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Evaluation Form 

Cleaner Production 
As part of the continuing review of this trainers package, we would appreciate your cooperation in 

answering the following Questions. Please return the comIeted evaluation form to: 

UNEP IE, Tour Mirabeau, 3943 qual André Citroërt, 75739 Paris Cedex 15, France 
Fax 33 (1) 443714 74. 

1 Do you have any suggestions for improvement of the trainers package? I -low could we 
uiipruvc 11.5 re4LJdUl!ILy. cUIILCflu. W4IL1I USC, anu SO OU 

2 	How was the oackae useful in prenaring your own training activity? 

3 	Did the background information and the transnarencv set in Parts 3 and 4 orovide you with 
ciiuugii iijiijrriiutiuii vv lull WiIS 	 I NN  

F- 

continued 

77-  JENS  
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4 What resource information was useful to you? What else should be included? 

5 What are your exoeriences with the exercises in Part 5? What worked, and what didn't? 

6 	Do you have training material which could be incorporated into this workbook? 

7 	What additional topics related to cleaner production would you want to beincluded in the 
lnI 	 rf'th 	rkhrv,L9 

Thank you for taking the time to complete this evaluarion form. Please return the cQmple€edform to 
UNEP IE, Tour Mirabeau, 39-43 quai André Citroën, 75739 Paris Cedex 15, France. 
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Users Guide 

T his is a trainers support package, not a 
reference book. It does not give a 
systematic, comprehensive overview 

(there is not enough room to do this); rather, it 
focuses on some selected aspects that are central 
to the subject. The structure of the document 
allows further sections to be easily developed and 
added as additional modules. 

The package is written for trainers to provide 
them with support material and ideas, rather than 
as a study book for students. The average trainee 
will only ever see a few pages or exercises 
reproduced from this document. 

One of the purposes of this package is to provide 
some case studies and situation scenarios that can 
be used as a basis for

, 
 interactive training and 

simulated lecision-making. However, the exercises 
only explore a small part of the potential of the 
case studies, and trainers are strongly encouraged 
to develop further exercises or tasks. 

The package is oriented at developing insights 
and decision-making skills. For teaching the 
factual knowledge base of the subject, trainers are 
referred to the reading lists in the bibliography. 

Work exercises are predominantly based on 
interactive groupwork and a team approach to  

problem-solving. Such work needs to be guided 
by a tutor who is a recognized expert in the field. 
This method allows the full complexity of real 
decision-making to be explored. 

Where calculations are required, the exercises 
are more oriented towards throwing light on 
useful approaches or management decisions than 
simply finding the 'correct' answer. Trainers are 
strongly urged not to see this package merely as a 
set of arithmetic exercises. 

in some instances, answers are indicated. The 
'correct' answer depends on the context of the 
question. It is here that a tutor or external 
resource expert is useful. 

Many trainers find this disturbing. They should 
remember that real decision-making depends on 
the wider circumstances surrounding the 
problem, and that a numerical answer which is 
politically or socially unacceptable, or 
administratively unworkable (even though 
accurate), is not in effect 'correct'. 

The simulation of real life situations and 
decision-making that is the basis of this package 
makes it most suitable for senior students and 
trainees, and especially for professional training 
(or retraining) courses. 

In order toçte1d  the training material into a number of industrial situations, this package is 
supplemented by several sector-specific workbooks. These include typical calculation exercises, 
simulation of diagnostic reviews, and examination of cleaner production options. For many training 
applications, it is recommended to use this package and one or more of the workbooks for the tanning, 

brewing, textile and recycling sectors. 

F inally, we must stress again that this package does not cover all aspects of the subject. Its prime 
purpose is to lead trainers into this field, and to help and encourage them to develop their own 
material, appropriately tailored to their specific learning situation. UNEP is prepared to work 

further with trainers w h o wish to extend t h i s package into new directions, or go into greater depths on 
some subjects. 

• 	 . 	 - 	 -. 	 . ..- 
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Now to start a training activity 
based on this package 

1 Remember that this is a starters kit, not a 
I complete recipe book. Remember also that the 

workbook aims to develop insights and decision-
making skills, not to convey knowledge or facts. 

2  Understand the needs ofyour trainees. What 
insights or skills do you intend to develop? 

Define your learning objectives. 

6 
5 

 Select some of the exercises you wish to 
present to trainees. 
Examine carefully the case study or 
scenario on which they are based. Be sure 

that you have at least one solution to the exercise 
that you can explain and defend. 

I 	
session, sununarize the issues for 

 using the overheads given, and 
others you may have. Discuss the problems and 
difficulties decision-makers face. Discuss where 
factual information can be found to help in 
decision-making. 

I I 
Commence the work sessions, preferably 
in small groups. and preferably guided by 

3  Refresh your memory by reading some of the 
background papers and studying the uverhead 

transparencies. Write your own notes in the 
spaces provided. 

4Identify some expert resource persons who 
couId be invited as tutors to help you in 

discussion sessions. 

7  Develop oilier exercises or questions 
yourself. 	 - 
Develop your own local case siuy i f you can, 8 and use this instead of the one in the package. 

9  Prepare some background questions and 
preliminary exercises for trainers to ca9y Out 

before they start the workshop/course. 

a tutor. Discuss and compare result. Be.open 
to ideas and experiences from trainees, and 
discuss these. 

13 the

1 2
Return to the learning objectives, and 
check that they have been achieved.. 
Consider bow tofollow up and réiñforce 

 learning experience by establishing 
some ongoing projects, or periodic reunions. 

-rjr biit s 

t.I. 	• 

To facilitate using this package, the header of odd-numbered pages describes the contents of that 
particular section. This information is also repeated in the footer of even-numbered pages. You  can track 
y o u r progress through t h e package by referring to the calibrations on the bar across the bottom of odd-
numbered pages: 	 . - 

=........... . 
- •. 	- 	: _..., -. - . 	-. .Lki. £......Za. '&iis., n..p.. . . - 

The shading shows your current position in the text. 	 .. 
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Abbreviations and Glossary 

Ablireviations 
1CPIC international Cleaner Production Information Clearinghouse 
IEIPAC industry and Environment Programme and Activity Centre of UNEP 
ILO 	international Labour Organization of the United Nations 
IJNCED United Nations Conference on Environment and Development 
UNEP United Nations Environment Programme 
l.JNIDO United Nations Industrial Development Organization 
US EPA United States Environmental Protection Agency 
WHO World Health Organization 

Glossary 

The following definitions are taken from inhouse documents and the JNIDO Training Course 
Ecologically Sustainable Industrial Development. They should not be regarded as official, legally 

binding defrn.itions but rather working definitions for the purpose of this package. it should be realized 

that the rapid evolution of environmental issues and management tools has sometimes led to conflicting 
or inconsistent use of terminology. Readers are advised to focus on the concepts implied in the 
definitions rather than engage in semantic and ultimately sterile debate on definitions. 

Abatement Se end-of-pipe trecztnseiu. 
Audit (environmental) is a Systematic, documented 

periodic and objective evaluation of an 
environmental situation or organizational factor. 
There are now many types of 'environmental' 
audits, including sites or facilities. of regulator) 
compliance or management systems. or of 
technical aspects such as energy use or pollution 
releases. As the methodology has expanded. the 
terminology has gradually become less precise 
and varied. Environmental audit can thus be a 
specific or a general term, often with synonyms 
such as cleaner production assessment or 
environmental assessment. 

Chemical assessment A chemical assessment is 
an analytical tool which determines the 
potential of a chemical to cause harm because 

of its inherent toxicity and/or ecotoxiciry. 

Cleaner production The continuous application of 
an integrated preventive environmental strategy 
to processes and products so as to reduce the 
risks to humans and the environment. In 
international and many national programmes, 
Cleaner Production' has gradually replaced 

earlier and more ambiguous terms such as 
pollution prevention, waste minimization, or 
environmental assesiflettI. 

Cleaner Production assessment A procedure for 
systematically evaluating a manufacturing or 
production process to identifi options for 
improvement or change so as to reduce pollution 

releases and other environmental impacts. 
Cleaner technologies Production processes or 

equipment with a low rate of waste production. 

Treatment or recycling plants are not classed as 

clean technologies. 

A Training Resource Package : Cleaner Production 
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Cradle-to•grave The life cycle of a product, from 
raw material extraction to final disposal. 

Disposal Final placement or destruction of toxic, 
radioactive, or other wastes. 

Eco-auditing A management tool comprising a 
systematic, documented, periodic and objective 
evaluation of how well environmental 
organization, management and equipment are 
performing. Sometimes the expression 
environmental audit is used instead of eco-audit. 

Eco-efficiency Maximization of industrial output 
from a given level of resource input, thus 
ensuring cleaner production and appropriate use 
of human, renewable and non-renewable 
resources. 

Eco-labelling The use of labels to inform 
consumers that a labelled product is 
environmentally more friendly relative to other 
products in the same category. 

End-of-pipe treatment Treating pollutants at the 
end of a process - for example, by filters, 
catalysts and scrubbers - instead of preventing 
their occurrence. 

Energy audit identifies the costs and physical 
quantities of energy inputs used, the annual and 
seasonal trends in energy use and cost, and the 
energy use per unit of output. 

Environmental accounting An attempt to devise 
balance sheets to measure economic activity in 
terms of the cost to the environment. 

Environmental auditing See eco-audiliug. 
Environmental impact assessment (EIA) An 

evaluation of the effects of human development 
activities or no-action on the various 
components of environment, executed during 
the planning phase. 

Environmental management system A 
management system aimed at facilitating 
improved environmental performance that 
involves a complete review of the 
environmental effects produced by a company, 
the production of an environmental policy 
designed to ameliorate the identified effects and 
procedures to achieve the aims and objectives 
of the policy. 

Environmental technology assessment An 
assessment which analyzes the effects on the 
environment of a technology, specifically on 
human health, ecological systems and resources. 

Improvement assessment The most important 
phase of the life cycle assessment. In this phase, 
the manufacturer can identify opportuilities for 
improving the environmental performanceof 
their product. 

Life cycle The combination of processes needed 
by a product to fulfil the function specified by 
the functional unit. Life cycle stages include 
production, use and processing after disposal, 
including the processing of the waste generated 
in these stages. 

Life cycle analysis An inventory of how much 
energy and raw materials are being used, and 
how much solid, liquid and gaseous waste is 
generated, at each stage of a product's life. 

Materials accounting Any analytical technique 
aimed at identifying and quantifying the 
materials which enter and exit a given 
production process or facility. 

Payback period A relatively simple profitability 
measure, which can be used to calculate the 
time a Cleaner Production project (or any other 
capital project) will take to pay for itself. 

Reclamation The recovery of useful products 
from waste materials. 

Recovery The extraction of material from waste 
that may be recycled or reused. Recovery may 
take place at the source of waste production or 
as a process during waste handling. 

Recycling The retrieval of materials or products 
for reuse in their original form or for 
reprocessing into other products. Examples 
include recycling of aluminium cans or paper. 
Recycling may be within the plant or process, 
in which case it becomes part of the cleaner 
production approach, or outside the plant, in 
which case it is more properly a waste 
management activity. 

Reuse Retrieval of materials or products for their 
original purpose within the same site. 

Risk audit A risk audit identifies all areas of 
vulnerability and specific hazards at site and at 
plant level, and examines and assesses in detail 
the standards of all facets o f a particular activity. 

Source reduction is a part of the cleaner production 
approach. It involves prevention of the 
generation of waste at the process origin . rather 
than managing it once it has been produced. 

Waste In the context of this package, waste is 
taken as a broad term to cover any non- 

Cleaner Production A Training Resource Package 



product discharge from a process. Thus, it 
describes discharges in the gaseous, liquid, 
and solid phases. 

Waste audit A waste audit is a thorough account 
of the wastes from an industry, a plant, a 
process or a unit operation. A waste audit 
requires the derivation of a mateiral balance for 
each scale of operation. The waste audit should 
result in the identification of wastes, their 
origin., quantity, and composition, and their 

potential for reduction. Other frequently used 
terms for the waste audit, using more or less the 
same approach and objectives, are Waste and 
Emission Audit, Waste and Emission 
Prevention Assessment, and Waste 
Minimization Audit. A Cleaner Production 
assessment is an expanded form of waste audit 
that focuses more heavily on evaluation of 
remedial and preventative options, and a plan 
of action.. 

-"I - 

-- 	 -j 
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I Introduction 

Many teaching institutions and 
individual trainers have difficulty in 
following the rapid evolution of 

environmental issues that are relevant to their 
courses. 

This is particularly true when teaching subjects 
such as pollution and environmental manage-
ment. And yet it is important that new graduates 
have a good knowledge of issues in whch they 
may eventually provide consulting services or 
policy advice to governmens and industry. 

The fact that development and environment are 
interrelated means that it is more vital than ever 
that: 

all professionals have a basic environmental 
literacy that helps them to lncorporale 
environmental priorities into their specialized 
work, whatever their profession; 

• spec iall:ed environmental courses are relevant 
to today s environmental agenda. 
In 1993, in response to these findings, UNEP, 

WHO, and ILO jointly initiated the programme 
on Training Approaches for Environmental 

Management in Industry. The programme aims to 
enhance the capacity of national institutions to 
offer local traming on topics concerned with the 
prevention of industrial pollution. 

In this context, trainers' packages have been 
prepared on different areas of environmental 
management. These packages are intended to 
help educators and trainers to develop their own 
workshops or curricula, or to integrate some of 
the ideas and information into already existing 
teaching programmes. 

It is important to keep in mind that these 
training resource packages merely provide a 
first orientation to the topic. 

In practice, the trainer will need to add his/her 
own material, expand certain parts or delete 
others, and develop their own exercises for 
students based on whatever course they are 
planning to give. Accordingly, the package is 
more a starters kit' than a particular curriculum. 

In no way does the package constitute 
a 'course'in its own rig/U. 

A Trainoig Resource Package; Cleaner Production 
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iiThis package 

T his package focuses on the situation of 
cleaner production. It assists individuals 
who wish to teach the techniques and 

ethos of cleaner producrion at educational 
institutions, but it is also applicable to training at 
government and company level. 

Cleaner production is a big topic, and it is 
unrealistic to expect that all aspects can be 
coveredirectly. Accordingly, we have focused on 
the most important starting point in the cleaner 
production (CP) approach - that of wane audits 
and emissions and the selection and 
implementation of simple cleaner production 
options in a factory. 

Other cleaner production tools will be discussed 
later. 

The package is not static. 

As feedback is received from users and 
technicalcialists, the material will be modified 
and enriched. 

Users are encouraged to report on their 
experiences in using the package, and to send in 
suggestions for improvements. 

Associated with this trainers package are 
several sector-specific workbooks. These have a 
more in-depth coverage of certain industries, and 
include detailed calculation exercises on cleaner 
production options. Current workbooks include: 
•Cleaner Production in Leather Tanning 
• Cleaner Production in Breweries 
• Cleaner Production in Textile Wet Processing 
• Environmental and Technological Issues related 

to Lead-Acid Battery Recycling. 

12 Contents 01 this package 

T his package is conceived principally to 
help trainers prepare a seminar, 
workshop, or extended course. It is not a 

course per se. 
The package contains: 

• suggestions and hints for effective training; 
• a short background to the subject. drawn from 

other existing publications; 
•overhead transparencies to introduce and 

illustrate the main ideas; 
• case studies and situation reports and scenarios 

drawn from actual experience; 
• supplementary technical information to support 

some work exercises; 

Cleaner Production : A Training Resource Package 
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• work exercises and questions; 
• appendices with further information about 

UNEP and its programmes. 
The package is not able to cover all aspects of the 

subject, nor has it been possible to go into great 
depth on most topics. The package is therefore 
more of a 'starter's kit' than an exhaustive manual. 
Trainers are encouraged to extend the package by 
adding their own case studies and exercises, and 
expanding the subject coverage into new topics. 
For exanple, trainers in environmental health may 
wish to add some modules on occupational safety 
and ecotoxicity by building on the chemical 
information already presented. 
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2 Organizing Effective 
Training Activities 

21 Introduction 

C ommunleatiort and organizational skills 
are just as important as a technical 
appreciation of the subject. Professional 

educators already understand this point, but 
teaching is a very individual matter, and 
interactive teaching can be very demanding on a 
busy person. 

Here, we recall some of the key aspects of the 
learning process. 

This text contains advice on: 
• how to ensure maximum effectiveness as a 

trainer 
• how to organize effective training activities and 

presentations. 
We have provided this advice before 

consideration of the technical material, so that 
readers can remind themselves of the importance 
of the advice when choosing work exercises and 
training projects, later in this package. 

Adults learn best when they are actively 
engaged. They remember 20% of what they hear, 
40% of what they see, and 80% of what they 
discover for themselves. 

Accordingly, this package relies on interactive 
teaching methods, using working exercises, case  

studies, and groupwork problem-solving, rather 
than on lecture format. 

Interactive techniques are more complex to 
organize than simple lecture-giving, but they give 
better results. In particular, interactive methods 
are more likely to provide students with practical 
skills. This is important where skill development 
rather than factual knowledge is the objective. 
Lectures are better at providing factual 
knowledge than at developing skills. 

For example, a workshop format is very 
effective in providing training on the effective 
use of management tools such as Environmental 
Impact Assessment (EIA), or audits. For high 
level environmental management, both 
knowledge and skills are required, so the 
appropriate mixture of techniques should be used. 

The notes in this Part are based on the 
experiences of UNEP IE and WHO in organizing 
workshops and other training sessions. 

Personal advice on how to be an effective 
trainer is also given by several experienced 
trainers, who all use interactive training 
approaches. 

., 	.. 
A Training Resource Package: Cleaner Production 



11:4 United Nations Environment Programme ' Industry and Environment 

21 Notes on interactive workshop organization 
2.2.1 Workshops 

Workshops provide a stimulating learning 
environment where people with a wide 

range of experiences and skills can join together 
to address practical problems beyond the ability 
of an individual to resolve. 

Interactive workshops use a combination of 
several techniques to bring about a deeper and 
more pragmatic learning experience than is 
possible with a lecture-style format. 

Workshops also provide excellent opportunities 
for exchanging personal experiences, problem-
solving through panel sessions and direct 
consultations with experts, and discussing some 
of the complex situations which surround most 
environmental problems. 

The IJNEP/WHO workshop format 
incorporates the following elements: 
• sending out pre-workshop reading material, 

with some simple exercises 

• preparation of a country report by each 
participant before the workshop 

• short introductory or overview lectures on key 
issues 

• practical problem-solving work exercises on 
case studies 

• feedback by experts and discussions on 
workshop exercises 

• panel sessions (that is, question-answer 
dialogues) with experts 

• individual study sessions, computer quizzes, 
and soon. 

• structured oral presentations of country reports 
leading to a regional overview 

• audiovisuals such as videos, films, and slides 
field visits where appropriate 

• personal action planning by participants for 
follow-up activity. 

2.2.2 Preparation 

S essions need to be carefully prepared, with 
participants knowing in advance what they 

will do or see. A proforma report form for 
country reports gives a common format to these 
sessions. Country reports should also try to link 
the issues with other sessions. 

It canno( be overstressed how important it is 
that parsicipants sliouW be thoroughly prepared 
for the workshops, and that all the pie- 
works/sop activities have been completed. 

2.2.3Organization 

T he organization of working group sessions 
also requires care. Groups should first meet 

informally, elect their own chairman, and then act 
as a permanent team in various workshop 
sessions. They are guided, but not instructed, by 
technical experts. 

It is useful to finish the workshop by preparing 
personal action plans. Participants should develop 
and present their proposals for what they can 
initiate immediately on their return home. Such 
action includes: 

what they can achieve unassisted, and 
•what else they could achieve if some assistance 

were available. 

Cleaner Production : A Training Resource Package 
Fart 2 • Orgiusizing Effective Training Activities 

The role of resource experts as advisors is 
crucial. They should have sufficient experience to 
assist in all sessions and provide general advice 
on all subjects in workshops, discussion or panel 
sessions. They should not, however, dominate the 
workshops. 

The five day format is ideal for covering all 
these requirements. If less than five days is taken, 
you can be sure that important issues will be left 
out. If more time is available, consider including 
social events and private study sessions, along 
with more extensive project work for the 
students. 
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23 Some ideas for more effective communication 
I f the training is to be successful, effective 

communication is essential - from recognition 
of the training need to the final evaluation of the 
event 

Without good communication, all manner of 
things can go wrong 
• the training is too early - or too late - to make 

any impact on performance 
• trainees do not know what the training is about 

or what to expect 
• the course is planned for a local public holiday 

• trainees who are traditionally used to lectures 
are suddenly required to take part in discussion 
groups, which might feel alien to them. 
Most of these issues can be anticipated and 

overcome by good communication between the 
course designers, writers, and event organizers 
and presenters on the one side, and the students 
and their organizations on the other. 

Some simple communication considerations will 
help to improve outputs in training and avoid 
disasters. 

I Before the learning event 
Find out.' 
•how the learners have been taught in the past 
• the real needs and situation of the learners 
• whether the facilities are adequate for the envisaged training 
• whether the training has the support of senior people 
• how success will be measured. 

Make a project plan for the organizers, giving details of how 
the event will be organi:ed. Send the plan to them, with details 
of the key dates and needs. 

During the learning 
• find out how relevant the topics are to the work situation of the 

participants 
• start with the familiar oil can - not a video ofan oil 

spill disaster 
• communicate using topics, themes and issues in the 

local press 
• store unanswered questions, and remember to answer 

them before the end 
• keep notes for participants to bullet-point format 
• ensure the participants keep notes for future reference - few 

read essays, or even articles 
• if you are working in a foreign language, at leasi translate the 

slides. 

After the learning event 
• always communicate your thanks and best wishes 
• inform participants on follow-up study procedures, and how the 

instructor can help to analyze the evaluations and inform the 
organizers of the results 

• communicate to colleagues the results of the training and what 
can be learned from these results. 

A Tr9imng Resource Fckage: Cleaner Production 
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2.4 Some iie rsonal suggestions 
for effective training 

The following suggestions come from four teachers with long experience in training. They are all 
different in character, and therefore in teaching approaches. However, they all believe in an 
enthusiasm for the subject which is critical when teaching students. 

To be an effective educator/teacher: 
• Provide an enjoyable learning situation that expands 

all of the participants' network. 
• Model courses and teaching styles on examples that 

you think are outstanding. Ask yourself about the 
qualities of a good instructor or a good course, and 
follow the answers you come up with. 

•Allow the subject matter to be discussed and 
discovered by students - not hammered in. 
Make courses relevant and interesting by 
understanding your audience. Ask them what they 
already know, and then plan for their needs. 
Incorporate ideas from the group in the course. 

• Remember that no amount of style will subsUtute for 
a lack of substance. 

Deborah 1-tanlon, Environmental Scientist 
Office of Environmental Engineering 

and Technology Demonstratton. US EPA 

To be efficient ('doing things right'), and 
effective ('doing the right things ): 

Think about helping people to learn, rather than 
teaching them. 

• Seek learner feedback, and measure learning 
achieved with objective tests. 

• Set learning time limits. 
• Seek conscious and unconscious learning. 
• Seek learning that endures, based on 

understanding and skills, 
Bob Roland. Environmental Conultanl, France 
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The outstanding educator/teacher: 
• Is fully acquainted with, and believes in, the 

educational merit of the subject matter. 
• Utilizes clear and graphic illustrations to inform 

and motivate the students to learn. 
• Utilizes learning approaches including multi-

media, projects, interviews, questionnaires, 
debates, and similar interactive approaches to 
ensure full involvement of the students. 

• Reacts positively to all questions - there are no 
Stupid Questions, only Stupid Answers. 

• Remembers that positive reinforcement is a 
better motivational approach than criticism. 
Is available for private discussions with 
individual students or groups of students. 

Don Hulsingb. En v i ronme ntal Consultant and Professor at 
Erasmus University in Rotterdam 

the Netherlands 

The best educator/teacher: 
• Likes the learners, and has a true understanding of 

how they learn. 
• Has the ability to communicate. 

Will change the training programme and the 
approach if necessary. 

• Is still learning, and has recent applied experience of 
the subject being taught. 

• Has the ability to organise events and to manage 
things. 

- Coljn Sutherland, Educational Consultant, France 
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2.5 Resource persons guitle 

As this package relies heavily on interactive groupwork sessions, here are some guidelines on how 
to be an effective resource person. 

In a case study-based training approach, the resource person serves more as a: 
facilitator of the group learning process 
•technical adviser as needed, 

and a 
• catalyst of learning 

rather than a: 
• lecturer 

story-teller 
or 
• instructor. 

Here are some guidelines on how to be an effective resource person. 

'

Be sure that you have read and understood 
thoroughly the participant's notes before you 

meet your group. There's nothing like being 
prepared and more familiar with the case study 
scenario than the participants are! 

2  Before every group work session, take time 
to visit your assigned meeting room and 

check the; 
• seating arrangements There should be a large 

enough table surrounded by enough chairs for 
the participants and yourself 

• equipment and supplies such as flipcharts, 
flipchart papers, marker pens, m hite/black 
board, board eraser, masking tape, transparency 
sheets, writing pads, ballpen:pencils, calculator. 
etc 

• physical conditions of the rooiis There should 
be sufficient lighting, the room temperature 
should be comfortable, noise should be as Ios' 
as possible, etc. 

3  During the initial group meeting. it is 
important to set an infornuvI and friendly 

atmosphere. It is suggested that you: 
• introduce yourself preferably asking everyone 

to call you by your first name, and then let 
everybody introduce himseliTherseif in a similar 
manner. Do not woste time staling positions 

and respective organizations, etc., which 
should have been done on the first day anyway. 

• then ask if the objectives and purpose of the 
exercise, which have been previously discussed 
in the plenary session, are clear to them. 
Sample objectives are; 
- identiJy and understand the options that SMEs 

can employ in their pollution prevention 
program 

—evaluate the feasibility and suitability of these 
options in view of technical, environmental, 
financial, organizational, and social criteria 
and constraints. 

