes 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 estimotes,
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 io produce all types of paper pulp was 136,71 millien tone,
of which the non—wood pulp capacity, to which the agricultural residues belong, was 9,2
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 none-wood fibrous materials, The data are not complete
for estimating the share of all agricultural residuee as part of the non=wood pulp capacity
for the world as a whole, Table 1 which summarizes the paper pulp capacity by regions
prcvidea, however, some indication of the extent to which straw arnd bagasee are used around
the werld in the production of paper pulp. The most notable area for which no estimates

of capacity by these types of non-wood fibrous raw materiale are available is China, where
the total pulping capacity for these materials is estimated to be es high as 4.7 million
tons, i.e., about half of the world total,

Table 1 - Horld Capacity of Pulp for Papermaking in 1375
Total Hood Other Fibre Pulp
Pulp Pulp Total Straw Bagaese Bamboo  Qther
A FRF RS e MM.....................
World Total 116 110 126 766 9 344 .o .o .o .
Developed barket Ec.s 110 321 108 529 1 792 1 164% 137* - 491*
Northern America 64 517 61 B7% aa2 200% J0% - 37
Japan 11 %6 11 Lo A - - - 4
Western Europe a1 293 g 2 1 tik 10 - 111
Cceania 1 b7 101 ; 2 - - 4
Others 77 T 57 - o - -
Teveloping Market Ec.s 6 812 4 576 2 256 163 902 718 433
Africa 467 292 175 44 20 - 111
Latin America 4 170 3 2a8 &7z 41 31 49 5
Asia 2 195 986 1 209 98 151 689 271
Centrally Plarned Ec.s 16 957 13 661 5 296 .o . .e .e
Asia 6 740 2 0?5 4 665 .. e e ..
Eastern Europe 3 367 3 136 e 129 - - 102
USSR & &s50 8 450 406 200" - - 200"

* Tentative estimates by the Secretariat

The table illustratees the overall importance of non-wond fibrous raw materiale in the
devel~ping countries, about one-third of the total paper pulp capacity. Bagasse pulping
capac 'y, 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
about half a million tone 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 countiries. Straw, eepecially in Western Europe, dominates among the
non-woed 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 magnitiude can be made
regarding the fibre input in the form of siraw and bagasse., The quantities of moisture
free straw and bagapee 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 tons
respectively. These estimates are hased on the assumptions that zbout 3 tone of moistures

free straw and 3.5 tons of moisture-free bagasee were needed for the production of one ton
of paper pulp end that the average rate of using pulp capacity was around 75 percent.



Ae regards the panel producte the most widely used raw matzriale are flax shives
producing around 600 QU0 tons/yr of particle board of which 70 percent in Belgium and

bagasse producing some 100 0CC tona/yr of particle board. The othor mateériale which are
need on a limited mcale are hemp, mailze stalks, cotton stalks, jute sticke and palm fibre.

lalle 2 provides the estimated capacity of non-wood based particle board by the types of raw material and by the

regions,

Table 2 - HWorld: Non-Wood Based Particle Board, Estimated Annual Production Capacity

by Type of Raw Material and by Region in 1973

Bagasse

Flax

Qthers Total

eeses 1000 md

IR ER TR NN RN

Dagasse

u.........PercentageB srenseae

Flax Others

Total

liorth Americe - - ~5 - - - - -
Europe - 1 427 15—/ 1 442 - 99 1 100
jJJapan - - - - - - - -
USSR . ti,f - L] L] e LR ]
lAsia Y 50 - v/ 67 15 - 25 100
Latin America 104 12 - 116 90 10 - 100
Africa 58 15 - 13 80 20 - 100
Oceania — - - - - - - -

Yorld Total | 212 1 454 32 1 698Y] 12.5 85.5 2 100

1/ Excluding Japan

Hemp

ESEGE

Jute Bticke, cotton stalks and palmfibre
4,7 percent of total particle board production capacity.

It would appear that flax accounted for something like .85 percent {in the order of

1,45 million m3) and bagasse for around 12 percent (some 212 000 m3) of world non-socod

based particle board production capacity which 1t ie estimated totalled nearly 1.7 million
m3 in 1973. FEurope, 1t will be noted, accounted for uno less than about 1.42 million n3
{or 99 percent) of the flax based capacity at that time.

It would alsoc eeem that, in 1973, of world estimated production capacity to manufacture

particle board somewhare around 5 percent was based on non—wood fibrous raw materials

{cf. about 6 percent in the case of pulp and paper).

