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Using biogas energy 
in Harare 

Biological waste from CAIRNS FOODS 
near Harare, Zimbabwe, is being 
analysed in preparation for setting up a 
pilot plant for biogas production. 

UNIOO is providing technical exper­
tise under funding from the Finnish 
Government. 

Biological waste of all kinds prodUCES gases 
when it decays. Some of th:ID, methare in 
partirular,areusefulforenergyprodudion. 
Under controlled conditions the gas can be 
rollected and used as fuel This abundant 
source of energy is very appropriate for 
conditions in developing counbies. Its 
econcmic viability, however, will depend 
on factors such as in.5tallation coots and 
firum:ing,operatingrostsandlossofwastes 
for other uses, e.g. as animal feed,axnpared 
to projected revenues from the biogas 
produred and from the residual sludge, 
which can be used as fertili7..er. 

The study will examine such 
economic factors as well as the exact 
composition of the waste in Zim­
babwe and lead to the establishment 
of a pilot plant. The experience gained 
will be published in a manual for 
general use in developing c~untries. 
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FOREWORD 

For all their diversity, environmental problems are global 
in nature and call for concerted glcbal action. We are thus 
particularly proud that the Conference on Ecologically 
Sustainable Industrial Development brought together all parties 
to the industrial development process - ministers and senior 
government officials, representatives of the United Nations 
agencies and other organizations, the NGO community and - last 
but not least - the private sector, whose activities are 
assuming an increasingly important role in the work of UNIDO. 

While there is no denying that most of the problems we 
addressed at the ESID Conference have th~ir origin in the 
industrialized countries, environmental degradation cannot 
solely be attributed to overconsumption and waste by the 
affluent in the North. Developing countries, too, face serious 
problems if they follow the same path that has taken the 
developed world to its present stage. 

Indeed, as we search for ways to bridge the gulf between 
what humanity needs and what our world can sustain, our thoughts 
inevitably turn to technological options. As can be seen in this 
collection of ESID papers, technological solutions to 
environmental problems abound. They are '">eing successfully 
applied not only in the five sectors highlighted in the case 
studies - but across industry at large. The disconcerting fact 
is, however, that for all their availability, the full potential 
of these essential technological tools is not being realized. 

A host of factors combine to impede the transfer of 
environmental technology to developing countries. Some, such as 
trade policies, product and process standards and 
specifications, are described in the working papers which 
clearly show that progress in this area depends on the 
collaboration of all - governments, industry and organizations 
alike. 

The role of governments is, of course, of prime importance. 
By setting standards and determining their mode of 
inplementation, governments affect in the most direct way 
actions and attitudes of industry. But equally important 
effect of ~ringing the environmental dimension to bear on 
planning, poli~ies and expenditures related to industry. 

the 
is the 
all 
Only 
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through a holistic approach can the effects of ill-considered 
taxation, price regulation and legislation be avoided. 

But regulation and enf orccment alone cannot lead to 
success. Indeed, no ESID policy can hope to be effective unless 
industrialists, who bear the final responsibility for meeting 
environmental objectives, are brought into the process. Whether 
an industry is owned by the State or is private is not the 
central issue, although the structure of incentives will differ 
depending on the forms of ownership. Industry must now seek out 
ways to transform and apply technology in a way that diminishes 
environmental deterioration. It must commit itself to the 
concept of Cleaner Production and look at the entire life cycle 
of its production processes. It must submit to environmental 
audits, which can provide both entrepreneurs and the public with 
information on the progress made towards achieving ESID-related 
objectives. In short, industry must assume its 
responsibilities. 

One can take courage from the examples cited in the 
Conference documentation on cleaner production options that have 
been implemented at little or no extra cost. Yet it would be 
unrealistic to pretend that solutions can always be found 
without major outlays. The developing countries' financial 
options are severely limited, given their crippling indebtedness 
and the resultant shortage of capital needed to finance cleaner 
production processes. one clear message from the ESID 
Conference was that international sources of financing need to 
increase. 

In convening the ESID Conference, UNIDO had a number of 
quite specific objectives. ~eading up to the larger United 
Nations Conference on Environment and Development, the ESID 
Conference offered a unique opportunity to ensure the 
appropriate inclusion of industry in the discussion of the 
world's transition to sustainable development. The 1992 
conference in Rio is expected to outline the basic principles 
for the c~nduct of nations and peoples so as to ensure the 
future viability and integrity of the earth as a hospitable home 
for human and other life. Within that context, there is clearly 
a role, d challenge and a commitment for industry. 

Did the Conference, chen, provide the results that we were 
looking for? Looming issues such as the debt crisis and 
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overpopulation, keywords like 'additionality' and 
'conditionality', fundamental conflicts of interest between 
developed and developing cour.tries - they are basic themes in 
international development, and ESID was not the place for 
sweeping solutions. But in providing the opportunity to address 
Ecologically Sustainable Industrial Devalopment within that 
context and determine its place and priority, it was useful. 

For UNIN> the Conference provided endorsement of some basic 
priorities that will set the sights fo~ ~ur environmental 
activities. We are launching a revisioD of our Environment 
Programme, formulated over two years ago, to reflect those 
priorities. One such central ESID prin~ipl~ is the emphasis on 
'cleaner production' or 'pollution prevention' instead of so­
called 'end-of-pipe' treatment dealing with the results after 
emissions have occurred. In order to support the developing 
countries in harnessing available cleaner production 
technologies, UNIDO will establish a programme of demonstration 
projects, where technical solutions and their environmental and 
economic benefits can be shown. We also hop~ to create a network 
of cleaner production centres in developing countries. 

The need for quidelines on ESID technologies is 
specifically mentioned in the ESID recommendations. UNIDO has 
already published some such guidelines on Environmental 
Auditing, Risk Management, Leather and Tanning etc. 8everal have 
appeared in collaboration with other United Na·':ions agencies, 
and we are trying to step up this co-operation - noting that it 
is one of the other specific recommendations of ESID. 

The Conference also called for support of developing 
countries in meeting their obligations under international 
conventions and protocols. Such a programme is already under way, 
for the Montreal Protocol restricting the use of C7Cs and some 
other substances, and we hope to widen it to include other 
relevant sectors. 

But t.he importance of the ESID Conference lies not so much , 
in the activities launched immediately after its conclusions and 
recommendations as in focusing the attention of all the partners, 
in industrial development - governments, industry, NGOs and 
international organizations - on common goals. The intention was, 
to give the term ESID - Ecologically Sustainable Industrial 
Development - a currency beyond the actual conference. By 
d~scussing the nature of the goals and assigning roles and 



vi 

strategies in overcoming obstacles, more concerted action will 
ensue. The us~ful partnerships that have been established 
between UNIDO and other organizations and individuals will no 
doubt constitute a sound ba~is on which to proceed still 
further. 

Through the year-long preparations for the Conference, the 
capacity of UNIDO to address environmental issues has greatly 
developed. The documentation presented in this volume provides 
up-to-date analyses and data on the situation in industrial 
sectors and in the international community. This information and 
the heightened awareness of the issues will continue to have an 
effect both within UNIDO and without, l~ng after the ESID 
Conference concluded its deliberations. 

The General Conference of UNIDC in November endorsed the 
recommendations of ESID, and noted wi~h appre~iation the outcome 
of the conference, indicating its confidence in UNIDO to carry 
on the work. With this expr ion of support we can - and shall 
- redouble our efforts. 

jr. 

of UNIDO 
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Introduction 

1. The Conference on Ecologicaliy Sus'3inable 
Industrial Development organized by UNIDD was held 
at Copenhagen, D~11111ark. at ministerial level from 
14 to 18 October 1991. The Conference was 
attended by representatives of Hetnber States of 
UNrDO as well as intergovermnental organizations. 
industry and non-gover....iental organizations who 
participated as observers. 

2. The objectives of the Conference were as 
follows: 

(a) To clarify the issues related to 
ecologically sustainable industrial development 
(ESID) in all countries. particularly in 
developing countries, and the 11anner in which 
enviro....iental concerns can be integrated into the 
ongoing industrialization process; 

(b) To suggest Slllllt! important roles for 
Govermnents. international organizations, industry, 
ar.d non-govermnental organizations in this regard; 

(c) To suggest the ro1e that UNIDD, in 
cooperation with other United Nations organs, 
organizations and progra-es, could play in 
supporting such an effort, at both the policy and 
operational levels; and 
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( d) To provide an ioput on industry and the 
environment for consideration at the United Nations 
Confe.·ence e>n Enviromnent and Development (UNCED) 
to be held at Rio de Janairo, Brazil, in June 1992. 

3. The following countries were represented at 
the Conference: 

Afghanistan, Algeria, Argentina, Austria, 
Bangladesh, Barbados, Belgium, Belize, . 
Botswana, Brazil, Bulgaria, Burkina Faso, 
Burundi, Cameroon, Canada, Cape Verde, 
Central African Republic, Chad, Chile, China, 
Colombia, Comoros, Congo, Czechoslovakia, 
Denmark, Dominican Republic, Ecuador, Egypt, 
Equatorial Guinea, Finland, France, Gambia, 
Germany, Ghana, Greece, Guatemala, Guinea, 
Haiti, Hunga~y. India, Indonesia, Iran 
(Islamic Republic of), Italy, Jamaica, Japan, 
Kenya, Lesotho, Luxet11bourg, Madagascar, 
Malawi, Malaysia, Hali, Mauritius, Mexico, 
Morocco, Mozambique, Nepal, Netherlands, 
Norway, Papua Ne" Guinea, Peru, Poland, 
Portugal, Qatar, Republic of Korea, Romania, 
Rwanda, Saint Kitts and Nevis, Saint Vincent 
and the Grenadines, Sao Tome and Principe, 
Saudi Arabia, Senegal, Sierra Leone, Spain, 
Sudan, Swaziland, Sweden, Switzerland, 
Syrian Arab Republic, Thailand, Togo, 
Tunisia, Turkey, Uganda, Uk~aine, Union of 
Soviet Socialist Republics, United Arab 
Emirates, United Kingdom of Great Britain 
and Northern Ireland, United Republic of 
Tanzania, United States of America, 
Venewela, Yemen, Zambia, Zimbabwe. 

4. Anguilla, Antigua and Barbuda, Australia and 
Holy See participated as observers. 

5. The following organs and offices of the 
United Nations system were represented: 

Department of Technical Coope:·ation and 
Development, International Trade Centre 
UNCTAO/GATT, United Nations Conference on 
Environment and Development, United Nations 
Centre for Science and Technology' on 
Development, United Nations Centr~ for 

Transnational Corporations. United Nations 
Developnent Prograane, United Nations 
Envirolltllf'nt Prograane. Economic Connission 
for Europe, Econ0111ic and Social Connission 
for Asia and the Pacific, Econ0111ic and Social 
C011mission f~r Western Asia. 

6. The following United Nations specialized and 
other agencies were represented: 

International Labour Office. food and 
Agriculture Organization of the United 
Nations, United Nations Educational, 
Scientific and Cultural Organization, 
World Health Organizalion, General A~reetnent 
on Tariffs and Trade. 

7. The following other intergovernmental 
organizations were represented: 

Connonwealth Secretariat, European Econ11111ic 
Connunity, Organization for Economic 
Cooperation and Development, Nordic Council 
of Ministers, Organization of Arab Petroieum 
Exporting Countries, Organization of 
PetroleUll Exporting Countries, Centre for the 
Development of industry of the EEC, 
International Institute for Applied Systeins 
Analysis. 

8. The meeting was also attended by 
representatives of the following non-goverlll!lental 
crganizations: 

Business Council for Sustairable Development, 
Centre for Science and Environment, Centre 
for the Development of Industry. European 
Confederation of Pulp and Paper and Board 
Industries, Conservation International, 
Dar.i sh Toxicology Centre, Development 
Horizons Trust, European Chemical Industry 
Council, Danish Society for the Conservatio1 
of Nature, Greenpeace International, 
Industriraadet, Institutraadet, Institute for 
European Environmental Policy, International 
Chamber of Connerce, International 
Confederation of free Trade ~nions, 
International Cooperative Alliance, 
International Council of Scientific Unions, 
International fertilizer Jndustry Association, 
International Institute for Environment and 
Development, International Life Sciences 
Institute, International Network for 
Environmental Management, International Union 
of Architects, European Centre for Plast;cs 
in the Environment, International Youth and 
Students Hoveinen~ for United Nations, 
Hazingira Institute, Vor falles Fremlid, 
World Association of Industrial and 
Technological Research Organizations, ~orlc 
Coal Institute, World Conservation Union, 
World Wide fund for Nature, Umweltokonomische 
Stu~enteninitiative an der Hochschule 
St. Gall en. 

The Conference w3s also attenrled by 
representatives cf a large number of research 
groups and institutions, consultants and private 
companies. 

~~iltm..1.;__QRJ.11in.g__Qf -1.!!L Un.f e.r.e !.'!. c.e 
9. The Conference was formally opened by 
His Royal Highness, Crown Prinr.e Frederik 
of Denmark. Inaugural statements were made by 
Anne Birgitte ~undholt, Minister for Industry 
and Energy of Denmark, and Domingo L. Siazon Jr., 
Director-General of UNIDO. 



Agenda item 2: Election of officers 

10. A. B. lundholt, Hinister for Industry and 
Energy of Deninark, was elected by acclamation to 
the office of President. 

11. The following other inembers of the Bureau 
were elected by acclamation: 

Vice-Presidents: L. Alvarado (Chile) 
C. Forero Pineda (ColOlllbia) 
H. Gerente (France) 
B. Botos (Hungary) 
N. R. Krishnan (India) 
H. Hahrou (Iran, Islamic 

Republic of) 
B. Baszczyk (Poland) 
J. A. Knauss (United States 

of America) 
H. Halianga (Zimbabwe) 

Rapporteur-General: C. Uteem (Mauritius) 

B. D. Nielsen (Denmark) was appointed 
Secretary-General of the Conference. 

~genda item 3: Adoption of the agenda 

12. The provisional agenda, as contained in 
document ID/WG.516/12, was adopted without 
amendments. 

~-- i. lm_4_;___.MJ!JttJ on of the 
rules of procedure 

11. The draft rules of procedure for the 
Conference, contained in document ID/WG.516/11, 
were adopted without tlissent. 

Aqen~~ i1f.n.! 5: ~~cally Sustainable 
Industrial Development 

I. Presentation of the themes 

14. In ~he course of their work, the Hinisters 
pre~ent at the Conference examined a wide variety 
of issues relating to ES!D. It was agreed that 
all issues were closely interrelated and that 
particuiar attention shou1d be yiven to the 
problems confronting the developing countries. 
The Ministers also ~oted with concern the 
particular env~ronmental prob1ems of countries .n 
Central and Eastern Europe. The Minister~ agreed 
that their conclusions and recommendations should 
lead to specific proposals for implementing a 
slrategy at the national, regional and 
international levels and through UNIOO in support 
of ESID. They agreed to transmit their 
conclusions, recommendations and .:uggestions to 
the fourth session of t~e General Conference of 
UNIDO and recommended that those conclusions, 
recommendations and suggestions should also form 
the bash of the contribution of UNIDO to the 
Uniterl Nation~· conference on Environment and 
Uevelopment (UNCED), to be held at 
Rio de Janeiro, Brazil, in June 1992. 

15. Discussion at the Conference was focused on 
three major themes, each of which was introduced 
by keynote speakers representing the various 
categories of participants: 

(a) The road to ecologic~lly sustainable 
industrial developm~nt and barriers 
facin~ the achievement of ecologically 
susta1nable industri~l development 
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Introductory statements were inade by the 
Director-General of Colciencias (Col011bia), the 
Executive Secretary of the Econ011ic Connission for 
Europe, the Executive Director of the Business 
Council for Sustainable Development ar.d the 
Executive Director of the International Institute 
for Environment and Development. 

(b) Gover11111ent and industry in;tiatives in 
achieving ecologically sustainable 
industrial develop!!M!nt 

The debate on initiatives by government and 
industry in achieving ESID was introduced by the 
Minister of Envircnment of Czechoslovakia. 
Introductory state111ents were made by the Executive 
Director of the United Nations Centre on 
Transnational Corporations, the Secretary-General 
of the International Chamber of Connerce and the 
Chainnan of the Centre on Science and Environment. 

(c) International co-operation in achieving 
ecologically sustainable industrial 
development and the role of UNIDO. 

The debate on international co-operation in 
achieving ESID was introd~ced by the 
Under-Secretary of Connerce of the United States 
of America, the Head of Pollution Control Division 
in the Enviromnent Directorate of the Organization 
for Economic Co-operation and Development, the 
Executive Director of the Hazingira Institute 
(Kenya), and the Secretary-General of the Second 
World Industry Conference on Environmental 
HanagEment. The debate was closed with a statement 
by the Secretary-General of the United Nations 
Conference on Environment and Development. General 
statements pertaining to the work of the ESID 
Conference were made by the rep:-esentatives of 
two NGOs, namely Vor Falles Fremtid and the 
In~rnational Fertilizer Industry Association. 

II. Conclusions and recommendations 

16. The conclusions and re~onnendations adopted 
by the Conference are contained in paragraphs 17 
to 44 below. 

A. GENERAL CONSIDERATIONS 

17. The Ministers noteo with concern that, 
although successes had occurred in the 1970s, the 
gap between developed and developing countries in 
terms of per capita income and per capita 
industrial output narrowed slightly between 1970 
and 1990. Industrialization, the well-t•odden 
path to the achievement of higher standards of 
living and expanded economic development, remained 
a distant goal for many developing countries. 

18. The Ministers noted that threats to the 
environment were a common concern. They stated 
that all countries should take effective action to 
pt otect. and enhance the environment in accordance 
with their responsibilities and respective 
capacities. In this regard, the Ministers 
confi rr.ied that in developing strategies to secure 
agreement on, and commi tn1ents by, Governments on 
major environmental issues, it has been recognized 
that: 

(a) Because the greater part of current 
emi~~ion of pollution into the environment 
originates in developed countries, these countries 
bear the main responsibility for combating such 
pollution; 
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(b) International cooperation between all 
countries, and in particular between developed and 
developing countries, is essential to acquiring 
and using relevant scientific information and 
enviro11111entally sound technologies. Industrialized 
countries with significant experience in pollution 
prevention, cleaner production methods and 
po 11 uti on cont ro 1 techno 1 ogi es are encouraged to 
pr0110te industrial pollution prevention and 
111anagetnent world wide. Econ0111ic well-being is 
essential for achieving sustainable developnent 
and minimizing the degradation of the enviro11111ent 
concomitant with such growth. Hinisters calleu on 
Governments and industry to cooperate at the 
local, national and regional levels in using 
existing and, where necessary, establishing new 
mer:!1anisms that prOlllote pollution prevention, 
waste miPimization, cleaner production, energy 
efficiency and rational use of natural resources 
and in 111aking these techniques and techr.ologies 
avail~ble, particularly to developing countries. 
This .... uld entail the mobilization of financial 
resources and enhanced technical cooperation in 
particular with developing countries, at the 
bilateral and multilateral levels. H~wever, it 
was also recognized that new and additional 
financial resources will have to be channelled to 
developing countries in order to ensure their full 
participation in global efforts for environmental 
protection. 