It will be useful to know whether the majority 
of the group members have actually read the text 
provided, which states the background and the 
problem. 

if they have not, then you will need to direct 
them to focus their attention first on what needs 
to be accomplished by the end of each part. 

4  If your group gets involved in diverse issues, 
try to steer them back on the right track by 

asking relevant questions, rather than telling 
them what to do, 

5  Give technical assistance and 
supplementary information as needed, 
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without 'spoon-feeding' the participants. 
However, do not lecture or dominate the group 
discussion process. 

6Although you need not stay with your group 
for 1001/6 of the time, it is expected that you: 

spend at least 80% a/the time with them during 
regular sessions. The crucial times are at the 
beginning, middle, and near the end of each 
groupwork session. 

• IT they decide to work beyond the prescribed 
regular time, just make sure that they are on the 
right track; your presence during overtime is 
not mandatory, but voluntary. 

7  There will be crilleal parts during the 
identification of options, followed by 

technical, environmental, and economic 
evaluation, where your technical advice will be 
most needed by your group. 

The best way to assist the participants is by 
giving only the advantages and disadvantages of 
the options in question. Let them weigh these 
pros and cons and decide for themselves whether 
to take or drop the option. 

8 If you encounter any question about the 
technical  content of the material that you 

have not been briefed on, discuss it with the 
Team Leader and agree on how to tackle the 
situation. It may well be that the other resource  

persons need to be duly advised on the 
particular question. 

9  See to it that you compare notes, exchange 
hints, and share strategies with other 

resource persons so that you can assist one 
another, as well as gauge your group's progress 
in comparison with the others. 

I Oamong
tf tension or heated argument arises 

 your group members, try your 
best (with a sense of humor) to defuse it. 
1 1 In the case of absenteeism, approach the 
I I personlpersons in question and encourage 

them to participate. 

12 If one or two group members are 
dominating the discussions or doing all 

the work, intervene and encourage everyone to 
get i,woived. In order to do this effectively, you 
need to be attuned to your group's 'culture' and 
trend of discussion. 

13 Although  division of labor is a time 
saving group work strategy, you must 

ensure that it is not done to the extent that there is 
no peer learning and discussion occurring. It is 
counter-productive for group members to work 
individually on these exercises. 

14The  most productive, mean ingfiil and 
fulfilling group work is when they get to 

accomplish what they have to do as a team - and 
have fun in the process 
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2.6 Suggestions for self study 

A lthough this package was designed 
to provide resources for trainers, 
the potential for self-study should 

not be ignored. 
The package does not constitute a complete 

course on cleaner production in leather tanning, 
but can be seen as an introduction to be  

supplemented by further reading and additional 
training materials listed in the Appendices, and 
perhaps by Site visits and discussions with 
professionals. 

The following approach is suggested for 
individual study. 

Read the introduction, but avoid any sections on organizing training events. 

Seek out the section containing background papers or subject content. Read through 
the whole section as narrative. 

• Work through the pages offered to the trainer for overhead projection, and ensure 
you can relate the key points of each overhead to the text you have read. 

Look at the section on exercises. Identify those which lend themselves to individual 
work, and tackle them. Those exercises clearly constructed for teamwork, or 
requiring research, may not be appropriate. 

'Refer back to the narrative text as and when you need to, to complete the exercises. 

• Check your answers against those given in this resource pack. Where there are 
discrepancies, check through your own working to understand why the 
discrepancies appeared. 

Use the Appendices to plan your own further development. 

A Training Resource Package Cleaner Production 
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3 Technical 
Background Papers 

31 Introduction 

C leaner Production is an approach to 
environment management that has many 
benefits for industry. It is most 

successfully implemented through a systematic 
life-cycle approach to production that considers: 

•product design 
• low-waste production technologies 
• efficient use of energy and raw materials 
• optimization of existing technologies 

and 
• a high standard of operational safety. 

The prevention philosophy of Cleaner 

Production is the antithesis of the earlier end-of-
pipe treatment approach, in which pollution was 

cleaned up after it had already been generated. 

The background papers in this Part explain in 
simple terms what Cleaner Production is, what it 
achieves, and how it can be applied. There is 

particular emphasis on aspects which can be 
incorporated into teaching programmes. 

Due to limited space, we can only give an 

overview of the key points. The material in this 
document is sufflcient as a basis for preparing a 
lecture on the general principles, but it is not 

sufficient to develop an extended curriculum, or 
to carry out projects or consulting work, 

For further details and more general reading on 

the subject, you should refer to the references in 

Part 4, which also include a list of training 
materials available from various sources. 
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32 key learning poiNts 

1  The Cleaner Production approach reduces 
pollutant generation at every stage of the 

production process in order to minimize or 
eliminate wastes that need to be treated at the end 
of the process. 

2  The terms pollution prevenhion, source 
redudilon and wasle minimization are often 

used to mean Cleaner Production. 

3  Cleaner Production can be achieved through: 
improved operation and good housekeeping 

• process modification 
• changes in plant and equipment 
• raw or toxic material substitution 

and 
• re-design andlor reformulation of products. 

Effluent treatment, incineration, and even waste 
recycling outside the production process are not 
regarded as Cleaner Production, although they 
remain necessary activities to achieve low 
environmental impact. 

4  The economic advantage of Cleaner 
Production is that it is more cost effectve than 

pollution control. The systematic avoidance of 
waste and pollutants increases process efficiency 
and improves product quality. The costs of final  

treatment and disposal are minimized through 
pollution prevention at the source. 

5  The environmental advantage of Cleaner 
Production is that it solves the waste problem 

at its source. Conventional end-of-pipe treatment 
often only moves the pollutants from one 
environmental medium to another. 

6  The slow acceptance of Cleaner Production is 
mostly due to human factors rather than 

technical factors. 
• The end-of pipe approach is well known and 

accepted by industry and engineers. 
• Existing government policies and regulations 

often favour end-of-pipe solutions. 
• There is a lack of communication between those 

in charge of production processes and those who 
manage the wastes that are generated. 

• Managers and workers who know that the 
factory is inefficient and wasteful are not 
rewarded for suggesting improvements. 

7prob lem 
Because Cleaner Production attacks the 

 at several levels simultaneously, the 
introduction of a industry/plant level programme 
requires the commitment of top management and 
a systematic approach to waste reduction in all 
aspects of the production process. 

Source. UNIDO/UNEP, LU 3, 1994 

Table 3.1 Reasons why Cleaner Producon is not adopted 
percent 

Political (60%) Bureaucratic res!stance 20 
Human conservatism 10 
Uncoordinated legislation 10 
Media sensationalism 10 
Public igriorancel misinformation 10 

Financial (30%) Disposal subsidies 10 

Scarce money 10 

Entrenched disposal industry 10 
Technical (10%) Lack of reliable centralized information 5 

Lack of assistance in applying waste minimization to individual needs 5 

Ootal 100 

Source: Don Huisingh (extract from US studies) 
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33 Background naver on Cleaner Production 

3.3.1 Introduction 

The production of goods and services without 
the concurrent production of residues and 

wastes has long been regarded as an ideal, but 
something that planners have not taken very 
seriously. The idea was regarded as uneconomic, 
and there was always enough empty space to 
dump unwanted materials. 

With the passing of time, we have come to 
appreciate more fully the pressure that pollution 
puts on our natural resources and our health. 
Europe, for example, produces more than 2 000 
million tonnes of solid waste each year. Twenty 
million tonnes of this waste is considered to be 
hazardous. 

Traditional methods of dealing with such 
volumes of wastes have not always been 
successful, and the resulting contamination of 
water and land has led to pressure on industry to 
improve the situation. 

For factory effluents and emissions, the 
situation is similar. The environmental impacts 
are increasingly regarded as unacceptable. The 
standards are tightening, and disposal costs are 
increasing. In order to escape this impasse, the 
authorities and industry are now more seriously 
trying to find a way of avoiding waste production 
altogether. 

3.3.2 What is Cleaner Production? 

C leaner Production is a general term that 
describes a preventative approach to 

industrial activity. It applies equally well to the 
service sector, transportation systems, and 
agriculture, it is neither a legal nor a scientific 
definition to be dissected, analyzed and subjected 
to pedantic disputes. It is a broad term that 
encompasses what some countries call waste 
minimization, waste avoidance, pollution 
prevention, and other similar names, but it is also 
includes something extra. 

This re-examination is happening at a time 
when increased market competition is, in any 
case, causing companies to make improvements 
in production efficiency, and generally look for 
cost-cutting measures. Simple calculations of the 
market value of chemicals that have been flushed 
down the drain sJpport the long-standing view of 
ecologists that emissions, effluents and other 
residues, in addition to being pollutants, are in 
fact a wasted resource. 

Suddenly waste minimization, pollution 
prevention, and recycling are in all our day-to-day 
thoughts. In other words, we are at last thinking 
more seriously about producing without waste. We 
are thinking about Cleaner Production. 

This change in attitude became very noticeable 
during the United Nations Conference on 
Environment and Development (IJNCED) in 
1992. in Agenda 21, UNCED gives high priority 
to the introduction ofCleaner Production 
methods and preventative and recycling 
technologies in order to achieve sustainable 
development. This priority is emphasized in 
Chapiers 20. 22 and 30 of Agenda 21. 

This paper outlines what UNEP understands by 
Cleaner Production, what is being done to promote 
it, and how the concept can be applied in practice. 

Cleaner Production refers to the mentality 
underlying the production of our goods and 
services with the minimum environmental impact 
under presern technological and economic limits. 
It acknowledges that production cannot be 
perfectly clean. Practical reality ensures that there 
will be residues of some sort from many 
processes and obsolete products. However, we 
can - and must - strive to do better than in the 
past if our planet is to remain habitable. 
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Cleaner Production does not 
deny growth; it merely insists 
that growth is ecologically 
sustainable over a longer time 
span than economists have 
traditionally used. 

It is also important that we 
have a clear view of what 
Cleaner Production is not. 
Some popular misconceptions  

•For production processes, Cleaner 
Production includes the conservation of 
raw materials and energy, the 
elimination of toxic or dangerous 
materials, and reduction of emissions 
and wastes at the source. 

• For products, the strategy focuses on 
reducing impacts through the entire life 
cycle of the articles produced, from 
conception to use, to ultimate disposal. 

The definition that has been 
adopted by UNEP is that 

"Cleaner Production is the 
continuous application of an 
integrated preventative 
environmental strategy to 
processes and products so as 
to reduce the risks to humans 
and the environment." 

The main emphasis is clear. As 
well as prevention during the - for example, that recycling 	I 

and effluent treatment by themselves constitute 
Cleaner Production - have to be repeatedly 
refuted, since many vested interests try to 
repackage existing programmes under a new, 
popular title. 

manufacturing process, it is also important to take a 
life-cycle approach to the products themselves. 

Cleaner Production involves applying know-
how, improving tec hno log ies, and - above all - 
changing attitudes in many places. 

3.3.3 Why Cleaner Production? 

Aswell as achieving a lower level of pollution 
and environmental risk, Cleaner Production 

is also often a good business proposition. More 
efficient use of materials and process optimization 
results in less waste and lower operating costs. 
There is often an improvement in worker 
productivity, with less time lost through illness and 
accidents. For new processes, such benefits are 
usually built into the equipment, but even for older 
plant there is often an economic incentive to 
modify or change the existing process (see Table  

3.2). Ca.e studies in Europe confirm these 
findings. The Landkrona and Prisma projects in 
Sweden and the Netherlands respectively confirm 
the results achieved in the USA. Australia and 
Canada can also quote similar experiences. 

Likewise, developing countries have positive 
experiences about the economics of this approach 
to environmental performance. Three case studies 
are shown below as an example. Further examples 
from all regions of the world can be found in the 
LJNEP publication Cleaner Production Worldwide. 

Table 32 Examples of Cleaner Production and payback periods in the United States 
industry Method Waste reduction Payback period 
Pharmaceutic production Water-based solvent replaced 

organic solvent  
1000/0 <1 year 

Equipment manufacture URrafiliration 100% of solvent 2 years 
Farm equipment manufacture Propary process 80% of s!udge 2.5 years 
Automotive manufacture Pneumatic cleaning process 

replaced caustic process  
100% of sludge 2 years 

Microelectronics Vibratory cleaning replaced 
caustic process  

100% of sludge 3 years 

Organic chemicals production Absorption, scrap condenser, 
conservation vent, floating roof  

95% of cumene 1 month 

Photographic film processing Electrolytic recovery ion 
exchange 

85% of deveiopei 95% of 
fixer. silver and solvent 

< 1 year 

Source- D. Huisingh Cleaner technologies through process modifications, materials 
substitutions and ecologically based ethical values' in lndus!rv and Environment 12:1 [1989] 
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POLAND 

F SM Sosnowiec manufactures car headlight 
reflectors, door locks and window winders. The lamp 

bodies are made of zinc aluminium alloy, and then 
copper-nickel-chromium plated. The door locks and 
window winders are made of steel and are zinc-plated. 

The waste from the factory used to contain cyanide and 
the heavy metals chromium, copper, nickel and zinc. But 
then a new programme to reduce pollution and improve 
the working conditions of the factory was introduced. 

New plating processes were introduced, waste from 
rinses was all but eliminated, and a recycling system 
was introduced, which allowed waste raw materials to 
be recovered and water reused. 

INDONESIA 

PT Semen Cibinong is a cement company near 
the Indonesian capital of Jakarta. It operates two 

cement kilns, each producing about 2 000 tonnes of 
cement per day. 

The quality of the cement is determined largely by 
the firing temperature in the kiln. Too low a 
temperature, and the cement fails quality standards. 
Too high a temperature, and fuel is wasted, while 
production of nitrogen oxides (NOx) and sulphur oxides 
(504 also increases. Both these emissions are 
dangerous pollutants, the wasted fuel is an 
unnecessary expense and the ow-quality cement is an 
unsalable product - in other words, an expensive 
waste of money. 

INDIA 

Century Textiles of India is the world's largest 
exporter of 100 percent cotton fabrics, and it 

employs 7,000 people. In 199-92, its texble division 
had a turnover of US $99.75 million. 

Sulphur black is a fabric dye commonly used in India 
because it does not fade much from washing or sunlight, 
but the traditional dyeing process uses sodium sulphide 
and produces foul-smelling effluents containing 30 parts 
per million (ppm) of highly toxic sulphides. The State 
Pollution Control Board stipulated that the sulphides be 
reduced to 2 ppm. 

This reduced the use of water and raw materials. 
Waste stream quantities were reduced as follows: 
• chromic acid by 60%; 	' copper by 95%; 
• cyanide by 80%; 	• nickel by 98%; 
• zinc by 98%; 	 • wastewater by 93%. 

Wastewater has been purified to the following levels: 
• chromium to 0.1mg/i; 	• copper to 0.1mg/I; 
• nickel to 1.0mg/I; 	and 
• cyanide to 2.0mg/i; 	• zinc to 0.9mg/i. 

Capital investments in the programme was 
US $36000, resulting in total savings of 
US $193,000 per year, with a payback period of 
two months. 

The company introduced a sophisticated monitoring 
and control system to ensure optimum efficiency in the 
operation of the kiln, particularly in maintaining the 
right temperature. This system: 
•reduced energy use by three percent; 
• increased production capacity by nine percent; 

reduced below-standard cement production by 40 
percent; 

• produced cement more readily ground to powder, 
leading to further energy savings, and 
reduced emissions of NO x  and SO. 
The US $375,000 invested saved US $350,000 per 

year in energy costs alone and, with the other benefits, 
paid for itself in less than a year. 

By substituting hydrol, a cheap and non-toxic by-
product of the maize starch industry, for most of the 
sodium sulphide, Century Textiles reduced its sulphide 
emissions to within the 2 ppm limit. The new system 
produced higher quality cloth, eliminated the need for 
new investment to meet the pollution standards and 
saved money using the cheaper hydrol. 

Furthermore, hydrot produces less corrosion than 
sodium sulphide, meaning lower maintenance costs, 
and the smell of sulphide in the work place was 
eliminated. 

Source:Our Planet 5.3 1993 
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3.3.4 Where is Cleaner Production applied? 

C leaner Production concepts are now 
gradua1Iy being incorporated into industrial 

operations. Nevertheless, many companies and 
countries have been slow to implement these 
concepts, which suggests that there are some 
obstacles to its implementation. These obstacles 
are, however, not absolute. Often, they tend to be 
more an excuse for delay than a legitimate 
barrier. Experience worldwide shows that the 
largest obstacle is human conservatism and 
motivation. Lack of awareness, lack of 
information on options, and lack of suitable new 
technologies can be contributing reasons. 
Occasionally, market constraints force a company 
to continue to operate an old process, or to 
manufacture a traditional product, even when 
newer, cleaner options are available. 

Much is said and written about the importance 
of new technologies. In many instances,  

technology does indeed make a major 
contribution to preventing pollution but this is 
not the same as saying that, without new 
technology, nothing can be done. The US 
experience is that about half the pollution 
generated nationally could be avoided by 
improvements in operating practices and simple 
process changes. 

The experience of national Cleaner Production 
programmes in Europe. Canada, USA, Australia - 
in fact, everywhere - shows that, in many cases, 
once manufacturers have been forced to make 
process changes in order to reduce pollution, they 
often have a more efficient and lower-cost 
production line. Why does industry wait for 
government to prompt cost reduction measures? 

Clearly, there is still much to be done before 
the concepts of Cleaner Production are 
universally applied. 

3.3.5 Who is responsible for Cleaner Production? 

Tn recent years, environmental specialists 
have developed an impressive array of tools 

and skills which can help in the general 
implementation ofCleaner Production actions. 

At the planning level, various techniques have 
become common in mans countries. These 
techniques include: 
• environmental impact assessment 
• risk assessment and risk management 
• environmental audits. 

Care systems such as Quality Care, 
Environmental Care, Responsible Care, and 
Total Quality Management are also regarded as 
environmental management tools at the planning 
level. Among the more product- or process-
specific skills are: 

waste auditing 
• product life-cycle assessment and ecolabelling 
• energy auditing 
• chemical safety 

and 
• product impact improvement. 
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Government personnel are increasingly using 
regulatory policy and standards, environmental 
monitoring, and economic incentives to influence 
industrial and consumer choice towards less 
polluting processes and products. 

The danger in relying too much on regulatory 
policy and standards is that the environmental 
management tools are then used only to comply 
with regulations, not to improve performance. 
For instance, a certificate can be obtained when a 
company has implemented a quality care system 
according to ISO 9000 standards. The company 
often makes no further efforts to improve the 
existing quality care system, and obtaining the 
certificate becomes a goal in itself. When the 
quality care system is approached with a Cleaner 
Production mentality, continuous improvements 
are made, irrespective of any possible certificates 
which can be obtained along the way. 

This striving for continuous improvement is 
characteristic of the Cleaner Production concept. 

The environmental management tools which 
can be useful for the introduction of Cleaner 
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Production programmes are discussed in the 
primer on Cleaner Production in Section 3.4. 

Although the environmental specialists have an 
important part to play, the prime responsibility 
for Cleaner Production does not rest with them. 
The main contributors are all those who are in 
some way involved with production, distribution 
or consumption of industrial products and 
services. Clients or suppliers need to be 
conscious ofthe implications of their decisions 
on products. 

Plant operators can pay more attention to 
process optimization, housekeeping and safe 
chemicals handling. Managers need to give 
employees incentives to reduce waste. 

In industry, many preventative actions can be 
taken by individuals during their normal day-to-
day activities. Technical personnel can best 
implement the prevention concept if there is a 
clear policy framework, and if the assessment 
methodologies (for example, environmental 
performance criteria for industrial products) are 
available, and when information on 
environmental impacts and alternatives is known. 
Management must however take the initiative to 
enable and encourage the technical personnel to 
act. Accordingly, many key decisions that enable 
Cleaner Production are actually made at the level 
of corporate management, or during policy 
development in government. 

3.3.6 Implementing Cleaner Production by industries 

Figure 3.1 Waste audit procedure illustrates the process in brief. Fuller details are in Section 5. 

Figure 3.1 Waste audit procedure 

Evaluate waste reduction options 

[Process inputs 	 Process outputs] 

tF Derive a material balance 

1 	ldentiy waste reduction options 	I 

Evaluate waste reduction options 

Waste reduction action pan 

Source: UNEP/UNIDO 
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Auditing 

T he development of preventative actions can 
only occur when is clear what the problem 

really is. Therefore, the first step is an inventory 
of waste that is generated in a plant. A useful 
diagnostic procedure has been developed by 
IJNEP and UNIDO (Figure 3.1). This waste 
audit procedure is used to systematically identify 
areas of Cleaner Production so that options for 
potential preventative actions address the most 
important sources first. 
Preventative options 

P reventative options are identified in the 
synthesis phase of the audit, which is the key 

to successful remedial action. Accordingly, the 
discussion below will elaborate on the generation 
of options for reducing the wastes at their source. 
It should be noted that the same methodology is 
applicable for the generation of options for 
reducing risk, and reducing energy consumption. 

Let us look at these actions in turn. A waste 
audit procedure is initiated after a conscious 
decision has been made by the management to 
take some action. The first phase is to form the 
audit team, discuss the programme with workers 
and supervisors (who will need to provide much 
of the data), and document the main processes to 
be studied (see Figure 3.1). It is important to pay 
attention to psychological aspects of the study, as 
workers will be reluctant to provide information 
if they believe they will be punished for process 
inefficiencies. 

From the data provided by plant records and 
other information, the audit team prepares a 
inaferiulbulance of chemicals. water and 
perhaps energy. When this material balance is of 
sufficient quality, it will be possible to determine 
where the main sources of waste are. While 
simple in concept, the necessary information for a 
good mass balance is often difficult to obtain. 
Many companies do not keep good records of 
chemicals or discharges. 

The synthesis phase is where the material 
balance is studied, and appropriate measures are 
proposed to reduce or prevent loss of materials. 

It is here that the audit team uses all means 
possible to identify Cleaner Production options. 
The ideas for options may come from: 
•literature search 
• personal knowledge 
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• discussions with suppliers 
• exampLes in other companies 
• specialized databases 

or 
• further Research & Development. 

As a creative intellecnial environment based on 
the widest possible experience is often needed in 
order to think of all possibilities, brainstorming 
and group sessions are regularly used at this stage. 

Depending on the circumstances, the above 
procedure can be further developed to a more 
sophisticated level. The three phases above may 
be extended to five or more phases, each with a 
larger number of steps within them. For example, 
the Dutch Prisma project uses such an expanded 
procedure when carrying out major plant 
assessments. The additional steps certainly assist 
in complex situations - however, the basic 
principles as described above are the same: 
• a preparation stage 
• a plant assessment stage 

and 
• a synthesis stage, where options are generated. 

As mentioned above, generating options is a 
creative process that relies more on inspiration 
than on logical deduction (although logic remains 
important). In many audits, brainstorming 
sessions have proven to be very effective for 
generating options. The brainstorming session is 
a combination of creativity and common sense. 
Before starting a brainstorming session, literature 
from other organ isations and companies should 
be consulted, and a site inspection should take 
place so the generation of options will be more 
productive. One should, hereby, focus on all 
influences of the process that could lead to the 
generation of waste. Brainstorming session have 
proved to be most effective when managers, 
engineers, process operators and other 
employees, as well as some outside consultants, 
work together without hierarchical constraints. 

It should be noted that, during the audit process, a 
number of obvious possibilities for immediate 
improvements may already have been identified 
(see Figure 3.1). Inordertogofurtlier, it is often 
helpful to conceptually divide the process into 
several essential elements, as shown in Figure 3.2. 

The option generating process then considers 
each element in turn, 
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FIgure 3.2 Process elements for Cleaner Production options 

2 Technological 
I_ 	 3 housekeeping 

Good 

	

change 	 __________________ 

]

change 
Product 

Change in  

[ 	input materials] 	 [5 On-site 	
] L reuse 

Source: tINE? IE 

1 Change in input materials 
1 input material changes accomplish Cleaner 

Production by reducing or eliminating the 
hazardous materials that enter the production 
process. Also, changes in input materials can be 
made to avoid the generation of hazardous wastes 
within the production processes. 

Input material changes include: 
• material purification 
• material substitution. 

2  Technological change 
Technology changes are oriented toward 

process and equipment modifications to reduce 
waste, primarily in a production setting. 

Technology changes can range from minor 
alterations that can be implemented in a matter of 
days at low cost, to the replacement of processes 
involving large capital costs. 

These include the following: 
• changes in the production process 
• equipment, layout, or piping changes 
• use of automation 
• changes in process conditions 

- such as flow rates, temperatures, pressures, 
and residence times. 

3  Good housekeeping 
Good housekeeping implies procedural, 

administi-ative, or institutional measures that a 
company can use to minimize waste. Many of 
these measures are used in industry largely as 
efficiency improvements and good management 
practices. Good housekeeping practices can often 
be implemented with little cost. These practices 
can be implemented in all areas of the plant, 

including production, maintenance operations, 
and in raw material and product storage. 

Good operating practices include the following: 
• Cleaner Production programmes 
• management and personnel practices 
• material handling and inventory practices 
• loss prevention 

waste segregation 
• cost accounting practices 
• production scheduling. 

Management and personnel practices include 
employee training, incentives and bonuses, and 
other programmes that encourage employees to 
conscientiously strive to reduce waste. 

Material handling and inventory practices 
include programmes to reduce loss of input 
materials due to mishandling, expired shelf life of 
time-sensitive materials, and proper storage 
conditions. 

Loss prevention minimizes wastes by avoiding 
leaks from equipment and spills. 

Waste segregation practices reduce the volume 
of hazardous wastes by preventing the mixing of 
hazardous and nonhazardous wastes. 

Cost accounting practices include programmes 
to allocate waste treatment and disposal costs 
directly to the department or groups that generate 
waste, rather than charging these costs to general 
company overhead accounts. In doing so, the 
departments or groups that generate the waste 
become more aware of the effects of their 
treatment and disposal practices, and have a 
financial incentive to minimise their waste. 