In some PFuropean countries the relative share of flax and hemp ahivee based panels of

the total panel production has been diminishing due to ilnsufficient supply of these
raw materials rather than to consumer resistance.
residues has been considered and found capable of forming a eatisfactory panel.
these are kenaf, abaca, rice husles, wheat stiraw, peanut shells etc,

A great number of cther plant

Among
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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 tones of moirture-free straw and close to 60
million tons of moisture-=free bagasse became available in 11975,

This comparison of the orders of magnitude of the availability and the current use
of agricultural residues for paper and panel products manufzacture reveals large theoretical
potentialas., It should, however, be emphasized that the collectable quantities of bagasse
and, especially, straw are considerably smaller due moetly to the economic consiraints
related to the scattered availability of these materials. TFurthermore, there ave, of
courge, other uses such as energy production, koil improvement, cattle fodder, bedding,
etec., which reduce the availabidity considerably; but even if the other uses are token
into account, the renaining quantitiés could still theoretically support large paper and
penel induetries. Why the residues have not bteen used to their obvious theoretical
potential in the paper and panel industiries can be explained by the limiting technieal
and economic factors resvlting from the specific nature of these industiries, as well as
of the agricultural residues available.

Restrictions to the Use

Some of the restrictions to the more externive t awononltaral retidues as raw material for paper and panel
products are resulting from the specific fearures of the st Iiese ndusiries and particularly the pulp and paper
industey are copital incensive in wbicb o the coommres of saade (Lo an fuportaet role. This sets atready two
requitements for the raw material snpplo. Owve s that it kas 1o e relatively large and secondly it has to be even all
vear round. Furthermore for cacls tupe of raw  naterial and final product the rraunufaciuring process has to'be 'taitored!
individually to which tte modifications due Lo the changes in raw material supply or market requiremsnus are extremely
costly, This sets the thivd requirement for the raw material sopply. that is that it should be guaranteed for at least
the life time of the mill equipment. Finally. as the indusiry produces semi-manufactu-ed products in bulk the homo-
geneity of the quality of which is the main guaramtee for the secured markets at the further processing stages, the
quality and esp-cially the continued hemogeneity of the quality of raw matzrials is of vital importance to the success

of the industry,

The raw material supply for each individual mill has to meet all of theee four
requirements within certain technical and particularly economic limits. It is the
specific nature of the agricultural residues that makes it frequently difficult for them
to meet all of thete requirements. The group of sgrisultural residues ie comprised of a
number of different iinds of plint residues which are produced in differing climatic
conditiong, therefore their individual ability to rmeet the set requirements naturally
~lier greatly.

It is typicol for ihe agricultural residues that their sources of supply are often
widely dispersed which resulis in increzsed collection and transportation costs, This is
true especially as regards the residues like siraw, becoming available after harvesting
the main crop. Even if the residue ie available in a more concentrated form like bagasse
and flax shivee aftier an industrial processing the quantities becoming available from
one place need to be often supplemented with supplies from other proceseing plants which
can mean considerably increased transportation coste. Another factor affecting the
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collection and transportation coste is the low density of the residues. Sometimes it also
becomes neceseary to transport unwanted material which cannot be separated economically

but nt the pulp or panel plant. Examplee of thie are the high moisture and pith content of
gnome residues.

Agricultural residues are resulting exclusively from annual plante, the harvesting
period of which is limited to a few months at most. Ae the mill operations cannot be
interrupted due to the high fixed costs and employment problems, the mille using
agricultural residues have to store their raw material. Thie affects not only the capital
and opercting costs but sometimes alesc the quality of the raw material.

Being residues from agricultural preduction, the main interest naturally lies
elsevhere than in residue production. The demand for and the specifications seet to the
main crop determine the availability of the residues. For example the development of
new cereal varicties might result in a considerably reduced siraw production., A change
in agricultural policy alsc might cause o sudden reduction in the wanted residue supply
as has been the case with flax shives , 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 mest 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 materizl in determining its suitability for various papers is
the fibre length. lost of the egricultural residues contain short fibres comporable to
those chtained from hardvoods, 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 pepers and low grade packaging papers and paperboards. The pulping rrocess
used depende on the final use of the pulp and on the properties of the raw matericl., 1In
¢ceneral several quite different well-lmown processes are used for pulping agricultural
residues, most of which hove been adapted from the wood pulping processes. Thig zlso
means that the technical problems related to pulping of agricultural residues do not as
a2 rule set any limitations for extension of their use.