19. Hinisters recognized that economic, social 
and environmental element~ of the decision-making 
process should be fully integrated, and that there 
was a fundamental mutual dependence between 
economic growth and environmental protection. 
Hinisters noted that sustained economic growth and 
effective environmental protection are closely 
interlinked and should not be looked upon as 
competitive policy objectives. 

20. The continuing deterioration of the global 
environment is closely related to the unsustainable 
pattern of production and consumption in particular 
in industrialized countries. In developing 
countries, environmental degradation is closely 
related to ~overly and underdevelopment, as well 
as demographic patterns and pressures. Promotion 
of economic and social development is therefore 
essential for the protection of the environment. 

21. The Mini~ters noted with conc~rn the 
fi11ancial and technological constraints facing the 
developing countries in realizing the desired 
ecologically sustainable industrial development. 

22. The Conference was held at the ti1~e when 
economic reforms to strengthen the private sector 
and harness markei: forces in s.ipport of economic 
development were being carried out in a number of 
countries. The need wa~ recognized for economic 
instruments to supplement puhlic regulations. 
Hinisters stressed that market-oriented 
instruments could play an increasing rolf in 
achieving ESIO, in particular by internalizing 
environment considerations. Assistance should be 
provided upon request, by donors and i~ternational 
organizations, to countries that needed to dev~lop 
such instruments and to administer them. 

2]. The Ministers cal led for new approarhes to 
ind1Jstrialization that would allow indust.rv to 
r.nntribute to economic and ~ocial benefit.s for 
present generations without r.ompromising the 
abi lily of future generations to meet their own 
needs, and without impairing basic ecological 
processes. These new approaches do not imply in 
any way P.ncroachment upon national sovereignty. 

States have, in <tccordance with the Charter of the 
Unit~d Nations and the applicable principles of 
international law, the sovereign right to exploit 
their own reso~rces pursuant to their env;ronmental 
policies. This also reaffinns their responsibility 
to ensure that activities within their jurisdiction 
or contro1 do not cause da111age to the environ111ent 
of other States. Those new approaches would 
enhance econ1111ic deveiopinent over ti11e through the 
efficient and rational inanagetnent or both 
renewable and non-renewable resources while ai111ing 
at 111ini111izing waste. They would differ from 
country to e<•untry, depending on the resource 
endowaients, the stage of development and other 
econ0111ic and social characteristics as well as the 
assimilative capacity of the ecosystem. 

24. The Ministers agreed that the reduction of 
pollution intensil) across all 11edia within 
inoustry, through cleaner production, was the key 
lo achieving ESID. Thus, the development of 
technology to promote cleaner production should be 
enhanced. The objective of cleaner production, 
with its focus on source ··eduction, waste 111ini111iza­
tion, energy efficiency and low-waste and non-waste 
technology, is to prevent or 11ini111ize, in the .nost 
cost-efficient 111anner, the short- and long-term 
risks to hUlllilns and the enviro11111ent. Cleaner 
production would require a managetnent aprroach 
that, inter alia: 

(a) Assigned priority to the efficient use 
of resources, 111aterials substitution and product 
reformulation. process modification and equipment 
redesign to lo~er waste technologies, and 
recycling and reuse as the primary options for 
pollution prevention and increased profitability; 

(b) Utilized safe and environmentally soun~ 
processes, technologies and substances combined 
with efficient operating procedures; 

(c) Assigned clear responsibility and 
incentives for pollution prevention and control, 
in the context of a regulatory frainework that 
establishes achievable environinental goals and 
that provides industry with flexibility in the 
choice of response actions. 

25. Ministers recognized the i111porlance of 
providing women with knowledge on ESID, as well as 
access to the necessary measures to promote it. 

26. The Ministers agreed to support action to 
overcome barriers to the achievement of ESID. 
Among those barriers are the difficulties of 
implementing policies ~oth in the North and the 
South that would bring about a transition to 
ESIO. Industry everywhere needed to re-examine 
its attitudes on pollution prevention, cleaner 
production and environmentally friendly products. 

8. INDUSTRY INITIATIVES IN ACHIEVING ESID 

27. The Ministers recognized lh.sl indu~lry and 
industrial institutions had to play a central role 

'in the transition 'to ESID. While Governments can 
'assist, regulate and control that transition, it is 
,essential that industry acts in accordance with the 
principles implied by ESID. The relevant organiza-

' tions and institutions should promote mana9erial 
'practices and t~chnologies based on the principles 
,ot sustainability, 

28. The Ministers agreed that, in ordpr to 
'achieve ESID, industry initiatives should include 
'the following objective~: 



(a) Adoption of pollution prevention, the 
approach that prevents pollution at the source in 
products and mianufacturing processes rather than 
re110ving it after it has been created: 

(b) Integration of environmental awareness 
and responsibility al alt management levels, 
taking into account careful analysis of relative 
risks, introduction of waste •inimization and 
envi ron.ental '" •. .ip liance auditing, establishment 
of emergency, risk Jnd safety management syste.s, 
as well as training progrilllmles; 

(c) Adherence to enviro1111ental codes of 
conduct, including voluntary ones, for industrial 
investment and production; 

(d) Increase of R and 0 activities with 
emphasis on cleaner production technologies, 
giving priority to technologies that offer 
potential for iinproved efficiency and reduced 
pollution; and provide training facilities t~ 
developing countries for this purpose; 
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(e) Consideration, where feasible, of the use 
of substitute materials and product refon11Ulations, 
rr~cess 11adificalions and equipi11enl redesigns, 
renewable sources of energy and raw materials, 
recyclirq and reuse of waste and scrap materials; 

(f) Asst1111ption of a "cradle-to-grave" assess­
ment approach to industrial products and projects; 

(g) Application of cleaner industrial 
production processes and more rational use of 
natural resources; 

fh) Development, transfer and adaptation of 
enviro11111entally sound technologies, know-how and 
skills to meet the needs of other countries, in 
particular developing countries, and 11abilization 
or financial rl'Sources and provision of hUlllar. 
resources for this purpose; 

(i) Encouragement of industry to provide 
infonnation on envirollllM!ntally sound 11anage111ent 
and energy conservation. 

The foregoing objectives could be facilitated oy 
regular exchanges of experiences in the c~ntext of 
long-tenn progrannes developed by industry. 

29. The Hini~ters recognized that the Econ0111ic 
and Sorial Council, at its second regular session 
of 1991, had addressed ways to encourage and 
mobilize industrial enterprises, including 
transnational corporations, to cooper~te in efforts 
to prote~t and enhance the environment in all 
countries. In that regard, the Council adopted 
resolution E/1991/55, requesting, inlf.r_al.ii. the 
preparation of action-oriented and practic3ble 
recommendations for consideration by the 
Connis~ion on Transnational Corporations and by 
thP. rreparatory Connittee of the United Nations 
Conference o~ Environment and Development. 

30. The Hinisters recognized that many 
tnn~national r.ompanies and investors involved in 
international joint ventures or in the export of 
manufacturing processes ill!plement ESID and apply 
general st~ndards of enviro11111ental responsibility 
to their foreign operations whir.h are fully 
cons is tent with those used in their home countries 
and in compliance with the laws and regulations of 
host countries. These standards should not be 
applied on a discriminatory basis. Hinislrrs 
encouraged all COlllJ>anies to adopt this policy and 
s11bsc r i be to a rat i ona 1 and precautionary apprcach 

to anticipating and preventing the causes of 
serious or irreversible environmental degradation 
consistent with scientific and technical 
understanding and the econ0mtical use of resources. 

31. The Ministers encouraged non-governmental 
organizations representing all the parties 
involved in the industrial process. including 
industrial federations, trade unions, and 
cons1111ers and environmental groups, to carry out 
and participate in activities relevant to ESID. 

32. UNIDO undertook five case studies for the 
preparation of the Conference to illustrate the 
scope for ESID. These case studies covered pulp 
and paper, leather industry, alumina industry, 
plastics and plastics waste recycling, and 
phosphate fertilizers. The studies presented a 
nUlllber of problems related to unsustainable 
p1odu~tion processes and ~uggested measures to 
iolve them. Ministers e111phasized the iinportance 
of ensuring close cooperation between industry, 
Gove~nts and international organizations in 
solving those proble.s. 

C. GOVERNt£NT INITIATIVES IN ACHIEVING ESID 

33. !he Ministers agreed that Govern.-ents could: 

(a) Review the enviro1111ental i111pact of 
current and planned policies, regulations and 
institutional infrastructure that affect industry 
and enviro11111ent with a view to contributing to the 
transition to ESID through appropriate policies 
and measures; 

{b) Review the environmental iinpact of 
current and planned policies and build in the 
enviromnental concerns as an integrated part in 
such policies and strategies; 

(c) Design suitable methods and tools for 
quantification and valuation of natural and 
environmental resources used by industry; 

{d) Establish new, or strengthen existing 
procedures for reviewing industrial projects with 
potentially significant enviro1111ental effects. 
Similar procedures should be applied for reviewing 
risks associ~ted with products. The evaluation 
and assessllM!nt procedures should be based on a 
cradle-to-grave approach and continue during and 
after c0mtpletion of proj. ts. The evaluation and 
assessment procedures should be supported by 
intP.rnationally recognized ecological guidelines 
and indicators where these exist; 

{e) Apply, with due consideration for the 
econ0111ic and social conditions in specific 
countries, a balanced ~ix of regulatory and 
econ0111ic instr11111ents, including the internalization 
of externalities in price calculations, to reach 
the objectives of industrial development and 
environmental protection; 

( f) Design po 1i c i es based on the "po 11 uter 
pays" principle, bearing in ~ind the ne!d to 
internalize the cost of enviromnent protection in 
price calculations, and to apply a precautionary 
approach and the principle of econ0111ic efficiency 
wh,n undertaking or pr0110ting investments. 
Inclusion of the cost for pollution abatement in 
entrepreneurial calculations would thus be a 
useful approach governing the use of econ0111ic 
instruments and help t.o achieve a better 
allocation of resources in the pursuit of 
environmentally sustainable industrial development; 



(g) llllflleinent schemes for increasing pubiic 
awareness, particularly in the younger generation, 
of the necessity for ESID and the responsibility 
of individual enterprises, Nnager~. engineers, 
workers and other members of staff in tl>at respect: 

(h) Give active encouragement to ESID 
through research, developinent, acquisition and 
transfer of techniques and technologies, as 
well as efficient utilization of existing 
relevant technologies in the public and private 
sectors, and through public and private 
iiartner!'hips while ensuring occupational health 
and safety; 

(i) Pr01110te technical and Nnagerial 
training and education that incorporate ESID in 
both infonnal and fonnal sectors: 

(j) Create an adequate institutional 
fr~inework to stimulate environmental policies such 
as regulations, standardization, 110nitoring and 
control of the industrial environment; 

(k) PrOlllOte ESIO through environmental 
education and the participation by the general 
public and non-governmental organizations, such as 
industrial federations, ei.iployees associations, 
connunity-based groups, cons11111ers, women's, 
enviror-.ienlal and developinental organizations; 

(1) Support exchanges of infoniation and 
experience on ESIO a1110ng all countries in 
particular between industrialized and developing 
countries; 

(m) Provide access, on preferential 
conditions, to financing sources to small- and 
111ediuin-scale enterprises in support of 
ESIO-oriented restructuring and 110dernization; 

(n) Incorporate the principal eleinents of 
their policy in progra11111es that extend over 
several years. These progra..es should be made 
public. 

0. INTERNATIONAL COOPERATION IN 
ACHIEVING ESIO 

3~. The Ministers called upon Gover11111ents to 
enhance international cooperation in 110bilizrng 
financial resources for achieving ESIO. The 
mobilization of financial resources is of vital 
il!lportance to ESID, as well as to alleviating 
environ111ental problems in 9eneral. International 
sources of financing, particularly the developinent 
assistance prograanes of developed countries, play 
a kP.y role in this respP.ct. 

~5. Noting that the transfer of techniques and 
technologies is one of the keys to the adaptation 
;rnd absorption of po 11 ut ion prevention techniques 
and the cleaner production processes by industrial 
firms, the Hinisters agreed to encourage 
international cooperation in the transfer of those 
techniques, ter.hnologies and processes, and the 
requisite infon11ation, skills and know-how from 
inoustrializPd to other countrier,, in particular 
developing countries, as ·11el1 as the 111eans 
nP.cessary to develop infrastruct~re and policies 
to support the111. The Hin is ters rec a 11 ed Unt ted 
Hations General Assembly resolution 441228, 
~-:ction I, paragraph 15 (111), which decided that 

, UNCEO should have as an objective the exa111ining of 
effective 111odalities for favourable access to, and 

' transfer of, environ111entally sound technologies, 
' in particnlar to the developing countries, 
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including on concessional and preferential terms. 
The Ministers look forward to the results of that 
examination. 

36. The Hinisters invited Governments to seek 
international cooperation in addressing concerns 
about linkages between the environment and trade 
in .anufactured goods. While the pursuit of the 
objectives of trade liberalization and 
environ.ental protection are in principle 
comipatible, SOiie trade practices llily give rise to 
certain environmental concerns, and some 
environmiental actions ..ay adversely affect 
international trade flows. The Ministers also 
noted that improved access to 11arkets in general -
through reduction and possible eli•ination of 
tariffs and eli•ination of non-tariff barriers to 
trade - would i11prove the possibilities of all 
countries, particularly of developing countries, 
to finance the introdu,tion ~i ESIO-related 
technologies, and could have 1~ortant foreign 
exchange i~plications. 

37. Noting that financial and technological 
constraints are illllOng the key ob~tacles facing 
many countries, in particular developing 
countries, in achieving ESIO, the Ministers 
acknowledged that the industrialized countries 
should create a cli11ate conducive to enabling 
those countries to have access to ar~ropriate ESIO 
techniques and techno 1 ogi es and to f i .:anci a 1 
resources on concessional and non-concessional 
ter11s, as appropriate. 

38. Ministers called for the need to coordinate 
efforts between UNIOO and all oth~r United Nations 
institution! and organizations that deal with 
environmental issues, in order to be 110re 
efficient and effective, and avoid duplication in 
the pursuit of ESIO. 

39. Ministers recognized the critical situation 
prevailing in least developed countries and 
called for special measures in favour of those 
countries in support of their ESIO policies and 
progranies. 

E. FUTURE ACTIVITIES Of UNIDO 

40. Hinisters recognized that ESIO can both 
reduce environmental problems and enhance 
industrial efficiency, and invited the fourth 
session of the General Conference of UNIDO to 
express its support for UNIOO to continue working 
on the best options to achieve ESID, in order to 
present thetn as a valuable contribution to be 
taken into account at the fourth Preparatory 
C0111111ittee of the United Nations Conference on 
Environment and Developinent, which will take place 
in Harch 1992, and for subllission at the UNCED 
conference in June 1992. 

41. Hinisters invited UNIOO to submit proposals 
incorporating the views expressed at, the meeting 
in topenna9en, and to 111ak~ cuncr~l~ >u99">lton> t~ 
harmonize 1ts activities, in the short, 111edi11111 and 
long ten11, with the concept of ESID.' These 
suggestions should be sublllitted for ~onsideration 
to the policy...aking bodies of the Organization, 
taking into account the 111andates, re'ca-endat ions 
and guidelines o' UNCEO. In order to i111prove 
UNIOO's capabilities to i111plewient the conclusio~s 
and reconnendations of the ESID Conference, the 
Hinisters further call upon t'letllber c'ountries to 
cont i r.ue to 111ake resources ava i 1 able' for 
sustainable industrial development t,hrough the 
UNlDO Enviro11111ent Progra11111e. 



42. Action by UNIOO, within available regular 
budget resources and additional voluntary 
cqntributions, if any, could make a significant 
contribution t9 the implementation of ESID. 
Because environ11ental manage11ent often involves 
COlllplex issues and requires specialized skills, 
UNIOO NOuld ne~ to Nark in ~ooperation with other 
organs, organizations and progr......es of the 
United Nations system •o ensure the broadest 
possible effort. In particular, UNIOO should work 
closely with the United Nations Enviro1111ent 
Progr...-e, especially with its Industry and 
Environment Office, in such activities as 
information exchange and training. 

43. UNIOO should lend its support, on a 
coordinated basis, to the activi•ies of 
other organizations active in U1is field, in 
particular United Nations region~l cOllllissions. 
in i11plementing ESID at the regional level. 
Further, UNIDO should promote the establishlllent 
and support of the .1ecessary institutional 
fraiiework anJ should Nark in close cooperation 
with national institutions in i11plementing ESID. 