By judicious scheduling of batch production 
runs, the frequency of equipment cleaning and the 

- A Training Resource Package: Cleaner Production 
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resulting waste can be reduced. it is at this stage 
also that the energy efficiency of the process, and 
of the general plant operation, can be considered. 

The UNEP IE publication Climate Change and 
Energy Efficiency in Industry discusses this topic 
in more detail (see Part 4 for full references to 
this publication). 

4  Product changes 
Product changes are performed by the 

manufacturer of a product with the intent of 
reducing waste resulting from a product's use. 

Product changes include: 
• product substitution 
• product conservation 
• changes in product composition. 

5  On.site reuse 
Recycling via use and/or reuse involves the 

return ofa waste material either to the originating 
process as a substitute for an input material, or to 
another process as an input material. 

After the options have been generated, an initial 
selection should be made, considering: 
• availability 
• suitability 
• environmental effects 

and 
• economical feasibility. 

This initial selection should take place before 
the Cleaner Production option is submitted to 
more thorough evaluation. 

During the feasibility phase, the evaluation will 
result inaselection of options for 
implementation. Some examples of Cleaner 
Production techniques are given in Figure 3.3. 

The implementation phase of the options has to 
be followed by monitoring of the changes, and - 
inherent to the concept of Cleaner Production - 
followed by a new audit, which will be used to 
identify new options for Cleaner Production. 

This last step closes the chain of continuous 
improvement. 

The procedure outlined above can be used in the same way across the world. 
We should learn from the positive results that are now coming from those companies and countries 

that have acquired some experience with the Cleaner Production process. In order to facilitate this 
learning process, IJNEP has built a global programme on Cleaner Production which shares the 
worldwide experience, and builds a network of expertise. 

3.3.7 Introducing Cleaner Production by governments 

While it is industry that ultimately must 
implement Cleaner Production, the role of 

government is to lead by providing an 
environment that will accelerate the process and 

encourage industry to initiate its own Cleaner 
Production programme. 

The range of tools available trying to catalyze 
industry to adopt Cleaner Production is large, and 
different countries will select those combinations 
of tools they regard as most suited to their needs. 

In the UNEP IE publication Government 
Strategies and Policies for Cleaner Production, 
the available tools are analyzed under four 
different categories: 
I applying regulations 
2 using economic instruments 
3 providing support measures 
4 obtaining external assistance. 

Cleaner Production : A 'training Resource Package 
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Figure 3.4 shows this analysis. 
in industrialized countries, the first three of 

these tocis have generally been applied in the 
order given in Figure 3.4. The last tool, obtaining 
external assistance, is specially relevant to 
developing countries and those undergoing 
economic transition. In other words, governments 
have first established regulations designed to 
limit emissions to the air, water, and onto the 
land. They have then introduced economic 
instruments that encourage the observance of 
these regulations and penalize their infringement. 
Finally, they have provided support for industries 
to enable the regulations to be more easily met. In 
the process, developed countries have acquired 
extensive and complicated regulatory systems. 
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Regulations have not been introduced on such a 
massive scale in developing countries, and it is 
not yet clear whether they will need to do so. 

They certainly do not have to be in place before 
launch ing a Cleaner Production offensive. The 
implementation of Cleaner Production, with its 
goals of zero emissions and full recycling, does 
not necessarily depend on the existence of an 
extensive regulatory system. Developing 
countries may well find it more feasible to 
depend on raising awareness of the economic 

benefits implicit in Cleaner Production. Coupled 
with suitable support measures and the use of 
external assistance, this will be enough to 
persuade many industrial leaders to adopt Cleaner 
Production procedures, with regulations and 
economic instruments playing a less important 
role than they have in the industrialized countries. 

For further details, readers are referred to the 
UNEP IE publication Government Strategies and 
Policies for Cleaner Production, included in the 
Annex documents. 

Figure 3.3 Examples of Cleaner Production techniques 

Change in input material 
Printing •  Substitute water-based ink for solvent-based ink 

Textiles 	 • Reduce phosphorus in wastewater by reducing use of phosphate-containing 
chemicals 
Use ultraviolet light instead of biocides in coolingtower 

Electronic components Replace waler-based film-developing system with a dry system 
Technological changes 

Filtration and washing • Use countercurrent washing 
• Recycle spent washwater 

Parts cleaning 	' Use mechanical cleaning devices 
• Improve parts draining before and after cleaning 

Use plasticbead blasting 
Surface coating 	• Use electrostatic spray-coating system 

• Use powder coating systems 
• Use airless air-assisted spray guns 

Good housekeeping 
• Reduce raw material and product loss due to leaks, spills, drag-out, and off - 

speciñcation process solution 
• Schedule producon to reduce equipment cleaning - for example, formulate light to 

dark paints so the vats do not have to be cleaned out between batches 
• Develop employee training procedures on waste reduction 

Product change 
Batteries 	 •Replace mercury in batteries 
Spray cans 	' Replace volatile chemicals with water soluble formulation as aerosol 
Refqgerators 	' Replace CFC5 with Ammonia 

On-site reuse 
Printing 	 • Use a vapour-recovery system to recover solvents 

Textiles 	 • Use ultrafiltration system to recover dye stuffs from waste water 
Tape measures 	• Recover nickel-plating solution using an ion-exchange unit 

Taten from H M. Freeman Hazardous Waste Minimization 

A Training Resource Package: Cleaner Production 
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Figure 3.4 Differences in the use of policy instruments 
in the European Union and the United States 

NL DX SP UK FR BE GE P0 IT Gr El LU USA 

Legislation 
Approval scheme including © 0 © 

cleaner technology 
Voluntarj agreements 0 0 0 0 0 0 0 0 0 0 0 0 

Financial Instruments 
Tax, duties and fees 0 © 0 0 © 0 © 0 0 0 0 0 © 
Grants and subsidies © © © © © © © © 0 © 0 © © 
Information and education 
Demonstration projects. © 0 © ® © © 0 0 0 0 0 © 

processes 
Dernonstratn projects, products © © 0 0 0 © © 0 0 C) 0 0 0 

Consultant support 0 0 0 0 0 0 0 0 0 0 0 0 0 
Centres of expeitise 0 0 0 0 0 0 0 0 0 0 0 0 0 
News/etters © © 000 © 000000© 
Genera/manuals 0 0 0 0 0 0 0 0 0 0 0 0 0 
Industry-specific manuals 0 0 0 0 0 0 0 0 0 0 0 0 © 
Databases 0 © 00000000000 
Videos 0000000000000 
Conferences and seminars 0 0 0 0 0 0 0 0 0 0 © 0 0 

esearch and development © © 0 © © © © 0 0 0 © 
_programmes 

0 yes 	0 under preparation 	0 no activities or no information 
Commission oIthe European Union. DG XI Waste Management: Cleaner Technologies 

Update on Situations in Member States. Brussels. June 1994. drat1 
and J. F-lirschhom and K. Oldenburg. Prosperii wit/iota Pollution. Nostrand and Reinhold. New York. 1991 

3.3.8 UNEP's Cleaner Production Programme 

W ithin UNEP. the Industry and Environment 
Centre (UNEP IE: formerly lEO, the 

Industry and Environment Office) has been 
concerned with reducing the environmental impact 
of industrial activity since its establishment in 
1975. In response to a 1989 decision of UNEP's 
Governing Council, the activities on low-waste 
technologies. Cleaner Production, residue 
management, and industrial policy were recast to 
emphasize more strongly the preventative aspect of 
industrial environmental management. 

In keeping with (JNEP's role as a catalytic, 
coordinating agency, the function of IJNEP IE is to 
promote the adoption and implementation of the 
Cleaner Production concept by industries and 
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governments around the world. Subsequently the 
concept is applied, implemented and monitored in 
each country by national initiatives. Figure 3.5 gives 
a list of different arenas in which Cleaner Production 
could be promoted, and how it could be done. 

The objectives of the UNEP Cleaner Production 
Programme are: 
• to increase worldwide awareness of the 

preventative environmental protection strategy 
embodied in the Cleaner Production concept 

• to assist governments and industries to develop 
actual Cleaner Production programmes and 
activities that will result in the adoption of 
Cleaner Production know-how, technology and 
approaches. 
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These objectives are addressed through a series 
of programme activities such as; 
•a computerized International Cleaner 

Production Information Clearinghouse (ICP1C) 
• working groups in key industry sectors and 

management tools 
• publication of technical guides and bulletins  

• training and education activities, and technical 
assistance in key areas. 
Activities are coordinated by the UNEP IE 

Centre in Paris. However, much of the field work 
is carried out by associated experts in various 
parts of the world. 

Figure 3.5 Different arenas for the promotion of Cleaner Production 
Arenas Topic 

I The company Problem analysis and solution 
responsibility and internal control 

• 	empLoyers • 	prevention teams and organization 
• 	emplo ees • 	change in work routines 

$ 	participation and influence 
2 The network of the company Reduction of 1aspect blindness' 

• 	cleaner working procelures 
• 	consultants • 	cleaner process technologies 

• 	changes in design and construction 
• 	suppliers • 	clean technologies 

• 	learn prevention strategies 
educatonal instuons • 	new courses and further training 

working conditions versus environment 
• 	trade unions • 	cleaner'  wage-bargaining system 

• 	diffusion of knowledge about prevention - 
3 

__________________________________ 
The authorities Dynamic re2ulation 

• 	green wastewater plan 
• 	muncipality • 	health and safety 
• 	C unK 0 

• 	environmental certification 
• 	trade agreementslaction plans 

state • 	initiate the innovation of clean technologies - 
4 The public Enlightenment and democratic debate 

• 	citizen • 	motivation to prevention 	• 	information 
- ' 	media • 	change of consumer behaviour 	and debate 

Source: D. Huisingh 

3.3.9 Summary 

C leaner Production of industrial goods and 
services is now essential if the concept of 

sustainable development is to become a reality. 
in most cases, cleaner Production has an 

economic as well as an ecological advantage over 
traditional methods of environmental control. The 
major barrier to date remains human conservatism 
and motivation, but improved means of 
information dissemination and the adoption of 
lower-waste technologies and products also remain 
important contributors to Cleaner Production. 

The Cleaner Production approach requires 
contributions from industrial production and  

operational personnel and service sectors, as 
much as from environmental specialists. The 
target audience for a Cleaner Production 
programme is therefore very broad, and the 
programme must adapt its message and its advice 
according to the particular audience or event 
under consideration. 

UNEP's industry and Environment Centre - 
LINEP IE - is pursuing an active programme of 
information exchange, awareness raising and 
technical assistance designed to help developing 
countries in particular to implement Cleaner 
Production policies and activities. 

A Training Resource Package; Cleaner Production 
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3.4A Primer on Cleaner Production Tools: 
assessments and audits 

J
t was mentioned earlier that intervention on 
Cleaner Production can take place at many 
points in the life-cycle ofa product or a 

process. Many different professions and functions 
can contribute, but each necessarily has different 
options for intervention. Each contributor also 
uses different tools to diagnose, assess and 
intervene. We have already seen how one of 
these tools, the waste audit, can be applied. 

It is not possible here to give a comprehensive 
description of all the Cleaner Production tools that 
could be used. However, because assessments and 
audits are often central to effective decision-
making, we give a brief summary of some of the 
key procedures that can assist those wanting to 
launch Cleaner Production initiatives. 

It shouLd be understood that some of these 
(such as life-cycle assessment) are still evolving, 
and readers are encouraged to keep up to date 
with developments in this field. 

For the same reason, the definitions are neither 
formal nor definitive. We have merely attempted 
to give a practical working description of each 
tool to help readers understand how they may be 
applied. 

The key procedures we shall examine are: 
• Environmental Impact Assessment (EIA) 
• Life Cycle Assessment (LCA) 
• Environmental Technology Assessment (ETA) 
• Chemical Assessment • Environmental Audit 
• Waste A udü and 
• Energy Audit 	• Risk Audit. 

3.4.1 Environmental Impact Assessment 

Environmental Impact Assessment (E1A) is a comprehensive evaluation of the effects of human 
development activities or non-action on the various components of environment, executed during the 
planning phase. ft is most commonly applied to assess the impact of proposed major development 
projects. 

Application 
The objectives for applying EIA in developing 
Countries are as follows: 
• to identify adverse environmental problems that 

may be expected to occur 
• to incorporate action appropriate mitigation 

measures into the development 
• to identify the environmental benefits and 

disadvantages of the project, as well as its 
economic and environmental acceptability to 
the community 

• to identify critical environmental problems 
which require further studies and!or monitoring 

• to examine and select the optimal alemative 
from the relevant available options 

• to involve the public in the decision-making 
process related to the environment 

• to assist all parties involved in development and 
environmental affairs to understand their roles, 

responsibilities, and overall relationships with 
one another. 
An Environmental Impact Assessment is often 

applied so large scale projects and major plants. 
The preference resulting from the Environmental 
Impact Statement (ElS) must be the result of an 
explicit weighing of the pros and cons of all the 
alternatives. 
Further reading 
Environmental Impact Assessment: basic 

procedures for developing countries [1988] 
Regional Office for Asia and the Pacific. 
United Nations Environment Programme. 

Environmental Impact Assessment.' The 
Netherlands —fit for future life. Leidschendam, 
The Netherlands: Ministry of Housing, Physical 
Planning and Environment, Directorate General 
for Environmental Protection, Directorate for 
Administrative Affairs, Environmental Impact 
Assessment Section. 
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3.4.2 Life Cycle Assessment 

Life Cycle A5sesSment (LCA) is a systematic inventory and comprehensive assessment of the 
environmental effects of two or more alternative activities. The assessment involves a defined space 
and time, including all steps and co-products in the activity's life cycle, from the cradle to the grave. 

LCA does not make decisions - rather, it helps people to make a decision. 

Application 
Life-Cycle Assessment is a continuously 
developing tool that has various applications, but 
primarily aimed at products. It can be used 10 

develop criteria for environmental labelling 
schemes, and can also point to environmental 
improvements by product (re)design or by choice 
of raw materials, suppliers, and processes or 
machines. In addition, it can point to those 
processes in the life cycle where a more in-depth 
waste audit would be of greatest importance. 

In principle, a Life Cycle Assessment is 
composed of four components: 
/ Goal definition and scoping 
2 Inventory analysis 
3 /mpaci' assessment 
4 Improvement assessment. 
I Goal definition ana'scoping consists of a 

screening process which will clearly define the 
problem and establish the objectives and goals 
of the assessment. 

2 The inventory analysis, also known as the life 
cycle analysis, is an inventory of how much 
energy and raw materials are being used, and 

the amount of wastes released into several 
media, at each stage of a product's life. 

3 The impact assessment involves analyzing the 
overall impacts of the environmental loadings 
identified in the inventory analysis. 

4 During the improvemeni assessment, the 
manufacturer can systematically evaluate the 
needs and opportunities to reduce the 
environmental load. 

Further reading 
LCA in Environmental Decision-Making. 

This report is being prepared for UNEP IE, 
and will be available in 1994. Further 
information from UNEP IE. 

The Use of L(fe Cycle Assessment in 
Environmental Labeling [1993] Washington. 
USA: US EPA (EPA/742-R-93-003). United 
States Environmental Protection Agency, 
Office of Pollution Prevention and Toxics. 

Environmental Assessment of Products: a course 
onl(fecyc/eassessmen![19931 B. Pedersen. 
TEK, Finland; UETP-EEE (The Finnish 
Association of Graduate Engineers). 

3.4.3 Environmental Technology Assessment 

An Environmental Technology Assessment analyses the effects on the environment of a technology, 
specifically on human health, ecological systems and resources. 

Application 
The Environmental Technology Assessment is 
part of a Technology Assessment. It is an 
analytical tool used to help understand the likely 
impact of the use of a new technology by an 
industry, region, country or society. 

An Environmental Technology Assessment 
includes; 
• strategic environmental assessments, which 

examine the environmental implications of  

policies, plans and programmes that affect 
technology development and use 

• environmental impact assessments of specific 
facilities or projects 

• environmental testing of the effluents or 
en v iron m ental releases of particular technologies 

• environmental risk assessments, which express 
risks to human health or ecological systems by 
quantitative or qualitative methods 

• product life cycle analyses, which evaluate the 
environmental impacts of a product from raw 

A Training Resovrce Package Cleaner Production 
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material acquisition, through use, to ultimate 
disposal. 

Further reading 
Report of the workshop on the rransftr and 

development of environmentally sound 

technologies (ESTs) [1993] United Nations 
Conference on Trade and Development 
(UNClAD), Palais des Nations, 1211 Geneva 
10, Switzerland. 

3.4.4 Chemical Assessment 

A chemical as5essment determines the potential ofa chemical to cause harm because of its inherent 
toxicity and/or ecotoxicity. 

Application 
The chemical assessment makes use of 
information sources which give an overview of 
the possible inherently toxic effects of a 
chemical. Information from Material Safety Data 
Sheets (MSDS) and the International Programme 
on Chemical Safety (IPCS), for example, serve as 
the basis to evaluate and assess the hazards a 
chemical imposes on human health and the 
quality of the environment. As a result, the 
preference of the use of one chemical over the 

other can be chosen. The Chemical Assessment is 
often part of a risk audit. 
Further reading 
The Environmental Health Criteria Series. 

International Programme on Chemical Safely 
(JPCS). Published under joint sponsorship of 
UNEP, ItO, and WHO. 

Managing Chemicals in the 1980s [19831 OECD, 
Paris. 

Compendium of Environmental Exposure 
Assessment Meihoas for Chemicals [1989] 
OECD Environment Monographs 27. OECD. 

3.4.5 Environmental Audit 

Environmental auditing is a management tool comprising a systematic, documented, periodic and 
objective evaluation of how well environmental organization. management and equipment are 
performing. Sometimes, the expression eco-audit is used instead of environmental audit. 

Application 
Environmental audits should be seen as an 
element in a comprehensive approach to 
environmental management. 

An environmental audit helps to safeguard the 
environment, by assisting with and substantiating 
compliance with local, regional, and national 
laws and regulations, and with company policy 
and standards. It also reduces exposure to 
litigation and regulatory risk (for example, 
penalties and additional regulations). The process 
ensures an independent verification, identifies 
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matters reeding attention, and provides timely 
warning to management of potential problems. 

The term environmental audit is sometimes 
used in a wider sense, to refer to any assessment 
activity which could be part of an environmental 
management system. 
Further reading 
EnvironrnentalAuditing [1990] Technical Report 

No. 2. Paris, France: UNEP lEO. 
ICC Guide to Effective Environmental Auditing 

[1991] International Chamber of Commerce 
(ICC). Publication 483. Paris, France: iCC 
Publishing S.A. ISBN 92-842-I 115-8. 
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3.4.6 Waste Audit 

A waste audit is a thorough account of the wastes from an industry, a plant, a process or a unit 
operation. A waste audit requires the derivation of a material balance for each scale of operation. The 
waste audit should result in the identification of wastes, their origin, quantity, composition and their 
potential for reduction. 

Other frequently used terms, using more or less the same approach and objectives, are Waste and 
Emission Audit, Waste and Emission Prevention Assessment, and Waste Minimization 4udit. 

Application 
A good waste audit: 
• defines the sources, quantities and types of 

waste being generated 
collects information on unit operations, raw 
materials, products, water usage, and wastes 

• highlights process inefficiencies and areas of 
poor management 

• helps to set targets for Cleaner Production 
• permits the development of cost-effective waste 

management strategies 
• raises awareness in the workforce regarding 

benefits of Cleaner Production 

• increases knowledge of the process 
• helps to improve process efficiencies. 
Further reading 
Audit and Reduction Alanual for Industrial 

Emissions and Wastes [l 991] Technical Report 
No. 7, LJNEP 1E/UN1DO, Paris, France. 

Assessment of Sources ofAir, Water and Land 
Pollution. a guide to rapid source inventory 
techniques and/heir use in formulating 
environmental control strategies [1993] Geneva, 
Switzerland: World Health Organisation. 

3.4.7 Energy Audit 

An energy audit identifies the costs and physical quantities of energy inputs used, the annual and 
seasonal trends in energy use and cost, and the energy use per unit of output. 

Application 
The energy audit should be part ofan energy 
management programme, aimed at reducing the 
overall c05t of energy use per unit of output. An 
energy audit must be conducted in line with 
management policy, developed as part of the 
energy management programme. A good energy 
audit: 
• defines the sources, quantities, and coss of 

energy being used 
• collects information on energy usage per unit 

operation 
• highlights process inefficiencies and areas of 

poor management 
• helps to set targets for energy saving 
• permits the development of cost-effective 

energy strategies 
• raises awareness in the workforce regarding 

costs of energy consumption. 

As a result of the audit, a plan of action is 
formulated and implemented, followed by 
evaluation and continuous improvement of the 
energy management program. The Energy 
management programme follows the same lines 
as the procedure for a waste audit procedure as 
described in Part 111.3. 
Further reading 
Climate Change and Energy Efficiency in 

Industry [1991] A joint UNEP IE-EPIECA 
publication, Paris, France. 

The Energy Audit. Ath'isory Booklet 3 [1983] 
National Energy Conservation Programme. 
Canberra: Australian Government Publishing 
Service. 

Energy Audits for Industry [1993] Oxon, UK: 
Energy Efficiency Enquiries Bureau, Energy 
Technology Support Unit (ETSU). 
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3.4.8 Risk Audit 

A risk audit identifies all areas of vulnerability and specific hazards at site and plant level, and examines 
and assesses, in detail, the standards of all facets of a particular activity. 

Application 
The risk audit is a tool within a risk management 
program. The audit is conducted systematically, 
and has five main elements: 
• identification of possible materials loss 

producing situations 
• assessment of potential losses associated with 

these risks 
selection of measures to minimize materials losses 
implementation of these measures within the 
organization 

• monitoring of the changes effected. 
As a result of the audit, a plan of action is 

formulated and implemented, followed by 
evaluation and continuous improvement of the 
risk management program. 

The risk managemeni programme follows the 
same lines as the procedure for a waste audit 
procedure as described in Part 111.3. 
Further reading 
Hazard IdentflcaUon and Evaluation in a Local 

Community [1992] UNEP lE Technical Report 
No. 12. UNEP JEIPAC. 

Loss Prevention in the Process Industries [1991] 
P. Lees. Essex, UK: Butterworth-Heinemann. 

Methodologies for Risk and Safety Assessment in 
Chemical Process Induswies; A Manual [1990] 
Dr K.V. R.aghaven & Dr A.A. Khan. London, 
Great Britain: Commonwealth Science Council, 
The Commonwealth Secretariat. 
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3.5 Transparencies 

T his set of transparencies is designed to introduce an audience to Cleaner 
Production, and to explain how the waste audit procedure works. They are taken 
from a much bigger package of transparencies, available from UNEP IE in Paris. 

The transparencies are best used in the order presented. Every transparency is provided with a note to 
the trainer, explaining in what context the transparency should be used. 

4 Training Resource Package: Cleaner Production 
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"Development that 
meets the needs of the 

present generation 
without compromising 

the ability of future 
generations to meet 

their own needs" 

Our Common Future 
World Commission on Environment and Development (1981] 

There are many different definitions of sustainable development. This one is used by the United 
Nations. 
•Another definition which has become common is, 'improving the quality of human 1fi while living 

within the cartying capacity of supporling ecos'stems' (IUCNIIJNEP/WWF 1991). 
• Agenda 21is a guidebook showing the road to sustainable development. 
• Cleaner Production is recognized as an important approach to reducing environmental impact on the 

world, and leading industrial developments in the direction of sustainable development. 

Cleaner Production A Training Resource Package 
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Transparencies 

"The continuous 
application of an 

integrated preventive 
environmental strategy 

to processes and 
products so as to 

reduce risks to humans 
and the environment" 

This definition of Cleaner Production is used by UNEP IE. it is based on the assumption that there is 
no such thing as clean production. Every production process results in some form of pollution. 
The Cleaner Production approach tries to continuously reduce the generation of pollution, 
at every stage of the life cycle. 

There are also different definitions being used by other organizations. 
Don't mistake Cleaner Production for Waste Minirni:aiion, Pollution Prevention and so on. 
Ckaner Production puts a heavy emphasis on attitude changel 

A Train ing Reso&uce Package: Cleaner Production 
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For processes this means 
• conserving raw 

materials and energy 
• eliminating the use of 

toxic raw materials 
• reducing the quantity and 

toxicity of all emissions 
and wastes before they 
leave a process 

For proUucts this means 
reducing impacts along 
the entire life cycle, from 
raw material extraction 
to disposal. 

This transparency explains in more detail what Cleaner Production means 

Cleaner Production; A Training Resource Package 
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Transparencies 

• the workers 

• the community 

consumers of 
products 

• future generations 

This transparency, together with the two which follow, explains the benefits of Cleaner Production. 
These arguments are important to overcoming the barriers to convincing people to adopt Cleaner 
Production practices. 

•1 
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• production 

• end-of-pipe 
treatment 

• health care 

• cleaning up the 
environment 

Demonstrating how Cleaner Production is cost effective, and can even reduce costs, is a powerful 
argument! 

Cleaner Production A Training Resource Package 
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Transparencies 

• process efficiency 
• product quality 

Even when investment costs 
are high, the payback 
period can be low. 

There is no payback period on 
end-of-pipe investments. 

The cost argument can be supported by the efficiency and product qua'ity argument Cleaner Production 
makes economic sense. 
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Many clients are 
under the 

misconception that an 
environ mentally 

sound project 
will always cost more! 

They need to be informed 
that, in many cases, 

the opposite is true. 
Source: Fidic 1992 

The Cleaner Production approach often leads to the implementation of cost-effective measures. Indeed, 
many people do not understand that 

• by saving raw materials 
• by being more energy efficient 

and 
• by discharging less waste 

- you can also save a lot of money. 

Cleaner Production : A Training Resource Package 
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Transparencks 

Some important statistics .. 

over 	
!wastL 

can be avoided by 
simple management 
measures and minor 

over 	
process changes 

barriers 
to cleaner production 

involve 
h timan motivation 

and attitudes! 