Specific features of a2 few most important Agricultural Residues

In the following, short descriptions are given of the current use, specific features
and the technology applied when using bageese, straw, cotton linters and flax tow as
rav materiale in the construction material and paper aind paperboard industries.

Bagasse

Bagasse is the fibrous residue remaining afier the juice is pressed from the sugar
cane in a sugar mill. Green bagasse containe about 50 percent moisture, 2«3 percent
residual Bugar and close to 50 percent fibre. Out of the dry vdlume of the baguese
fibre, pith constitutes some 35 percent. Although chemically similar to cellulose, pith
does not have the fibrous structure required from raw materiale for pulping and panel
production and must, therefore, be removed. Only the remaining depithed bagasse is
guitable for pulping or panel manufacture., It has a fibre length averaging 1.7 mn
{maximu 2.0, minimum 0.8 mm), which is shorter than fibre from coniferous trees but
somewhat longer than average broadleaved wood fibres, 1Its chemical compogition resembles
that of hardwoods especially a6 regarde the lignin content.

Based on the quantity of world raw cane sugar production of eome 50 million tonse
during the 1975-76 harvesting period and by assuming a dry bagasse quantity of 1.1% tons
per each sugar tonne, the estimated ioctal dry bagosse quantity is 57.5 million tons.

The zmount of bagasse available as raw material for paper and panel mills ia, however,
limited to a great extent since sugar mille utilize bagasse as fuel in their beilers.
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Even without changing 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 meun a surplus of some 11 million tone of dry bagasse corresponding to over 3 million
tons of paper pulp. Bagusse pulping capacity in 1975 was only around one millicn tons.

The capacity to produce particle boards wae estimated to be 212 CQ0 tons in 1973,

One of the limiting factors to increase the use of bagasse as raw material is,
beeides 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 eignificant economic disadvantage., The new sugar mills are
however larger and their fuel requirements are better planned so that larger and more
concenireted quantities of bagasse become available,

The seasonal nature of the cane processing operation in moet places meawns that
extensive storage of bagaese has to be arranged 1n crder to guarantee uninterrupted
supply of raw material 1o the paper or panel mill, the operation of which cannot be
interrupted or changed to use other raw materials.

Therefore, economic operations in handling, baling, transport and storage of
bagasse wre essential for a successful paper or panel mill,

Several different processes are used for the pulping of bagasse, depending on the
end product desired. Chenical pulps made from bagasse are used for making almost all
grades of paper and paperboard; however, due to the short fibre length of bagasse pulp,
additionzl long-fibre chemicel pulp ie often required to improve the strength of the
panel proluced. Semi-chemical and chemi-mechaniczl processes are used in pulping
bagasse i':r corrugeting cedium, which is the medium layer of the corrug.:tud board.
Fechaniczl pulp has not yet been made commerciallv from bagasse, although this .s an area
of active investigation. The success in developing a commerciclly viable mechanical
pulping process for bagesse could be considerable breakthrough in the production of
newsprint from bagasese which has so far not been economically possible.

Siraw

Unlike bagasse, straw is not a uniform group of raw material but it consists of
a number of cereal straws, rice etraw and corn stalks which al. have somewhat
differing pulping and papermaking properties. Rye straw and wheat siraw zre conseidered
to be the best of the cereal straws while oat straw and barley straw, due to a higher
propertion of leafy material and oiher extrzneocus materials are considered to te lees
suitable. Rice siraw, vhich is perhaps the moet difficult of all siraws to use, hes,
besides the extremely slow drainage characteristics which are common of all straws
aluo very high silica content, which mzltes chemical recovery more difficult, Cereal
ptraws and corn stalko have a fibre length averaging about 1,5 mn with a significant content
of long fibres. In this recpect tley resemble bagacee. Chemically, they have a low
lignin content; cereal straws contain about 17 = 19 percent, znd rice straw about 12 percent
ligmirg, resulting in easy pulping. The cellulose content <f Furopean and horth American
cerezl siraws ranges from 26 to 42 percent, rice gtraw has a ceilulose content of zbout
34 to 36 percent. All straws Lave a high hemi—cellulose content, uhich 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 Lo «ompressing
the shredded straw which results in an extruded panel use in building constructions,

It can be eostimated that on un average about 3 tons of moisture-free straw are
required per one ton of paper.