44. The following were sa-e .ajor directions for 
possible UNIOO action in achieving ESID: 

(a) Assisting developing countries, upon 
request, in building the technical and scientific 
institutional capacity to develop, absorb and 
diffuse pollution prevention techniques and 
cleaner production processes essential to inaking 
the transition to ESID. This could be done by: 

(i) Demionstrating the financial and econ011ic 
advantages and enviro1111ental benefits of 
ESID by working cooperatively with 
industry and other technical experts, 
and with Governments, to undertake a 
progra11111e of site-specific, country case 
studies; 

(ii) Providing technical support for the 
design, establisfllll(<nt, operation, 
evaluation and 110nitoring of pollution 
prevention techniques and cleaner 
production processes and technologies; 

(iii) Assisting de110nstration and training 
centres at new or existing industrial 
facilities, and providing support to 
centres of excellence; 

(b) Assisting developing countries in the 
ill!pleinentation of international enviromnental 
conventions and protocols related to industrial 
activities by: 

(i) Providing technical assistance to 
those countries to identify and 
il!lplement the actions needed; 

(ii) Helpin? those countries to lor.ate 
expertise and funding for projects 
that contribute to the ill!pltinentation 
of those conventions and protocols; 

(c) Assisting developing countries in 
determining the e~viromnental soundness of 
industrial technologies by: 

( i) 

( i i) 

Preparing guidPlines on environmentally 
sound industrial prar.lir.e for selected 
sectors; 

Pr01110ting, in selected sectors, 
technical procedures to evaluate and to 
test rrocesses. products and services; 
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(iii) Providing assistance for the development 
of assessment techniques for the 
icentification and measurement of 
environ11ental i1111act; 

(d) Assisti~1 developing countries in 
ir.legraling environmiental considerations into 
their industrial strategies and policies by: 

(i) Identifying sectoral and subsecloral 
priorities for environmentally sound 
industrial activities; 

(i:) Specifying the techniques available lo 
rehabilitate existing industries so that 
they could operate in an ecologically 
sustainable manner, assessing the costs 
of such a transition and estimating a 
time-frillle for achieving it; 

(e) Assisting developing countries in 
identifying appropriate, including new, financial 
resources, where possible on concessional te.-.s, 
that would enable them lo take necessary steps to 
achieve ESID; · 

{f) Assisting othPr countries, upon request. 
in achieving ESID in accordance with the 
provisions of the UNIOO Constitution and relevant 
decisions of the General Conference and lndustr;al 
Developlll!nt Board; 

(g) Strengthening i~s existing database and 
its capacity to coordinate the dissl!llination of 
technical and policy infonnation on ESID, 
i!!!.f!......l!ii, by cooperating with the United Nations 
Environment Progra11111e in its work on the 
International Cleaner oroduction Clearinghouse 
(ICPIC). 

In implementing its progr....-es and projects UNIDO 
should establish and/or strengthen internal 
procedures for appraisal and approval of activities 
that ensure c0111patibility with the concept of ESID. 

Agenda it!!!!! 6: Reports frQ!! the Sy!l!l!OSiUllli 

45. Drawing on the case stu~ies referred to in 
paragraph 32 above, th~ Hinisters took note with 
appreciation of the conclusions for111Ulated during 
a series of technical symposi1.1111s that were held 
concurrently with the plenary 111eetin?s of the 
Conference. Those conclusions are listed below. 
The technical syinposi1111s covered five industrial 
subsectors - alumina, leather, phosphate 
fertilizers, plastics and plastics waste 
rer.ycling, and pulp and paper. Oiscussion in the 
Syl!lposiums reflected the issue of ecologically 
su~tainable industrial develo,..ent addressed in 
the plenary. Specific eKamples were provided of 
the implications of ESID for each subsector. 

46. Each symposiU111 was led by a panel consisting 
of a UNIDO sectoral expert, an independent 
international expert and a representative of 
industry. An NGO representative participated in 
the panels of the five symposiums. The 1110derator 
of each panel was a representative of an IGO. 
After the initial pres£ntations, detailed 
~iscussions took place on the specific problems, 
and their possible solutions, in addressing the 
tenets of ESID. 

47. The five sympo~iums arrived at various 
conclusions relevant to the sectors covered. One 
such conclusion pertained to the need for 
subsector-specific technical cooperation efforts, 
the exc~ange of infonnation and, in SOll!e cases, 
~upport of significant re~earch efforts, in order 



to assist th9;e subsectors in de~eloping countries 
to -eet ESID requirements. ~ second conclusion 
was that ESID could be supported by both 
short-te,... low-cost adjustments as well as by 
longer-le,... higher-cost solutions offered by 
newer technologies. A third conclusion was that 
meeting ESID requirements would neccessitate some 
structural changes affecting the subsector as a 
whole. as well as measures to reduce specific 
pollutants fr1191 individual industrial plants. 
Examples of such structural changes were: 
recycling in the pulp and paper. plastics and 
al1111ini1111 industries; provision of alternative 
processes to the leather tanning i~dustry; and 
changes in agricultural practices to reduce the 
need for fertilizers. A fourth conclusion was 
th~~ industry bears a major responsibility for the 
crad1e-to-grave 11anagement of its products. 
including support for the above-.entioned 
slructi ·al changes. 

48. It was agreed by participants that the 
exchange of views in the individual symposi1111s. in 
addition to clarifying I.he issues relating to 
ecologically sustainable industrial development 
for the specific subsectors, had suggested 
iinportant roles for different actors. The 
discus>ion aiso highlighted a nUllber of ways 
in which UNIDO, based on its aclu-..ilated 
experience. could support such efforts at 
both the policy. informational and operational 
levels. 
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49. Hore de~ailed coverage of the results of the 
spiJtosi1111s is contained in annex I to the present 
:-eport. 

Agenda item 7: Adoption of tne report 

SO. The report of the Conference was presented by 
the Vice-President. Hr. H. Halianaa (Zillbal>wel on 
behalf of the Rapporteur, and was-adopted at the 
final plenary session with the under-;tanding that 
the Secretariat was authorized to finalize it in 
the 11ght of amenct.ents. 

~ 8: Closure of t~Conf erence 

51. The Hinisters expressed their appreciation to 
the Government of Dellllilrk for its hospitality and 
cooperation in facilitating the W".>rk of the 
Conierence. In this connection, the Hiniste~s 
noted with appreciation the contributions by those 
countries who, through the Industrial Development 
Fund, 11ade it possible to convene the Conferefice. 

52. Statements of appreciation were 11ade by the 
representatives of Argentina, IPdia, Hexico, 
Turkey, Uganda, United Republic of Janz3nia, 
United States of America and by the representative 
of Vor Falles Fremtid, on behalf of the NGOs 
attending the C~nference. 

53. The meeting was closed at 12 noon, 
18 October 1991. 
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Minimizing waste 
in ltauna 

In the Santanes textile plant in Itauna, Minas 
Gerais, Brazil, the merceri7.ation process, 
where cotton thread is treated with alkali to 
give greater str~ was modified. This 
reduces the consumption of caustic soda 
from 180to140 tons per month, !essens the 
pollution load and saves the company 3 
million cruzados novos every yEar. 

UNIDO has been implementing a 
programme for upgrading the Brazilian 
textile industry since 1988, with funding 
from UNDP and the Government of Brazil. 

The textile industry in Bram is an example 
of a sector where envirorunental improve­
ments yield considerable economic benefits 
as well. The Santanes upgrading results 
from recommendations 1r.ade during the 
first UNIOO expert mission in 1989. Later 
the Center of Technology of the Chemical 
ar.d Textile Industry (CERTIQI') in Rio dt! 
Janeiro became the focal point for the 
programme. UNIOOcarried out a survey of 
textile effluents for CERTIQf recently. Nine 
textile plants were visited and, in all of them, 
profitable recovery and reuse opportunities 
were identified -caustic recovery from mer­
cerization, reuse of water from scouring and 
bleaching, recovery of indigo dye trom 
waste water, reuse of dye baths and auto­
matic control of processes to reduce water 
and fuel consumption. 
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ISSUES IN SUPPORT OF ECOLOGICALLY SUSTAINABLE 
INDUSTRIAL DEVELOPMENT 
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INTRODUCTION 

1. Th~ General Assembly, in its resolution 44/228, section I, decided to 
convene a United Nations Conference on Environment and Development, to be held 
at Rio de Janeiro, Brazil, from 1 to 12 June 1992, to mark the twentieth anni­
versary of the United Nations Conference on the Buman Environment, held at 
Stockhoim from 5 to 16 June 1972. The United Nations Conference on Environment 
and Development will offer Governments an opportunity to seet consensus on 
measures relating to global, regional and national environmental and 
development issues. 

2. The UNIDO environment prograDDe (see IDB.6/3, paragraphs 3-28), approved by 
the Industrial Development Board in its decision IDB.6/Dec.7, focuses primarily 
on enhancing the Organization's capacities in rendering industry-related 
assistance with regard to the environment; assisting developing countries in 
formulating industry-related environmental policies and legislation; promoting 
clean, low-waste, energy-efficient and recycling or reuse technologies; and 
providing technical assistance in pollution abatement. The Industrial Develop­
ment Board, also in its decision IDB.6/Dec.7 on the UNIDO environment pro­
granme, requested the Director-General to report to the General Conference at 
its fourth session on the implementation of that decision, including the UNIDO 
contribution to the United Nations Conference on Environmen~ and Development. 

3. As part of its contribution to preparations for the United Nations Con­
ference on Environment and Development, UNIDO called for a Conference on 
Ecologically Sustainable Industrial Development (ESID), to be held at 
Copenhagen from 14 to 18 October 1991, to assist Governments, particularly 
those of developing countries, in understanding ESID-related requirements and 
in formulating appropriate policies and strategies. After reporting the 
results to the General Conference at its fourth ses~ion in November 1991, the 
conclusions and recoaaendations of the Conference oa ESID will be present~d to 
the United Nations Conference on Environment and Development. 

4. The environmental dimension of industrialization plays an important role 
in UNIDO activities and will do so in the future. UNIDO has a long history of 
providing technical assistance to developing countries. Environmental aspects 
and impacts are increasingly being taken into account in the day-to-day project 
operations of UNIDO. The Organization's experience is quite extensive, cover­
ing most sectors of industry and the associated aspects of technology, manage­
ment, design and training. The Conference on ESID, however, offers the first 
opportunity for member States to deal specifically with issues related to 
industry and environment at the ministerial level. UNIDO draws its mandate 
in this context from General Assembly r~solutions 42/184, 42/186, 42/187, 
43/53, 43/196 and 44/228; General Conference decision GC.2/Dec.11 and resolu­
tion GC.3/Res.16; and Industrial Development Board decisions IDB.4/Dec.19 and 
IDB.6/Dec.7, as well as docuiuents IDB.4/16, IDB.6/3, GC.3/17 and GC.3/32. 

5. Industry plays a critical role in economic development and ia the enhance­
ment of the ecor.omic welfare of populations. By transforming raw materials 
through processing, industry produces a w~de range of consumer goods and, more 
importantly, intermediate and capital goods for all sectors of th~ economy. 
It generates substantial employment in producing consumer and investment goods, 
and it is the most dynamic sector of the economy in terms of inducing and dis­
seminating technological change. 
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6. Global trends in industrialization over the past 20 years reveal that sig­
nificant progress has been achieved in S'lllle developing regions and countries. 
World industrial output has grown at an annual rate of 3.6 per cea.t, compared 
with a&l annual population growth rate of 1.8 per cent. Noteworthy gains have 
occurred in some regions, particularly East Asia and South-East Asia, whereas 
in others, particularly Africa and Lati~ America, industrial growth has been 
low compared with population growth. In the period 1970-1990, developing 
countries increased their share in world industrial output from 9.3 per cent 
to 13.2 per cent. Most of that increase, however, occurred in the period 
1970-1980. 

7. Since 1970, industry, in spite of intensive efforts to reduce pollution, 
has continued to contribute to deterioration in the environment. At the 
national level, problems relatPrl to air, water and land quality persist in 
many areas. At the regional level, acid deposition and the dispE;rsal of toxic 
chemicals, largely due to iadustrial activity, are causing serious problems. 
At the global level, new environmental problems, including those arising from 
greenhouse gas emissions and ozone depletion, have emerged; industry, which 
accounts for about one third of the world's primary energy consumption, has 
contributed substantially to those problems. 

8. A significant amount of pollution today ..;an be traced back to the 
industrialization that has taken place over the past 150 years. The 
traditional pattern of social and economic development in industrialized 
countries accounts for a major share of today's global and regional problems 
of concern. Thus, industrialized countries bear a special responsibility for 
responding to those problems. No country, however, can afford to ignore the 
contribution of industrial activity to environmental deterioration, particu­
larly in the light of the industrial growth that is expected in developing 
countries in the years to come. If developing countries are to identify, 
manage and im~lement environmental programnes, specifically those related to 
the industrial sector, while maintaining their development momentum, greater 
emphasis should be placed on cooperation between developed and developing 
cowitries. Integrating the concept of "sustainability" in the development 
process will only be possible if industry, labour, consumers, Governments and 
international organizations are willing to work together more closely at the 
national, regional and global levPls. 

I. THE CONCEPT OF ECOLOGICALLY SUSTAINABLE INDUSTRIAL DEVELOPMENT 

9. A definition of ESID is esse:.tial to considering how best to achieve it 
and to identifying incentives that could contribute to its achievement. One 
potential definition is the one adopted by the Governing Cowic'il of the United 
Nations Environment Programme (UNEP) in 1989 - and based on the report of the 
World Comiission on Environment and Development entitled "Our Comion Future" 
(A/42/427, annex) - stating that sustainable development is development that 
weets the needs of the p~csent without compromising the ability of future 
generations to meet their own needs ~nd does not imply in any way encroachment 
upon national sovereignty. Following from that definition, a definition of 
ESID is as follows: pa~terns of industrializ2tion that enhanc~ the contribu­
tion of industry to economic and social benefits for present and future gen­
erations without impairing basic er.ological processes. These new patterns 
would increase economir development over time while efficientlr utilizing 
non-renewable resources, conserving renewable resources and not exceeding the 
wa5te assimilative capacities of ecosystems; and they would di~fer depending 
on a country's resource endowmenti:; and stage of economic: development. 
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10. Ecological processes at risk are chose threatened by the pollution of air 
water and soil, the destruction or alteration of habitat, the loss of wild 
species, and fundamental changes in geochemical, hy~rological and climatic 
cycles. furthermore, human health and safety are major concerns at all times. 

11. To cmltribute to the achievement of ESID, the following objectives should 
be taken into account: 

(a) Use of non-renewable resources at a rate guided by the availability 
of substitutes, use of renewable resources at a rate limited to their natural 
or managed regeneration rates, and the dispersion of industrial wastes at a 
rate limited to the assimilative capacities of ecosystems, thus preventing 
irreversible effects on basic life-support syste~<.; {~co-capacity); 

(b) Adherence to the precautionary approach, which calls for environ­
mental measures that prevent environmental degradation and attack its causes, 
thus anticipating threats of serious or irreversible damage (p4ecaution); 

(c) Development of procedures for accident prevention, thus reducing the 
risks of and potential losses associated with environmental emergencies 
(anticipation); 

(d) Prevention of pollution at its source in products and manufacturing 
processes rather than removing it after it has been created (prevention); 

(e) Minimization of resource consumption per unit of output and waste 
per lDlit of output, thus ensuring efficient use of man-made and natural 
capital (efficiency); 

(f) Provision of opportunities for all countries to participate in the 
industrialization process, to benefit from the wealth generated by industrial 
activities and to apply the same principles of equity between gende~s and 
betwee3 present and future generations (equity). 

II. BARRIERS TO ECOLOGICALLY SUSTAINABLE INDUSTRIAL DEVELOPMENT 

12. COlllllOtl to both developed and developing countries are barriers to the 
achievement of ESID. These encompass information gaps and deficiencies, 
scientific, technological, professional and related institutional r.apacities 
to support the process of trensition to ESID, as well as political and econ­
omic obstacles to its implementation. 

13. Information deficiencies include limitations of data on the nature and 
extent of environmental degradation (physical indicators of resource deple­
tion, as well as air, water and land pollution); limited understanding of the 
proximate and underlying 'causes of, and hence feasible remedies for, environ­
mental degradation; and i:nsufficient measurement of economic losses cesuldng 
from environmental degradation. 

' 

14. Most of the proble~s cited above may be more ac~te in some developing 
countries where government activity is constrained by urr,ent, short-term 
financial needs. The gathering and dissemination of inJ:ormation. and applied 
research do not receive sufficient attention. Consequently, Go11~rnmtnts have 
inadequate information on the nature, magnitude, causes and conse1uen:~es of 
environmental degradatio~; furthermore, because of low economic an,1 
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technological capacities of their countries, they often lack access to non­
conmercial and non-profit technical information to deal adequately with 
pollution-related problems. 

15. Obstacles to ESID-related measures are numerous. Heading the list of 
such obstacles are conflicts between short-term economic costs and long-term 
eronomic benefits of environmental protection. Regulatory and monitoring 
capacity and skilled personnel may not be sufficient for dealing with new 
problems. Small- and medium-scale ind~strie; have limited information and 
lack the skills and capital needed to implem~nt cieaner productiou processes. 
Political and social constraints often limit the setting of economically appro­
priat~ prices for water, energy and raw !Daterials. States may ignore the con­
sequences of industrial activity that result in damage being done outside of 
their borders. Finally, the poor, disadvantaged and vulnerable tend to suffer 
most from environmental degradation, but lack the political influence required 
to bring about the introdurtion of remedial measures. 

16. Obstacles to the implementation of ESID-related measures are intensified 
in developing countries. Weak institutional capacity, particularly the ability 
to implement and coordinate programnes, and shortages of skilled personnel are 
major problems in developing countries. Even if existing industry ~~nted to 
invest in more environmentally sound technologies, it would often be faced with 
financial constraints. The scarcity and high cost of capital may preclude 
importing those technologies, even if the investments are economically justi­
fied. Lastly, a sizeable portion of the population lacks the awareness, educa­
tion and experience needed to deal with environmental problems, and the few 
non-governmental organizations (NGOs) that are involved in such matters lack 
political influence. 

17. r·!ore importantly, developing cow1tries are faced with particula;,: difficul­
ties in achieving ESID. One barrier can be in part traced to their indebted­
ness, which results in shortages of capital needed to finaqce cleaner 
production processes. Another is their limited capacity to absorb cleaner 
production practices, which is attributable in part to their lack of technical 
and scientific capacity. A third is the potential risk of new non-tariff 
barriers emerging as a side-effect of new environmental measu1es that, in 
effect, close markets to exports from developing countries. K~eping markets 
open lo manufactured products from developing countries will p:ovide such 
countries with better conditions for the repayment of debts to developed 
countries. 

III. INDUSTRY INITIATIVES IN ACHIEVING ECOLOGICALLY SUSTAINABLE 
INDUSTRIAL DEVELOPM~NT 

'18. Through the International Chamber of Commerce and its international and 
national associations, industry ha£ declared its support for principles of 
'sustainabie development. Industry regards sustainable development as a goal 
'that requires real economic growth, since only such growth can create the 
'e..:onomic and technical capacity to sol•1e environmental problems. On several 
'occasions, most recently at the Second World Industry Conference on Environ­
'mental Management, held at Rotterdam from 10 to 12 A~ril 1991, industry 
'declared its willingness to work towards a corttinuous improvement of 
:environmental performance. 
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19. It is in industry's own i~terest to adopt a course o( action leading to 
ESID. Indust=y can maximize profits by increasing efficiency while at the 
some time maintaining environmental concerns. Pollution prevention is more 
environmentally effective, technically sound and economical than conventional 
controls. Industry can develop and utilize clean production processes and 
produce "green" products. The full cooperation of all concerned is needed to 
avoid irrevers~ble a1verse effects on humans or develo~nt. 