See also Table I in Part LII. 
The majority of the barriers have nothing to do with economics or cost effectiveness. 
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Sustainable 
Development 

Dilution 

reactive 	 proactive 

This hierarchy shows the different approaches to environmental problems which have been adopted for 
national strategies over the last 30 years. Cleaner Production indicates a preventive approach, which is a 
requirement for sustainable development. 

Recycling can be reactive or proactive. Under the defmitions of Cleaner Production, only on-sue 
recycling is seen as proactive. 

Cleaner Production A Training Resource Package 
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Tranparen c/es 

INOSIO  A 	is 1 011 
0 an ai,alytical tool designed 

to assure industrial managers 
that their organization 
is operating in an 
environmentally safe 
and economically 
efficient manner 

• used to document the types 
and quantities of wastes 
generated by the firm 

• a systematic approach to the 
identification and evaluation 
of various Cleaner 
Production options 

The waste audit is a systematic approach to Cleaner Production. This assessment follows a specially 
developed procedure which is discussed in detail in the following transparencies. For more details of how 
the procedure works, refer to Part III or to the U'NEPIUNIDO Technical Report No. 7 Audit and 
Reduclion Manual for Industrial Emissions and Wastes. 

A Tsiinlng Rmurce Fckag.: Cleaner ProductIon 
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Quick Reference Audit Guide 

Audit Preparation 
Step! Prepare and organize audit team and resources 

2 Divide process into unit operations 
3 Construct process flow diagrams linking unit operations 

Process Inputs Process Outputs 
Sep4 	Determine inputs Step7 	Quantity products/by-products 

5 	Record water usage 8 	Account for 	.astewater 
6 	Measure current levels 9 	Account for gaseous emissions 

of waste reuse/recycling 10 	Account for offsite wastes 

1 Derive a Material Balance 
Step!) Assemble input and output inlormation 

L 12 	Derive a preliminary material balance 
13 & 14 Evaluate and retlne material balance 

Identify Waste Reduction Options 
StepIS Identify obvious waste reduction measures 

16 Target and characterize problem wastes 
17 Investigate the possibility of aste segregation 
18 Identify long-term waste reduction measures 

Evaluate Waste Reduction Options 
StepI9 Undertake environmental and economic 

evaluation olwase reduction options. 
and list viable options 

Waste Reduction Action Plan 
Step2O Design and implement a waste reduction actio 

plan to achieve improved process efficiency ri 

The waste audit, whose outlines are shown here, is discussed in more detail in the technical background 
paper and in the U1.IEPIIJNIDO technical report Audit and Reduction Manual for Industrial Emissions 
and Wastes. There are several procedures developed for waste audits (sometimes called Waste and 
Emission Prevention Assessment, Source Reduction Audit, Waste Minimization Audit, or Cleaner 
Production Assessment). The UNEP IE publication Government Sirategies and Policies for Cleaner 
Production discusses some of the alternative waste procedures. 
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Audit Preparation 
Step I Prepare and organize audit 

team and resources 
2 Divide process into unit 

operations 
3 Construct process flow 

diagrams linking unit 
operations 

See background paper on Cleaner Product ion, Seci!ion 3.3. 
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Process Inputs 

Step 4 Determine 
inputs 

5 Record water 
usage 

6 Measure 
current levels 
of waste reusl 
recycling 

Process Outputs 
Step 7 Quantify 

products! 
byproducts 

8 Account for 
wastewater 

9 Account for 
gaseous 
emissions 

10 Account for 
offsite wastes 

Derive a Material Balance 
Step 11 Assemble input and output 

information 
12 Derive a preliminary material 

balance 
13&14 Evaluate and refine material 

balance 

See background paper on Cleaner Production, Section 3.3, 
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Transparencies 

F 11
I making mistakes 
2 being seen as a fool 
3 being criticized 
4 being misused 
5 being alone 
6 disturbing tradition 

and making changes 
7 being associated with 

taboos 
8 losing the security of 

habit 
9 losing the group's love 

10 being an individual 

These barriers have been found to be real, and therefore they deserve serious attention. When creativity 
is blocked, the Cleaner Production programme might cease to exist, or may even not see the light of existence at all. Creativity is especially crucial when options for Cleaner Production have to be generated 

________________ 
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You can '1 manage what you 
can 'I or don '1 monitor! 

II •  
911 

Better monitoring 
is 

better management 

The second phase of the waste audit consists of making a material balance of the prccesseslsite 
operation, depending on the scope of the audit. Monitoring is also necessary to gain evidence for the 
success of the Cleaner Production programme, and thus the continuous improvement of the 
environmental performance of the company. 
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Transparencies 

General Information 
• Company environmental policy 

documents 
• Standard procedures 
• Organization charts 

Raw Materials/Product information 
• Product composition and batch sheets 
• Overviews of raw materials and input 

material applications (including 
energy) 

• Fact sheets on product safety aspects 
• Product and raw material inventory 

records 
• Operator data logs 
• Operating procedures 
• Production schedules 

This transparency, together with the two which follow, gives a checklist of the information you need 
when preparing the assessment of waste streams. Depending on your audience, it may be interesting to go 
into more detail about these sources of information. 

- 
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Process Information 

• Production process flow diagrams 
• Materials and heat balances (both 

in theory and in practice) for: 
- production processes 
- waste treatment processes 

• Manuals and descriptions 
of the production process 

• Installation overviews 

• Specifications of 
installation and data sheets 

• Diagrams of pipes and instruments 

Site and buildings drawings 
• Installation layout and logistics 

See previous transparency for comment. 
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Transparencies 

Environmental Data 
• Emission records 
• Analyses of waste materials 
• Environmental audit reports 
• Licences andlor licence applications 

Financial Data 
The cost of waste treatment, 
waste removal, and effluent costs 

• Product, utility and raw 
material costs/cost price 
composition of products 

• Operating and maintenance costs 
• Financiai reports 

See previous transparency for comment. 

- 
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1 Brainstorming Session 
• New ideas and insights emerge 
• Cleaner Production techniques 

emerge as points of action 
• Knowledge of products, 

processes, and how the 
processes are carried out 

• Combination of creativity 
and common sense 

2 Consult organizations 

3 Scrutinize recent 
specialist literature 

The information sources mentioned in the previous transparencies play an important role in the 
brainstorming session. Brainstorming has proven to be the most effective tool for generating Cleaner 
Production options for the selected assessment targets. The consultant organizations can play a role when 
the brainstorming session doesn't produce ideas, or when the solutions have to be evaluated by an outside 
expert. As a result of the brainstorming session, specialist literature and other information sources may 
need to be scrutinized again. 
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Transparencies 

Gsa  
• over 300 cleaner 

technology and 
programme case studies 

• a bibliography of over 
600 pertinent 
publications 

• a directory of 
international 
contact points 

The International Cleaner Production Information Clearinghouse 

The International Cleaner Production Information Clearinghouse (ICPIC) consists of: 
• diskette of CF database 
• Internet iink 
• direct query service 
- publications available for distribution. 

77 
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• Trade and Business 
Associations 

• Plant Engineers 
and Operators 

• Environment Protection 
Authority and 
Water Boards 

• Equipment Suppliers 

• Consultants 

Before Cleaner Production options are generated during a brainstorming session, it is useful to collect as 
much information as possible from different sources, which can provide you with options for the 
assessment of your wastes and emissions. 
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Transparencies 

technolo 
execution 

of a process 

raw 
materials 
and input 
materials 

product 

waste and 
emissions 

In Phase 3 of the waste audit, you will have to generate Cleaner Production options. It is important to 
keep in mind that there are five features which influence the process, and which can serve as focus points 
for generating options. 

Mmmgmg 
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Points of Action in the process 
for each otihe five Cleaner 

ProiluctionTechnkiues 

!LIIIIS 

I;flhIKli'l (uN JI!1 

change 

changein 

•iiii!TTi1 

____ 	 PROCESS 
materials 

,i,rrrqu 
rFi rrt.c _w t -_ 

—reuse 

Based on the five features that influence the environmental performance of a process, these points of 
action can be taken to improve the environmental performance of the process. 
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Identify Waste Reduction Options 
Step 15 Identif' obvious waste 

reduction measures 
16 Target and characterize 

problem wastes 
17 Investigate the possibility 

of waste segregation 
18 Identifi long term 

waste reduction 

Evaluate Waste Reduction Options 
Step 19 Undertake environmental 

and economic evaluation of 
waste reduction options; 
list viable options 

Waste Reduction Action Plan 
Step 20 Design and implement a waste 

reduction action plan to achieve 
improved process efficiency 

See background paper on Cleaner Production, Section 3.3. 

iqY 
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AvailaliHity 
• Is the Cleaner Production 

option available? 

• Can you find a supplier who 
can provide the installation 
or input material? 

• Do you know an advisor who can 
help you to develop an alternative? 

• Has the Cleaner Production option 
already been applied elsewhere? 

• If so, what are the results 
and experiences? 

The initial selection of Cleaner Production options is the last step of the Assessment phase. In this step, 
the options are screened and selected for further study. These questions are useful when making the initial 
selection. 
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• rmiTi ant questjons to answer when• 
.iiF1ilw.f]1I11rr4tI']1E'1tiT[uI1II 

Suitability 
• Does the Cleaner Production 

opt ion fit in with the way 
your company is run? 

• Is the Cleaner Production option in 
line with your company's products? 

• What are the consequences of the 
Cleaner Production options for your 
internal logistics, throughput time, 
and production planning? 

• Does the Cleaner Production option 
require adjustments to be carried out 
in other parts of the company? 

• If so, what adjustments, 
and how radical? 

The initial selection of Cleaner Production options is the last step of the Assessment phase. In this step, 
the options are screened and selected for further study. These questions are useful when making the initial 
seiection 
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ER Jf 	 iI lu 

Environmental Effect 

• What is the anticipated 
environmental effect of the 
Cleaner Production option? 

• How big is the estimated reduction 
in the waste stream or emission? 

• Are there any other potentially 
adverse effects on the environment? 

• If so, what is the magnitude of these 
effects, and how hazardous are they? 

See previous transparency. 
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Trai;sparewies 

U IiiJip]if nt ouestionsj c ' 
answerg lh 1IU • 

Economic Feasihhlity 

• What are the anticipated costs and 
benefits from implementing the 
Cleaner Production option? 

• Can you estimate the 
required investment? 

• Can you make an estimate of the 
benefits, such as reduction of 
environmental costs, reduction in 
wastage, and/or improving the 
quality of the product? 

See previous transparency. 

- 
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The example of the bicycle gives an impression of how a perceived environmentally friendly product 
can have many negative environmental impacts. It is not suggested that the bike is banned - rather, this 
example emphasises the fact that each product and process needs to be studied closely in order to identify 
areas of improvement. 
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Trai:sparenc*s 

Cleaner Production does not only lead to a reduced impact on the environment, but it also enhances 
improvements in all aspects of a company's perfbrmance. 
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4 Training Courses, 
Information Sources and 

Background Material 

4.1 Introduction 

p art IV contains: 
•a list of directories 
• a short inventory of existing training 

cow-ses 
• references to training support material 

and 
• reference5 to background material on Cleaner 

Production. 
The purpose is to give the trainer an idea of the 

education sources and materials available on 
Cleaner Production. Hence, a list of addresses of 
universities and institutes is provided. The 
directories give information on courses in 
environmental management, some specifically 
aimed at Cleaner Production. The background  

material provides more information and access to 
exercises and case studies on Cleaner Production. 
It also contains a section with general 
background on environmental issues. 

The inventory of training courses does not aim 
to be complete. The tJNEP Cleaner Production 
Working Group on Education has recently 
completed a survey of Cleaner Production 
training courses and university courses. 

Information about teaching materials, their 
contents, where they are available and how to 
obtain them has been assembled and is now 
available to a wide audience through U'NEP lE 

(see below). 
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462 Directories for education in Cleaner Production 
and eNvironmental management 

Inventory on Cleaner Production Education and Training [1996] 
UNEP I UETP-EEE I IACEE I TEKI DTU 

T his bok is the result of a worldwide survey 
of courses and training opportunities on this 

subject. It helps those interested in starting a 
course or training programme to locate others 

working in the same field, and to activate 
networks and wider contacts. 

ISBN: 952-5005-1 1-9. 

EC Study Guide to Environment-Related Courses [1993] 

T his publication of the European 
Communities, Directorate-General 

Environment, Nuclear Safety and Civil Protection 
provides an overview of the environment-related 
courses available at institutes of higher education 
in all EC Member States. 

The information given for courses includes; 
'field of study  

•title of qualification/degree 
• objective 	 • contents 
• length of course 	admission requirements 
• tuition fees 	• employment prospects. 
Further information 

Office for Official Publications of the European 
Communities, L-2985, Luxembourg, or any EC 
sales and subscription address. 

Massachusetts Environmental industry/Education Resource Directory: 
a guide to schools, careers, and environmental companies [1992] 

T his directory is intended to serve the 
information needs of a number of different 

parties: environmental companies, educators, 
students, guidance and career counsellors, 
government agencies, and support services to the 
environmental industry. 

The directory gives information on: 
•education programs 
• careers in the environmental industry 

• environmental companies 
• environmental industry/education resources 
• Massachusetts Stale resources. 
Available from: 

Bay State Skills Corporation, 101 Summer 
Street, Boston, MA 02110. 

TeI(l 617)2925100. 
Price: US $25 for students, schools, and public 

libraries, plus US $3 for postage and handling. 

Reference Guide to Pollution Prevention Resources [1993] 

T his guide is an annual publication. 
It contains information about pollution 

prevention resources and training opportunities 
available across the USA. 

The publication provides information on:  

•where to obtain pollution prevention training, 
or who might be able to share experiences 
about establishing a new training opportunity 

• publications and videos 
• contact points at the State and Federal levels 

Cleaner Production : A Training Resource Package 
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• university centres that are conducting pollution 
prevention research and training 

• Federal, State, and non-profit organizations 
providing additional pollution prevention 
information and technical assistance. 

Available from: 
US EPA, Office of Prevention, Pesticides and 

Toxic Substances. 401 M Street, SW (7409), 
Washington. DC 20460. 

(iSA Document number: EPA1742/B-93-001. 

Directory of Pollution Prevention in Higher Education: Facilily and Programs 

This survey reports the state of development of 
pollution prevention education at Universities 

in the United States, based on a national survey 
conducted between December 1991 and February 
1992. Fifty-nine institutes provide information on 
their pollution prevention education efforts. This 
directory is regularly updated. 

Available from: 
National Pollution Prevention Centre for 

Higher Education, University of Michigan, 
Dana Building, 42540, 430 East University 
Avenue, Ann Arbor, Mi 48109-1115. 

Te/(1 313)764 1412, Fax (1 313)9362195. 

Guide for Engineers: Information and environmental field 
How and where to obtain information to protect the environment in an industrial process (C. Kuzucuoglu) 

This guide aims to help engineers gain 
information in three ways: 

by helping them to situate and analyze their 
own case, the conditions under which the 
problem is presented and the aims which 
determine their information requirements 

• by proposing a method to characterize and seek 
useful information 

• by proposing a list of information means or 
suppliers likely to be consulted. 

Published by: 
World Federation of Engineering Organizations 

(WFEO), and IJNEP IE [1990]; WFEO, 
Committee of Engineering lnformation do CNIF. 
7 rue Lamennais 75008, Paris, France. 
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4.3 Background material on Cleaner Production 

O btaining information on cleaner production can be a challenging task of sifting through a 
seemingly endless amount of resources presently available. What is available, accessible, and 
relevant depends greatly on the purpose of your search and your physical location. 

This section lists a number of information sources, cleaner production centres and more general 
programmes on projects, publications, databases, institutions etc. that can assist y o u in obtaining further 
information about cleaner production. Please contact UNEP IE if you require additional information on 
the entries contained below. 

4.3.1Publications available from UNEP 

Audit and Reduction Manual for Industrial 
Emissions and Wastes 11991] 

UNEP lE and UNIDO. Technical Report No. 7. 
The manual is a practical working document 
intended for use within industry. It can be used 
by factory personnel at all levels interested in 
upgrading their own processes; consultants 
reporting to an industrial client; and government 
personnel reviewing existing factory operations. 

127pp. Price: EF200/US$40. 
The Industry and Environment Review: 
Cleaner Production [19941 Vol. 17:4. 

This highlights the findings of the Third UNEP 
High Level Advisory Seminar on Cleaner 
Production (Warsaw, Poland: October 1994), and 
includes a selection of written contributions. 

Price: FFIOO/US$20. 
Cleaner Production Worldwide [1993] 

This publication aims to show through examples 
that by applying cleaner production, industry and 
consumers anywhere in the world can gain 
environmental benefits while reducing costs. 

Price: FF200/usS40. 
Cleaner Production in the Asia Pacific Economic 
Cooperation Region [19951 

This is a regional issue of the popular Cleaner 
Production Worldwide series, and includes 18 case 
studies from the APEC region, prepared under the 
sponsorship of the United States Environmental 
Protection Agency. Frice: FF200I1J5$40. 
Cleaner Production Worldwide Volume 2 [1995] 

In addition to production process' examples, this 
publication contains case studies on product 
development and descriptions of several innovative 
programmes which promote cleaner production. 

Price: FEI00IUS$20. 
Government Strategie5 and Policies 
for Cleaner Production [19941 

Provides guidance and information on the 
strategies and policies that governments can use 
to stimulate cleaner production in developing 
countries and economies in transition. This 
primer describes an effective overall strategy for 
starting a cleaner production programme. 

32pp. Free oleharge. 
Life Cycle Assessment: what it is and how to do it 
119961 

LJNEP. 91 pp. 
Monitoring Industrial Emissions and Wastes 119961 

Technical Report No. 27. 188pp. 
Climate Change and Energy 
Efficiency in Industry [19911 

A joint UNEP E-lPIECA publication. 
64pp. Free of charge. 

Environmental Aspects of the Metal Finishing 
Industry 119891 

Technical Reporl No. I. 91pp. Price: FF200/US$40. 
The Textile Industry and the Environment [1994] 

Technical Report No. 16. 120pp. Price: FFl75/USS3. 
Industry and Environment Review: Food 
Processing and the Environment Vol.18:1 

Price: FF50/USS1O. 
Environmental Management In the 
Electronics Industry: semiconductor 
manufacture and assembly [1995] 

Technical Report No. 23. 161pp. Price: FF1 75/usS35. 
Tanneries and the Environment [19911 

Technical Report No. 4. I l9pp. Price: FF2001usS40. 
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4L3.2 Databases 

International Cleaner Production 
information Clearinghouse (ICP!C) 

IJNEP IE. Network plus databases of case 
studies, publication abstracts, expert institutions, 
and resources available from IJNEP iE. For 
availability contact IJNEP IE. An email address - 
icpic@unepfr - allows users to pose questions to 
the Programme. UNEP IE is evaluating the 
feasibility of having the databases available 
through the World Wide Web in the future. 
Enviro$en$e 

US Environmental Protection Agency and the 
Strategic Environmental Research and 
Development Program. Contains information on 
cleaner production (pollution prevention), such as 
descriptions of state and federal (US) programmes, 
technical case studies, and information on related 
national and international initiatives. 

The system is accessible on the WWW: 
http://wasrenot. inel.gov:80/envirosense/  It is also 
accessible via a Bulletin Board System (BBS). 

Further infàrmation: contact Kevin E. Twitchell 
at (1 208) 526 6956, or iwlil ineLgov. 
Industrial and Technological 
Information Bank (!NTIB) 

INTIB is the United Nations Industry and 
Development Organization's clearinghouse. Its 
main task is to provide industry in developing 
countries with the necessary background for 
sound technological and business decisions. 
Amongst others, it contains information on clean 
technology and industrial energy saving. 

Further information: Chief, Industrial and 
Technological information Bank. UN1DO, 
P0 Box 300, A-1400, Vienna, Austria. 

I nforrnation can be also accessed on the World Wide Web. To access the Web, one needs a subscription 
with an Internet service provider, and the use of a searching programme such as Netsearch. Yahoo or 

Lycos (all available on the Web itself). There are more than 700 servers dealing with environmental 
issues, and new 'pages and sites are set up every week. 

Below are some examples of servers that contain cleaner production information: 

Envirolink 
ht1p:11www.enviroiink. orglinckx L html 

A major source of information on environmental 
issues including sustainable development. Provides 
access to various databases and clearinghouses. 
Full publications are also available. 
National Cleaner Production Database Australia 
http://kaos. erin.gov . au/portfolio/epa/ncpdIncpd.htm 

Provides case studies from various Australian 
industry sectors. 

Additional information 
a bout UNEP In general: 

International Institute for Sustainable Development 
http://www.iisd.co/linkagesi  

lnforrnation about conventions, conferences, and 
activities. Publications. Virtual Policy Dialogue. 
Global Environment Centre 
hup://saura unep.or.jp/gec/index.htmi  

International Environment Technology Centre. 
Case studies from Japanese industry are 
provided, with a list of contacts. 

UNEP Headquarters 
http://www.unep.org  

The main source of information 
about UNEP. 

UNEP Geneva Center 
http://vw. unep.ch  

A reference for publications 
and convention. Full documents 
and user statistics available. 

UNEP Collaborating Centre on 
Energy and Environment 
hup:l/www.risoe.dkIsys/ 
syshom3.h1rn1 
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4.3.3 Journals and newsletters 

B ecause many cleaner production programmes publish newsletters to disseminate information about 
their activities, you may wish to inquire about publications available from the centres listed above. 

Below is a limited selection of newsletters and journals. 

Cleaner Production Newsletter 
The Newsletter of the UNEP IE network 

dedicated to promoting cleaner production, 
ontaining information on cleaner production 
initiatives from all parts of the world. Distributed 
twice a year in English, French and Spanish. 
Subscription free. 

Forsubscription, write to UNEP JE, Paris, France 
EIA Newsletter 

Newsletter on activities and development in the 
field of Environmental Impact Assessment. It is 
written for, and by, participants in an E1A 
network which covers 72 countries. 

Subscription information: EIA Centre. 
Department of Planning and Landscape, 
University of Manchester, Manchester M13 9PL, 
United Kingdom. 
Environmental Pollution Prevention Project News 

Newsletter of the US AID—US EPA 
Environmental Pollution Prevention Project, 
providing updates on the EP3 centres and 
information on the overall program. 

Subscription information: EP3, 
1530 Wilson Boulevard, Suite 900, 
Arlington, VA, 22209-2406, USA. 

Tel(1 703)351 4004;Fax(1 703)3516166. 
Environmental Technology Assessment 

Newsletter of the Environmental Technology 
Assessment (EnTA) Programme ofUNEP IE. 
The newsletter is produced twice a year. 

Further information: UNEP IE, Paris, France. 
Green Product Design 

Newsletter of the Section for Environmental 
Product Development. Faculty of Industrial Design 
Engineering, Delft University of Technology. 

Subscription information: Green Product Design, 
Jaffalaan 9, 2628 BX, Deift, The Netherlands. 
Tel (31 15) 782 738; Fax (31 15) 782 956. 
Industry and Environment 

Quarterly review, which provides a forum for the 
exchange of research and experience, presenting 
articles written by and for industry managers, 
government officials and researchers in the field of 
sustainable development. 

Subscription:us$45/year (surface mail), 
us$60/year (airmail). UNEP IE. 
For subscription, write to UN BookshoplSales Unit, 
Palais des Nations, CI-I-l2ll Geneva 10, 
Switzerland. 
Journal of Cleaner Production 

A quarterly journal devoted to technologies, 
concepts, and policies and educational advances 
in cleaner production and industrial ecology, 
pollution prevention, and waste minimization. 

Subscription:El25 (Europe),1135 (rest of world). 
Further information: Elsevier Science Ltd, 

The Boulevard, Langford Lane, Kidlington, 
Oxford 0X5 1GB, United Kingdom. 

Tel (44) 1865 8434791843781; 
Fax (44) 1865 843952.. 

Journal of Clean Technology 
and Environmental Science5 

A quarterly international journal devoted to 
pollution prevention and clean technology. 
Published by the International Association for 
Clean Technology, which aims to promote the 
research and application of clean technologies and 
methodologies. Annual membership of IACT 
includes a subscription to the Journal of Clean 
Technology and Environmental Science, the !ACT 
Newsletier, and access to the 1ACT Information 
Network (us$85 to us$250). 

Further information: IACT Secretariat, 
Rechte Wienzeile 2913, A 1040 Vienna, Austria. 

Tel (43 1)567 487;Fax (43 1)314 182. 
Loss Prevention Bulletin 

Appears six times per year. Contains articles 
and case histories from process industries 
throughout the world. Subscription £50 per 
year for universities. 

Subscription information: The Editor, 
Loss Prevention Bulletin, Institute of Chemical 
Engineers, 165-171 Railway Terrace, Rugby, 
CV2 I 3HQ, England. 
Pollution Prevention 

European Edition. A journal for the protection of 
the environment, published seven times a year. 
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Published by: MacDonald Communications, Inc 
Subscription us$90/year. 

Further information: Pollution Prevention. 
90 Long Lane, Rickniansworth, Herts WD3 2YG. 
United Kingdom. 
Pollution Prevention News 

Quarterly newsletter of the US Environmental 
Protection Agency. To be added on the mailing 
list, write: Pollution Prevention News, US EPA, 
401 M Street SW (MC 7409), Washington, 
DC 20460, United States of America. 
Pollution Prevention Review 

Quarterly journal aimed at a wide range of readers. 
Each issue contains topics of current interest in 
pollution prevention, covering such areas as 
education, model programs, implementation 
techniques, and regulatory developments. 

Subscription information: Executive Enterprises 
Publications Co., Inc., 22 West 21st Street, 
10th Floor, New York NY 10010 6904. 
TeI(l 212)645 7880, extension 208. 
The Hazardous Solid Waste 
Minimization & Recycling Report 

Monthly newsletter on pollution prevention 
published by Government Institutes, Inc. 
Subscription US$252/year. 

4.3.4 Contact organizations 
Some are also listed above. 

World Business Council for Sustainable 
Development (WBCSD) 

The council's current work programme includes 
the examination of policy and development of 
projects, with the focus on eco-efficiency and 
technology cooperation. 