The yields of straw per ton of grain viuy according to the location and type of the

plant. In calculating the amount of etraw actually available to a paper mill, it is
unlikely that more than 50 percent would be coneidered surplus to agricultural require-
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menis, and draught, storms, disease and crop failures have to bte taken also inito
acccount. The following yields of straw per ton of grain estimated in the U34 give
an indication of the orders of magnitude by plante:

Wneat Straw - 2.3 tons/ton of grain
Rye Straw - 3.1 tons/ton of grain
Gat straw - 1.6 tons/ton of grain
Barley Straw - 1.5 tons/ton of grain
ltice Strow - 1.5 tona/ton of grain

In one caleculation, a southern buropean farming arec with a radius of &0 km and an
annual wheat production of 320 QOO0 tons was considered to be a reliable supply of only
125 000 tons of strawv per year for a pulp and paper mill. This ie about 0.4 ton of strau
per ton of grein,

The harvest season for cereal straws is brief, which means that nearly a year's supply
of these bulky matericls rmst be stored at the pulp and paper mill, There is always
deterioration in storage although in mild, dry c¢linmatic conditions it is tolerable to
otore straw in the open, In humid or tropicel regions storage under cover is mandatory.

In some areas harvesting of rice sirav is carried out twice a year or three timea every two

years, in which cases storage of 2 six months' supply at least must be provided. The problens

asgociated witn the supply of corn stalkse are in gener:1l similar to those of cereal siraws.

The processea used ' pulp stravw are generally similar to those used for pulping
bagasse. The high bulk of etraw leads *o relatively low yields per cubic metre of digester
capacity., Otrow pulps are slow-draining, ard peaper machine sheet-forming sections are
unueually lon;: compared with those forming wood fibre papers. Vashers in the pulp mill
mist aleo be over-sized.

Straw pulps may be used in almost cll grales of poper and paperbvoard, from the
coarsest to the finest. Paperboards ond corrugating medium are usually made of 100 percent
straw pulp furnish, although some long fibre supplementation may be required for the best
grades. As wiilh hardwood pulps, a small amount of straw pulp is bencficial to the printing
quality of the paper. BSome hzs been used in this vay in newsprint ..anufzcture,

Cotton Linters

Coiton lintere are the short fibres remaining on the cotton seed ofter the staple
{long) fibree have been removed by ginning. lachires tut the linters from the seed,
While lintere are too short to Le used in textile manufacture, they serve many related
pirposes, including felting, batting, etc. There are ceveral grades, such as first-—cut,
gecond—cut and mill-run., The first-cut fibres are lonpest and pf the bast quality. Linters
tibre length i6 2 to 7 .

Cotton linters are purified in non-integrated pulp mills and sold for papern=zking,
dissolving pulp, or other uses, For some vears it was the principal material for maliing the
highest grades of diesclving pulp, for cellulose esters or for tire cord. The pocition of
cotton as a fibrous rew matericl for dissolving pulp has deteriorcted almost to the
vanisching peint, From 1945 to 1955, more than 100 0G0 tone of cotton linters were used
anmially in the United States for the preoduction of dissolving pulp, but by 1967 the
figure yas lese than 1 000 tons. These were for specialties such as tr neperert moulding
grade cellulose esters and for X-rzy film., It is, however, a source of cotton fibre for
high—-quzlity papers., Total United States production of purified linters is about 250 000
tons; but paper malers may buy raw fibres and purify them themaelves, Also, the purified
linters have many other uees, in the higheal quality protective and writing papers,
saturating papers and in filtre papers.
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For use in paper pulp or dissolving palp, linters are purified by relatively simple, con-
venticnal soda processes, The cotton fibre ie over 90 percent cellulose as received, go the
purification processes involve removing vaxes and foreign matter. There are three large
linters purification plants in the United States, at Hopeuwell, Virginia, and at Memphis

and Chattancoga in Tenneasee. There it aleo a linters purification plent at Reynosa,
lexico. 1In these plants the baled linters zre first cleaned and then subjected to a2 caustic
goda cool wider pressure in vertical or in roteting cyclindricwsl, horizontal digesters.