20. The trend towards using greater transparency as a means of securing public 
confidence in and support for operations has been observed in several sectors. 
Industry's strategy for ESID might include the following elements: 

(a) Adoption of pollution prevention, an approach that prevents pollution 
at its source in products and manufacturing processes rather tt.an removing it 
after it has been created; 

(b) Integration of environmental responsibility in decision-making at 
all management levels; introduction of waste minimization and environmental 
complian~e auditing; establishment of emergency, risk and safety management 
systems; and establishment of training progranmes; 

(c) Adherence to voluntary environmental codes of conduct for industrial 
investment and production; 

(d) Increase of research and development activities with emphll.sis on 
clean~r production technologies, giving priority to technologies that offer 
potential for improved efficiency and reduce~ pollution; and provision of 
training facilities to developing countries for that purpose; 

(e) Consideration, where feasible, of lhe use of substitute materials 
and produ~t reformulation, process modification and redesigning of equipment, 
renewable sources of energy and raw materials, recycling and reuse of waste 
materials; 

(f) Assumption of a "cradle-to-grave" approach to industrial products; 

(g) Application of cleaner industrial production processes and more 
rational use of natural resources; 

(h) Transfer and adaptation of environmentally sound technologies, 
know-how and skills to meet the needs of developing countries and mobilization 
of financial ~esources for this purpose; 

(i) Encouragement of large-scale industry to provide information on 
environmentally sound management and energy conservation. 

21. Principles for achieving ESID have been embodied in the Criteria for 
Sustainable Development Management prepared by the United Nations Centre on 
Transnational Corporations. The following elements of the criteria are also 
embodied in the Business Charter for Sustainable Development, adopted by the 
Executive Board of the International Chamber of ~onwnerce at its sixty-fourth 
session on 27 November 1990: corporate priority, integrated management, 
process of improvement, employee education, prior assessment, products and 
servic(·s, customer advice, facilities and operations, research, precautionary 
approach, contractors a~rl suppliers, emergency preparedness, transfer of 
technology, contributing to the common effort, openness to concerns, com­
pliance P~d reporting. 
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22. Industrial associations and chambers of conmerce could promote environ­
mental practices that go beyond the minimum legal requirements and regulation&. 
The> could also organize training programmes, advise public authorities and 
facilitate the sharing of non-proprietary information and technology. Sim­
ilarly, the environmental issues pursued by trade unions, consumer associa­
tions, women's groups and conmunity grcups working with industry and other 
organizations could have a major effect on how industry develops its strategy. 

23. Tbe general arguments on why industry would follow a course leading to 
ESID also apply to transnational corporations (TNCs), which have a particular 
role to play. TNCs that have been establishing operations in developing 
countries should apply standards of environmental responsibility to their 
foreign operations and should at least apply standards consistent with those 
used in their home countries and in compliance with the laws and regulations 
of host countries. Furthermore, open operations and rapid coamunication put 
the global image of a corporation at risk if an environmental incident occurs. 

24. Important issues to ~e considered include the following: 

(a) How can industry be assisted and encouraged to follow a course of 
action leading to ESID using a system of incentives and measures? 

(b) How should such incentives and measures to assist and encourage 
industry be international in scope? 

(c) How can voluntary action by industry to achieve ESID be assessed and 
connunicated? 

(d) How can small- and medium-scale enterprises best be assisted in 
achieving ES ID? 

IV. GOVERNMENT INITIATIVES IN ACHIEVING ECOLOGICALLY SUSTAINABLE 
INDUSlRIAL DEVELOPMENT 

25. If, through imperfections, the market fails to deal adequately with the 
environment, govenunent initiatives and intervention may be required to achieve 
ESID. Such failures of the market to deal with the environment arise when the 
interests of industry are not consistent with those of society. The achieve­
ment of ESID thus requires the assertion of envfronmental concerns through 
industrial policies and strategies adopted by Governments. 

26. Governments need an industrial policy that supports the development, 
promotion and diffusion of pollution prevention and cleaner production 
processes. Governments should develop ~ transparent public information policy 
concerning the environment and should support education, training and research 
programmes to raise public capabilities and awareness. 

27. Government intervention may be divided into two types: regulations and 
market-oriented incentives. Regulati~·ns involve a complex mixture of stan­
dards, permits, monitoring and enforcement that, takt.n together, are frequently 
termed a "command-and-control" approach. In developed countries, noteworthy 
successes have been achieved using this approach. But regulations alone will 
not be efficient in achieving ESID. In recent years this approach has been 
augmented with market measures and voluntary measures, such as the use of 
economic incentives, pollution prevention, waste minimization and cleaner 
production technologies. 
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28. Ch1e of the conditions for maximum efficiency (both traditional economic 
efficiency and environmental ~fficiency) is that prices for products and 
services must reflect their full social and economic costs. It is not always 
possible to accurately determine those costs. Market-based economic instru­
ments, such as taxes, fees and tradeable permits, however, give intlustrJ• a 
direct financial incentive to reduce pollutar.t discharges in the most cost­
effective manner. Combining a mixture of market-based incentives with a 
regulatory or pollution prevention approach has cost-saving potential. Flex­
ibility on the part of Governments in allowing industry to choose the timing 
of pollutant reductions and the methods to be used to achieve such reductions 
may result in industry adopting cler..lller production processes that go beyond 
meeting traditional environmental standards. 

29. An important factor to be considered is the relationship between envi~on­
mental policies and economic and social policies. Governments need to be 
aware of, for example, the repercussions of tax and subsidy policies in 
general on the use of resources and on the environment. They need to ensure 
that such policies, aimed perhaps at export promotion, do no~ encourage 
behaviour that would have an adverse effect on the environme~t. 

' 

30. In addition to strict environmental considerations, indµstry is subject 
to complex considerations in areas such as occupational safe~y, health, 
planning and economir. zoning, wildlife and marine l~fe prote~tion and 
conservation. 

31. Environmental intervention requires institutional capability, which is 
often lackini, particularly in developing countries. Consequently, simpler 
policy instrwnents, such as tax policy, resource-pricing and, withdrawal of 
subsidies, may be needed in order to achieve economic and enyironmental 
objectives oimultaneously. 

32. Conmunity associations, women's organizations and NGOs have in many 
instances played an important role in increasing public a~areness and behaviour 
with respect to environmental questions. A Government lesigning an ESID­
oriented policy should consider proposals and ideas relevant, to manufacturing 
industry that have been suggested by such associations and organizations. 

33. The following issues need to be considered in this context: 

(a) How can environmental considerations be integrated' in the 
formulation of industrial policies and strategies from the very outset instead 
of being taken up later when the planning or implementation process is already 
at an advanced stage? 

(b) What is the appropriate mixture of policy, regulatory and economic 
incentives, given the dual objectives of maximizing the productive performance 
of the industrial sector and protecting the environment? 

V. INTERNATIONAL COOPERATION IN ACHIEVING ECOLOGICALLY 
SUSTAINABLE INDUSTRIAL DEVELOPMENT 

34. Since the convening of the United Nations Conference on' the Human 
Environment in 1972, the international community has undertaken several 
initiatives, particularly in the 1980s, that constitute important steps 
towar-:is achieving ESID. The World Commission on Environment' and Development, 
in its report entf tlP.d "Our Common Future" (A/42/427, annex):. emphasized the 



- 20 -

need for all countries to cooperate in pursuing economic, social and environ­
mental objectiv~s with a view to achieving sustainable development. lbe 
Environmental Perspective to the Year 2000 and Beyond, prepared by UNEP for 
its Governing Council and contained in General Assembly resolution 42/186, 
annex, offers a broad framework for guiding national action on and inter­
national cooperation in policies and programmes aimed at achieving ESID. 
Other organizations such as the Organisation for Economic Co-operation and 
Development have also taken steps to address those issues. 

35. lbe international coamunity has made efforts to resolve global and 
regional environmental problems resulting from indastrial activities. Note­
worthy global efforts include the Vienna Convention for the Protection of the 
Ozone Layer, adopted on 22 Karch 1985; the Montreal Protocol on Substances 
that Deplete the Ozone Layer, adopted in September 1987 and amended in 
June 1991; the Basel Convention on the Control of Transboundary Movements of 
Hazardous Wastes and their Disposal (UNEP/JG.80/3); the Voluntary Code of 
Conduct for the Release of Organisms into the Environment, prepared by the 
UNIDO Secretariat for the Info1'118l UNIDO/UNEP/WHO/FAO Working Group on Bio­
safety; and the efforts of the Intergovernmental Panel on Cli.aate Change. 
Among numerous regional efforts are marine environment protecti<'ll programmes; 
guidelines on trade in chemicals; and conventions on dum~ing and on the trans­
boundary movement of air pollutants. By supporting new initiatives, the 
Interim Multilateral Ozone Fund and the Global Environment Facility, developed 
countries have recognized that developing countries need additional financial 
resources to mitigate specific environmental problems. 

36. Issues related to international cooperation fall into three areas of 
critical importance to the achievement of ESID, each of which entails regional 
and global cooperation of both a North-South and a South-South n3ture, as 
given in the paragraphs below. 

37. Financial resources. The mobilization of financial resources is vital 
to ESID, as well as to alleviating environmental problems in general, and 
international sources of financing, rarticularly the developaent assistance 
programnes of developed countries, play a key role. Public and private 
sources also contribute to investment in environmental protection, partic­
ularly as progress is made on debt relief and establishment of meaningful 
societal priorities. 

38. I.ecbnolo1y cooperation. The adaptation and absorption of pollution 
prevention techniques and cleaner productior. processes by industrial firms are 
key ESID issues. Many of those techni1ues ~nd processes and the information, 
skills and know-how associated with their use are in developed countries, 
particularly in corporations. Ways must be found to ensure their efficient 
transfer to developing countries on concessional terms. 

39. Trade and environment. Policies on trade in manufactured goods may have 
an adverse impact on environmental concerns and environmental policies may 
alter such trade patterns. Issues relating to protectionist policies, product 
and process standards and specifications, intellectual property rights, foreign 
direct investment flows, and structural change affect technology cooperation 
and need to be dealt with at the international level. 
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VI. FUTURE ACTIVITIES OF UNIDO RELATED TO ECOLOGICALLY 
SUSTAINABLE INDUSTRIAL DEVELOPMENT 

40. UNIDO needs to develop a comprehensive prograane for the promotion of 
ESID that will build on its strengths and will constitute a logical extension 
of the capabilities and experience it bas acquired during the implementation 
of its environment progra.ae. The relationship of UNIDO with Governments, its 
years of experience in industrial development in developing countries, its 
network of experts and field offices, and its role within the United Nations 
system in promoting industrial development provide the foundation for its 
approach to and involvement in ESID. In developing such a progranae, recom­
mendations and guidelines from the United Nations Conference on Environment 
and Developnent should also be taken into acco·.=nt. 

41. The UNIDO environment progranae provides broad guidelines and a basis 
tbaL will enable the Organization to assist developing countries in mating the 
transition to ESID. It requires UNIDO to improve its capacity to render 
ESID-focused tectmical cooperation, to assist developing countries in formu­
lating ESID-related industrial policy and to increas~ its efforts in prC!DOting 
both cleaner production.and pollution abatement. These prugraane components 
are being implemented by providing internal training, following modified 
project design guidelines and integrating ESID-related components into tech­
nical cooperation projects. The latter contribute to ESID at the enterprise, 
sectoral and national policy levels. For example, UNIDO has acquired a wealth 
of experience in advising managers and others at the plant level on improving 
operating procedures, thereby helping them not only to achieve greate~ oper­
ational efficiency and product yields, but also to reduce waste that might 
otherwise be discharged directly into the enviJ·onment. 

42. The concept of ESID comprises many elements. An important issue is how 
UNIDO ~an modify and expand its environment prograDllle to further the objec­
tives of ESID and its efforts to assist developing countries in achieving it. 

43. The following suggestions for possible UNIDO action deserve closer con­
sideration: 

(a) Assisting developing countries in building the technical and scien­
tific capacity to develop, absorb and diffuse pollution prevention techniques 
and cleaner production processes essential to making the transition to ESID. 
This could be done: 

, . ' 
\]. J By adapting ESID to special 

within their means; 
cf developing cau...11tries 

(ii) By demonstrating the financial and economic advantages and 
environmental benefits of ESID to present and future 
generations; 

(iii) By providing technical support on designing, establishing, 
operating, evaluating and monitoring pollution prevention 
techniques and cleaner production processes and technologies; 

(iv) By establishing demonstration and training centres at new or 
existing industrial facilities, and providing support to 
centres of excellence; 
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(b) Assisting in the i.mplementatioc of internationa~ environmental con­
ventions and prot.~cols: 

(i) By providing technical assistance to developing cowitries to 
identify and implement needed actions; 

(ii) By helping developing cowitries to locate expertise and fwiding 
for projects that contribute to implementation; 

(c) Assisting developing co\Dltries in deteraining the environaental 
sowidness of industrial technologies: 

(i) By preparing guidelines on environmentally so\Dld industrial 
practice for selected sectors; 

(ii) By prOllOting, in selected sectors, technical procedures to 
evaluate and to test processes, products and services; 

(d) Assisting developing cowitries in integrating environmental con­
siderations into their industrial strategies and policies: 

(i) By identifying sectoral and subsectoral priorities for 
environmentally so\Dld industrial activities; 

(ii) By specifying the measures needed to rehabilitate existing 
industries so that they could operate in a manner that is more 
"friendly" to the environment, as well as by giving an assess­
ment of the costs of such a transition and the time-frame 
for achieving it; 

(iii) By examining their current policies on such topics as 
industrial taxes and subsidies and resource-pricing in order to 
identify and remove factors that encourage inefficient and 
environmentally damaging activities; 

(e) Strengthening its existing ~atabase and capacity to coordinate the 
dissemination of technical and policy information on ESID by cooperating with 
UNEP on building up and operating the International Cleaner Production 
TnfnrmAtinn r.1 P.11ringht)1_1tiP. ~nt:I thrt)1_1gh t)th~r !!N!>a!!!!, 
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I. PAST TRENDS IN INDUSTRIAL GROWTH AND POLLUTION 

1. For the world as a whole, industrial output (taken as manufacturing value 
added) grew at an annual rate of 3.6 per cent during the last 20 years (see 
table 1), compared with population, which grew at 1.8 per cent. The 11aDufac­
turing value added (MVA) of developed aarket economies grew at an annual rate 
of 3.1 per cent, while their population grew at 0.7 per cent. In the third 
world, noteworthy gains occurred in some regions, particularly East Asia and 
South-East Asia, which experienced annual growth of 9.1 per cent in industrial 
output compared with annual growth of 2.1 per cent in population. 

2. This growth in the industrial output of developing countries did not meet 
expectations, particularly in the 1980s. Overall, the share of these count~ies 
in global industrial output, in current prices, increased only modestly, from 
9.3 per cent to 13.8 per cent from 1970 to 1990, with most of that increase 
occurring from 1970 to 1980 (figure I). Moreover, 10 countries accounted for 
over 60 per cent of the total MVA of all 116 developing countries and 18 coun­
tries, for nearly 80 per cent. l/ 

20 

Figure I. Share of developing countries in world (excluding China) 
manufacturing production* 

------------ --
... ---·-­... 

1990 

__ Share at constant 1980 
prices 

- - - Share at current prices 
Projected share at 
constant 1980 prices 

1995 2000 

*The Lima Declarntion and Plan of Action on Industrial Development and 
Co-operation, adopted by the Second General Conference of UNIDO, held at Lima 
from 12 to 26 ~rch 1975, called for their share to be increased to the maximum 
possible extent and as far as possible to at least 25 per cent of total world 
industrial production by the year 2000. 

3. Events over the past 20 years are disturbing also in respect of environ­
Mental deterioration for all coWltrie&. Most startling are the threats to the 
biosphere, to which industrialization contributes a significant share. 



Table l. Population, GDP, MVA and their growth rates, 1970 to 2010 
(Millions of persons and millions of 1980 US dollars) 

Gl:IU!ltb Z::&tl 
liZQ l2ZQ-l2BQ liBQ 

Region a/ Pop. GDP MVA Pop. GDP MVA Pop. GDP MVA 
- - - - - - - - -

World 3 698 7 836 l 881 1.9 3.8 4.l 4 450 11 405 :? 844 

Developed 
DME 706 5 677 l 413 0.8 3.1 3.2 762 7 764 l 953 
CPE Eastern Europe 

and USSR 331 651 255 0.9 5.1 6.6 361 l 080 494 
Other developed 38 191 38 2.0 3.0 3.0 46 257 51 

Developing 
North Africa 83 73 7 2.6 6.6 6.2 108 140 12 
Tropical Africa 257 95 8 2.9 3.0 3.7 345 128 12 
Latin America 285 418 96 2.4 5.8 6.1 362 747 177 
Western Asia 99 237 17 3.0 5.8 7.0 133 424 35 
Indian subcontinsnt ?53 168 22 2.3 3.2 4 • '· 943 232 35 N 

00 

East and South-East 
Asia 262 150 25 2.3 7.7 10.9 329 325 75 

CPE Asia 884 176 1.8 5.6 l 062 307 

Developing 2 623 l 317 176 2.2 5.6 6.8 3 282 2 304 345 
Developed l 075 6 520 l 706 0.8 3.3 3.8 l 169 9 101 2 49~ 

Gr;:al!!ltb z::at1 
UBQ UBQ-1220 1220 

Region a./ Pop. GDP MVA Pop. GDP MVA Pop. GDP MVA 

World 4 450 11 405 2 844 l. 7 2.9 3.2 5 289 15 178 3 921 

Developed 
DME 762 7 764 l 953 0.6 2.7 3.1 805 10 174 2 669 
CPE Eastern Europe 

and USSR 361 1 080 494 o. 7 2.4 3.1 388 1 378 675 
Other developed 46 257 51 1.9 2.6 1.4 56 332 59 

continued 



Table l (~antin~1d) 

Gca!l!tb l'.ata -
1280 l28U-lQ2Q -- 1220 

Region a/ Pop. GDP MVA Pop. GDP MVA P?p. GDP MVA 

Developing 
North Africa 108 140 12 2.8 2.6 5.3 142 182 21 
Tropical Africa 345 12.8 12. 3.0 1.6 2.. l 467 150 14 
Latin America 362 747 177 2. .1 1.3 1.0 448 852 195 
Western Asia 133 42.4 35 3.3 -0.1 5.3 186 4U 60 
Indian subcontinent 943 232 35 2.2 5.3 7.2 l 179 394 71 
East and South-East 

Asia 329 325 75 1.9 6.0 7.4 399 593 157 
CPE Asia l 062 307 1.4 8.2 l 22.0 701 

Developing 3 282. 2. 304 345 2. .1 3.6 4.1 4 040 3 293 518 
Developed l 169 9 101 2 499 o. 7 2.7 3.1 l 249 11 885 3 402. 