160 routede Florissant, CH-1231 Conches, 
Geneva, Switzerland. Fax (41-22) 839 3131. 
PReventative Environmental Protection 
AppRoaches in Europe (PREPARE) 

The PREPARE Secretariat follows the activities 
of this European working group on international 
industrial research and development on cleaner 
processes and cleaner product systems. 

PREPARE Secretariat, TME, Grote Markstraat 
24, 2511 BJ The Hague, The Netherlands. 

Tel (31 70) 363 4422; Fax (31 70) 362 3469. 
Email tria@knoware.nl  

Subscription information: Government 
Institutes, Inc., 4 Research Place, Suite 200. 
Rockville, MD 20850, USA. 
UNIDO-UNEP National Cleaner Production 
Centre Newsletter (NCPC Newsletter) 

Quarterly newsletter that contains updates from 
centres operated under the NCPC programme. 
For those involved or interested in similar 
capacity building programmes for cleaner 
production. To receive a copy, contact UNEP IE, 
Paris, France. 
Waste Notes 

A publication of the Centre for Waste 
Reduction Technologies (CWRT) of the 
American ln5titute ofChemical Engineers. 

Subscription information: Centre for Waste 
Reduction Technologies. 345 East 47th Street, 
New York, NY 10017-2395. 
Fax (1212) 752 3297. 
Waste Reduction Bulletin 

A monthly periodical for industry promoting 
hazardous waste reduction. 

Subscription information: Ontario Waste 
Management Corporation (OWMC). 
2 Bloor St. West. 11th Floor, Toronto, ON, M4W 
3E2, Canada. 

Central European Environmental 
Data Request Facility (CEDAR) 

International Society for Environmental 
Protection. CEDAR provides the environmental 
and scientific community in Central and 
Eastern Europe (CEE) with state-of-the-art 
access to environmental information 
located throughout the world. 

Marxergasse 3/20, A-1030, Vienna, Austria. 
Tel (43-1) 715 5879; Fax (43-1)715 2829. 

The Centre for Environmental 
Management and Planning (CEMP) 

Undertakes research, training, consultancy and 
the provision of environmental information 
services on many aspects of environmental 
management and impact assessment. 

CEMP, AURIS Environmental Division, 
23 St Machar Drive, Old Aberdeen AB2 tRY, 
Scotland, United Kingdom. 

Tel (44 274) 272483; Fax (44 274)487658. 
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Environmental Impact Assessment 
Centre (E1A Centre) 

The Centre's functions are to undertake 
research and other studies relating to EIA; to 
undertake, and assist others in undertaking, EIA 
educational and training programmes; to provide 
advice to chose engaged in implementing EIA. 

EIA Centre, Department of Town and Country 
Planning, University of Manchester, 
Manchester M13 9PL. 
The Global Environmental 
Technology Network (GETNET) 

GETNET is a network established by the World 
Health Organization (WHO). The activities of the 
network include information exchange; 
development of training activities; research 
promotion; intersectoral cooperation. 

Environmental Technology Division of 
Environmental Health, World Health 
Organization, 1211 Geneva 27, Switzerland. 

Tel (41-22) 791 3754; Fax (41-22) 7910746. 
International Association for 
Impact Assessment (IAL4) 

IA1A Executive Office, P0 Box 70, Bellhaven, 
NC27810, USA. 

Tel(1 919)9642338;Fax(1 919)9642211.  

International Network for 
Environmental Management (INEM) 

INEM is a global federation of non-profit 
national and regional industry associations which 
promote and foster environmental management 
and sustainable development. LNEM activities 
include collection and dissemination of 
information and facilitation of technical exchange. 

INEM Main Secretariat, Bahnhofstrat3e 36, 
D-22880 Wedel (Holstein), Federal Republic 
of Germany. 

Te/(49)4103 84019; Fax (49) 4103 13699. 
International Register of Potentially 
Toxic Chemicals (IJNEP-!RPTC) 

1RPTC is an international clearinghouse for 
scientific, technical and regulatory information 
for assessment and control of chemical hazards. 

The Director, UNEP-IRPTC, Palais des 
Nations, 1211 Geneva 10, Switzerland. 

Tel (41-22) 979 9183; 
Fax (4 1-22) 787 3460. 

Organization for Economic Cooperation 
and Development (OECD) 

OECD is active in environment economics, 
maangement and research, and has many 
publications. It has a programme on technology 
and the environment that focuses on the 
promotion of cleaner technology. 

OECD, 2 rue Andre Pascal, F-75775 Paris, 
Cedex 16, France. 

Tel (33-1) 45 24 82 00; Fax (33-1) 45 24 85 00. 

4.3.5 Audiovisuals 

There are a number of videos on cleaner production and waste prevention available today. Most of these 
have been produced to introduce national programmes, such as those in Canada, The Netherlands, the 
USA, the United Kingdom, and elsewhere. Their use in general programmes on cleaner production must 
take these national origins into account. 

Fl/mt marked with an asterix () are available for viewing only at UNEP JE in Paris. 
To oblain copies, please contact the produeer/dislributor. 

Disi'ributed by: Public Affairs & Education 
Section, 40 Backall Street, Barton ACT 2600, 
P0 Box E305, Queen Victoria Terrace, 
ACT 2600 Australia. 
Tel (63-06) 274 1999; Fax (63-06) 274 1666. 

Cleaner Production: the green line 
Length: 15 minutes 
See Cleaner Production: the bottom line. 

Cleaner Production: the bottom line 
Language: English 	Year: 1994 
Length. 15 minutes 
Produced by: the Australian National 

University, Instructional Resources Unit 
for the Commonwealth Environmental 
Protection Agency. 
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Cleaner Technology: the way to a bettor environment 
Language. English 	Year: 1992 
Produced by: Lars Brydesen Film 
Distributed by: Lars Brydesen Film, 

Lochersvej 15, 3100 Hornbaek, Danmark. 
Tel (4545) 22 002 84: Fax (4545) 87 27 05. 

Money Down the Drain (* Nos 83 & 138) 
Language: English 	Year: 1986 
Length: 17 minutes 
Produced and distributed by: Ontario Waste 

Management Corporation (OWMC), 
2 Bloor St. West, 1 Ith Floor, Toronto, ON, 
M4W 3E2, Canada. 

Summary: This video presents four examples of 
cleaner production initiatives that reduce 
costs, too. Suitable for a technical audience. 

Pollution Prevention (* No 162) 
a) PPRB Research Programmes 
b) Less is More. pollution prevention is good business 
C) In Pantnership with Ear?h: the Mitre of the environment 

Beyond Business As Usual: meeting the challenge 
of hazardous waste 
Rinsing Process Modifications for Metal Finishers 
Language: English 	Year: 1993 
Length: a) 23 minutes; b) 23 minutes; 

c) 60 minutes; d) 28 minutes 30 seconds 
e) 30 minutes 

Produced and distributed by: USEPA, 
Cincinnati, Ohio 45268 

Summary: This videotape contains five 
pollution prevention films produced by 

various EPA organizations, and was put 
together by the Pollution Prevention Research 
Branch (PPRB) of the EPA's Office of 
Research and Development. The films 
promote pollution prevention by highlighting 
selected success stories from both industry 
and the public sector. 

The Competitive Edge ' No 84) 
Language: English 
Length: 17 minutes 
Produced by: OWMC Canada 
Distributed by: Ontario Waste Managament 

Corporation (OWMC), 2 B loot St. West, 
11th Floor, Toronto, ON, M4W 3E2, Canada. 

Summa': This video explains the purpose of 
and the major steps in a waste audit. Good 
teaching material. Specialist audience. 

Waste Minimization 
Language: English 	Year: 1994 
Length: 22 minutes 
Produced and distributed by: Andrew Bailey 

and Cinewessex. Copies can be obtained 
from: Dr N. Johnson, CEST, 5 Berners Road, 
lslington, London NI OPW. 
Fczx44 171 3544301. 

Summary.' This video shows the results of the 
world's largest waste minimization initiatives: 
Project Catalyst and the Aire and Calder 
Project. 

For further film information, contact: 
The Film Librarian, Audio Visual Unit, Information & Public Affairs (IPA), 
UNEP P0 Box 30552, Nairobi, Kenya 
Tel.' (254-2) 23 00 84/23 08 00 

or 
IJNEP IE, Tour Mirabeau, 39-43 Quai Andre Citron, 

75739 Paris Cedex 15, France. 
Tel:(33)01 4437 1450 Fax:(33 ) 0144371474 ;I 

Email: unepieunep.fr  WWW: http://www.unepie.org/home.hiij  
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4.3.6 EnvironmentaT packages from iChemE 

ChemE has an international reputation for providing high quality, effective 
safety and environmental training solutions using video, slide, open learning 
and computer-based techniques. We draw on experts throughout industry, the 
regulatory bodies, the legal profession and academia 10 ensure that our 
training packages are both high quality and relevant. 

ENViRONMENTAL AWARENESS 
Package E02 
Understanding is the key to effective environmental 
improvements - bath through certified standards and effective 
policy implementation. This package gives a thorough 
grounding in environmental awareness. The case studies 
cover: environmentaL law; global issues; corporate issues: and 
waste minimization. 
AQUEOUS EFFLUENTS 
Volume I: awareness and treatment strategies 
Package E01 
Engineers learn how to assess and deal with effluent 
problems; senior management gain a sound technical and 
legal grounding; and operators learn why compliance is 
important. Seven case studies demonstrate how effective 
treatment strategies save money whilst benefiting the 
environment. And the technical guidance covers: 
characterisation of effluents; treatment strategy; safety; unit 
operations; and costs. 
Volume 2: measurement and monitoring 
Package E013 
Trainees learn how to measure and monitor effluents, 
ensuring compliance and reducing treatment costs. 
AIR EMISSIONS 
Volume 1: key issues 
Package E03 
This package provides comprehensive coverage of generic air 
pollution issues and tech nologi es, backed up with detailed 
sections on sources and types of emissions, atmospheric 
chemistry, standards and legislation (UK and European). 
Volume 2: monitoring and control 
Package E012 
This package follows on from AE Vol. 1: key issues, and 
provides detailed information on measurement and monitoring 
and control techniques, illustrated with com prehen si ve case 
studies. Sections on ambient monitoring, meteorology and air 
dispersion modelling help to provide a thorough grounding in 
the technical issues associated with air emissions. 
ENERGY MANAGEMENT 
Package E011 
Energy efficiency affects the bottom line. Trainees team the 
basic tools and techniques for effective energy management. 

For order form contact: 	Mark Smith  

ENVIRONMENTAL AUDITING 
Package E04 
Trainees earn how to make audits more effective. In clearly 
dened sections, the package explains how to go about 
auditing a site, from defining the scope and objectives through 
on-site activities to reporting and follow-up work. Thirteen 
case studies and exercises, supported by over 120 slides, 
include: setting up an EMS: auditing for waste disposal, due 
diligence and effluence compliance; reporting audit findings: 
and discussion of photographs of bad practice. 
ENVIRONMENTAL MANAGEMENT SYSTEMS 
Package E05 
If you already have an environmental management system, 
this package will help you gain commitment from your staff. If 
you are just developing a system, not only will you benefit 
from the training, but also benchmarking from the detailed 
case studies will save you time. And if you have still not 
decided which system to go for (if any), this package will help 
you make an informed decision, 
ENVIRONMENTAL IMPACT ASSESSMENT 
Package E06 
This training package gives you a thorough grounding in the 
EIA process and techniques. Produced in conjunction with the 
Institute of Environmental Assessment, the package provides 
an effective means of training all staff concerned with EIAs. 
There are nine case studies provided by leading environmental 
consultancies. These introduce the practical aspects of the EIA 
process by examining projects involving a food processing plant, 
a sewage treatment works, a coastal defence scheme, a pipeline 
proposal, an oil refinery and a power station. 
WASTE M1NIMIZATION 
Package E07 
Approaches in the package vary from good housekeeping to 
complex techniques such as life cycle analysis. This training 
package shows how to go about it, from defining a strategy 
through to making sure it happens. 
CONTAMINATED LAND 
Package E08 
Trainees learn why contaminated land is important, how and 
why a company should avoid contamination, and the pros and 
cons of the key remediation techniques. You will also learn 
how to use this knowledge to get the most Out of the 
consultants you use .  

Safety Health and Environment Department ' Institution of Chemical Engineers 
165-189 Railway Terrace• Rugby CV21 3H0, UK 

Tel +44 1788 578214 'Fax +44 1788 560833 
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44 Existing training courses and 
institutes in Cleaner Production 

()

nly a few training institutes are listed in this section. Additional listings from the trainer are 
welcome. The publication Inventory of Cleaner Production Education and Training, published by 

UNEP's working group on education, contains an extensive list of university and institutional courses 
from around the world. Section IV.5 lists four programmes in more detail. 

UNEP Cleaner Production Programme 
One of the activities of this UNEP IE programme 

is training and technical assistance. Workshops and 
seminars for government, industry, and academia 
have the following objectives: 

increasing awareness and prompting action 
• educating people, and 
• helping to develop cleaner production 

programmes. 
Erasmus Centre for Environmental Studie5 

This centre has an international PhD 
programme in cleaner production and 
sustainability. It also organizes a course on 
cleaner production (see Section IV. 5). 

Further information: Erasmus University, 
Erasmus Centre for Environmental Studies, 
P0 Box 1738, Burgermeester Oudlaan 50. 
3000 DR Rotterdarn, Netherlands. 
Tei(3l-I0)408 2050; Fr(3l-l0)2I2 0834. 
European Postgraduate Course in 
Environmental Management (EPCEM) 

The EPCEM is a one-year ftlI-iime course. It is 
organized by the inter-disciplinary departments 
of Environmental Science at the Agricultural 
University of Wageningen, Leiden University, 
the Free University of Amsterdam, and the 
University of Amsterdam. The EPCEM provides 
its participants with knowledge and insight in the 
different interests and aspects which play a role 
in the development and evaluation of potential 
solutions for environmental problems. 

Further Information: EPCEM Secretariat, IVAM, 
Interfaculty Department of Environmental Science, 
University of Amsterdam, 
Nieuwe Prinsengracht 130, 1018 VZ, 
Amsterdam, Netherlands. 
Tel (31-20) 525 6232/6206; 
Fax (31-20)525 6272.  

International Institute of Industrial 
Environmental Economics Lund University 

Masters and PhD programmes in cleaner 
production and related subjects for Swedish 
and foreign students. 

Further information: V. Martensgatan 1, 
S-22351 Lund. Sweden. 
Email: env_econgemini-ldcAu.se 
RMIT Faculty of Engineering 

A three year part-lime course, leading to the 
title of Master of Engineering in Cleaner 
Production, is provided at the R.MIT. 

Further information: Faculty of Engineering, 
RMIT, GPO Box 2476V, Melbourne 3000, 
Australia. Tel (61 3)6603261; 
Fa(6l 3)6637873. 
The Continuing Education Centre of the 
Asian Institute of Technology (AlT) 

The Continuing Education Centre conducts 
short-term training programmes for career 
professionals, academics and executives of public 
and private organizations. One of the courses that 
they organize is entitled Waste Avoidance and 
Minimization in Industry (Clean Technologies). 
This course aims to help the participants relate 
the concept of and introduce clean technologies 
to industrial waste management. 

Further information: Continuing Education Centre, 
Asian Institute of Technology, GPO Box 2754, 
Bangkok 10501, Thailand. Tel (662) 524 5244/5270; 
Fax (662)516 1418/2126. 
World Health Organization 

WHO can assist in finding expert resource persons 
for national workshops and courses as required. 

The Global Environmental Technology 
Network (GETNET) has as one of its principal 
activities the development of training activities. 

Further Information: Environmental Technology 
Division of Environmental Health, World Health 

- 
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Organization(WHO), 1211 Geneva27, 
Switzerland. Tel (41-22) 791 37 54; 
Fax (41-22) 79107 46. 
WRITAR: Waste Reduction Institute 
for Training and Application Research 

WRITAR is a non-profit waste reduction 
research and training organization. It has a training 
centre dedicated to the dissemination of pollution  

prevention information and techniques. They offer 
training in train-the-trainers' techniques. 

Further information: Writar, Centre for 
ExceIlene in Pollution Prevention Training, 
1313 5th Street SE, STE 325, Minneapolis, 
MN 554144503. Tel(1-612) 379 5995; 
Fax (1 -612) 3 79 5996. 

Cleaner Production A Training Resource Package 
Part 4 • Training Courses, Information Sources and Background Material 



Part IV 	 Training Courses, Information Sources and Background Material IV: 15 

4.5 Examules of existing training 
courses ON Cleaner Production 

T his section contains four examples of training courses in the field of Cleaner Production. 
The examples given are taken from: 

• the Royal Melbourne institute of Technology (RM1T)UNIL)O 
• Lund University 	 • Erasmus University. 

4.5.1 Masters of Engineering in Cleaner Production [RMIT] 
Master of Engineering in Cleaner Production 

Master of Engineering in Cleaner Production is a three-year part-time (or equivalent full-time) course. 
The content will be modularized so that the units can be easily taken to industry or government for in-
house training. Such units will have credit points that can be used at a later stage for credit towards the 
Master's degree. 

iStructure 

Semester I SEI10 Systems Engineering 

SEI20 Data Analysis and Statisc Modelling 

MS5II Total Quality Management Principles 

Semester 2 M5514 Total Quality Management Tools 

CP200 Cleaner Production Principles 

CP2I0 Cleaner Producon CompuUng 

CP220 Environmental Quality Monitoring 

+ one elective frDm the list below 

1T? 	Semester I CF3I0 Cleaner Producon Technologies I 

CP3II Environmental Law 

CP312 Toxicology 

CP313 Eco-Design: Products and Processes 

+ one e/ective 

Semester 2 CF420 Cleaner Production Technology II 

SEI60 ManagementotPubliclssues 

+ two e/ectives 

1IU Semester I CP5I0 Cleaner Production Case Studies 

CP5II Cleaner Production Thesis/Project 

+ one elective 

Semester 2 CP6II Cleaner Production Thesis/Project 

+ one elective 

Course Aims 
To help students understand the 

environniental, economic and social 
benefits of Cleaner Production. To 
help students develop expertise in 
the implementation of Cleaner 
Production approaches throughout 
industry and society in order to 
achieve Sustainable Development. 
Exemptions 

Students may be permitted to 
substitute advanced studies from 
other institutions or from other 
courses at RMIT. Assessment will 
be made by the course leader. No 
exemptions will be allowed for 
subjects in the final year. 
Off-Campus Options 

Where industry demand is 
sufficient, subjects will be offered 
via intensive workshops and where 
applicable they will be offered in-
house. Students who have completed 
relevant industry training programs 
may apply for exemptions or sit for 
special examinations in order to 
achieve credit into the courses. 
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Graduate Certificate of Engineering in Cleaner Production 

Graduate Certilicate in Cleaner Production is a one-year part-Lime (or equivalent full-time) course. 
The content will be modularized so that the units can be easily taken to industry or government for in-
house training. Such units will have credit points that can be used at a later stage for credit towards the 
Graduate Certificate or Master's degree. 

Cour

ii!CP311

ure  
5II Total Quality Management Principles 
3IO Cleaner ProducUon Technologies I 

 Environmental Law 
CP312 Toxicology 

IiTI1ti'1 MS54 Total Quality Management Tools 
CP200 Cleaner Producbon Principles 
CP220 Environmental Qua'ity Monitoring 

Two e(echve subjects are also to be 
taken during the course  

Course Aims 

To introduce students to the environmental, 
economic and social benefits of Cleaner 
Production. To help students develop some 
expertise in the implementation of Cleaner 
Production approaches throughout industry and 
society in order to achieve Sustainable 
Development. 

Contact address: Faculty of Engineering, RMIT, 
GPO Box 2476 V. Melbourne 3000, Australia. 
Tel (61 3)6603261; Fax (61 3)6637873. 

4.5.2 Ecologically Sustainable Industrial Development fUNIDOJ 

UNIDO 
N11114"%N

'N I ~ 1, ~Yj 
1%bl 	ilop', 

V7_17~ 

This training course is designed primarily for TJNIDO field 
staff,  but is suitable for all staff of the United Nations as 
well as for anyone interested in industrial development. 

The objectives of the course are as follows: 

• To examine the environmental impacts of industrial development. 
• To understand ecologically sustainable industrial development (ESID) as an 

appropriate response to past and future trends in industrial development and the 
environment. 

• To introduce Cleaner Production as a practical approach for achieving ES ID. 
• To become informed about the analytical tools that can be used to identify 

C leaner Production opportunities. 
• To become familiar with the economic analysis techniques that can be used to 
justify investments in Cleaner Production. 

• To examine the potential role of Governments in encouraging the adoption of 
Cleaner Production. 

• To recognize and use sources of information about Cleaner Production. 
• To develop skills in incorporating environmental considerations into industrial 

development projects. 
• To motivate further study. 

Contact UNIDO, Box 300, A. 1400 Vienna, Austria. 
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4.5.3 International Institute of Industrial Environmental Economics 
at Lund University, Sweden 

T hc international institute of Industrial 
Environmental Economics provides courses 

covering a range of subjects such as: 
industrial environmental economics 

• pollution prevention 
• environmental policy 
• environmental management 
• cleaner production 
• life cycle assessment. 

The M.Sc. in Environmental Management and 
Policy prepares decision makers in business, 
governments and other organ isat ions to act in an 
environmentally proactive way in general policy, 
production and environmental issues. The overall 
focus is on cleaner production. 

The programme consists of four parts 
• preparatory course 
• basic block 
• advanced block 

and 
• theses. 

The preparatory block contains language 
studies, guidance for information searching, use  

of computer and other similar issues. The basic 
block provides general information on related 
issues, and covers natural ecosystems, 
environmental economics and policy, 
environmental technology, introduction to 
cleaner production, environmental information 
and communication. Advanced block subjects 
include environmental policy and law to promote 
cleaner production, economics and sustainable 
development, environmental management, 
cleaner products, and cleaner technologies. 

The programme is targeted at Scandinavia, 
OECD and Eastern European and developing 
countries. The programme is offered free of 
charge and the institute is prepared to assist 
students from Central and Eastern Europe and 
developing counrries in finding sources of 
funding for other expenses. 

Doctoral studies in cleaner production will be 
arranged on a more individual basis than the 
Master's programme and will reflect students' 
past experiences and present interests. 

Contact address: V. Martensgatan 1, S-22351 Lund. Sweden. Email: env_econgemini-ldc.lu.se 

45.4 Cleaner Production: theories concepts, and practice 
(Erasmus University, the Netherlands) 

This interdisciplinary course, offered at Erasmus University during the spinig semester, has the 
following objectives: 

a To examine the historical context of our 
contemporary environmental problems. 

b To examine the fundamental differences 
between the theories, concepts and definitions 
of the new Cleaner Production approach to 
environmental protection and those of the 
Pollution Control approaches, commonly 
practised today. 

c To explore, using concrete examples drawn 
from industries and other organ izat i ons from 
around the world, how Cleaner Production is 
being implemented in all branches of industry 
and in other sectors of society. 

dTo learn about the environmental and economic 
benefits of Cleaner Production. 

e To learn about the technical dimensions of 
Cleaner Production. 

f To learn how most governmental policies and 
programs, currently in effect around the world, 
foster the End-of-Pipe pollution control 
approaches. 

gTo learn how new governmental policies and 
programs that foster and support Cleaner 
Production are being designed and 
implemented. 11 lustrative governmental 
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programs from global, regional, national and 
local levels are evaluated. 

I: To learn the management and leadership 
concepts and skills necessary to help companies 
plan and implement policies and programs 
designed to actualize Cleaner Production within 
their organizations. 
To leai-n about and gain experience with tools, 
such as Waste Minimization Audits and Product 
Life-Cycle Analyses that are being found to be 
useful for helping organizations implement 
cleaner Production within their facilities. 

j To explore the implications of Cleaner 
Production for the design and production of 
Cleaner Products, and for the provision of 
Cleaner Services. 

ft To examine the roles of labor unions, employer 
organizations, branch organizations, 
environmentalist groups, consumer groups, the 
media, financial institutions, the legal 
infrastructure, the insurance infrastructure and 
other societal sectors in helping andlor in 
hindering organizational transition to Cleaner 
Production. 

I To explore the functions and dynamics of 
liability issues in stimulating the transition to 
Cleaner Production. 

mTo examine the role of Product Labelling in 
stimulating the transition to Cleaner Production. 

itTo assess the importance and roles of corporate 
environmental ethics in accelerating the 
transition to Cleaner Production. 

o To reflect upon the philosophical, 
psychological, sociological, religious and 
political dimensions of the changes that are 
essential for sustainable societies in our 
common future'! 
The course addresses environmental quality, 

species diversity, and societal sustainability 
problems and opportunities. Illustrative examples 
are drawn from experiences within many 
countries of the world. The examples illustrate 
the inter-disciplinary relationships between 
improvements within the outer environment, the 
worker's and consumer's environments and the 
social-political-economic dimensions of society. 

The overall goal of the course is to help 
students understand the environmental and 
economic benefits that can be achieved through 
industrial and governmental implementation of 
the preventive approach throughout all facets of 
society. 

Erasmus University, Erasmus Centre for Environmental Studies, P0 Box 1738, 
Burgermeester Oudlaan 50, 3000 DR Rorterdam, Netherlands. 

TeI(31-10)408 2050: Fax (31-10)212 0834. 
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(5 Training support material 
Trainers Workbooks for Cleaner Production in 
Leather Tanning Textile Manufacture, Breweries, 
and Battery Recycling. 

(JNEP 119961 
See Appendix 11 for more details. 
Cleaner Production: theories, 
concepts and practice Reader (1992) 

Editor Prof. Dr. D. Huisingh. 
Published by: Stichting Syllabi, Erasmus 
Universiteit [I993] B urgermeester Oudlaan 50, 
3062 PA Rotterdam, The Netherlands. 