The resulting pulp is wasted, bleached -ru.d may be eheeted, dried, cut and baled for ship-
ment, or the bull pulp may Le dried, compressed and baled., Tere is & significant
difference in fibre length, vince the cheoted pulp i mechanically refined (fibrillited).
The average fibre length of bLulk purified linters pulp is 2.2 to 3.0 mm, and that of

sheeted pulp 1.1 to 2.7 mm. The alpha cellulose content is Q% percent or better. CSheeted
pulp is also eold 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 29 percent or less. Banlknote papers are ucually 75 percent
linen fibres and 2% percent cotton fibres.

Flex

Flax is grown extensively for ma:ing linen and linen-seed oil. The residual material
after removal of the long fibres is lmown as flaxshives .« The shives contain about 45
percent cellu'ose {pure linen it more Lhan £O percent cellulose) and 12 percent lignin,

The yield of flax seed straw per area of cultivation is low. Pucthermore, the yield of
decorticated fibre and acceptatle skives per ton of straw are low. The zverage pulping
yield, varying between 25 and <G percent depending on the cleanliness of the straw, is

alsc 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. Juch are cigarette paper, for which flax
pulp ie exlencsively ueed and other thin pepers requiring high etrength, such 26 banknote

and airmail papers. It is estimated that sometling less than 100 000 tons of flax pulp ar
produced ir. the world. The use iB expected tc continue t¢ increase althougn the very high
price of tie pulp will keep the quartities at a mccect level, Flax shives on the other hand,
as has beer. mentioned earlier, conetitute an important raw materizl in the manufacture of
particle beard.

Conclusions

The uee of agricultural residues in the panel products and paper industries is
resiricted mainly by the economic factors while the technical problems can mostly be
overcome., The numercus economic restrictions arise from the specific features of the
indvustries and of the agricul-ural reeidues themselves and are related specifically to
the economice of harveeting, transportation, storage, chemical consumption, fibre
yields and quality of producte.

Lespite the nurerous resirictions to the use of agricultural residues, the economic
limitations have been .vercome in many individual cases. The proof of this are the numerous
mille producing producte of eatisfactory cuality feor the lecal marzets. However, when
determining the feasibility of the use of agricultural residues for such highly capital
intensive industry as paper znd paperboard manufacture, it is eesential to make a careful
study to ascertain the continucus long~term economic availability of the raw mzterials,
This, together with the correct selection of the products to be prodiced, is ithe best
guarantee of success of such a mill.

The uee of bagnsse for these industries, due to its more concentrated availability,
Wwill increase faster than that of other agricultural waste materiate. The increase in the
use of Biraw will be restricted by competitive uses and ito scatter:d availability. The
importance of other agricultural residues will remain reatricted tov producte of high price
and limited demand.

In the case of panel products, the consumption of non-wood fibrous raw materlale has
increased over the laest ien yesars but at a sluwer rate than the total panel production.
It remains a very small component of the total raw materials used amounting to 2-3
percent of the total.
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Introduction

The objeotive of all fighery development programmes is to make the beat possible uee
of marine resources as food. The most effective means im obviously by making inoreased
quantities of figh available as human food. However, in most cases there is always part
of the fish (intestines, head, bones etc.) which is not coneumed. In addition the seasonal
nature of many fiaheries means that from time to time peak landings glut the market, 1t
would not be cost—effective to install the processing capaoity to deal with them if it waa
to stand idle for the reat of the year. There are almo other resources which for one
reagon or another .are not at present used as human food,

Although thia is a rather oversimplified view it does indioate that there are subatan—
tial ¢quantities of waste and surplus fiash which could be made available as animal feed. 4%

present the waste material is a disposal problemy both in developed and developing countries,

often being allowed to spoil on beaches or rubbish dumps. Apart from the obvious economio
loasses of protein and oil there are the more visible problems of peollution and danger 4o
publioc health, Differences between species make ii impossible to asseses acourately the
quantities involved on a world wide scale. As examplee 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 diasposal 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 caught tut becoming unfit for human con=
sumption before they reach the market. Sumner (1976) estimated that more than 800,000 tons
of figh per year fall into thia category in Scuth Fast Asia and at least a aimilar cquantity
ia 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. & process to convert these
regourges to animal feed would encourage the developmeni of the fishing industry and also
make a significant contribution to the animal protein needs of many countries.