I 

----

N 
\D 

G.ta!l!tb .r::ato 
1920 1220-2000 20QQ 

Region a.I Pop. GDP MVA Pop. GDP MVA Pop. GDP MVA 

World 5 289 15 178 3 921 1. 7 3.4 3.5 6 260 21 387 5 563 

Developed 
DME 805 10 174 2 669 0.4 3.0 3.4 838 13 734 3 749 
CPE Eastern Europe 

and USSR 388 1 378 675 o. 7 3.5 1.5 416 1 956 784 
Other developed 56 332 59 1.6 3.2 4.7 65 457 95 

Developing 
North Africa 142 182. 21 2.3 3.5 5.6 180 258 36 
Tropical Africa 467 150 14 3.3 4.0 5.5 647 223 25 
Latin America 448 852 195 l.9 4.2 5.6 542 l 296 341 
Western Asia 186 421 60 3.2 4.0 6.0 254 628 109 
Indian subcontinent J 179 394 71 2.0 5.0 6.1 l 439 650 132 

continued 



Table 1 (~gntinYed) 

Gtclttb J:Atl 
1220 1220-2000 2000 

Region a./ Pop. GDP MVA Pop. GDP MVA Pop. GDP MVA 

------ - - - - -

East and South-East 
Asia 399 593 157 2.0 5.5 6.2 487 1 029 292 

CPE Asia 1 220 701 1.3 5.0 1 392 1 155 

Developing 4 040 3 293 518 2.0 4.6 5.9 4 941 5 240 935 
Developed 1 249 11 885 3 402 0.6 3.1 3.1 1 319 16 147 4 628 

Gta!ttb ute 
2QQQ 2QOQ-2QlQ 2QlQ 

Region a./ . Pop. GDP MVA Pop. GDP MVA Pop. GDP MVA 

World 6 260 21 387 5 563 1.5 3.5 3.6 7 238 30 236 7 934 w 
0 

Developed 
DME 838 13 734 3 749 0.3 2.8 3.1 863 18 172 5 112 
CPE Eastern Europe 

and USSR 416 1 956 784 0.5 4.0 2.0 438 2 918 957 
Other developed 65 457 95 1.4 3.1 4.5 75 623 149 

Developing 
North Africa 180 258 36 2.0 4.6 6.1 219 409 67 
Tropical Africa 647 223 25 2.7 5.0 6.8 847 368 49 
Latin America 542 1 296 341 1.5 ~.o 6.0 630 2 137 622 
Western Asia 254 628 109 2.8 4.5 7.3 336 985 225 
Indian subcontinent 1 439 650 132 1.8 5.0 6.1 1 723 1 072 242 
East and South-East 

Asia 487 1 029 292 1.8 4.7 5.6 583 1 646 511 
CPE Asia 1 392 1 155 0.9 5.0 1 523 1 905 

Developing 4 941 5 240 935 1. 7 4.9 6.1 5 862 8 523 1 716 
Developed 1 319 16 147 4 628 0.4 3.0 3.0 1 376 21 713 6 218 

a.I DME denotes developed market economies and CPE denotes centrally planned economies. 
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4. One such threat is the concentration in the atmosphere of carbon dioxide 
(C02) 1 a primary contributor to the greenhouse effect, which has increased 
by 10 per cent over the last 20 years (figure II).* As a result of increasing 
emissions of C02 and other greenhouse gases, the average global temperature 
will probably increase from 15.2° C in the 1980s to between 16.7 and 19.7° C 
by 2030. ~/ Approximately two thirds of the COz released into the atmosphere 
can be attributed to human activities, particularly fossil fuel combustion; 
and about one third of fossil fuel combustion is either directly or indirectly 
connected to industrial activity. 

Figure II. Global C02 concentrations 
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Source: G. Heaton, R. Repetto, and R. Sobin, eds., Ir.ans.f.s>...x:.min& 
Technoloay: An Aaenda for EnvirQJUDentally Sustainable Growth in the 21st 
Century (World Resources Institute, April 1991). 

*Other antt:.ropogenic greenhouse gases are nitrous oxide from the chemical 
industry and the use of synthetic nitrogenous fertilizers; methane from rice 
cultivation, grazing ani1114ls, natural gas transmission leaks and coal mining; 
and synthetic chlorofluorocarbons (CFCs). 
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5. A second area of concern is the concentration in the atmosphere of chloro­
fluorcarbons (CFCs), which have increased dramatically (figure III). CFCs are 
used in refrigerators and air-conditioners, in the tlowing of plastic foam and 
as a solvent. They are the main cause of the "ozone hole", the name given to 
the decline in stratospheric ozone, which protects the surface of the earth 
from damaging ultraviolet radiation. Increased ultraviolet radiation promotes 
skin cancers and cataracts and depresses hun:an imnune systems; it also reduces 
crop yields, depletes marine fisheries, accelerates the deterioration of mate­
rials and increases smog. The higher concentration of CFCs also contributes 
to global warming. 

~igure III. Concentration of trichlorofluoromethane (CFC 11) 
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Source: Intergovernmental Panel on Climate Change, Climate_Cll~ 
the IPCC Scientific Assessment (World Meteorological Organization and United 
Nations Environment Programme, 1990). 

6. A third area of concern is the increasing emissions of sulphur dioxide (SOz) 
and nitrogen oxides (NOx), which increased by 40 rer cent aud 100 per cent, 
respectively, from 1960 to 1980 (figure IV). These pollutante are the main 
reasons for the growing acidity of the natu~al environment, especially fresh­
water lakes, rivers, forests and soils, and they contribute to the deterio­
ration of the man-made environment, especially stone buildings and metallic 
infrastructure. These pollutants are produced mainly by the combustion of 
fossil fuels, primarily from power plants. It should he noted that the effects 
of acidification may have been masked until comparatively recently by the 
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buffering effects of alkaline fly ash. However, the increasing use of 
smoke-control technology, especially electrostatic precipitators, may tend 
to accelerate the <'Cid build-up by decreasing the buffering effect. 

Figure IV. Global emissions of nitrogen and sulphur oxides 
from fossil fuel consumption 
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Source: J. Dignon and S. Hameed, "Global emissions of nitrogen and 
sulfur oxides from 1860 to 1980", JQ.yrnal of -~he Air Pollution ContrQ.l 
A&..fiociatiQn, vol. 39, No. 2 (1989), p. 183. 

7. A fourth area of concern is wastes, primarily toxic chemicals and heavy 
metals, which are dispersed locally and build up in soils or sediments. The 
most polluted areas are prob&bly United States and European river basins, such 
as those of the Thames, the Rhine-Schelde, the Elbe, the Danube, the Vistula, 
the Po, the Hudson-Raritan, the Delaware, the Ohio and the lower Mississippi, 
which became industrialized in the last 100-150 years. There are no global 
data on such accumulations. There are, however, global estimates of annual 
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atmospheric emissions of heavy metals (table 2). Anthropogenic emissions of 
lead, cadmium, vanadium, and zinc exceed emissions from natural sources by 
factors of 28, 6, 3 and 3, respectively. Industrial contributions of arsenic, 
copper, mercury, nickel and antimony are as much as twice those from natural 
sources. In addition, atmospheric fallout, domestic and industrial wastewater 
discharges and urban runoff have caused significant inputs of trace metals into 
aquatic ecosystems and soils, threatening t~e biosphere as a whole, including 
regional seas and the oceans. 

8. Industry is a major contributor to these environmental concerns.* It 
includes activities such as manufacturing, mining, utilities and construction. 
Of these sectors, manufacturing alone accounts for, on average, one third of 
total final energy consumption. More specifically, five manufacturing sub­
sectors are known to be the most energy- and materials-intensive as well as 
the most pollution-intensive: iron and steel; nonferrous metals; nonmetallic 
minerals; chemicals; and pulp and paper. J/ 

9. For a long time, industry in developed countries bas been the major con­
tributor to these problems of the biosphere, but the situation is changing 
with the rapid industrialization of developing countries. Whereas the devel­
oped countries have to some degree delinked energy and industrial output, 
developing countries have done just the reverse. In fact, the delinking 
phenomenon is partly due to structural shifts, namely the gradual relocation 
of resource-based (and energy-intensive) industries, such as steel, aluminium 
and petrochemicals, from the industrialized countries to the developing coun­
tries. Industrial final energy consumption in developed countries declined at 
an annual rate of 0.65 per cent in 1973-1985 and 1.93 per cent in 1980-1985, 
while industrial output increased at an annual rate of 1.50 per cent in 
1973-1980 and 3.24 per cent in 1980-1985. In sharp contrast, industrial 
energy consumption in the developing countries as a whole, excluding China, 
grew at an annual rate of 6.32 per cent in 1973-1980 and 4.83 per cent in 
1980-1983, while industrial output grew by 3.82 per cent and 0.03 per cent 
in the same periods. Similarly, four out of the five materials-, energy-
and pollution-intensive manufacturing sectors listed above grew faster in 
developing countries than in developed countries during 1970-1988 and grew 
twice as fast in developing countries as in developed countries during 
1980-1985. 9.1 

II. DEFINITION OF ECOLOGICALLY SUSTAINABLE INDUSTRIAL DEVELOPMENT 

10. There has been a good deal of debate on the meaning of the term "sus­
tainable development". The World Co11111ission on Environment and Development of 
the United Nations offered several definitions of sustainable development. 2/ 
The one that is most of ten repeated is that sustainable developn:ent "meets 

*For the purpose of collecting data, industry is defined to inLlude all 
operations falling into categories 2, 3 and 4 of the International Standard 
Industrial Classification (ISIC). Thus it includes mining, petroleum and gas 
extraction, elec~ricity, waterworks and related activities. However, 
manufacturing (ISIC 3) is the largest and most important industrial sect~r, 
and it is in this sector that the work of UNIDO concentrates. It is also to 
this sector that the term "industry" mainly refers in all Working Papers. 



Table 2. Worldwide atmospheric 1emissions c>f trace metah 
(Thousand tonnes per year) 

Smelting, CoDlllerc:ial uses, 
Energy refining and Manufacturing waste it1cineration. Total Mnthropogenic Total ~ontributions 

Element production mining processes and transportation. CC'ntributiona by natural activities 

Antimony 1.3 1.5 - (). 7 3.5 2.6 
Arsenic 2.2 12.4 2.0 :~. 3 19.0 12.0 
Cadmium 0.8 5.4 0.6 (). 8 7.6 1.4 
Chromium 12.7 - 17.0 (). 8 31.0 43.0 
Copper 8.0 23.6 2.0 l .. 6 35.0 6.1 
Lead 12.7 49.l 15.7 25'•. 9 332.0 28.0 
Manganese 12.1 3.2 14.7 U.3 38.0 12.0 
Mercury 2.3 0.1 - :L. 2 3.6 317.0 
Nickel 42.0 4.8 4.5 (). 4 52.0 2 • .5 
Selenium 3.9 2.3 - (). l 6.3 3.0 
Thallium 1.1 - 4.0 ·- 5.1 29.0 
Tin 3.3 1.1 - (). 8 5.1 10.0 
va-nadium 84.0 O. l 0.7 1.2 86.0 28.0 
Zinc 16.8 72.5 33.4 9.2 132.0 45.0 

Smltt.e.: J. o. Nriagu, "Global metal pollution: poisoning the biosphere?", EnviroMOnt, vol. 32, No. 7 (1990), 
Pt=·· 7-32. 
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the needs of the present without compromising the ability of future genera­
tions to meet their own needs". 

11. Any definition ought to address three issues: 

(a) The explicit contribution of ecological processes to living 
standards; 

(b) The access by future generations to as effective a resource base as 
that enjoyed by the present generation, if living standards are not to decline 
over time; 

(c) The resource base, which must include a •ix of 11aD-.ade and natural 
capitel. 

12. The last issue, the appropriate •ix of man-made and natural capital 
that needs to be preserved for future generations, is at the centre of the 
sustainability debate. The components of this capital are four: man-.ade 
capital; non-renewable resources; renewable resources; and COllllOD property 
resources (air, water and soil). Often thought of as cost-free, cOllllOD 
property resources, in particular those of the biosphere, are at greatest 
risk from industrial activities, because both the production processes and 
the products themselves generate residuals.that enter the water, air and soil. 

13. There is considerable disagreement about the extent to vtich industrial­
ization can sacrifice environmental assets - particularly cOBDOD property 
resources - and still result in sustainable development.* There are those, 
primarily traditional economists, who see sustainable development only in 
terms of growing wealt~. whi~h ~llow~ for ~ub~titution betwe~ ~n~de ~od 
natural capital (the weak definition). Their concern is that the overall 
aggregate of man-made and natural capital should not decline f roe one genera­
tion to the next. On the other hand, there are those who see sustainable 
development under the constraint of non-declining natural wealth, wnich does 
not allow for substitution between man-made and natural capital (the strong 
definition). Their concern is that a similar natural endowment should be 
available from one generation to the next. Those advocating the strong def i­
nition challenge the substitutability arglmlellt, as applied to natural environ­
mental capital. They point out that there is no plausible way to recreate the 
ozone layer of the stratosphere or to remove greenhouse gases from the atmos­
phere. Nor is there any plausible technological solution to the problems of 
increasing environmental acidification and/or toxification. Finally, there is 
no way to replace genetic information that is lost when species disappear 
forever. 

14. On the basis of the growing scientific evidence in support of the strong 
definition of sustainable development, UNIDO proposes a definition of ecologi­
cally sustainable industrial development (ESID) that tends to preserve natural 
capital and allows a low degree ot subGtitutability by man-made capital. ESID 
is defined as those patterns of industrialization that enhance economic and 
social benefits for prP.sent and future generations without impairing basic 
ecological processes. 

*For an elaboration of this argument, see D. Pearce, N. Markandya and E. 
Barbier, ~Green Economy (London, Earthscan Publications, 1990), 
chap. 2. 
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15. This definition of sustainability does not admit major man~de changes 
to climate, human interference with the ~arbon cycle, anthropogenically 
induced deforestation of the tropics, accumulation of toxic heavy metals and 
non-biodegradable halogenated organics in soils and sediments or sharp reduc­
tions in biodiversity. It follows, therefore, that any significant degrada­
tion of ecological processes by industrialization, as well as by other human 
activities, is ipso facto unsustainable over long periods. 

III. CRITERIA FOR ECOLOGICALLY SUSTAINABLE INDUSTRIAL DEVELOPMENT 

16. UHIDO proposes three criteria that a particular pattern of industrializa­
tion llUSt satisfy if it is to be deemed ecologically sustainable: 

{a) It must protect the biosphere; 

(b) It must make the most efficient use of man-made and natural capital; 

(c) It must promote equity. 

A. Protection of the biosphere 

1. The concept of eco-capacity 

17. The concept of eco-capacity has two aspects. On the one hand, it refers 
to the capacity of an ecosystem to be resilient, that is to maintain its 
patterns of behaviour in the face of external disturbance. On the other, it 
refers to the capacity of the system to remain stable, that is to raaintain its 
equ!libriLllll in re$ponse to normal fluctuations in the environment. It is the 
first aspect of the concept that is of interest here. 

18. Protecting the biosphere from industrially related activities is a funda­
mental criterion for sustainable development. It is also a very difficult one 
to measure because it is multidimensional. It includes stabilizing the bio­
sphere in the face of the threats from greenhouse gases and ozone-depleting 
substances, maintaining the carrying capacity of natural resource systems 
(forest, fisheries and agricultural land) and protecting the absorptive 
(assimilative) capacity of air, water, and soil from emissions and waste 
discharges. 

19. Complicating the analysis is the continuing expansion of our scientific 
knowledge and the uncertainty surrounding that knowledge at a time when deci­
sions must be made. One has only to look at the environmental concerns cited 
at the beginning of this paper. For example, CFCs came into co111Dercial use in 
the 1930s. ~/ They were heralded as a significant environmental improvement 
because the conmon refrigerants at the time - aJ1111onia, methyl chloride and 
502 - ¥ere not suitable as home refrigerants owing to their noxious and 
toxic properties. In the 1940s, CFCs were used as aerosols for insecticides 
such as dichlorodiphenyltrichloroethane (DDT) and later they were used widely 
as solvents by the microelectronics industry. Only in the early 1970s did 
scientific studies, which were confirmed by direct observations in the 1980s, 
demonstrate that these long-lived substances damaged the stratospheric ozone 
layer. 

20. Another example of expanding knowledge turns up in connection with the 
regulation of 502 in the United States. ZI In 1971., the United States 
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Environmental Protection Agency set the ambient standards for this pollutant 
on the basis of considerable scientific data that had been assembled in the 
1960s; these standards have since been adopted by 11any nations. At the time, 
the Environmental Protection Agency considered the standards adequate to pro­
tect not only human health but also natural ecosyst~. Nov, in the 1990s, it 
is calling for a total loading standard, that is, a further 50 per cent reduc­
tion in 502 emissions, over and above that required by the annual ambient 
standard, because of concern about the effects of acid deposition on natural 
ecosystems. 

2. Stratecies for protection 

21. 'Dlere are nro main strategies for protecting the biosphere. The first, 
which is less restrictive, is to keep annual emissions and wastes from indus­
t~ial activity within the li.llits of ambient enviromaental standards. Ambient 
standards set acceptable concentrations of the various pollutants in the 
~nvironment. They are based on the effects of pollutants on human health and 
on flora and fa1Dla and often vary, particularly for water quality, where they 
depend on the use of the receiving body of water (e.g. more stringent standards 
are required for rivers that are sources of drinking water). Standards are 
difficult to establish because of inadequate scientific information, partic­
ularly about the effects of minuscule concentrations of toxic chemicals. In 
addition, they are difficult to implement because complex modelling is required 
tc relate in~ustrial discharges to overall ambient concentrations. At the 
national and international levels, ambient standards exist for coanon pollut­
ants such as particulate matter and 502 and for several toxic pollutants, 
such as heavy metals and selected organic compounds. 