Curriculum for toxics use reduction Planners 1994] 
Sixth edition. The curriculum is designed 

to encourage participants to re-examine 
conventional approaches to producuon 
management and environmental protection. 

The manual is intended to serve as the basis for 
an advanced educational program for the training 
of Toxics Use Reduction Planners. The targeted 
audience are technically experienced 
professionals and production managers. 

Published by: The Toxic Use Reduction institute. 
University of Massachusetts at Lowell, 
One University Ave., Lowell, 
Massachusetts 01854. 

Environmental Assessment of Products: 
a course on life cycle assessment (1993) 

Editor Bo Pedersen. This book is an introduction 
to the practical application of product life cycle 
assessment to be used for the education of 
engineers and other practitioners in training 
courses and institutes of higher education. 

Published by: UETP-EEE, 
The Finnish Association of Graduate Engineers, 
TEK Ratvartijankatu 2, SF-00520 Helsinki, 
Finland. ISBN 951-9110-83-6. 

Facility Pollution Prevention Guide (19921 
The guide is written for those who are 

responsible for implementing pollution 
prevention in their facilities. It is intended to help 
small- to medium-sized production facilities 
develop broad-based, multimedia pollution 
prevention programmes. it describes how to 
identifj, assess, and implement opportunities for 
preventing pollution and how to stimulate the 
ongoing search for such opportunities. 

Publlshedby: US Environmental Protection 
Agency. Office of Research and Development. 
Washington, DC 20460. 
Document number: EPA/600/R-92/088. 

Hazardous Waste Minimization 119901 
H.M. Freeman. This book is designed to assist 

individuals in private companies and public 
agencies in identifying and pursuing options for 
waste minimization. 

Published by: McGraw-Hill Publishing Company. 
IChemE 

The Institution of Chemical Engineers has 
developed slide training packages on various 
themes. See Section IV.3.6. 
Eco-Efuiciency and Cleaner Production (19961 

World Business Council for Sustainable 
Development (WBCSD) and (JNEP 1E. 

This publication explains the relationship 
between these two concepts, and their relevance 
to industrial environmental management.. 

Published by: WBCSD, 160 rte de Florissant, 
CH-123l Geneva Switzerland. 

Pollution Prevention: homework and design 
problems for engineering curricula [1992] 

D. T. Allen, N. Bakshani, K. Sinclair Rosse lot. 
The book is designed to be integrated into 
existing courses leading to chemical and other 
undergraduate engineering degrees. However, the 
manual has proved useful to others in industry 
and environmental fields, as well. 

Published by: American institute of Chemical 
Engineers Centre for Waste Reduction 
Technologies. ISBN 0-8169-058-1-9. Copies can 
be ordered through the AiChExpress Service 
Centre, 2345 East 47th Street, New York, 
NY 10017-2395, ALChemE: Fax 212 705 8400. 

Pollution Prevention Implementation 
in Developing Countries 

J.S. Hirschhorn. Duke University Centre for 
Tropical Conservation, P0 Box 90381, Durham, 
NC 27708-0381, USA. 

Tel(1 919)4909081;Fax(1 919)419 1433. 
Prepare [1991] 

Editors S. de 1-lao, H. Brezet, M. Cml, and 
H. Dieleman. The PREPARE box includes a 
video, a manual, worksheets, and the PREPARE 
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Experience binder. The package focuses on 
exploring the opportunities to prevent waste and 
emissions that are present within existing 
companies. It is a source of ideas for the 
development and introduction of a waste and 
emission prevention programme. 

Publlshed by: the Dutch Ministry of Economic 
Affairs. ISBN 90 346 2565 6. Available (mm 
SDU/DOP, Rooseveltstraat 52-56, 2321 BM 
Leiden, The Netherlands. Tel (3 I 71) 352 500. 

Project Casework on Waste Minimization in Textile 
Dyeing Industry 11993] 

This training material has been developed to 
support the Project on Industrial Pollution Control 
Applications for Small and Medium Scale Industries 
(IPCA) in Bangkok, Thailand, and to find suitable 
case material that can illustrate to factory owners the 
benefits and incentives of waste reduction, reuse, 
and recycling in their own workplaces. 

Further information: Carl Duisberg Gese II schaft, 
South East Asia Program Office, Bangkok, 
Thailand. 

Prosperity without Pollution: the prevention 
5trategy for industry and consumers [19911 

J.S. I-lirschhorn, K.I. Oldenburg. This book 
explains why only the preventive environmental 
strategy can work, because vowing population, 
consumption, and industrialization cripple current 
remedial efforts. 

4.6.1 Others 

Published by: Van Rostrand Reinhold, 
115 Fifth Avenue, New York NY 10003. 
/SBNO 442 00225 4. 

Teaching those Humans to Learn: creative 
approaches to pollution prevention training [1991) 

The manual contains descriptions of interactive 
pollution prevention problem solving exercises. 
These can be used to train public policy staff 
and/or regulators about the concepts of pollution 
prevention and at the same time heighten 
participants' awareness of the challenges of 
implementing prevention activities in industry. 

Published by:US EPA, Office of Pollution 
Prevention, 401 M Street SW, 
Washington DC 20460. 

Training Course: Ecologically 
Sustainable Industrial Development 

This training kit contains 10 separately bound 
Learning Units, a video cassette with seven films, 
two floppy discs, an audio cassette and, for 
supplementary reading, two booklets and a 
manual. The training course is designed for 
UNIDO staff, but it is suitable for all staff of the 
United Nations as well as for anyone interested in 
industrial development. 

Available from: UNIDO, Environment 
Coordination Group, P0 Box 300, 
A-1400 Vienna, Austria. 

Industrial Relations and the Environment: ten countries under the microscope (Volumes I and II) [1994] 
Contains reports from ten country studies in the Member States of the European Community. 

Information on the legal framework, voluntary measures, and policy issues are researched in each 
country, providing a basis of comparison. The status of cleaner production is also researched. 

Published by: Loughlinstown House, Shankill, Co. Dublin, Ireland. 
Price. ECU30 (Vol.1); ECO25 (Vol.11). 

T he United Slates Environmental Protection Agency (US EPA) has published many cleaner 
production (US EPA uses the term pollution prevention) documents. 

Further information available from: 
Pollution Prevention Information Clearinghouse, US EPA, 
401 M Street, SW. PM-21 1A, Washington, DC 20460. USA. 
Tel: 1 202 260 1023; Fax 1202 260 0178. 
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41 Cleaner Production centres 

C leaner Production centres have been established in various countries, independently or with 
outside assistance. In general, they are set up to develop national or regional capacity to 
implement cleaner production, and are open to the public. All of these centres list information 

collection and dissemination as one of their main activities to promote cleaner production. 

Below are brief descriptions of some of the international efforts underway followed by a listing of 
cleaner production centres themselves, divided by region. 

UN1DO-UNEP National Cleaner 
Production Centres (NCPCs) 

NCPCs have been established in seven 
countries, and will ultimately support twenty over 
a five year period. The centres will promote 
cleaner production at the national level through: 

conducting in-plant demonstration and various 
training programmes for governments and 
industry to show cleaner production at work 

•analyzing policy initiatives in the country and 
making recommendations to improve the policy 
framework for cleaner production 

• acting as a focal point for cleaner production 
through information collection, analysis and 
dissemination activities. 
The centres have an information management 

system with key documentation on cleaner 
production and various information sources, and 
provide information services, interested 
individuals and organizations are encouraged to 
contact the centres to obtain information. 
Furlher Information 
UNIDO: Industrial Sectors and Environment 

Division, P0 Box 300, A-1400, Vienna, Austria 
TeI(43 1)2113I0;Fz(43 1)2307449. 

UNEP: lndustry and Environment 
39-43 quai Andre Citroen, 75739 Paris, 
Cedex 15, France. 
TeI(33 1) 44 37 14 50; Fax (33 1)44371474; 
email unepieunep.fr ; 
WWW: http://www.unepie.org/home.htrnl  

Environmental Pollution Prevention Project (EP3) 
EP3 is a five-year programme sponsored by the 

US Agency for International Development 
(USAID) to address urban and industrial 
pollution and environmental quality in 
developing countries. The programme was 
established with the following three objectives: 

• to establish sustainable pollution prevention 
programs in developing countries 

• to transfer urban and industrial pollution 
prevention expertise and information 

• to support efforts to improve environmental 
quality. 
Since its inception in 1993. the EP3 programme 

has established centres in five countries (Tunisia, 
Chile, Ecuador, Egypt, and Indonesia). 
Information clearinghouses have been (or will 
be) set up to disseminate pollution prevention 
related information. These national 
clearinghouses are supported by the EPJ 
headquarters clearinghouse, which responds to 
information requests from industrial facilities and 
governments in EP3 countries and from USAID 
missions throughout the world. In 1995, the 
Tunisia Centre became an independent 
organization, and in the future will become 
associated with the UN1D0IIJI4EP NCPCs. 
Further information 
USAID EP3 Headquarters Clearinghouse, 

RCG/Hagler Bailey, Inc.. 1530 Wilson Blvd.,  
Ste. 900, Arlington, VA 22209-2409, USA. 
TeI(1 703)351 4004;Fax(1 703)351 6166; 
email apenderghabaco.com . 

World Environment Centers 
Waste Minimization Program 

Funded by the US Agency for International 
Development (USAID), this program has 
introduced the concepts of waste minimization in 
nine countries of Central and Eastern Europe 
throug1 a series of demonstration projects. 
Further information 
World Environment Center 

419 Park Avenue South, Suite 1800, 
New York, NY 10016, USA. 
TeI0 212)6834700;Fax(1 212)6834745. 
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ASEAN Environmental Improvement Project 
Funded by the US Agency for International 

Development (USAID), and part of the US Asia 
Environmental Partnership. The individual country 
programmes provide information and assistance on 
how to incorporate pollution prevention 
approaches into industrial management. 

Norwegian Chartered Engineers (N IF) 
NIF has established a number of cleaner 

production centres in central and eastern Europe, 
which conduct training programmes for industries. 
Centres are located in Poland, China, the Slovak 
Republic. the Czech Republic, and Russia. 
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5 Training Material 

5.1 IntroductioN 

T his Part contains exercises that can be 
used in actual teaching sessions, 

especially projects, workshops, and 
discussion groups. Some exercises could also 
be presented in modified form during seminars 

and meetings. 
The present collection of exercises and case 

studies is quite diverse, illustrating the various 
aspects of cleaner production that may be found 
in practice. In its entirety, the material is a 
resource kit from which trainers may choose 
whatever most suits their needs. 

The exercises are not ready for handing out as 
they are presented here. This decision remains 
with the trainer. In particular, the trainer should 

first attempt the exercises, so that they are not 
confronted with unexpected problems or 
questions when the participants do the exercise! 

Because learning is a gradual process, some of 
the exercises are intended to be carried out before 
a formal course or workshop actually  

commences. Therefore, these preliminary 
exercises constitute preliminary tasks that 
familiarize students with some key aspects of the 
subject, but they can also be done in class. 

Every exercise contains a paragraph describing 

the objective of the exercise. Some books 

containing further exercises on cleaner 
production are listed in Section 4.3. 

The purpose of these exercises is to stimulate a 
positive way of thinking among the participants 
which makes them see the challenges and 
opportunities available when applying cleaner 
production. It also develops analytical and 

problem-solving skills. 
The current set of exercises should be seen only 

as a starting point. Trainers are encouraged to 
adapt the given exercises to suit the target 
audiences, and to develop additional exercises to 
extend the learning experience. 
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52Preliminary exercises 
5.2.1 Introduction 

B efore starting a teaming activity, you can 
ask the participants to prepare by giving 
them some preliminary exercises to do. 

Some ideas for this preliminary work appear in 
this section. Depending on the purpose of the 
course and the detail in which you want to 
address Cleaner Production, you may want io 
adapt these preliminary exercises or develop 
others. You may also want to ask the students to 
do some of the background reading in Part 3 
before attending the learning activity. 

Most of these preliminary exercises require the 
student to collect information from a number of 

sources. A list of possible sources is given below. 
in order to give the students an idea of where they 
can lind information. You can give this checklist 
to the students in advance. Ask them to mark the 
information sources they used. In some countries 
the information requested in the exercises is not 
available for public disclosure. 

I t 15 essential that the trainer first explores 
the possibilities of access to the requested 

information before asking the students to 
conduct this exercise, In order to avoid 
disappointment and denwilvation of 
the students. 

Information Sources 

9Newspaper 9 University Library 

9 International Organizabons 9 Public Ubrary 

O Ministries 9 Local Authorities 

O interviews 9 Patent Office 

O Information Rotlines 9 Yellow Pages/Phone Book 

O CD-ROM El Wholesalers 

9 Labour Unions 0 IndustriaL Organizations 

0 Chamber of Commerce 9 Non Governmental Organizations 

9 Consumer Organizations 9 (International) Databases 

9 Magazines and Journals 9 Industries 

9 Service Sector 9 Other 
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5.2.2 Some ideas for preliminary exercises 

1  Depending on the subject of the learning 
activity, you can ask participants to collect 

newspaper articles, or articles from journals, 
related to the central training issues. 

2  Participants from industry can be asked to 
make a global inventory of the waste streams 

in their company. 
At the end of the training activity, you can ask 

the participants if they are able to identify more 
waste streams in their company after what they 
have learned. The inventory made by the 
participants may serve as a starting point for a 
waste audit in their company. This exercise can 
be combined with the exercise on ICPIC. 

3  A similar exercise could be done concerning 
pollution releases and the general 

environmental impact of their company's 
activity. Ask the participants to make an estimate 
of the environmental impacts of their emissions 
on the local, regional and global level. Also take 
into consideration the socio-cultural 
consequences of these impacts.  

4  For participants from government 
administration or institutes, 'country reports' 

- using a specific format or a checklist - will help 
them to appreciate their national situation, and 
identif' the issues relevant to the workshop. 

5  Send the participants a quiz which they 
submit before the training activity starts. The 

participants should do the same quiz at the end of 
the training activity. The questions can be chosen 
to be specific to the learning objectives, or to 
general environmental awareness, or to both. 

This test can be used as a tool to measure the 
degree of learning achieved during the training 
activity. It also serves as an evaluation tool for the 
trainer to see if he/she succeeded in achieving the 
objectives of the learning activity. The quiz from 
LJNIDO (see the quiz on the next page) may very 
well be used for such purpose. 

6  Some very simple exercises, similar to what 
will be done in the workshop, are useful in 

familiarizing participants with the programme 
ahead. Use exercises like the preliminary exercise 
on the anodizing plant. 

5.2.3 Preliminary exercise: Quiz 

The quiz on the following page can be extended by adding more questions from the UNIDO 
Training Course on Ecologically Sustalizable Industrial Development (see Section 4.4). 
The complete quiz contains 80 questions, and is available on diskette from UNIDO or IJNEP. 

This quiz can function as a preliminary exercise, after a short introduction on cleaner production, or 
during a workshop 
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Complete the quiz * below by ticking use most appropriate response 

I Agenda 21 suggests that Environment and Development: 

a 0 must be clearly distinguished 

b 0 cannot be separated 

c 0 have the same objectives 

I d 0 do not have the same objectives 

2 Environmental polices for pollution have gone through three phases, covering: 

a E3 abatement to prevention to dilu Von 

b D prevention to dilution to abatement 

c D duVon to preven Von to abatement 

d 0 dilution to abatement to prevention 

3 The most effective management choice for handling pollution in the 19903 is: 

a 0 prevention 

b 0 dilution 

c 0 abatement 

d 0 control 

4 Cleaner Production eliminates waste: 

a 0 at the end of the process 

b 0 at every phase of production 

c 0 only at the design stage of the product 

d 0 at the most polluting stage of the process 

5 From the practical business viewpoint, Cleaner Production: 

a 0 often pays 

b 0 does not pay 

c 0 requires up-front investment 

d 0 is not economic in developing countries 

6 The key focus of the UNEP Cleaner Production programme is to: 

a 0 act as a catalyst and network with the key players for Cleaner Production 

b 0 collect and disseminate confidential information on Cleaner Production policies, 
strategies, technologies and management tools 

c 0 finance manufacturing projects in developing countries 

- 	 d 0 provide an environmental monitoring service. 

* Exract from complete set of 80 questions. 
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Part V Training Materials v 
Preliminaiy Exercrses 

5.2.4 Preliminary exercise: 
Mass balance calculation in an anodizing plant 

This exercise was developed by the 
Interfaculty Department of 
Environmental Science of the University 

of Amsterdam. The exercise is suitable for 
individuals to work through in advance of a 
workshop. The results should be brought to the 
workshop and compared with the results of other 
exercises performed during the workshop. 

The exercise derives a mass balance in an 
anodizing plant. Mass balance calculations are 
essential to understand the flow of process  

chemicals in a plant, and hence to understand 
where waste originates. This understanding does 
not lead to Cleaner Production in itself, but it does 
pinpoint trouble-spots, and so identif5, priority 
areas for action. The reduction options follow from 
an understanding of the process, and where low-
waste process modifications can be made. 

Examine the case study of an anodizing plant, 
presented on the following pages. Answer the 
simple questions first, before looking at the 
details of the assignment which follows. 

Note: this question may require some intuition about the process. The case study itself will provide the 
basis for some informed guesswork. 

Introduction 
Anodizing consists of applying an oxide layer 

to aluminium by means of an electrochemical 
process. This oxide layer has a decorative 
function, while at the same time providing 
protection against corrosion. 

The aluminium object is dipped into an 
electrolytic bath (salt solution), after which a 
direct current is passed between the object (which 
functions as an anode) and a cathode. This results 
in electrolysis of water, and the oxygen thus 
formed reacts with the aluminium, creating an 
aluminium oxide layer. 

To obtain a good anodizing layer, the object 
must undergo a number ofpre- and post-
treatment steps: 

Sample plant 

The plant has a production line consisting of 
eight baths. 

Each bath has a capacity of2Om 3 . and is Sm 
long. 1.25m wide, and 2m deep. 

The batches of metal parts are introduced into 
each bath by means of a hoist. 

The anodizing rate is l00m per hour, and the 
plant is in operation for 5 500 hours per year.  

• the pre-treatmeni consists of degreasing and 
staining, and 

•the post-treatment consists of sealing. 
After each of these treatments, the batch of 

objects must be rinsed. This results in pollution 
of the rinse water with acids, bases, aluminium, 
and heavy metals. This water pollution, together 
with the high energy consumption and the use of 
large quantities of cooling water, are the major 
environmental problems associated with 
anodizing plants. This assignment is concerned 
with a fictitious medium-sized anodizing plant. 
On the basis of process and product data, mass 
balances are used to calculate the volume and 
composition of the various rinse water flows. 

Bath 1: Degreasing 

D egreasing is necessary in order to remove 
contaminants (oil, grease, dust, etc.) from 

the objects to be anodized. This takes place in a 
dilute lye solution at a temperature of 80°C. The 
bath contains 25g of degreasing salt per litre; this 
salt is a commercial product consisting of caustic 
soda, silicates, phosphates, detergents, wetting 
agents, and emulsifiers. 
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When a batch is removed from the degreasing 
bath, a certain amount of degreasing liquid is 
dragged over': i.e. left behind on the surface and 

in the crevices of the various objects. 
To compensate for this, and the inevitable 

evaporation, enough water is added to maintain 
the bath at the proper level. In addition, 24kg of 
degreasing salt is added daily, to keep the 
solution up to strength. 
Bath 2: Rinsing 

After degreasing, the objects go on to the 
second bath, where they are rinsed in tap 

water; a rinsing factor of 100 is achieved (i.e. the 
concentration of pollutants in the rinse water is 1% 
of the concentration of those same components in 
the previous bath, the degreasing bath). 
Bath 3: Staining 

T he purpose of staining is to remove old or 
faulty anodizing layers. to mask scratches 

and streaks, and to activate the surface so that a 
semi-mat finish is formed. The stain bath consists 
of a concentrated caustic soda solution (70g of 
caustic soda per litre) with I 5g per litre of stain 
additives (gluconates and polyalcohols). During 
staining, a certain amount of alum inium is 
dissolved (80g1m2) through the action of the lye 
on the aluminium surface. Through the drag over 
of stain solution to the rinsing bath, the 
aluminium concentration in the stain bath never 
exceeds 50g/l (this is known as the never dump' 
system). Caustic soda and Stain additives are 

added daily, to keep the stain solution at the 
correct strength. 
Bath 4: Rinsing 

A fter staining, the objects are rinsed with tap 
water in Bath 4, whereby a rinsing factor of 

tOO is achieved. 
Bath 5: Anodizing 

The anodizing fluid contains 200g of 
sulphuric acid per litre. Through the action 

of the sulphuric acid, the aluminium is dissolved 
(20g/m 2), which leads to a gradual increase in the 
aluminium concentration. 

When the concentration of aluminium reaches 
15g/l, the entire anodizing bath is dumped and 
replaced. in addition, sulphuric acid is added 
daily, in order to keep the anodizing liquid 
up to strength. 
Bath 6: Rinsing 

F ollowing the anodizing process, the objects 
are rinsed with tap water in Bath 6, whereby 

a rinsing factor of 1000 is achieved. 
Bath 7: Sealing 

S ealing is the process whereby the pores of 
the objects are closed through the formation 

ofbOhmites on the surface of the aluminium. To 
achieve this, the objects are dipped in a liquid 
containing 5g of nickel acetate per litre. 
Bath 8: Final rinsing 

F ollowing the sealing process, the objects are 
rinsed with demineralized water in Bath 8, 

whereby a rinsing factor of 100 is achieved. 

1 On the basis of the inforrnatiozi giveil above, draw up an aluminium balance for the production 
line. i-low much aluminium does this plant discharge per year? 

2 The drag over is expressed in terms of the volume of processing liquid that is dragged over to the 
rinsing bath per time unit. For the purpose of the remaining calculations, assume that the drag over 
for the anodizing bath and the sealing bath is the same as the drag over for the degreasing bath. 

Calculate the volume of the drag over from: 
a the degreasmg bath 
b the slain ball,. 

3 Calculate the total amount of rinse water used for each ofthe four rinsing baths. 
4 The standing time is the interval between two consecutive dumps of the anodizing bath. Calculate 

the standing time of the anodizing bath. 
Indicate for each rinse water flow: 

the pollutants which are present in the rinse waler 
the i'olurne of each of these poll1tuants discharged annually (the 'load'). 
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The details of the assignments in brief 

'

Aluminium enters the process flow line in the form of the metal parts to be anodized. in this 
production line, there are two places where a portion of the object passes into a dissolved state - 

namely, during staining (80g/m2) and during anodizing (20g/m). 
The aluminium balance Is: 

outgoing aluminium objects = incoming aluminium objects less loss dunng staining less loss during anodizing 
The annual production is I 00rn 21hour multiplied by 5 500 hours/year = 550 000m 2Iyear. 
This results in: 

weight loss of objects = [550 00001year x 8og/rn 2 ] + [550 000m2/year x 20g/m 2 ) 

55 000kg aluminium per year 

This means that some 55 tons of dissolved aluminium is discharged each year. Of this, some 44 tans is 
discharged together with the rinse water from Bath 4 (after staining). 

The remaining 11 tons, the distributions of which is unknown, is released together with the spent 
anodizing bath and the rinse water from Bath 6, which follows the anodizing bath. 

2 Calculating the volume of drag over from the degreasing bath and the stain bath 

a Degreasing bath 
In order to maintain the concentration of degreasing salt, 24kg of salt is added daily. On the basis cia 

24-hour average, the amount of degreasing salt is maintained at a constant level. The balance for the 
degreasing salt is: 

degreasing salt added = amount of degreasing salt dragged over 
or 

24 kg/day = drag over volume x concentration of degreasing salt in the bath x 24 hours/day 

If we fill this in, 	drag overvolume = 24kg/day [24 hours/dayx25g/l] 
we get: 	 40 Ills/hour 

b Stain bath 
The concentration of aluminium is kept at a constant level (50W1)  in the stain bath. This means that the 

weight loss of the object must be equal to the drag over. 

weight loss of objects = aluminium drag over 
80g/rn 2  xlO0m 2lhour = volume of drag overx 509/i 

Thus the volume of drag over during staining is 160 litres/hour. 

3 The consumption of rinse water is equal to the drag over volume multiplied by the rinsing factor. 

Consumption of nnse water for Bath 2 40 I/hour x 100 	4m 1!hour 
Consumption of nnse water for Bath 4 1601/hour x 100 	= 16m 1/hour 
Consumption of rinse water for Bath 6 4011hour x 1000 	= 40m 3lhour 
Consumption of nnse water for Bath 8 40 I/hour x 100 	4m 3lhour 

The total consumption of rinse water is 330 NOW of tap water per year, 
and 22 0000 of deminerafized water per year. 

V:9 
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4 The following aluminium balance can be drawn up for the anodizing bath: 

weight loss of objects = aluminium accumulation in anodizing bath 
plus carry over to rinsing bath 

At the end of the standing time, the anodizing 
bath contains the maximum concentration of 
aluminium (15g1l). The aluminium accumulation 
in the anodizing bath is then 20m3 x 15g/l = 300kg 

The drag over to the rinsing bath is equal to the 
aluminium concentration in the anodizing bath 
multiplied by the drag over volume. 

Ifwefiutlu.c in, we get: 

However, the concentration of the aluminium 
gradually rises. 

Assuming that the concentration increases 
linearly in the course of time, the average 
concentration will always be half of the 
maximum concentration (i.e. 7 • 5W1)• 

20g/m 2  x lOOm2Thour x standing time = 300kg less 140 I/hour x 7.5 g1l x standing time 
So the standing time is 176 hours. 

55 The annual load of each type of rinse water for each component of the previous process bath can be 
calculated as follows: 

production hours multiplied by drag over volume multiplied by concentration in the bathj 

• The rinse water from Ball, 2 is polluted with degreasing sail. The annual load is: 
5 500 hours/year x 40 litres/hour x 25g/litre = 5 500kg/year. 