Choice of process

The moat obvious procesa for converting waste fish to animal feed is the production of
fish meal; at preseni some 20 million tona of fish per year are used for this purpose, The
meal is mostly fed to poultry and pigs, predominantly in the developed countiries, although
many developing countries are substantial producers. The disadvantage to inastalling fish
meal equipment to process the waate and surplus catches mentioned earlier, is that moderan
fish meal production is capital intensive and teohnologically oomplex (FA0 1975). An
economic operation can only be envisaged if large volumes of figh are available on a
regular basis., 4a a rle of thumb it has been suggested that for profitable operation a
amall 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 aituations charaoterized by ascatiered and irregular
landings, an alternative and cheaper technology must be applied.

Figh silage

There iz 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 besi desoribed as a
ligquid product made from fish or paris of fish and acid. Liquefaoiion resulis from the

action of catheptic enzymes present in the fish and is accelerated by the aoid 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 bacieria. Inorganic or organic acids can be used; alternatively the
production of lactic acid c¢an be encouraged by mixing a carbohydrate source with the fish
and inducing fermentation by inocculation with lactic acid producing microorganisms,

The preaservation 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. Edin (1940) was the first to apply the process to fish and
figh waste in Sweden. Although the strong inorganic acide are cheap they are highly
corrosive and the silage must be neutralized with chalk before feeding. Olsson {1942) used
formic acid which limits bacierial growth at a higher pH and does not need neutralization,
although it is more expensive. The manufacturing procesa will not be considered here as it
has been extensively reviewed by such authors as Petersen (1953), Sikorski et al (1969) and
Tatterson 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 ahout 10.000 tons per year using mineral acids and sometimes sodium
bisulphate, In both cases the silage is used to supplement pig feed. A liquid product iz
ideally suited {0 feeding in modern “river" pig feeding systems., Hester (pers.comm.1976)
indicates that production has started in Southern California and there is great interesat 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 tranaport
cost invelved 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 bhetter weight gains than fish meal. There
iB 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 poultiry 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. 4&s the rate of liguefaction during ensiling
is dependent on temperature, the procese is ideally suited to the ambient conditions in the
tropics. It is gimilar to the production of fish gsauces 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 FAQ 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. Flans 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 te fish silage production as considerable
quantities of waste and trash fish are available. However, landings are scattered and
irregular, so figh meal production is unlikely to be economic. All the countries presently
import fish meal and demand is expected te 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 smame time it would reduce imporis,
remove a pollution problem and make fuller use of available marine resources,



The cocperative research programme for fish silage produciion 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 congtraints

It cannot be expected that the produciion and use of fish silage in developing iropical
countries can be ptarted without considerable investigation and extension effort. It will
probably be more difficult under these conditions than in a developed country. Experience
in the UX, which is a major importer of protein for animal feeding and where surplus fish
is available, shows that although experimental work 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 indusiry 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 pilage btut 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, Olley and James 1972,
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 gaine, if they are confirmed,
may not be significant. .

A more serious potential problem is the possibility of inducing fishy taints in the
meat and egga by the feeding of ftoo high levels of unsaturated fish oila. It is well known
that, if the level of marine fat in the total diet exceeds 0.8 to 1% then there is a risk
of taints developing. Smith and Adamson {1976) found tainting of pig meat with high levels
of o0ily herrin; silage but not with de-oiled silage. Olley and James (1972) found an
absence of characteristic meat flavour in pigs fed up to bacon weightidith silage produced
from abalone offal. Dreosti of South Africa has commenied previously, thai 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 muchk of the waste and surplus fish in the tropics is small olly species, If it is
necessary to de-=o0il 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 ensiling has on growth but Olley et al (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 compounda,
More work is evidently required in thie field as at high tropical temperatures some spoilage
is inevitable,

The problem of high tranaport costs involved in carrying a 15% protein solution rather
than a dry meal have heen referrsd to earlier, In the small fishing and farming communities
in the tropics this may not be so severe, as feeding can take place close {0 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 o be faced. Training unskilled and relatively uneducated people in the safety
procedures and correct use of strong acids will be difficult. It ig easier to use formio
acid alone but this is ruled ocut because of the high coat. The alternative of making
microbiclogical eilage in the tropice is attractive, particularly because of the -loeal
experience with fermented fish sauces in many places. However, this requires more complex
processing and if the swrplusea are seasonal it means that a starter culture of the micro-
organisms must be retained. ‘

Conoclusion

Despite the apparent problems there are-good prospects for establisehing silage produo—
tion industries both in developed and developing countries, Many advantages can be seen in
developing iropical couniries where livestock production 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 socattered and irregular
landings ocour it would sclve 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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