22. Environmental managers have adopted an alternative in response to the 
shortcomings of ambient standards. 'Dlis alternative, discharge standards, 
emerged in the 1970s in response to the difficulties of relating emissions to 
ambient concentrations. Discharge standards are expressed in terms of the 
concentration of a pollutant in the effluent stream or in terms of the allow­
able quantity of pollutant discharge per unit of raw material or product 
output. 8/ 'Dlese standards, which have evolved over the past 20 years, are 
usually determined on the basis of available technology and economic considera­
tions. While they eliminate the prchlem of relating emissions to ambient 
concentrations, they can reduce pollutant discharges to a greater or lesser 
extent than is needed for environmental protection. 

23. 'Die second major strategy for protecting the biosphere, now emerging in 
light of global and regional environment problems, is to stabilize and eventu­
ally reduce total loadings of pollutants of global and regional concern. This 
more restrictive strategy recognizes the limitations of science in determining 
acceptable concentrations for pollutants that have irreversible effects.* The 
pollutants at issue are those associated with global and regional air pollution 
problems, primarily global warming, ozone depletion and acid deposition, and 
those causing the deterioration of aquatic ecosyste1Js, primarily toxic heavy 

*For example, the United States invested more than $500 million over a 
10-year period in research to determine the amount of S02 reduction that 
would be necessary to protect aquatic and terrestrial ecosystem&. In the end, 
the report could not refute the politir,Al dP.r.iRinn tn rP.dur.e S02 P.missions 
by 50 per cent nor could it suggest another target. 
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metals and chlorinated hydrocarbons. The aim of the total loading standards 
is to reduce pollutant loadings to the environment 
to a level below that required by ambient standards. A clear expression of 
support for total loading standards at the regional level is the Bergen 
Ministerial Declaration on Sustainable Development in the ECE Region, which 
calls for significant reductions in C02 1 502 and NOx emissions and for 
the replacement of hazardous chemicals and their safe disposal. 2/ At the 
national level, one endorsement of the total loading standard for the pollut­
ants of concern is the national environmental policy adopted by the Government 
of the Netherlands. 12/ 

24. The meeting of total loading standards is a more costly and long-term 
strategy but also a more important one because it would impose more stringent 
discharge limitations than ambient standards. Total loading standards call 
for very low levels of pollutant discharge so as to protect tb~ ozone layer, 
the climate-stabilizing system and the key cycles - carbon/oxygen, nitrogen, 
phosphorus and sulphur. It is essential to recognize that continuous reduc­
tion of emissions per llllit of output is not sufficient to achieve ESID. 
F.missions must be reduced in absolute terms, for the industrial system as a 
whole. In the long run this implies (a) the massive substitution of renewable 
(e.g. solar or biomass) energy for fossil fuels, especially coal, and (b) the 
closing of the materials and product cycles through optimal processes and 
optimal products, as discussed in Working Paper III, which discusses the role 
of industry in achieving ESID. 

B. Efficiency 

25. Even if the overriding concern of sustainable development is the preserva­
tion of the natural environment, this should be done in an efficient manner. 
Thus, if there are alternatives for maintaining eco-capacity, the idea would 
obviously be to choose those that minimize input (of energy, for example) per 
output produced or that maximize output per input needed. This follows from 
the fact that the notion of development is central to ESID, and development, 
in turn, implies rising living standards, at least in the broad sense. As 
attested to by economic history, economic development by means of industrial­
ization (the transformation of raw 1118terials into products) has long been the 
path to higher standards of living. Bence industrialization policies have to 
be consistent with achieving the most efficient conversion of raw materials 
into outputs. 

C. Equity 

26. There is one further criterion that needs to be applied, namely the 
promotion of equity. The issue of equity takes a number of forms. The first 
is the equitable distribution of environmental burdens as well as outputs. 
The solution of this issue may have important repercussions tor the preserva­
tion of the environment. If the costs of meeting environmental standards are 
considered to be too high, sizeable segments of the population, many of them 
already poor, will suffer the consequences of this decision, i.e. a degraded 
environment, and this will make them poorer. The cycle spirals downwards 
because poverty ~e.I"--'~ breeds some of the worst forms of environmental degra­
dation, i.e. deforestation, over-exploitation of marine resources, unsanitary 
living conditions etc., as discussed in paragraph 29. 

27. On a global scale, the issue of equity arises in another way. One 
argument is that the industrialized countries, which have benefited the most 
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froa the exploitation of natural resources and the waste assimilative capacity 
of the biosphere, now have a moral obligation to permit the developing coun­
tries to follow similar growth patterns. This argument implies that industri­
alized countries should pay the excess costs incurred by the devel~ping 
countries to protect th~ environment. However, this moral argument is not 
necessarily accepted by those who would have to pay the excess costs. A more 
effective argument might well be based on interlocking mutual security and 
economic interests. '!'his was the argument that justified the Marshall Plan 
after the Second World War. At present, a number of West European countries 
have found it cost-effective, i.e. in their own interests, to assist Poland 
and the other East European countries to reduce air pollution. Such arguments 
can be applied on a global, as well as a regional, scale. 

28. A third aspect of the equity issue is intergenerational equity. The 
present generation is clearly paying for the degradation of natural resources, 
such as deforestation, overgrazing and erosion, caused by earlier generations. 
Future generations will, however, have to pay not only the costs of current 
environmental degradation of the same kind {only accelerated) but also the 
costs of accumulations of atmospheric gases and toxic heavy metals and the 
loss of tropical rain forests and biological diversity. One implication of 
this understanding is that the needs of future generations should be taken 
into account even if this places an additional strain on political institu­
tions, which are normally geare1 to achieving short-term targets and not to 
satisfying future generations.* 

29. Two furthe~ aspects of the equity issue are especially relevant to 
industry. First, all countries need to participat~ in the shift to cleaner 
production processes, which are at the core of ESID. Industrialization in 
developing countries has the potential to go forward with much smaller energy 
and raw material inputs than developed countries needed at similar stages of 
industrialization. (Cleaner production processes could waximize this poten­
tial, as discussed in section V.) Secondly, unless employment opportunities 
are created for marginalized populations, they vill continue to resort to 
environmentally unsound farming, grazing and fishing, giving rise to environ­
mental disasters such as desertification, deforestation and the depletion of 
topsoils. One study estimates that deforestation in developing countries 
accounts for 23 per cent of global COz emissions and says that it shows 
little sign of diminishing. 11/ 

*Indeed, there is a deep underlying ethical divide on the issue of inter­
generational equity. On one side are those who argue that discounting, which 
is how society currently evaluates the future costs and benefits of present 
actions, is ethically justified because future generations will be the gainers. 
While current generations may use up the earth's natural resource3, they endow 
their descendants with greater scientific knowledge end more powerful technol­
ogies, not to mention invested capital, than their ancestors left them. On 
the other siue are those who see man as part of nature with no special rights 
over other species. Somewhere in between is Thomas J~fferson's view that the 
environment is a co11111on property of all generations, held by the living in 
usufruct for the unborn. These two positions correspond to very different 
choices of a discount ratP.: very high in the first case and very low (or 
zero) in the second. 
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30. It is difficult to lay out a path that would consistently satisfy all 
three criteria.* There will have to be trad~-off s between them, and these 
will be based on value judgements. For instance, a certain investment strategy 
might create more jobs, but it would not necessarily lead to the most econom­
ically efficient production, which is often based on capital-intensive, clean 
technologies. Similarly, there might be tra~e-offs between economic efficiency 
and the protection of eco-capacity. Pollution reduction measures, particularly 
those that reduce conventional pollut&nts, might not be the most economically 
efficient investments because they would divert capital from more productive 
investments. Trade-offs between efficiency and eco-capacity for pollutants 
that threaten basic life support systems are a lesser problem. At any rate, 
the criteria will have to be weighted, and this can only be done through the 
political process. Whatever the outcome of such a process, it is essential 
that the importance of the criteria is understood by the affected public. 

IV. PROGRESS TOWARDS ECOLOGICALLY SUSTAINABLE INDUSTRIAL DEVELOPMENT 

31. The question that now arises is, Bow well is industry doing in meeting 
the three criteria for ESID? It is a difficult question to answer because 
there is a lack of industry-specific data, but a reasonable assessment can 
be made using existing data and approximate measures. 

32. In accordance with the preventive strategies discussed in section III, 
UNIDO suggests two ways to measure progress towards protecting the biosphere. 
One is compliance with ambient environmental standards, the other is compliance 
with total loading standards. 

A. Ambient standards 

33. Industry is only one of many contributors to the degradation of the 
environment. Agriculture, mining, energy, transport, services and households 
also contribute in varying degrees. Not enough data are available at the 
global level to assess the relative contribution of these various sources to 
ambient environmental deterioration. There is information, however, on the 
relative contribution of pollutant loadings into the environment. 

34. Environmental deterioration associated with industrial development occurs 
at both the input and the output sides of production activities. Industrial 
production requires the input of a wide variety of natural resources, such as 
water, energy, minerals, forest products and other raw materials whose rapid 
depletion may cause environmental damage and ecological disruption. On the 
output side, the manufacturing process generates myriad wastes, including 

*There are a number of elegant mathematical models of thJ economic growth 
process that suggest how in theory the three criteria for ESID ought to be 
integrated to achieve optimal growth. Such models have been surveyed by 
R. Solow, "On the intergenerational allocation of natural resources", 
S~andinayian _ __JQrnuL.kQilQlllic.i, vol. 88 (1986), pp. 141-149. The argu­
ments have recently been taken further by K.-G. Maler, "Sustainable develop­
ment", World Bank, Washington, D.C., 1989 and by E. Barbier and A. Markandya, 
"The conditions for achieving environmentally sustainable development", 
f;.lU'.Q~iUL.£t2n.0JlliL.B.eYi.e..~, vol. 34, No. 2/3 (1990), pp. 659-669. 
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hazardous wastes, toxic chemicals and thermal wastes, that pollute the soil, 
the air and surface water and groundwater. On the output side, too, many 
manufactured end-products, such as pesticides, detergents, paints, plastics 
and combustion engines, add to the pollution. 

35. In Industr:y and Pevelopment:___JU,obal Report 1990/91, UNIDO assessed the 
global degradation of the environment from both th~ input and output sides of 
production activities. J/ On the input side, it looked at the consumption of 
water, energy and mineral resources: 

{a) ~- Industry uses much less water than agriculture, but it 
pollutes the water more. Although more than 80 per cent of the water used for 
cooling and cleaning is returned, the returned water is of ten contaminated by 
industrial effluents and thermal pollution; 

(b) Ener&J· In the countries of the Organisation for Economic 
Co-operation and Development (OECD), industry used more energy than any other 
sector in 1970-1987. Its share ranged from 40 per cent in 1970 to 33 per cent 
in 1987. The industrial share of energy consumption in developing countries 
varied from country to country, ranging from 63 per cent in China to 20 per 
cent in West Africa; 

(c) Mineral resou~. There seems to be no cause for concern about 
the exhaustion of mineral resources within the foreseeable future, although 
political disruptions can always lead to temporary shortages. More important 
in connection with mineral resources are the environmental problems posed by 
their production and industrial use; 

36. On the output side, the Global Report analysed air pollution, water 
pollution, solid wastes, hazardous · ~stes and toxic chemicals: 

(a) Air ~ollution. The manufacturing sector is not the sector that 
generates the most air pollutants. Each major air pollutant has a different 
major source: 'electricity generation accounts for the bulk of anthropogenic 
emissions of 502; transport activities, for NOx and CO; and motor vehicles, 
for hydrocarbons and lead. Industry, however, is a major source of particulate 
emissions in m~ny countries; 

' (b) Wate~ pollution. Industry is responsible for a fairly large share 
of wa~te-water,discharges containing traditional pollutants. Estimation of 
the share is cqmplicated by the fact that in many countries industry discharges 
its waste into,municipal wast~-water systems. Fragmentary data indicate that 
the share of industry in total waste-water discharges is roughly 20 per cent; 

(c) 5-olid w~~. An inter-country comparison of solid waste generation 
is difficult owing to the different definitions for categories of wastes. A 
few country estimates are as follows: industry's share of solid waste genera­
tion accounts for 17 per cent of the total in the United States, 9 per cent in 
France and 60 per cent in Japan; 

(d) Hazardous wastes. National data on hazardous wastes are scar~e and 
incomplete. Even when available, they are not comparable because of the widely 
varying definitions and classification schemes for ~azardous wastes adopted by 
different countries. Bearing these limitations in mind, the fragmentary data 
show that, with some minor exceptions, the largest portion of hazardous waster. 
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is generated by industrial production. For instance, in the United States 
over 85 per cent of the hazardous waste is accounted for by the manufacturing 
sector; in Thailand, this share is over 95 per cent; 

(e) Toxic chem~· It is difficult to estimate the quantity of toxic 
chemical wastes produced in different countries each year, partiy because the 
term "toxic" is defined differently in different countries. Some recent data 
from the United States seem, however, to permit the identification and quanti­
fication of the types and sources of toxic chemical wastes. The chemical 
industry accounted for 54 per cent of the total releases, followed by the 
paper products and primary metals subsectors. 

37. In suaaary, while the available data allow a reasonable assessment for 
industrialized countries, the relative contribution of industry to overall 
environ.mental degradation in developing countries is little known. For OECD 
countries, the industrial sector in 1987 accounted for 15 per cent of the 
total water use, 25 per cent of N<>x, 35 per cent of final energy use, over 
40 per cent of 502 emissions, 50 per cent of greenhouse gas emissions, 60 per 
cent of the water pollution (biochemica1 oxygen demand), 75 per cent of non­
hazardous inert waste and 90 per cent of toxic substances discharge to water. 
For developing countries, as well as the countries of Eastern Europe, the data 
on the relative contribution of industry to environmental deterioration are 
very fragmentary, as can be seen in a recent report from the Economic and 
Social Commission for Asia and the Pacific (ESCAP). 12/ There is obviously 
significant variation, given the different levels of industrialization, between 
devel~ped and developing countries as well as among developing countries. For 
example, industry's share of total final energy use, which use constitutes a 
major threat to the biosphere, was 34 per cent in Africa, 40 per cent in Latin 
America and aroun~ 55 per r.ent in Eastern Europe. 13/ 

B. Tu!.al_ loadings 

38. M~eting current ambient standards is insufficient to prevent global and 
regional environmental problems. These ambient standards were formulated to 
protect local populations and natural resources, and they focus on concentra­
tions, or flows, of pollutants. Total loading standards for some pollutants 
reflect the fact that the cumulative stocks of these pollutants in the environ­
ment, as well as the flows into it, are significant and must be reduced. 
Except in the case of CFCs, the extent to which they must be reduced is an 
open question. 

39. Global emissions of C02 from energy use, expressed on a total carbon 
basis, increased from 4.0 billion tonnes in 1970 to approximately 5.2 billion 
tonnes in 1985 (table 3). They are projected to reach 10.2 billion tonnes 
(the mid-point estimate) in the year 2025. 14/ Industry's share of these 
emissions is estimated to have been 2.0 billion tonnes in 1985, assuming that 
industry uses slightly more than one third of the world's energy. In 1985, 
the industrialized countries emitted about SO per cent of this total, the 
Union of Soviet Socialist Republics (USSR) and the countries of Eastern Europe 
about 25 per cent and the developing countries about 25 per cent. In 2025, 
the distribution is projected to be 35 per cent, 25 per cent and 40 per cent 
owing to more rapid industrialization in developing countries and the positive 
linkage between energy consumption and industrial output. Currently, develop­
ing countries are experiencing the most rapid increase in C02, with average 
annual growth of 3.7 per cent compared to 1.2 per cent and 2.6 per cent for 
OECD countries and the USSR and Eastern European, respectively. 
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40. Global emissions of CFCs increased from 0.8 billion tonnes in 1970 to 
1.5 billion tonnes in 1985 and are estim.~ted to increase to 3.9 billion tonnes 
by 2025 (table 3). In 1985, the industri.aJ.ized countries emitted about 70 per 
cent of the world's total, the USSR and the countries of Eastern European about 
15 per cent and developing countries (includin2 ~!.~na) about 15 per cent. In 
2025, the industrialized countries are projected to emit about 40 per cent of 
the world's total, the USSR and countries of Eastern Europe about 15 per cent 
and developing countries about 45 per cent. 

41. Global emissions of S02 increased fro:n 63 million tonnes in 1970 to 
80.5 million tonnes in 1985 and are projected to increase to 235 million tonnes 
by 2020 (table 4). These emissions are primarily (85 per cent) attributable to 
fossil fuel combustion (coal and oil) and secondarily to petroleum refining, 
the smelting of sulphur-containing ores (cop~er, lead and zinc) and sulph,.ric 
acid production. Assuming that industry uses one third of the world's energy, 
it was either directly or indirectly (by purchases of electricity) responsible 
in 1985 for 30 million tonnes of S02 emitted into the atmosphere. In 1985, 
industrialized countries emitted about 40 per cent of the total emissions, the 
USSR and countries of Eastern Europe for slightly more than 30 per cent and 
the developing countries for slightly less than 30 per cent. In 2020, the 
industrialized countries are projected to emit about 15 per cent of the world's 
total, the USSR and the countries of Eastern Europe about 15 per cent and 
developing countries about 70 per cent. Most of the increase in emissions by 
2020 will be attributable to the increased use of coal in China. 

42. Data on the accumulation of trace metals in soils and sediment~ over the 
past decades are limited, especially in developing countries.* In the past, 
developed countries were the main culprits in the discharge of trace metals, 
but the trend is revereing: " ••• the combination of natural resource endow­
ments, the constraints imposed by population growth and economic development, 
and the lack of government regulations can only lead to an increase in the 
rates of toxic metal discharge in developing countries''. ~/ 

43. Three activities are usually of greatest concern: the mining, smelting 
and refining of metals; the burning of fossil fuels for energy production; and 
the manufacturing processes, especially the production of metallic co111Dercial 
products. A brief look at table 2 confirms t~at these activities are the main 
contributors of trace metals into the atmosphere. Manufacturing processes 
alone, ignoring ener~y use, are significant contributors of chromium, manga­
nese, nickel, thallium and zinc. 