The rinse water from Bat/i 4 is polluted with caustic soda, stain 
additives, and aluminium. 
The annual load of caustic soda is: 

5 500 hours/year x 160 litres/hour x 70g/litre = 61 600kg/year. 
The annual load of stain addilives is: 

5500 hours/yearx 160 litres/hourx l5g/litre = 13200kg/year. 
The annual aluminium load is: 

• The rinse waler from Bail, 6 is polluted 
with sulphuric acid and aluminium. 
The sulphuric acid load is: 

44 000kg/year 
(see Details' [2]). 

5 500 hours/year x 40 litres/hour x 200g/litre = 44 000kg/year. 
For the aluminium load, we use the average aluminium 
concentration in the anodizing bath (see also Details' [4]): 

5 500 hours/year x 40 litres/hour x 7.5g/litre 1 650kg. 

• The rinsing waler from Bath 8 is polluted with nickel acelate. 
The annual load is: 

5 500 hours/year x 40 litres/hour x 5g/litre = 1 100kg. 
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Preliminary Exercises 

525 Preliminary exercise: Identifying alternative processes 

T his preliminary exercise is best done 
individually, so each participant learns 
where to find information on issues related 

to cleaner production. In this excrcise, some 
techniques to reduce the generation of waste are 
discovered. The exercise requires a library search. 

The objective is to develop some insights for 
identiing cleaner production options. These 
insights will be needed for further exercises, in 
which options for cleaner production have to be 
generated. 

This exercise will require some Iiterauire research. 
When identi1'ing options for Cleaner Production one can think of changes in input materials, technology 
changes, operational changes, product changes, and oppo rtun it i es for on-site recycling. This exercise 
focuses on technological changes and opportunities for on-site recycling. 

Q uestion I 
Many industrial processes are batch 

processes, as for example in rinsing. 
These rinsing processes can be substituted by 

counter current rinsing. 
ldenti& journal and reference articles which 

explain the advantages in efficiency of counter-
current rinsing versus batch rinsing. 

Q uestion 2 
Heavy metals in wastewater form a major 

problem for industries. 
The heavy metals can be separated in the sludge 

of a waslewater treatment, but they cannot be 
recovered from the sludge. The sludge has to be 
treated as a hazardous waste. 

One way of solving this problem is to recover 
the heavy metals, and reuse them. 

How many technologies can you find which are 
designed to recover heavy metals from effluents? 
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53Work exercises 

5.3.1 Elements for discussion 

This exercise can be done either during plenary sessions, or in small groups. 
Small groups should report the outcomes of their discussions during a plenary session. 

Discussion is important, so that learners are 
involved in the subject matter of a presentation. 
In particular, it allows participants to clarit' 
points on which they are not clear, and to raise 
other questions that were not covered in final 
presentations. 

One way of initiating a discussion is by 
answering questions from the participants. 
Another approach involves the presenter asking 
questions of the participants. These questions  

should be well prepared., and they should result in 
the involvement of participants, recalling and 
using the information they have been given. 

Some ideas for discussion are given here. 
They are very general, and should be adapted to 

your audience. 
It may be useful to write down your audience's 

opinions and answers on a blackboard, so that 
you can easily compare the different viewpoints 
of various participants. 

Some possible points for 'free' discussion 

• What are the major obstacles in your company to adopting a cleaner production approach? i-low could 
they be overcome? 

• What are the advantages that your country may enjoy when adopting a cleaner production approach? 
• What cleaner production goals could you achieve without external assistance? What could you achieve 

if some assistance were available? What information on alternatives would be essential to achieve the 
goals without external assistance? Where would you get this information? 

• Which of the tools discussed in the primer could be relevant in achieving the cleaner production goals 
you set for your company? 

Panel session 

The use of panel sessions in workshops is often very useful. A small panel of invited experts answers 
questions that have been submitted in written form beforehand (either signed or anonymous). This 
exposes the audience to different points of view and approaches of the experts. 

Of course, free' questions and dialogue with the audience can be part of each panel session. 
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5.3.2 Corporate environmental action plan 

This exercise requires group work and discussion. The different action plans are presented during a 
plenary session, which may lead to (further) discussion. This exercise follows the lines of the 

waste audit procedure, discussed in Section 13. 

Z o Wat is a company which produces 
pesticides, and employs 3000 people. The 

company has to invest in end-of-pipe treatment to 
comply with upcoming environmental regulations 

You are responsible for all the environmental 
affairs of the company. 

Instead of installing end-of-pipe treatment 
facilities, you have been advised to tackle the 
environmental problems at their source, so you  

have decided to develop a cleaner production 
programme. You want to do a waste audit and 
implement cleaner production options in order to 
comply with the regulations, and, in the future, be 
ahead of the regulations. 

A list of 11 general and specific actions, which 
are needed to implement a cleaner production 
programme, is given below. Put the actions in 
order of priority and explain your choice. 

I Reward employees who discover and report environmental 
problems and who recommend ways  of solving them 

2 Visit the facIities selected for the imDlementation of Cleaner Production ooflons 	 I I 	I 

3 Check if the otions for Cleaner Production comply with the Qovernment reaulabons 	 I I 	I 

4 Select criteria for the evaluation of Cleaner Producton ootions 	 I I 	I 

5 Estimate the payback period for aenerated Cleaner Production opons 	 I I 	I 

6 Select people for an assessment team 	 I I 	I 

7 
	

implemented Cleaner P 

8 Denve mass balances for existino unit operations 

9 Get nianaaernent commitment 	 I I 	I 

10 Start trainLng programmes for the employees about 
Cleaner Production and environmental awareness 

II Set Cleaner Production poals 
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5.3.3 Waste audit and reduction options in a tannery 

This exercise is taken from the Cleaner Producilon in Leather Tanning training resource package. 
The full training resource package is available from UNEP IE. The exercise is best done in small 

groups, although it can also be done individually. 
It is a long exercise, so the trainer may want to concentrate on only a few simple questions for a 

short session. At the end of the exercise, a group discussion can be initiated to identify cleaner 
production options. 

The preliminary exercise on the identification of alternative technologies should give some insights 
into identifying these options. 

Introduction 

T his exercise examines a tannery which 
processes 40 tonnes of hides a day using a 

chrome-ian process. In order to meet new effluent 
regulations, the tannery has to upgrade several 
aspects of its operation. This exercise will focus 
on the chrome effluent problem. The new 
regulations require an effluent standard of: 
• less than 5mg/7 for discharge to sewer 

and 
•less than 1mg4 for discharge to local streams. 

The upgrading also provides an opportunity to 
reduce operating costs at the tannery. By 
reducing the wastage of chrome in the effluent, 
the tannery hopes to reduce the us$2 000 a day it 
currently spends on chrome tanning agent. 
Chrome accounts for a large proportion of total 
chemicals cost in the plant. and represents 16% 
of the cost of finished leather. 

This exercise will follow the waste audit 
procedure given in the UNEP/UNIDO Audit and 
Reduction Manual for Industrial Emissions and 

Wastes. Technical information on cleaner 
production options for the tannery can be found 
in IJNEPIUNIDO's Technical Report No.4 
Tanneries and the Environment. 

The exercise follows the audit steps 
recommended in the Manual. 

First, we examine the consumption of chrome 
tanning agent in the plant. 

A number of alternatives - such as modified 
tanning agents, recycling, and chrome recovery - 
are then studied, and relative cost saving and 
effectiveness in meeting effluent standards are 
calculated. 

These options are then compared to the cost of 
a treatment plant. 

Please note that the figures used in this exercise 
do not represent an actual situation. They are 
ballpark figures drawn from various documents, 
and have been adjusted to make the calculations 
easier. Actual figures are, in any case, highly 
situation-specific. 
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!/o,k Exercises 

Figure 5.1 Schemac of the tanning process 

4 	 Water pallui'anis 	 Air pollutants 	 D. 
Solid wastes 

BOD, COD. SS4- 
DS, salts, organic N 

- 	 . ---------. green fleshings (Rn 
containing organic matter) 

Phair Ii mc and organic  
matter containing sludge 

ROD, COD, SS. 4 	 Ume fleshin- ------  —  - . — time split and 
DS, alkalinity. suiphides 	 trimmings (limed organic matter) 

ROD, COD, 4 	 Deliming, Bating -__ 	 NH 
DS.ammonia..N 	 i 

I  
BOD. COD. DS. fat 1 	

Degreasing 
sheeplpigskins) 

ROD, COD. SS. DS. 
acidity, salts, 
vcgctable sans. syntalis. salts 

Chrome splitlin- - -- —  - - —  — — -   chrome split 
(chrome-containing organic matter) 

Shaving 	j --  - - - .p.shavings (chrome- 

	

_J 	Containing organic mafler) 

Retanning, Dyeing, 
Fat liquoring 

Drying 

Batting, Thmming F - - - - - - - -  chrome trimmings 
I (chrome and prejinithing 
chemicals containing organic mailer) 

remainder of 4- 	Finishing 	I- 	 solvents. 

finishing agents 	 formaldehyde 
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Ti 	 I'l 

Audit Preparation 
Step I 	Prepare and organize audit team and resources 

2 	Divide process into unit operabons 
3 	Construct process flow diaqrams Iinkinq unit operaons 

Process Inputs 	 Process Outputs 
Step 4 	Determine inputs 	 Step 7 	Quantify products/byproducts 

5 	Record water usage 	 8 	Account for wastewater 
6 	Measure current levels of waste 	 9 	Account for gaseous emissions 

reuse/recycling 	 10 	Account for off-site wastes 

Derive.a Material Balance  
Step 11 	Assemble input and output information 

12 	Derive a preliminary material balance  
13 & 14 	Evaluate and refine material balance 

PHASE  

Identify Waste Reduction Options 
Step 15 	Identify obvious waste reduction measures 

16 	Target and characterize problem wastes 
17 	Investigate the possibility of waste segregation 
18 	Identify long-term waste reduction measures 

Evaluate Waste Reduction Options 
Step 19 	Undertake environmental and economic 

evaluation of waste reduction options, 
and list viable options 

Waste Reduction Action Plan 
Step 20 	Design and implement a waste reduction 

action pn to achieve improved process 
efficiency 
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Work Exercises 

PART I: PRE-ASSESSMENT AND MATERIAL BALANCE 

S top 1: 
Audit team 

Assume this has been done. You are it! 

S teps 2 & 3: 
Unit operations and process diagram 

Refer to page 60 of the Manual. The diagram is 
reproduced here as Figure 1 Schematic of the 
Tanning Process on page 38. Note where chrome 
chemicals enter the process, and where they leave. 

• Refer to the diagram on page 123 of the Audit 
Manual. 

• Reftr to pages 69-74 of the Manual for plant 
specflc details 

'Refer to Chapters 3 and 5.2 of the Tannery 
Guide. 

S teps 4,5 & 6. 
Process inputs (Cr) 

The key figures 10 note are: 

Refer to pages 61, 62, 64 and 70 of the Audil 
Manual, and pages 21-27 of the Tannery 

LGu ,de, 

• 1-tides processed ...........................................- 40 tonnes/day fresh hides 
- 35 tonnes/day fleshed hide 

	

• Process water (tannage).................. 	 30m 3/day 

	

• Rinse water (tannage) ............... ...... 	 - 100 m 3/day 

	

Total plant water .................... ......... 	 - 1800 mi/day 

	

• Tanolin (16% Cr).. ............... ........... 	 2076kg/day 
.(ca 322kg Cr/day) 

...(ca 8kg Cr/tonne of fresh hides) 

There is no recycling of waters or sohds. 

Cost of materials: 

• Water for tanning .................... .................................. (lOc/m))$17/day 
• Tanolin($I000/t).. ........................... .............. .... ................... $2000/day 

@ 16% Cr .................................................................... (ca S 7/kg of Cr) 

Expected absorption rule of lanolin is 70% (I.e. 30% Is wasted) 

S
tops 71 8,9810: Referwpages65. 66, 69& 70ofAudit 
Process outputs LManual andpages 22-25 of Tannery Guide. 

The key figures 10 note are: 
• 	Chrome leather ................................................................. ..7 tonnes/day 
• Trimmings and shavings .......................... .......................... 7 tonnes/day 

(after Cr tannage)refer top69Audi; Manual and p25 of Tannery Guide 
• 	Containing together .................................................... 225 kg/day of Cr 
• 	Tanning Iiquors 	.......................................................... 90 kg/day of Cr 

........................................................... - (33m/day @ 2 500 mg/I) 
• 	Tanning rinsewaters ....................................................... .7 kg/day of Cr 

............................... . .............................. --- (2000m 3/day@ 1.5mg/1) 
• Total plant wastewater ................................ ...................... 1 	800 rn/day 

These waste streams account for the 30% of tanolin that is not taken up by the hide and hence is rcleasor and wasbwarer. 
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I What is the concentration of chrome in: 

the spent tanning liquor? 

the effluent from the tanning stage (liquor and rinsewater)? 

the total combined plant wastewater discharge? 

The an -wers to this question are on page V 33. 

S teps 11, 12& 13: 
Materials balance 

Some simple flow charts for the process are shown below. 

(J) Where the chrome goes 

Chromed leather DOI kg Cr/day 

Tanolin 	
:::: iii:: :::: 
Rnsewater 

kg Cay 

Where the water goes 	in the tanning stage 

Chrome liquor 

	

[watfoannn 	

' F[ 1
"] 

Where the hide goes 

Chromed leather 
Fleshed, limed hide 	 .kg/day 

	

35 tonnes/day 	 I Chromed sphts 
..kg/day 

Check that the input/output balances correctly. 
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Hark Exercises 

S tep 15: Refer to page 72 of theAudil Manual. and 
Obvious waste reduction measures 	 pages 36 and 37 of the Tannery Guide. 

One of the simplest measures is reduction in water use. In many plants, a great deal of water is wasted 
with no process benefit. More efficient rinsing can also save a lot of water. 

2 If a 50% reduction in rinsewater can be achieved with a batch rinsing system, how 
much water would be saved in the tanning process? 

m 3 /day 

The answer to this question is on page V:33. 

3 How would this affect the concentration of chrome in: 

(1) the rinsewater? 

the plants combined wastewater stream? 

What is the direct cost saving achieved? 

The answers to this question are on page 1:33. 

Other obvious reduction measures include: 

• reduced use of washwater in the factory 
and, importantly. 

• action to reduce chemical spills 
• ensuring containers are completely empty 

and 
• rinsing of containers to recover chemicals. 

However, we will not calcUlate these here. 
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S top 16: 
Identify problem wastes 

F: 4 From Steps it- 14, identify and give figures for: 

(1) significant economic losses of chrome: 

(it) important sources of chromium wastewater that lead to difficulties with 
regulatory standards: 

(iii) the most significant loss of water: 

Some suggestions about how you might answer this question are on page v34. 

S tep 17: 
Waste segregation 

At the moment all wastewaters enter the same drain for discharge. 

5 (1) What are the possibilities for waste segregation? 

L 
(ii) What benefit would segregation have? 

Suggestions for responses to this question are on page V. 34. 

ni 
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Work Exercises 

S teps 18 & 19: [From Chapier 5.2, page 39-42, we learn that a 
Waste reduction measures 	 number of options exist to reduce the chrome problem 

(apart from treatment, which is expensive). 

Simply stated, these options are: 

Option A 
Use high exhaustion chrome formulation instead of Tano fin. 

This allows 90% chrome fixation in the leather, instead of the present 70. 

6 (/) What is the cost saving to the tanney? (Assume here the same price for this 
formu lation) 

L./ day 

To what level will this reduce the chrome in: 

(II) the total effluent from the plant? 

.................mg/i 

(ill) the effluent from the tanning stage? 

.................mg/i 

(iv) the spent tanning liquor? 

..................mg/i 

1 !nfac(, the highfixation formulation is about 30% more expensive. 

The answers to this question are on page V: 34. 

Note that high exhaustion tanning agents have the chrome in complexed form. Any remaining liquors 
are difficult to treat by normal precipitation, and you should assume that unused complexed chrome is 
completely discharged to drain. 
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Option B 
Recover spent chrome by collecting relevant effluents, and precipitating unused chrome for subsequent 
re-use (see page 40 of the Tannery Guide). Assume a 95% recovery rate. Assume the cost of this process 
is 30% of the cost of buying new lanolin (on a chrome content basis). Ignore the capital cost of recovery 
plant for this exercise. 

7 (1) What is the cost saving to the company? 

$.........................................................................../day 

To what level will this reduce the chrome in: 

(ii) the effluent from the tanning stage? 

........mg/i 

(ill) the total effluent from the plant? 

........mg/i 

The answers to this question are on page v 35. 

Option C 
Recycle the spent tanning liquor to pickle or as make-up for subsequent tannage. Assume 67% of liquor 
can be recycled like this (see page 40 of thelanneiy Guide). Assume capital costs for replumbing and 
pumps is negligible. 

8 (1) What is the cost saving to the company? 

$.........................................................................../day 

To what level will this reduce the chrome in: 

(ii) the remaining tanning liquors discharged? 

........mg/i 

the entire effluent from the tanning stage? 

.......................................... . ...... mg/i 

the total effluent from the plant? 

........mg/I 

The answers to this question are on page V:35. 
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Option D 
Solid waste 

Here, we quickly look at solid waste. 
A lot of chrome goes into trimmings and shavings when the tanned leather is cut to size. If the leather 

could be cut to size before tannage, then this chrome would be saved. However, fresh untanned hide is 
difficult to cut and trim. 

A compromise is to give hide apre-lan with, say, an aluminium tanning agent, to stabilize the hide. It is 
then trimmed and split. 

The cut sheets (minus wastage) are then chrome tanned. 

rT " 	Why not use aluminium tonnage all the way through? 

For the answer to this question, see page 44 of the Tannery Guide. 

To investigate this option recall that— in Steps 7-10—we found that: 
• for 71onnes of letu/zer/day, as much as 7 tonnes/day of trimmings and shavings are produced. 

r T" 	The chrome content is the same, at: 

P1 
The answer is 7kg/t. 

A further aspect is that chrome shavings cannot be re-used as fertilizer or animal feed 

r-4 
and have to be dumped. 

Now we will look at the effects of this option. 

9 (F) What is the cost saving of this option. assuming process costs are the same? 

s .......................................................................... /day 

(ii) What cost recovery is made if the non-chrome shavings are sold as animal feed 
for lOc/k? 

$ ........................................................................../day 

'ill) What is the cflect on the amount of chrome in tne tannage wastewater! 

(lv) What is the effect on the amount of chrome in the combined plant effluent? 

Suggestions for responses to this question are on page t? 35. 
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S tep 20: 
Action plan 

Some of the above options could be combined to achieve even greater cost savings and reduced chrome 
levels in effluent. 

10 (1) Propose the best combination of the above, assuming that no treatment of 
effluent occurs: 

Option Calculate cost savings andfinal effluent level of throme 

S ................................. /day 	.... ........................ mg/i Cr 

(Ii) Assuming that some treatment will probably still be necessaiy, what 
combination would you propose? 

(ill) Use of 2 000 kg/day of Tanolin results in the release of 14 000kg of Na2 SO4 . 

How does this influence your decision about the best option? 

Our suggestions about how you might answer these questions are on page v.36 

Cleaner Production : A Training Resource Package 
Part 5 . Training Masenuls: Wvr Erercises 



• - 	 v- • .- 	 - - 

Part V 	 Training Materials ' 25 
WoA Exercises 

F inally, we will quickly compare the reduction options with the 
conventional alternative of an effluent treatment plant. 

Some notional figures for a chrome removal plant are; 
• Capital cost ........................................................$20 000 with 100m 3/d capacity (minimum $50 000) 
• Operating cost ----------$1 500/tonne of Cr removed (including transport and disposal costs of sludge) 

A number of calculations are possible. Amortizing the capital cost requires aguess at interest rates, 
repayment periods and so on, which is too complicated here. 

However, if you do want to include this calculation, assume that the loan is over 1 000 days, and 
interest doubles the capital cost. 

11 (1) What is the cost of chrome removal from the tannery in its original condition 
[ 	 (ic. no reduction measures). assuming no flow segregation occurs? 

Capital costS 

Operating cost 	$ ......................................................../day 

(II) What is the Cost of treating just the chrome liquor? 

Capital cost 	$ ........................................................ 

Operating cost 	$ ........................................................ /day 

(iii) What is the operating cost for treating the remaining high strength liquors 
from; 

OptionA 	$ ......................................................../day 

OptionB 	S ....................... .... .................... ......... /day 

OptionC 	$ ......................................................../day 

The rnswers to these questions are on page r'.-35. 
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54 Further work exercises 

Anumber of companion workbooks give 
more extensive work exercises in 
various industrial sectors. These can be 

used for in-depth or prolonged work on cleaner 
production options. 

In 1995, companion manuals were available on 
Leather Tanning (beamhouse, tanning, and 
finishing) 

• Textile Manufacture (wet processing) 
and 

• Breweries. 
The work exercises in these sectors include 

simulated audits, cleaner production options, 
pollution management, and other 
environmental issues. 

I For further information, contact UNEP JE. 	 I 

5.4.1 Using the International Cleaner Production 
Information Clearinghouse (ICPIC) 

What you need 
For this exercise, you will need a personal 

computer and the diskette version of ICPIC. 
If you do not have the diskette version, 

contact IJNEP IE. 
The exercise can be done individually or in 

small groups, depending on the time available. what you need to do 
In this exercise, the same tannery case 

study is used as in the technical exercise on the 
waste audit and reduction options in a tanners. 

Assume that the waste audit has been conducted 
and that you now need to develop options for 
cleaner production applications. You will install 
the IC PlC database on a personal computer and 
see what advice it can provide for you. 
Instructions for installing ICPIC follow. 

Once you have identified cleaner production 
options, compare them with the suggested 
options provided in the UNEI"UNIDO 
Tannery Guide. 

Instructions 

2
I

Download the ICPIC diskette to a personal computer and run the demonstration programme to 
get a quick overview of how to search the databases. 

Search the Case Studj' database using the keywords you have already chosen: leather'. tanning', 
4 chrome' etc. Note any case study which provides alternatives to chrome tanning. Comment on 

their relevance to the current problem. 

4 
3 

 Consult the list of expert institutions to see which organisations could provide assistance with 
chrome reduclion options. Which organizations would you contact first? Why? 
Consult the Publication 4bstraci database for useful reference. I-low would you go about 
obtaining the documents? 

5 I-low would you use the Resources Avollablefrom UNEP' database? 

6  lfyou have access to email, contact the Cleaner Production Programme (icpic@unep.fr) and 
request assistance. How would you phrase your request?  
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Installing the ICPIC database: 
Overview and general instructions 

Purpose 

T he International Cleaner Production 
Information Clearinghouse: Diskette Version 

(ICPIC-DV) was developed by the UNEP IE 
Cleaner Production Programme to assist you with 
researching and answering technical and policy 
questions about cleaner production, the preventive 
environmental management strategy. 

It was designed to help organizations in 
developing as well as developed countries, from 
the public and private sectors - to understand the 
concept of cleaner production and its practical 
application. It will also further expand and 
solidify the worldwide network of cleaner 
production practitioners. 

U1'JEP IE encourages industry, research 
institutions, government, and academics to 
network with one another to find their 
appropriate cleaner production solutions. 

The ICPIC-D V can help you: 
• by answering technical questions 
• by formulating cleaner production programmes 

or projects 
• by providing information about the different 

policy approaches 

• by supporting workshops and information 
campaigns 

• by providing sources of assistance. 
Description 

The ICPIC-DV diskette is a collection of key 
databases related to cleaner production. 

Please refer to the enclosed Table of Contents for 
specific descriptions. It is a handy electronic 
reference tool that is easily searchable by specific 
keywords or any word(s) you specify, and from 
which printouts are quickly produced. 
Operation 

The diskette is a self-contained database system 
that can be run on any IBM-compatible 

computer using DOS 3.3 or later versions, with a 
minimum of 3MB of free space on the hard drive, 
a 3.5 inch floppy disk drive, and 1MB of RAM. 

The installation procedure is simple. 1-lowever, 
we recommend that, before you install IC PlC-
DV, you call up the readme' file on the diskette 
using your normal word processing software. It 
contains detailed installation procedures and 
background information that will help you to 
avoid making errors. It is an ASCII file that can 
be read by any word processor or text editor. 

To install ICPIC-DV on your personal computer, follow these instructions: 

1 Place the ICPIC-DV diskette in the floppy disk drive. 

2 Change the default drive, as appropriate, to A: or B: by typing A:" or "B:" at the C> prompt, 
followed by return/enter. 

3 Type 'install' and follow the on-screen instructions. 

4 The ICPIC-DV will install itself on your hard drive in a directory of the same name. 

Demonstration feature 

T o access the demonstration feature, from the ICPIC-DV> prompt, type "cp /d'. The demonstration 
takes you step by step through the process of finding answers to example questions, and shows you 

various search and printing features. 

Caution As with any software that is freely exchanged, you should be careful to avoid introducing 
software viruses into your computer. UNEP IE strongly recommends that you use a virus checking 
program on any software you receive from outside your organization. UNEP IE assumes no 
responsibility for damage or problems caused by viruses that may accompany this software. 
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5.4.2Information search on cleaner production 
Options for chrome tanning 

T his exercise can be done individually or in 
small groups. 

The previous exercise was aimed at finding 
references in literature about cleaner production 
options through IC PlC. When access to ICPIC 
is not possible, literature research has to be 
done in a library. 

This exercise is designed to help you in finding 
information sources through literature research, 
which can help you identify options to reduce the 
emissions of the tanning process. 
The context 
You are the manager of a small leather tanning 
company. Your company uses chrome for 

tanning. There is no recycling of waters or solids, 
and untreated wastewater, containing 
considerable amounts of chrome, is discharged 
into the local streams. 

You want to reduce the amount of chrome in 
the wastewater. 

Your task is to identify the options for reducing 
the amount of chrome discharged into the sewer 
by using cleaner technologies. 

Since your focus is on cleaner production, 
wastewater treatment is not considered an option 
on its own! 

One way to identify options is to do literature 
research in a library. 