*The annual production of metals, both from virgin ores anJ from secondary 
sources, is known with reasonable accuracy. The annual <.:onsumption of non­
ferrous metals has been roughly constant or even dec~.lning in the United States 
for the last 20 ye~rs. The fraction obtained each year from secondary sources 
has also remained roughly constant except in the case of lead, where the frac­
tion derived from secondary sources has risen sharply owing to the ban on lead 
in gasoline. What these data mean is that between half and seven eighths of 
the annual consumption of each of the heavy non-ferrous metals becomes dis­
persed and dissipated beyond economic recoverability. The situation in develop­
ing countries may be slightly better o~ing to greater incentives to conserve, 
but the range of uses is much the same, and for 'llOSt d5.ssipative uses, from 
paint to pesticides, recovery is simply not f~asible. 



Table 3. Emissions of C02 and CFCs in 1985 and 2020 

~2 
128.2 2.Q2Q Q[Q.i 

Country or 106 tonnes/ 1(16 tonnes/ l28!2 202.2 
Category region yr as C " yr as C " iol:. kg/yr '%. io6 kg/yr '%. 

Industrialized United States l 398 ) l 699-2 110 ) 441 ) 548 ) 
countries OECD Europe/ ) ) ) ) 

Canada 795 ) so 1 096-1 397 ) 35 417 ) 70 765 ) 40 
OECD Pacific 302 ) 411-603 ) 199 ) 306 ) 

Centrally Eastern ) l 398 25 l 754-2 822 25 232 15 567 15 
planned Europe/USSR ) 
economies ~ 

VI 

I 

Developing Centrally 
countries planned Asia 521 ) l 014-2 000 ) 29 ) 212 ) 

Middle East 110 ) 493-712 ) 13 ) 90 ) 
Africa 192 ) 25 192-795 ) 40 65 ) 15 458 ) 45 
Latin America 192 ) 438-904 ) 46 ) 291 ) 
South-East Asia 302 ) 493-1 370 ) 88 ) 618 ) 

Total 5 210 100 7 590-12 713 100 1 530 100 3 855 100 

Sources: United Nations Environment Programme, Environmental Data Report, second ed. 1 1989/90 1 prepared 
by GEMS Monitoring and Assessment Research Centre (Oxford, Blackwell, 1989). U.S./Jt~pan Expert Group (1990); 
Task A Report \1990). 
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Table 4. Emissions of S02 in 1970, 1985 and 2020 

Emissions 
(million 

tonnes/yr) 

23.0 

26.0 

~ 

63.0 

1970 
Share of 

world total 
(t.) 

37 

41 

_ll 

100 

Emissions 
(million 

tonnes/yr) 

31.0 

26.0 

lLl 

80.5 

1985 
Share of 

world total 
('%.) 

40 

30 

-3..Q 

100 

Emissions 
(million 

tonnes/yr) 

35.0 

36.0 

ill_.~ 

235.0 

2020 
Share of 

world total 
('%.) 

15 

15 

_JJJ 

100 

Sources: J. N. Galloway, "Atmospheric acidification: projection for the future", Am12io., 
vol. 18, No. 3 (1989), pp. 161-166; Global Environment Monitoring System (GEMS); UNEP, 
Environmental Data Report, second ed., 1989/90 (Oxford, Blackwell, 1989). 

1:-­
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V. THE ROAD TO ECOLOGICALLY SUSTAINABLE INI'USTRIAL DEVELOPMENT 

A. l'he opportwii_ty 

44. Predicting the future is difficult, but a plausiole scenario for achieving 
ESID is clear. A recent report from the World Resources Institute stated as 
follows: "human impact on the natural environment depends fwidamentally on 
an interaction among population, economic growth and technology. A simple 
identity encapsulates the relationship: 

Pollution = Pollution x 
GDP 

GDP 
Population 

x Population 

Here, pollution, widerstood as environmental degradation, emerges as the 
p~oduct of population, income levels (the GDP per capita term) and the 
pollution intensity of production (the pollution/GDP term)". 16/ 

45. Clearly, the one variable that can be most easily affected in the short 
rwi in this relationship is pollution intensity.* Over the next 20 years (the 
time frame for this analysis), world population is predicted to increase from 
S.3 billion to 7.2 billion (table 1). Similarly, per capita GDP is predicted 
to increase from $2,900 to $4,100 and per capita MVA from $960 to $1,400. The 
only choice for avoiding environmental disruption is to reduce pollution inten­
sity by, in the short term, cleaner production and, in the long term, closing 
the materials and product cycles and shifting to renewable energy resources. 

46. The interaction of the three variables is much more complex than indicated 
by the simple identity above. For example, as per capita GDP increases, the 
resources needed for reducing pollution intensity increase and the growth of 
population declines. Similarly, as per capita income increases, the public 
demand for reducing pollution intensity increases. 

B. Cleaner production 

47. The concept of cleaner production is evolving from earlier concepts of 
clean technology and low and non-waste technology. The old concept of clean 
technology was seen in 1979 by the Commission of the European Communities as 
having three distinct but complementary purposes: (a) less pollution dis­
charged into the natural environment (water, air and soil); (b) less waste 
(low waste and non-waste technology); and (c) less demand on natural resources 
(water, energy and raw materials). 

48. Although there is no agreed definition for cleaner production, just 
as there is no agreed definition for sustainable development, there is 
some consensus emerging, as evidenced at the United Nations Environment 

*A similar recommendation is contained in Economic Conunission for Latin 
America and the Caribbean, S!i~-t;~JoabJe ___ p_~Y~lQpm_~11t; ___ C.b.an.&log_~t:Q.d.u.G.-UOJ\ 
P_aiJ.e.rn.JJ_, _ SQ.cbJ. ~gfil t_y _arvi_ t_l)e. ~n:v;i.t .1nen t (LC/G .1M8 (CON. 80/2)), pp. 101-103. 

, 
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Prograrmne (UNEP) Seminar on the Promotion of Cleaner Production.* The advisory 
group for the Seminar suggested that cleaner production should be defined as 
" ••• a more global approach to environmental protection wh~cn would address 
all phases of the production process or product life cycle.;, with the objective 
of prevention and minimization of short- and long-term risks to humans and the 
environment. Such an approach includes 'cradle-to-grave' minimization of 
wastes and emissions to air, water and soil, as well as minimization of energy 
consumption and the use of raw materials". 17/ 

49. The term cleaner production is technically and operationally very 
difficult to define, particularly in relation to the "cleanliness" of 
products.** For the purposes of this paper, cleaner production is best 
thought of as two things at or.ce: a new environmental quality goal for 
industry and, at the same ti.me, a new approach for achieving that goal. 

50. The new environmental quality goal would require industry to move beyond 
the current norm, which generally calls for meeting ambient standards. As 

' stated earlier, ambient standards are not able to protect the environment from 
cumulative loadings of pollutants into it. The emerging environmental norm, 
total loading standards, initially calls for reducing wasteful loading into 
~hP. environment. Industry would meet these total loading standards by 
increasing the efficiency of energy use, reducing dependence on non-renewable 
resources, reducing dissipative uses of toxic materials etc. In the long run 
(50-100 years), total loading standards would aim for closing the materials 
and product cycles and shifting to renewable energy resources. Closing the 
materials cycle would require industrial processes to move, as technically and 
economically feasible, to zero waste discharge, particularly of fossil-fuel­
related pollutants and toxic chemicals. Closing the product cycle would 
require industry to manage products over their entire life cycle, from material 
extraction, manufacturing and use through disposal. Elements of such a policy 
are already in place, e.g. in the automobile industries of several countries. 

51. The new approach for achieving this go~l would turn the traditional 
approach to environmental management upside down. The current approach looks 
first for ways to reduce pollutants aft~r industrial processes have already 
generated them. It requires the application of end-of-pipe technologies, such 
as waste-water treatment plants, filters on smoke stacks and the incineration 
or neutralization of wastes and, finally, the burial of the residue. The 
current hierarchy for pollutant reduction is as follows: 

Final disposal 
Treatment 
Treatment with energy and materials recovery 
Reuse and recycling 
Reduction 
Prevention 

*Even now it is not universally called cleaner production. In the United 
States, the Environmental Protection Agency calls it pollution prevention, and 
in the United Kingdom, the Department of the Environment retains the name clean 
technology. 

**See J/ for a comparison of plastic bottles and paper carto~s as clean 
products. 
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52. The new approach that is emerging for environmental management reverses 
the priorities for management of pollutants at the firm or establishment level. 
The new hierarchy looks first for pollution prE!Vention opportunities, such as 
product and process changes and on-site recycling and recovery, before turning 
to pollution abatement measures. It is as follows: 

Prevention 
Reduction 
Reuse and recycling 
Treatment with energy and materials recovery 
Treatment 
Final disposal 

53. This new approach to environmental management is ~rging for several 
reasons. First, industry, particularly progressive companies, is realizing 
that the new priorities are a less expensive and thus more profitable approach 
to environmental management. Secondly, it is aware that sooner or later it 
will be forced by Govenunents and public pressure to reduce pollutant loadings 
to the environment. Both industry and Government know that the treatJDent and 
burial approach will not meet total loading standards and sometimes not even 
ambient standards. 

54. One example of the inability to meet ambient standards is the reduction 
of dioxin discharge from pulp and paper mills. The treatment of waste water 
will not reduce dioxin discharge sufficiently to meet ambient standards, so 
industry is changing its bleaching process and significantly reducing the 
amount of chlorine use. 

55. The availability of cleaner production options, which includes both source 
reduction and pollution control equipment, depends on whether ambient or total 
loading standards are being pursued. Cleaner production options are generally 
available for meeting ambient standards, as is attested to by the success of 
some industrialized and developing countries. 

56. Although cleaner production options are generally available, they may not 
yet be applicable to all production processes. For example. some developing 
countries use agricultural residues (straw and bagasse) in the pulping process. 
Since these raw materials have different properties from wood pulp, e.g. a 
higher silica content, not all cleaner production options developed for 
reducing the conventional water pollutants associated with wood pulping are 
applicable to the pulping of agricultural residue. 

57. The availability of cleaner production options for meeting total loading 
standards, which call for significant reduction in pollutants beyond that 
neede1 to meet ambient standards, can be questioned, but there is some evidence 
that significant reductions are possible. A number of approaches have proven 
themselves useful - and, in many cases, profitable - in practical applications 
in the indutil~i~ll~c<l CuUiitries. This is particularly true for technologies 
that optimize the use of energy. i8/ Indeed, many of these technologies are 
not only available today but, if implemented, could realize net savings of 
both energy and money and simultaneously decrease the burden on the 
environment. 1.2/ 

5~. The existing inefficiencies give an indication of potential energy 
savings. A comparison of energy consumption per unit of output in developing 
countries and industrialized countries shows that energy consumption, in 
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tonnes of oil equivalent, per million dollars of real GDP is 440 in the former 
as opposed to 290 in the latter, i.e. over 50 per cent more per unit of output 
(table 5). Another comparison is industrial energy consumption per million 
dollars of real industrial value added. On average, developing countries use 
twice as much energy as developed countries to produce the same output. These 
inefficiencies may be attributed to factors such as the improper management of 
the industrial production process; lack of sophisticated technologies; and 
wrong pricing. 

Table 5. Final energy consmiption and economic activity 
in OECD countries and developing countries, 1985 

Item a/ 

Per capita final energy 
consumption, toe 

Per capita industrial energy 
consumption, toe 

Real GDP per capita, 1980 dollars 

Real MVA per capita, 1980 dollars 

Final energy consumption per 
million dollars of real GDP, toe 

Industrial energy consumption per 
million dollars of real industrial 
value added, toe 

OECD 

3.102 

1.096 

10 815.0 

2 769.0 

286.8 

276 

Developing 
countries 

0.323 

0.159 

773 

289 

440.16 

550 

Ratio of OECD 
to developing 

co\Dltries 

9.6 

6.89 

14.75 

9.58 

0.65 

0.50 

Source: UNIDO, Industry and Development: Global Report 1991/92, 
forthcoming. 

a/ Tonnes of oil equivalent = toe. 

59. There are several options for achieving total loading standards for 
energy-related pollutants. These options include the following: 

(a) Devices to control the speed of rotating process equipment such as 
~--- -··--- __ _, --.!•-·---· LGU09 t'UIUt'O cuau ca5~'"'a'"'u.a.09 

(b) The enhancement of heat recovery from gases and liquids and the 
recycling of this heat; 

(c) Computer-aided systems to control the temperature, flow and speed of 
energy etc.; 

(d) Cogeneration to produce both heat and power. 'lJJ./ 
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60. Several options are also available for achieving total loading standards 
for toxic chemical pollutants. These options include the following: 

(a) The replacement of chemical processes by mechanical processes; 

(b) The replacement of single-pass rinse processes by counter-current 
processes; 

(c) The replacement of single-pass processes by closed-loop processes; 

(d) The replacement of organic-solvent-based inks, paints and coatings 
by water-based ones; 

(e) The replacement of mercury, cadmium and lead by other less toxic 
substances for pigments, catalysts, batteries etc.; 

(f) The replacement of halogenated compounds by non-halogenated 
compounds; 

(g) The installation of physical separation technologies such as ion 
exchange, ultrafiltration and reverse osmosis to allow the recycling of useful 
components; 

(h) The installation of more accurate sensors, microprocessors and other 
types of monitoring equipment. 21/ 

61. Many dissipative uses of toxic metals could essentially be banned by a 
stroke of the pen. In the case of tetraethyllead, some cost was involved: the 
same octane nlUDber can be achieved only at higher cost, either by the addition 
of alcohols or by more intensive refining and the use of greater amounts of 
aromatics, such as benzene, xylene and toluene. It is difficult to generalize 
about the cost of eliminating other dissipative uses. Many have been replaced 
by better substitutes (largely the case with organometallic pesticides, for 
instance). A few may be very difficult to eliminate, in which case the 
emphasis should probably be on recovery and recycling. 

62. The full attainment of sustainable practices remains an open-en~ed task. 
The main difficulty is clearly in the area of recycling and rcmanufacturing. 
The closing of the materials cycle and the product cycle is essential for 
long-rwi sustainability. A brief discussion of the implications of these 
concepts seems appropriate at this point. Figure V illustrates the situa­
ti~n in the iron and steel industry. The familiar (and unsustainable) once­
through sequence of materials transformation activities, beginning with raw 
materials extracted from the earth's crust and ending with waste rer.iduals 
returned thereto, is represented schematically by solid lines. The additional 
generic activities that would be needed to close the materials cycle in the 
industrialized countries are represented by dashed ~ines. It is well worth 
emphasizing ~hat these act.ivii.ie::z; are:: ahe::C1uy <.:ot:L"it:d (11i iii mu.;i:. vf t:;.:: f>vvi"ei" 
cowitries, although they tend to be informal, decentralized and technologic­
ally WlSophisticated. Similar activities in other sectors, such as composit~ 
materials and plastics, will not be as easy to achieve. The case-study on 
plastics and plastics recycling describes some of the difficulties for closing 
the materials cycle in that sector. 

63. Additional research into the potential for remanuf acturing i,s needed 
because it remains an opportunity for both developed and developing countries 
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Figure V. The materials cycle for iron and steel 
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that has yet to be exploited and that has significant implications for ESID. 
Remanufacturing may be defined as "the disassembly, inspection, refurbishing, 
reassembly and final testing of worn durable products, a process that renders 
them usable and less costly to both producers and consumers". 1.11 It requires 
smaller capital investments and fewer labou~ skills than the manufacture of 
original equipment. In remanufacturing, the cost of energy is only 20-25 per 
cent that of the energy cost in original manufacture; the cost of materials is 
cut even more, to 15-20 per cent. In addition, recycling and remanufacturing 
activities will need supporting industries, such as those that manufacture 
measuring and automatic control devices, and they will in many cases offer new 
employment opportunities because they are labour-intensive. 

64. The above is only part of the story, and in the long run probably the 
less important part. The adoption of cleaner production at the establishment 
level is clearly necessary, but it is not sufficient. It is increasingly 
clear that the world economic system must be re-oriented. There is a need 
to reduce dependence on fossil fuels, especially coal; the need to close the 
material and product cycles hao already been mentioned (paragraph 49). 
Structural changes like these will occur only if and when appropriate economic 
and regulatory incentives are created. Such incentives may include resource 
or emissions taxes, tradeable permits, subsidies and even outright bans on 
certain materials. These ar~ discussed ir. Working Paper IV. 

VI. THE EFFECTS OF CLEANER PRODUCTION ON UNIT COSTS 

65. Although neither UNIDO nor any other institution has assessed in detail 
the economic aspects of achieving ESID through cleaner production, fragmentary 
data suggest that such production would also be more efficient. Clearly, 
additional research is needed in this area. 

66. The evidence that cleaner production measures can reduce rather than 
increase unit production costs and hence improve productivity is still 
fragmentary. To date, such measures account fer only a relatively small 
fraction of total environmental investments in both industrialized and 
developing countries. Nevertheless, nwnerous case-studies presented in J/ 
suggest that cleaner production systems can lower production costs and reduce 
emissions and are available for many sectors. 

67. An enterprise adopting cleaner production processes may realize one or 
more of the following benefits while reducing industrial pollution: '1.1/ 

(a) Savings in raw :··.aerials and energy; 

(b) Decreased waale management costs; 

(c) Improved product quality; 

(d) Enhanced productivity; 

(e) Decreased down-time; 

(f) Reduced worker health risks and environmental hazards; 

(g) Decreased long-term liability for the clean-up of waste materials 
that might otherwise have been buried; 
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(h) Improved public image for the company. 