Question I 

Go to the library and look for information sources which you could consult to find 

	

- 	 the options to reduce the amount of chrome in the wastewater. Divide the 
information sources into two groups: insiltullons and documentation. 

Give the names of the institutions, and the countries where they are located. Be 

	

L. 	specific! For example, 'UN, Face'is not specific enough - in this case, the 
answer should be: 'United Nations Environment Programme, Industry and 
Environment Centre, France'. 

Make a bibliography of books, manuals, journals, brochures, videos and 
databases, which may provide you with information on Cleaner Production 
technologies in leather industry. 

N.B. References used within documents can help you find information sources 
which might not be present in your library. 

Question 2 

Choose one or two technical journals from the bibliography you produced in 
Question I for further detailed study. 

Study all issues contained in the last five volumes. 
Find as many technologies as you can in these issues, which aim to reduce the 

amount of chrome in wastewater. 
Make an abstract of the three most feasible options, in your opinion. Then 

compare your list of options with the lists produced by other students, and identify 
the differences. 
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5.4.3 Selecting criteria for an ecolabel 

This exercise requires group work. 
Good product design can do much to reduce 

environmental impact. It is becoming more common 
for countries to give an 'ecolabel' to such products. 

The context 

An ecolabel informs the customer that a 
labelled product is environmentally more 

friendly than other products in the same category 
Some countries have a system for government 

Your task 

You should assume that your government 
intends to introduce eco labels for product 

categories in your country. 
These products include: 

• bikes .  bottles 
• writing paper 	paints 
• toilet soap 	• batteries 
• shoes 	 • dome5tic refrigerators 
• spray cans (e.g. for deodorants, nose sprays, 

hair sprays). 
For the purpose of this exercise, assume that the 

use of ecolabels aims to support national policies 
on the protection of the ozone layer, 
desertification, climate change. land use, and 
hazardous waste. 

The development of criteria for ecolabels 
requires a thorough evaluation of the impact of 
products on the environment throughout their life 
cycles. Therefore, the government has assigned a 
jury to select a set of the most important criteria 

This exercise aims to stimulate discussion and 
bring to the surface the complexity of the 
environmental impacts of a product, and the 
difficulties of choosing criteria for an ecolabel. 

approved ecolabels. The award of an ecolabel 
calls for an overall assessment of the ecological 
impact of a product during its life cycle, 
including the production phase 

to use when evaluating the impacts of products. 
These criteria will then be further developed and 
used when deciding which product, within its 
category, to award with an ecolabel. 

Y o u are the jury responsible for the selection of 
the criteria for toilet paper. A second jury is 
considering batteries (dry cells). Discuss in class 
or in small groups the criteria for the impact on 
the environment of the product with which you 
are dealing. 

When discussing the different criteria, you need 
to consider the following: 

• why is the criterion imporlani? 
• is there a difference between the 

environmental impacts of the different toilet 
papers (or batteries) for the selected criterion? 
what information about the product do you 
need in order to test the product on the chosen 
criterion? 
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54,4 Role-play: Cafe Reducto 

This is an interactive exercise, which looks at the process of making coffee. 
The purpose of the exercise is to demonstrate how to perform a waste audit, and to demonsnute 

through a role play the importance of teambuilding. 

An introduction for the trainer 

This role-play needs audience interaction. 
You will need to: 

• provide specific guidance to your audience 
on what their roles entail 

and 
give them a few minutes to think before you 

start the exercise. 
The possible role descriptions are given below. 

Explain the purpose of this exercise, before you 
start the role-play. 

The core of the waste audit is to constantly ask: 
• Why do we do it this way? 
•What are the consequences? 

If you keep asking these questions, you will 
understand the process and reveal the options 
available to you. 

A fler describing briefly the whole process of 
Cafe Reducto, you should ask for a volunteer 

Ask, 'Who makes bad coffee?", and recruit the 
first person to put their hand up. 

STEP TWO: IDENTIFYING INPUTS, PROCESSES AND OUTPUTS 	 1 

Make the coffee and identify the inputs, 
process steps, and outputs. Use flipcharts 

labelled input, process steps, and output. 
The selected audience member should make the 

coffee. As the coffee is being made, ask the 
audience to identify the inputs and the process 
steps. Then ask them to look in the waste bin and 
check off the outputs. 

Write all of these down on the flipcharts as the 
coffee is being made. 

Check the findings against this list:  

Inputs tap water, spring water, coffee (ground in 
a can), unground beans, ground beans: 
decaffeinatedlregular/flavoured. 
Cream and sugar. 

Processes coffee maker (electric or manual), 
extension cord, bleached virgin paper filters, 
recycled brown filters, mesh filter, silk filter, 
roll of paper towels, cloth rag. 

Outputs paper cups, reusable mugs, thermos, 
dishwashing detergents, draino, waste 
container, packaging, drain or bucket 

Finally, serve the coffee in paper cups. 
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STEP THREE: IDENTIFYING OPPORTUNITIES FOR SOURCE REDUCTION 

Now recap the inputs, process steps and 
outputs. Move the discussion to identifying 

source reduction opportunities, and the incentives 
and barriers to achieving them. 

Use flipcharts to facilitate the discussion. Label 
the flipcharts, Source Reduction Opportunities 
and Incentives and Barriers'. 

Ask for ideas on how to reduce or eliminate 
what is ending up in the bin. Ask the audience to 
identify the incentives for and barriers against 
doing what they suggest. 

For each barrier they identify, they must 
suggest a means to overcome it. 

To start the discussion, ask about what is going 
into the bin: 
•How much is there? 
• What kind of material is it? 
• Where does it come from? 
• How doyoufind Out where it comes from? 
• Who do you ask? 
• Who do you need on your team? 
• Who do you need as aa¼'isors? 

Discuss incentives and barriers. 
Link opportunities for source reduction to the 

specific incentives or barriers identified. 

Note Participants in the role plays should be encouraged to bring their own perspectives into the discussion. 

Possible audience roles 

Role Comment 

Owner of Cafe Reducto The process is fine, so don't change it - it's perfect. How much will it cost? 

Supplier/Vendor You have a number of low-impact coffee processing products - new types of 
filters, water, beans and equipment which are all environmentally safe. 
Sure, it costs more - but Cafe Reducto customers won't object to paying a 
little more for 'coffee correct'. 

Waste handler You mutter about increasing regulations and how your costs keep going up, 
and how sorry you are to notify Cafe Reducto of another cost increase for 
your services. 

Competitor 4  Muddy-Less- Water Coffee Shop' - you are better, cheaper, and more 
environmentally friendly - and you advertise these facts a lot. 
You use low-impact everything. 

Dr. Coffee, an academic We have spent years perfecting the process. It is fine. We can find secondary 
uses for all of the valuable byproducts generated from the coffee making 
process. One research project is identifying ways to use the spent disposable 
filier-packed coffee to serve in oil spill cleanup and toxic waste spill 
containment. So there is an environmental benefit from these byproducts. 

Count)' There are more regulations from both the state and the federal government 
which have to be enforced. The county is not to be blamed. We do have 
some resources that might help to prevent your coffee shop being subject to 
these regulations - I would be glad to talk about them. 

Customers You can think of several types of customer: environmentally aware 
customer, health and safety conscious customer, and cost and time conscious 
customer, all with their own specific wishes for the quality of the coffee, 
service, and so on. 
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STEP FOUR: IDENTIFYING THE TEAM MEMBERS 

Next, identify the team members. 
Use a flipchart labelled Team Members 

Emphasize that you need to ask lots of 
questions: 
•how do youfind out? 
• who do you need on your team?  

who can adv ise you 
You then use the team to generate and 

implement options. 
From this information, and by examining your 

processes, you will know who to have on the 
team and who to have as advisors. 

Derive a waste audit procedure: 'How do! 
start?' Use a flipchart labelled Waste Audit 

Procedure. Let the audience derive the generic audit 
procedure. Identify the missing points as needed. 
Compare your procedure with that provided in the 
Background Paper in Section 3.3 of this package. 

It is a descriptive approach, not prescriptive - it 
matters more where you end up, i.e. 
implementing source reduction and reaching your 
goals, than where you start. Begin where it makes 
sense to you. You need to complete each step in 
order to finish, but you can start where you want. 
Overview the audit steps to illustrate this point. 

STEP SIX: CONCLUSION 

Cafe Reduclo serves as a model process. The 
audience has identified an audit procedure, so 

make reference the procedure they have devised. 
Reiterate that a process is something which 
generates waste, emphasizing that waste audits: 

You are working toward creating a complete 
picture of your inputs, processes and outputs. 
You don't have to do this all at once - you can 
work towards it by completing the whole picture 
a piece at the time. 

If you start by looking at your outputs, it may 
provide a perspective on where to begin waste 
audits. An understanding of outputs will lead to 
waste audits of specific activities. The question 
for you to answer is where to draw the line —that 
is, what inputs and processes do you include and 
what do you leave out in analyzing source 
reduction opportunities? 

• use the knowledge of individuals 
•identify who should be on the team and who 

should be consulted 
• include all available resources, even external 

ones. 

Cleaner Production : A Training Resource Package 
Part 5 a Training Materials: Further Work Eercises 



Part V •j IRMA 	 Training Materials V:33 
Answers to the 74rk ELercises 

5.5 Answers to the work exercises 

Question I 	I (I) The concentration of chrome in the spent tanning liquor is: 
page v:18 3 000mg/I (90kg in 30m) 

(iO The concentration in the effluent from the tanning stage is llquor plus tanning 
rinsewater. 

Process waste (tanning liquors) is 30m 3/d. Effluent volume for tannage rinse is not 
measured, but can be calculated from water input for process minus strong liquors, i.e. 
170-30--  140rr?. 

Together, they contain a total of 971ig1day of chrome, as shown in the process outputs. 
Chrome concentration is thus; 

97x 106 mg/170x 103 1570mg/1 

(iii) Chrome in total plant wastewater discharge is clearly total chrome by total volume: 
97 	10611 800 , 103 = 54mg/I 

[s1:A[.1I1tTTL1I IREDUCT I ONIMEASURES 

Question 2 With a 50o reductwn in rinsewater consumption, the saving in water is clear'y half 
page V:19 the 140m used for tannage rinsing as shown in the process inputs, i.e. 70m 3 . 

Question 3 (1) The concentration of chrome in the rinsewater would clearly be double the 
page VI9 concentration produced traditionally: i.e. 100 mg/I. 

(ii) The plant's overall water consumption would reduce by 70m/d if only the tanning 
rinses were reduced. 

Accordingly, there would only be a very slight reduction in total chrome 
concentration - but if all rinses in the factory were reduced by 500/c, then the water 
savings would be much higher. 

We can assume that most of the effluent volume is due to rinsing of vanous stages of 
processing, so a saving of up to, say, 8O0m could theoretically be achieved, although 
in practice, the volume would be less. 

As the amount of chrome used has not changed, the chrome concentration would 
then be around 97kg/1 000 m = 97mg/I, higher than before. 

(lii) Direct cost savings are due to reduced water use - i.e. 70m' during tanning, or 
800m 3  overall, giving 	7 and $80 savings respectively per day. 

Other important cost savings can be expected from downscaling recycling systems 
and the effluent treatment plant. Some minor savings in reduced pumping costs, etc. 
would also occur. 
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Question 4 	(1) Significant economic losses of chrome occur in the discharge of tanning liquors 
page v20 	(97kg/d x $7/kg = $679/day lost chemical), and especially the (7000 x 1.61%) x $7/kg 

of chrome lost in trimmings and shavings per day. ($784/day equivalent). 
Only a third of the chrome goes into useful leather. 

(Ii) Important chrome sources that lead to regulatory problems are: 
the discharge of spent process liquors which are very high in chrome 
(3 000mg/I) 

and 
chrome rinsewaters which are less concentrated but still a problem 
(7kg Cr/I 40m 3  = 50mg/1). 

(iii) The most significant loss of water occurs in rinsing, although this is inferred 
rather than stated for the entire factory. For the actual tanning process, the rinsewater 
discharge of 140m' is much higher than the process liquor at 30m 3 . 

Question 5 	(1) The possibilities of waste segregation should be good, given that the tanning stage 
page i:20 	is a discrete batch process, and the volumes are relatively low. 

(1!) The benefit would be that only a relatively small volume - around I 70m 3/d or 
less - would have to be treated for chrome removal, instead of the entire 1 800m 3/d 
of total wastewater. 

More significantly, the high strength process liquor (30m 3/d) could be 
economically recovered. Accordingly, the benefits include both lower treatment 
costs and some cost recoven'. 

Question 6 	1 Option A 
page v.21 	(1) The cost savings depend a little on what is included. Certainly, reducing chrome 

loss from 30% to 10% will save 20% of $2 000 $400/day, if the cost of the 
formulation is the same. When the 30% higher cost of high exhaustion chrome is 
included, there will be no net cost saving if all unused chrome is discharged. 
This shows why many tanners prefer to recycle high exhaustion chrome. 

(ll) The chrome loss has been reduced to 10% of 322kg, i.e. 32 x 1 000/1 800 
= 18mg/I, but still too high to be discharged without treatment. 

(iii) In the tanning stage, the concentration will be reduced to 32 x 1 000/170 
= 188mg/I. 
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Question 7 
page v.22 

Question 8 
page v22 

Question 9 
page v:23 

Option B 

(I) By recovering chrome from liquors and tanning rinses, 95% of the 97kg currently 
wasted can be recovered, i.e. 92kg. At 70% of new chrome cost, this represents a 
saving of $450. 

(if) Chrome in the tanning-stage effluent is reduced to zero, but some chrome is 
instead discharged from the recovery unit. Assuniing about the same volume of liquid 
in this unit, we can simply assume 5% of the former value of 570mg/I; i.e. 28mg/L 

(III) Chrome in the total effluent from the plant is reduced to 2.7mg/I, acceptable for 
discharge to sewer (you will recall that this was 5mg/I), and nearly sufficient for 
discharge to surface water. 

Option C 

(i If 67% of chrome float can be recycled to pickle, only 67% of the 90kg/d of liquor 
will be saved, i.e. 60kg x $7 = $420. 

The chrome level in the tanning liquors that are discharged will remain the same, 
because they cannot be recycled. Only the volume is reduced. 

The chrome level in the effluent from the tanning stage will be reduced to: 
30 +- 7k81140 + 10m 3  = approximately 247mg/I. 

The effluent from the plant will be reduced to 37kg/1 800 = 21mg/I. 
This is still too strong to be discharged under the new regulations. 

Option 0 
A total aluminium tannage gives a slightly different leather quality to chrome tanned 

leather. Using aluminium only forapre-lan step avoids most of this problem. Also, 
aluminium tanned shavings are not toxic to animals, so they have some residual value 
as feed. 

(1) By using an aluminium pre-tan step, the saving in chrome is: 
7t x I ókg/t x $7 = $784/d. 

The cost ofaluminium has still to be subtracted from this to calculate net savings. 

(if) The 7 tonnes of shavings can be sold for 1 Octkg = S700/d. This is perhaps 
somewhat utopian, but it does illustrate the possibilities. 

(ill) The effect on chrome content in tannage wastewater depends partly on the 
reduction in the amount of chrome needed for final tannage. No data is given on this. 

11 we assume that the same amount is still required per m 2  ofhide, then the chrome 
concentration is the same as that of the normal tannage effluent, i.e. the 570mg/I 
calculated earlier. 

(iv) The total amount discharged by the tannery is, of course, reduced in proportion to 
the surface area (or mass) of hide that remains ater trimming, i.e. 7/14 50% of the 
original. 

Assuming that most of the plant effluent comes from beamhouse and pre-tan, then 
the change in total wastewater from the plant is not much changed (only 50% of 
I 70m 3  = 85m" less, which is roughly 95%). The level of chrome in the final effluent is 
then reduced approximately by the amount avoided in use, i.e. 50% less, to around 
27mg/l. 
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ACTION PLAN 

Question 10 	(1) Because the cost of high-exhaustion chrome is considerable, a simple useftil option 
page v24 	is to catty out aluminium pre-tan and trim before concluding with a normal chrome 

tan, plus practising recovery and recycle of any remaining liquors to pickle. 
This can reduce chrome consumption by ensuring none is wasted in splits, and that 

almost total re-use is made of strong effluents. 
For the (irst batch, chrome consumption is reducedby50%—i.e.to 161kg/d—thus 

saving SI 000. 30% of this remaining chrome is still left as waste liquor and 
rinsewater, which can be recycled to 95% level, a quantity of 46kg/d. 

This recovered chrome can be used for the second batch at a cost of 30% of new 
chrome, i.e. around $2/kg. 

For the second batch, only 115kg of new chrome at $7/kg is needed ($805), plus 
46kg of recycled chrome at $2 = $92. 

The total for the second and subsequent batches is thus $897 instead of $1 000. 
So further savings are$103/d, and the iotal savings are Si 1031d. We ignore for 

simplicity the savings from any chrome recycled to pickle, regarding this more as 
avoided effluent discharge. 

If recovery can be carried out indefinitely (although it cannot, because other salts 
build up), the final level of chrome in effluent is determined by the remaining wastage 
of the 5% of float and rinsewater that cannot be recovered. This amounts to 5% of the 
reduced chrome needed for tannage, i.e. 5% of 48kg/d = 2.4kg/d. In the final total 
effluent, this will be 1.3mg/I. 

(ii) If treatment is still necessary, then the use of high exhaustion chrome should be 
avoided. The same tanning combination as above would be appropriate. 

(II,) lithe discharge of large quantities of sulphate is a problem (e.g. to sewer 
systems). then the use of lanolin should be reduced as much as possible. The above 
combination of aluminium pre-tan and splitting before final tan, plus chrome recovery 
is very helpful in reducing tanolin consumption. Maximum use of spent float liquors 
for recycle to pickle could further avoid some sulphate releases. 

Question 11 	(i) The original configuration ofdischarges was 97kgId of chrome to effluent. The 
page v25 	volume of wasiewater is 1 800m/d. To treat combined wastewaters requires a huge 

capilal cost of $360 000, and only S145.5Id operating cost. 

If only tannage liquor (or effluent) is treated, the capital cost reduces to the 
minimum of $50 000, with the same operating cost. 

The cost of treating Option A lannage effluent is 1/3 x $145.5 = S71d. 
For treating effluents from Option B, the cost is 0.05 x $145.5 = $7/d. 
For Option C, the cost is 0.33 x $145.5 = $48/d. 
These cost reductions are not significant compared to capital costs for a treatment 

plant, nor to savings achieved by reducing chemical consumption. 
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Appendix I 
Supporting Documents for this Package 

During trials, the following documents were shown to be of great use in supporting the use of this 
package. They form an integral part of the package. 

Audit and Reduction Manual for industrial Emissions and Wastes [1991] 
LS1$IJISJI III] 

Cleaner Production Worldwide [1993] UNEP IE. 

Government Strategies and Policies for Cleaner Production [1994] IJNFP lB. 

Tanneries andthe Environment [1991] UNEP / UNIDO. 

The training kit indicated below (see also Sections /115.2 and /116) can also be helpful in developing 
further work sessions and teaching exercises. 

It can be purchased from UNIDO, Box 300, A- 1400 Vienna. Austria. 

Training Course: Ecologically Sustainable Industrial Developmeit [1994] UNIDO. 
This UNIDO trainer course addresses many of the issues covered in this 
package. It is very useful, and can easily be used in combination with this 
package. Available from UNIDO. 
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Appendix H 
List of Training Resource Packages 

available from UNEP IF 

T he following training resource packages have been developed by UNEP IE. They all use 
interactive training methodologies to explain the subject, and are aimed at educators who, 
although technically skilled, may not have specialized knowledge in this particular area. 

The packages are available from UNEP IE. 
Some trainers' packages are still under development, and users are encouraged to assist IJNEP to 

bring these to a final stage of publication. 

Due to the cost of printing of the packages (between 100 and 400 pages), the completed documents 
are offered for sale to most users. Uowever,a limited number of draft packages are free of charge to 
users prepared to contribute to their further development through review, field testing and adding 
material. Assistance with translation would also be welcome. 

Cleaner Production: a Training Resource 
Package [1996j First Edition. Contains 
background reading, transparencies, 
bibliography, and work exercises. 110 pages. 
Price $120 (English, Spanish). This package 
can be used with the workbooks below. 

Trainers Workbook on cleaner Production in 
LeaV,er Tanning [1996] First Edition. Contains 
background reading. case studies, work 
exercises and answers. 120 pages. Price $120. 

Trainer 's Workbook on Cleaner Pro duclion in 
the Brewing lndustry[1996] First Edition. 
Contains background reading, case studies, 
work exercises and answers. 75 pages. 
Price $120. 

Trainer s Workbook on cleaner Production in 
Textile We: Processing [August 1995] First 
Edition. Contains background reading, case 
studies, work exercises, answers, references. 
140 pages. Price $120. 

Management of Industrial Accident Prevention 
and Preparedness: a Training Resource 
Package [1996) First Edition. Contains 
background reading, case studies and work 

exercises. 110 pages. Price $120. This package 
also helps to explain the APELL programme. 

Risk Managemetil of Contaminated Industrial 
Land: a Training Resource Package [1996] 
First Edition. Contains background reading, 
case studies and work exercises. 110 pages. 
Price $120. English, Spanish. 

Hazardous Waste, Policies and Strategies.' a 
Training Manual [December 19911 TRiO. 
Contains background reading, case studies, 
work exercises, reference tables and 
bibliography. 250 pages. Price $120. English, 
French, Spanish. 

Landfill of Hazardous Industrial Wastes: a 
Training Resource Package [March 1994) 
TR17. Contains background reading, case 
studies, work exercises, reference tables and 
bibliography. 315 pages. Price $120. 

Environmental and Technological Issues 
related to Lead-Acid Battery Recycling: 
Trainers Worbook [1996] First Edition. 
Contains background reading, transparencies, 
bibliography and work exercises. 130 pages. 
Price $120. 
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Environmental Management of Mining Sites. a 
Training Manual (1995] UNEP/DDSMS. 
Contains background reading, transparencies, 
case studies, work exercises and answers. 
200 pages. Price $160. 

Environmental Management Systems: Training 
ResourceKh' [1995] UNEP/ICC/FIDIC. 
Contains background reading, transparencies, 
case studies, work exercises, bibliography. 
492 pages. Price $190. 

Aerosol Conversion Technology Handbook [1994] 
Price FF225iUS$45 for developed countries. 

Training Manual on Chillers and Refrigerant 
Managensenf[1994] Price FF42511JSS85 for 
developed countries. 

Training Manual on Good Practices in 
Refrigeration [1994] Price FF400/US$80 for 
developed countries. 

Environmental impact Assessment: a training 
resource manual [1996] Preliminary version. 
Available from LiNE? Environment and 
Economics Department, UTNEP, Nairobi. 

Enquiries UNEP IE 
Tour Mirabeau 
39-43 quai André Citron 
75739 Paris Cedex 15 
France 

Tel .............. 33(l)44371450 
Fax .............. 33(1)44371474 
Email............. - unepie@unep.fr  
http//www.unepie.org'home.html 
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Appendix III 
About UNEP Industry and Environment 

Industry and Environment was established by UNEP in 1975 to bring 
industry and government together to promote environmentally sound 

industrial development. 

LINE? IE is located in Paris and its goals are to: 
1 encourage the incorporation of environmental 

criteria in industrial and developmear plans; 
2 facilitate the implementation of procedures and 

principles for the protection of the environment; 
3 promote the use of safe and clean technologies; 
4stimulate the exchange of information and 

experience throughout the world. 
LINE? IE provides access to practical 

information and develop5 co-operative On-Site 

action and information exchange backed by 
regular follow-up and assessment. To promote  

the transfer of information and the sharing of 
knowledge and experience, 1JNEP IE has 
developed three complementary tools: 
• technical reviews and guidelines; 
• Industry and Environment: a quarterly review; 
• a technical query-response service. 

In keeping with its emphasis on technical 
cooperation. LINE? IE facilitates technology 
transfer and the implementation of practices to 
safeguard the environment through promoting 
awareness and interaction, training and diagnostic 
studies. 

Some relevant UNEP IE publications 
Reftr to .lppendLv 11/or tra:ners packages. For complete /ist, refer to publications catalogue. 

industry and Environ,nent (quarterly] deals with 
issues relevant to industrial development, such 
as auditing, waste management, industry-
specific problems, and environmental news. 

Governnseni Strategies and Policies fur Cleaner 
Production [1994] 32pp. 

Cleaner Production Worldwide Vol. 1 and II 
[1995] 48pp. 

Life Cycle Assessment: whal ills and how to do 
it (1996] 92pp. 

.4udit and Reduction of industrial Emissions 
and Wastes: Technical Report No. 7 [1991] 
UNEP/UNIDO. 127pp. 

Monitoring of Industrial Emissions and Wastes: 
Technical Report No. 27 [19961 
UNEP/UNIDO. 188pp. 

Energy, Efficiency and Climate Change [1991] 
UNEP/IP1ECA. 95pp. 

Hazard Identification and Evaluation in a Local 
Community: Technical Report No. 12 [1992] 

g6pp ,  
Health Aspects of Chemical Accidents: 

guidance on chemical accident awarens, 
preparedness and response for health 
professiotials and emergency responders 
Technical Report No. 19 119941 A joint 
IPCS/OECDIUNEP/WHO publication: OECD 
Environment Monograph No. 81.47pp. 

Environmental .4specls of industrial Wood 
Preservation: a technical guide Technical 
Report No 20 [1994] lOspp. 

The Textile Industry and the Environment 
Technical Report No. 16 [1994] 120pp. 
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Environmental Management in the Brewing 
Industry Technical Report No. 33 [1995] 1 2Opps. 

Storage of Hazardous Materials Technical 
Report No. 3 [1990] 

Companies Organization and Public 
Communication on Environmental Issues 
Technical Report No. 6 [1991]1 30pp. 

Company Environmental Reporting Technical 
Report No. 24 [1994] 1 l8pp. 

From Regulations to Industry Compliance: 
Building Institutional Capabilities Technical 
Report No. II [1992] 62pp. 
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