68. A survey in the United States of more than 500 companies that adopted 
cleaner production processes fo\llld that each company reduced industrial wastes 
by between 85 and 100 per cent; even more importantly, the investment payback 
periods were short, only one month to three years. These benefits accrued to 
old industries as well as to high-technology i~dustries. The technological 
changes included the incorporation of advance technologies, such as ion 
exchange and ultrafiltration; process modifications involving the replace-
ment of an old substance by a new, less-polluting material; and the adoption 
of processes that were less che.:;ical-intensive and more mechanical-intensive. 
The most dramatic case was that of the photographic firm PCA International Inc., 
which is included in table 6. The initial cost of $120,000 for the process 
modification was paid back in a few months by annual savings in the cost of 
developing solutions ($360,000), fixer solution ($25,000), bleach solution 
($780,000) and silver recovery ($1,410,000), a total annual saving of 
$2,575,000. Zll 

Table 6. Examples of waste reduction and payback periods 
of clean technologies in the United States 

Industry 

Pharmaceutic 
production 

Equipment 
manufacture 

Farm equipment 
manufacture 

Automotive 
manufacture 

Micro-electronics 

Organic chemicals 
production 

Photographic 
film processing 

Method 

Water-based solvent 
replaced organic 
solvent 

Ultrafiltration 

Proprietary process 

Pneumatic cleaning 
process replaced 
caustic process 

Vibratory cleaning 
replaced caustic 
process 

Absorption, scrap 
condenser, 
conservation vent, 
floating roof 

Electrolytic recovery 
ion exchange 

Reduction of waste Payback period 

100% < 1 year 

100% of so!vent and oil; 2 years 
98% of paint 

80% of sludge 2.5 years 

100% of sludge 2 years 

100% of sludge 3 years 

95% of cwnene 1 month 

85% of developer; < 1 year 
95% of fixer, silver 
and solvent 

- ---- - ---- ---- -

SmJ.r~: D. Huisingh, "Cleaner technologies through process modifica­
tions, materials 'substitutions and ecologically based ethical values", 
lrut_uatn.arul.Enti:r2Jllllm..t, vol. 12, No. 1 (1989). 
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69. Case-studies in Europe are reporting similar findings. The l..andskrona in 
Sweden and the Prisma projects in the Netherlands confirm results achieved in 
the United States. 24/ 

70. Although cleaner production systems are penetrating industry in developing 
countries, the number of applications is probably not as great as in indus­
trialized countries, and the documentation is minuscule. There are some data, 
however, in the International Cleaner Production Information Clearinghouse of 
UNEP,* including reports on several textile mills in India. Where such data 
are reported, the payback is in the range of one month to a few years. Another 
example is a meat factory in Poland, which reports a payback period of five 
months for reduced water consumption and of one year for heat recovery. 

71. There is, moreover, little reason to believe that meeting the requiremeuts 
of ESID will require extraordinary resources, even in the case of the pollution 
control approach, which in the long run is likely to be more costly than the 
prevention of pollution through better management and technology. A recent 
OECD study of pollution control expenditures for eight countries with rela­
tively complete data shoved that expenditures varied between 0.8 and 1.7 per 
cent ~f gross national product (GNP). 2.5./ On average, countries with the most 
stringent environmental progranaes spend about 1.5 per cent of their GNP to 
reduce pollutants from all sectors. On the basis of data from the United 
States and Germany, the manufacturing sector appears to account for about 
25 per cent of the total expenditure, or about 0.4 per cent of GNP. The new 
approach to pollutant releases, which starts with source reduction (process 
and product changes) rather than pollution abatement and which emphasizes 
ambient rather than uniform discharge standards, would result in the manufac­
turing sector in developing countries spending reasonable sums on pollutant 
reduction to achieve compliance with ambient and total loading standards. 

VII. EFFECTS OF CLEANER PRODUCTION ON EMPLOYMENT 

72. The present pattern of industrialization has a limited capacity to absorb 
labour.** For example, a 10 per cent change in MVA in the Indian subcontinent 

*UNEP Industry and Environment Office at Paris. 

**According to~/, there are many reasons why employment growth in the 
manufacturing sector is falling behind both its own output growth and employ­
ment growth in the service sectors in developing countries. These include 
(a) widespread factor price distortions in many developing countries, such 
as high wage rates in modern manufacturing industries, credit subsidies to 
investment, overvalued exchange rates and favourable tariff treatment of 
imports of capital goods, all of which contribute to the adoption of more 
capital-intensive techniques of production in the manufacturing sector; 
(b) greater scope for scale economies, factor substitution and technological 
change in the manufacturing sector, which would lead to productivity gains 
and lower labour input requirements; and (c) the rigid structure of produc­
tion in the service sector, characterized by a rather narrow range of factor 
substitution possibilities of the labour-intensive type and inefficient 
production processes. 
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resulted in only a 5 per cent change in manufacturing employment in the 1970s; 
this figuce deteriorated further in the 1980s, '· ~n there was only a 1 per 
cent change in employment for a 10 per cent change in MVA.* 

73. It does seem that an ESID strategy based on cleaner production has the 
potential for employment generation both in industry in general as well as in 
the environmental services sector, energy conservation and recycling and 
remanufacturing in particular. 

74. The environmental services industry is not yet a clear-cut sector of the 
economy but rather a collection of companies from vastly different branches, 
all of whom supply goods and services used in environmental management. For 
this reason, data on the size of the environmental services industry are not 
readily available. However, a study recently completed for the United States 
Environmental Protection Agency shoved that it is now an important factor in 
the economy. 21.I It is a highly diverse collection of businesses that provide 
about $100 billion a year in goods and services (1.9 per cent of the total 
economy in 1989) and employ about 2.2 million people out of a total workforce 
of about 120 million. Similar data are difficult to find for other industrial­
ized cotmtries or for developing cotmtries. The potential for employment is 
there, however, as revealed in a survey carried out in Latin America. ~/ The 
survey concluded that regional demand for environment-related equipment will 
expand at not less than 10 per ce,t, on average, ln the 1990s, a rate similar 
to that in developed cotmtries in the 1980s. 

75. The implementation of energy efficient technologies to achieve ESID offers 
yet another opporttmity for employment generation. As cited in ZCJ./, a report 
published by the Cotmcil on Economic Priorities concluded that investments in 
energy efficiency, conservation and solar technology provided more than twice 
as much employment as new energy sources. It fotmd that "at th~ local level, 
where saving from efficiency improvements would be recirculated in the economy, 
a dollar spent on energy efficiency produced four times as many jobs as one 
dollar invested in a new power plant". JS)_/ Another study, conducted in 1985 by 
the COD1Dission of the European Conmunities, reached the same conclusions • .J.l/ 
A look at table 7 clearly shows that renewable technologies in fact generate 
more employment than conventional technologies. 

76. Similarly, recycling and remanufacturing have the potential to generate 
new jobs. One study that reviewed remanufacturing in the United States in 
light of its implications for developing countries concluded that it would 
open up significant employment opportunities for low-skilled and moderately 
skilled workers: "Despite the fact that remanufacturing serves to recapture 
labour that does not have to be duplicated, the activity itself is labour 
intensive and furnished employment for a range of labourers, especially those 
with moderate skills". 21../ Remanufacturing can also offer jobs to those 

*UNIDO calculation. To some extent, these findings understate the employ­
ment generating capacity of the manaufacturing sector in developing countries. 
They fail to take into account the substantial secondary effects of industrial 
investment resulting from interindustry purchases of inputs and income-induced 
effects of private consumption. 
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workers who have been displaced by technological innovations. A study that 
reviewed recycling from municipal refuse cited several examples of employment 
and income being generated by recycling activities in developing countries. Jl,./ 

Table 7. United States direct employment generated by 
electricity-producing technologies 

Technology 

Nuclear 
Geothermal 
Coal a/ 
Solar thermal 
Wind 

-. 

Jobs 
(per terawatt-hr per year) 

100 
112 
116 
248 
542 

Source: Lester R. Brown and others, State of the World 1991: 
A Worldwatch Institute Report on Progress Toward a Sustainable Society 
(New York, Norton, 1991). 

a/ Includes coal mining. 

VIII. APPROPRIATE ROLES 

77. Whatever specific goals and actions are agreed to achieve ESID, it will 
require cooperation among industry, government, trade unions, citizen groups 
and international organizations. 

A. Government 

78. The key actor in the framing of an effective environmental policy for 
industry is the Government, which has the power both to set standards and to 
choose from a wide range of instrwnents to implement such standards. The 
Government must create a realistic framework for encouraging industry to 
pursue cleaner production processes. 

79. This framework should integrate the environmental dimension into indus­
trial policy and all spending progranunes relevant to industry. It should 
eliminate policy inconsistencies and mismanagement, as well as policies and 
instrwnents that distort markets, e.g. the fixing of wrong prices (artifi­
cially cheap energy or raw materials). It should also correct market failures, 
such as the absence of prices for environmental services. Governments should 
generally adopt the polluter-pays principle, which requires industry to bear 
the cost of pollutant reduction and prevention. This principle, if implemented 
through economic incentives and through constant monitoring by public admin­
istration and the legal system, would apply continuous pressure on industry to 
pursue cleaner production options and would prevent distortions of competition 
among firms. Last but not least, the Government should stimu~ate environmental 
awareness of the general population. 
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80. No environmental policy will be truly effective if entrepreneurs, who 
have the final responsibility for meeting environmental objectives, do not 
cooperate. Whether an industry is owned by the State or is private is not 
central to this point, although the structure of incentives will be different 
depending on the form of ownership. In the past, industry has mostly been 
reactive to enviri>nmental regulations. It must now seek out ways to transform 
and apply technology in a way that diminishes environmental deterioration. It 
must comnit itself to the concept of cleaner production, which requires it to 
look at the entire life cycle of its production process. It must submit to 
environmental audits, which can provide both the entrepreneur and the public 
with information on the progress made in implementing cleaner production 
processes. 

C. Trade unions 

81. Trade unions and worker associations can make ar- important difference in 
achieving ESID through cleaner production processes. Workers, if encouraged, 
can directly identify opportunities to improve production processes. Trade 
unions ought to include ~nvironmental issues in their agreements with 
management, because cleaner pr~duction processes usually result in a safer 
working environment and increase the competitiveness of their company. 

82. Citizen groups relevant to ESID are mainly conswner groups and non­
governmental organizations concerned with the environment. Conswner groups, 
largely spearheaded by women, can influence the environmental impact of 
industrial production by {-eferring products whose production, use and dis­
posal result in less environmental damage. If the pressure of conswner groups 
is great enough, industry will respond by changing process methods, e.g. by 
introducing low-waste packaging and recycling. By scrutinizing industrial 
activity, non-governmental organizatjons concerned with the environment can 
apply pressure on Governments to institute effective environmental enforcement 
progr8Jlllles and on industry to meet environmental norms. 

83. Transnational ~orporations are playing a major role in the structural 
redeployment from North to South. They are the source of much of the technol­
ogy for reducing emissions and for cleaner production. As the transfer of 
technology involves the private sector, it is obvious that legitimate property 
rights need to be protected. This is all the more true since what is being 
transferred is not only hardware but also such things as training for the 
maintenance anJ operation of the equipment in line with codes of practice. 

84. Since achieving ESID is a matter of global interest, international 
agencies such as UNIDO must identify activities and assist in their imple­
mentation on a regional and global scale. International agencies also have 
an important role ·in assisting developing countries in the design and imple­
mentation of national policies that promote ESID. The diffusion and 'appli­
cation of cleaner production processes in de.,,~loping countries, which would 
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help them to avoid the past mistakes of industrialized c~untries, needs to 
become a major part of the future work progranmes of UNIL~. This should be 
done in close coo~eration with development f inan~e institutions and bilateral 
assistance agencies, which make available funds for ESID-related projects, as 
well as wit~ the new funding mechanisms such as the Interim Multilateral Ozone 
Fund, established under the Montreal Protocol, and the Global Environment 
Facility, jointly managed by UNEP, the United Nations Development Programme 
(UNDP) and the World Bank. 

IX. CONCLUSIONS 

85. The traditional pattern of industrial development is not sustainable over 
a long period because it threatens the basic conditions of life support on 
earth by placing at risk the ozone layer, the global climate and key cycles 
of nat11re, including the deposition and use of oxygen, carbon, nitrogen, 
phosphorus and sulphur. Industry is a major cause of the present disequi­
libria in the biosphere. It is a major source of the energy-related pollut­
ants COz and SOz and a significant source of topic chemical releases to 
th~ environment. 

86. While in the past industry in developed countries has been the largest 
contributor to these problems, developing countries will increasingly become 
involved as they continue to industrialize. There is a strong positive cor­
relation between energy and raw material consumption and industrial O"tput in 
developing countries. If present trends continue, the share of global air 
pollutants and toxic chemicals emitted by developing com1tries will increase 
significantly in the years to come. 

87. To avoid further risks to the biosphere and to the sustainability of the 
industrial development process, the world needs new patterns of industrializa­
tion. These new patterns of industrialization, ESID, must be ones that enhance 
economic and social benefits for current and future generations without impair­
ing the basic ecol~gical processes. ESID would be characterized by (a) limita­
tions on industrial activities to protect the biosphere; (b) the efficient use 
of man-made and natural capital; and (c) in the social sphere, equity as a 
basic principle in the transition to a sustainable society. 

88. UNIDO believes that the key to achieving ESID is the introduction and 
broad application of cleaner production methods. Cleaner production looks 
to all aspects of the product life cycle. Cleaner production is at once two 
things: (a) a new environmental quality gL~l and (b) a new approach for 
achieving that goal. The new goal would require industry to move beyond 
meeting ambient standards to stabilizing and then reducing total loadings of 
pollutants of global concern. The new approach would turn the traditional 
environment~! management scheme upside down by assigning priority to source 
reduction (product and process modification), recycling and ~euse as the 
primary options for mitigating the environmental impact. Conventional 
pollution control technology, while it would still be used, would in the 
longer run be replaced by prevention technology. 

89. As pointed out previously, the adoption of cleaner production technologies 
at the establlslunent level is only parl of ESID. It is perhaps even more 
important, in the long run, to initiate major changes in the structure of the 
world economir syste~. These necessary changes include (a) sharply reduced 
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dependence on fossil fuels, especially coal, and (b) sharply reduced dependence 
on non-renewable mineral resources, especially toxic heavy metals ("closing 
the materials cycle"). These changes cannot be accomplished solely by direct 
co11m1and and control methods. Rather, the relevant economic incentives under 
the control of governments (taxes, tariffs, subsidies and institutional 
arrangements) must be re-examined and modified appropriately. 

90. Developing countries, which in many cases are still at the beginning of 
the industrialization process, have a unique opportunity in adopting cleaner 
production. They have a chanc~ to introduce technologies that are more 
resource-efficient and less disruptive of the environment than the existing 
technologies used in developed countries. Moreover, it is significantly 
cheaper to incorporate cleaner production methods when new plants are being 
built than to introduce such methods in existing plants. 

91. The mutuality of interests between developed and developing countries in 
achir1ring ESID through cleaner production provides a compelling argument for 
North-So~th ccoperation and for supporting South-South cooperation. Many cost­
pffPrt;vp mP:umrpi:; fnr rPrlncine thre;iti:; tn the biosohere that are oossible in -- -- - ---- -- - - .. 
the South will not take place tmless the North expands its technical coopera­
t~on (transfer of knowledge and expertise) and its financial assistance. 
Managing the transition to an ecologically sustainable economy should involve 
all sectors of industry and should be done on the basis of clear targets, 
app~opriate time-frames and financial incentives to support the transition 
process. 
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INTRODUCTION 

1. In working paper No. I, entitled "The road to ecologically sustainable 
industrial development", the concept of ecologically sustainable industrial 
development (ESID) was discussed. Working paper No. I include~ a proposal to 
adopt a slightly more complete definition of ESID than the one offered by the 
World Coaaission on Environment and Development: patterns of industrializa­
tion that enhance economic and social benefits for present and future genera­
tions without impairing the basic ecological processes. It was suggested in 
working paper No. I that industrialization contributes to the enhancement of 
benefits if it is directed towards: 

(a) Limiting industrial pollutants within a critical load beyond which 
they would adYersely affect human beings and nature Ceco-capacity), thus 
ensuring the quality of human life and the proper management of natural assets; 

(b) Maximizing industrial output from a given level of resource input 
(efficiency), thus ensuring the appropriate use of human, renewable and non­
renewable resources and minimizing waste; 

(c) Ensuring that all co\Dltries have and continue to have a fair chance 
to participate in the industrial process, thus sharing the wealth generated by 
industrial activity (equity). 

2. Following from the definition and characteristics of ESID provided in 
working paper No. I and SUDID8rized above, the present working paper looks at 
barriers to achieving ESID. Section I contains a description of information 
deficiencies that limit people's understanding of the environmental conse­
quences of \Dlsustainable development practices. Section II presents an exami­
nation of access to cleaner production technologies needed to attain ESID. 

3. Sections III-IV provide a discussion of specific barriers that are pre­
venting the introduction of cleaner production progran1Des from achieving ESID. 
These barriers are those most relevant to industry itself (section III), those 
resulting from inappropriate or non-existent government action (section IV), 
those resulting from international conditions (section V) and thos~ r.esulting 
from the absence of citizen participation in societal decisions (section VI). 

4. Finally, section VII contains a sU111Dary of the barriers hindering the 
achievement of ESID. 

5. A word about the limitations of the present working paper are in order at 
this point: 

(a) The literature on barriers to achieving sustainable development and 
to technology transfer in particular is vast. This working paper is not a 
su~-vey of that literature; instead, it identifies some of the major barriers 
to achieving ESID-related objectives, ~hich admittedly will require consider­
able transfer of information from the North to the South; 

(b) There is no unique way to classify barriers to achieving ESID. Con­
sequently, the barriers listed in one section could have as easily been put in 
another; 

(c) Many of the specific barriers are encountered in developed as well 
as developing countries. An attempt has been made in the present working paper 
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to take this into account and to focus on the problems encountered by devel­
oping countries because the purpose of the Conference on ESID is to assist 
industry in developing countries in understanding ESID-related requirements 
and in formulating appropriate policies and strategies. 

6. While this working paper highlights barriers to the adoption of cleaner 
technologies in developing countries, it must be noted that developed countries 
have not adopted such technologies as quickly as they could. Four brief 
examples from Denmark and the United States of America, countries with the 
financial resources and technical and scientific talent to implement cleaner 
production prograD1Des, underscore this point: 

(a) Waste reduction: The United States Office of Technology 
Assessment (OTA) estimates that SO per cent of all environmentally harmful 
industrial wastes could be eliminated with the technology that was available 
in 1986 and that another 25 per cent with additional research and development 
(R and D); JJ 

(b) Pollution abatement expendi~: It is evid~nt that the diffusion 
of cleaner techrologies is still limited. ln i985, about 20 per cent of the 
United States expenditure for pollution abatement was for process lilOdif ica­
tions. This percentage has remained more or less constant in previous years. 
Thus, the remaining 80 per cent wai; of "end-of-pipe" pollution control charac­
ter, which means a fairly limited penetration of cleaner technologies; 11 

(c) Energy intensity: In 1985, energy intensity (the ratio between the 
energy consumption and industrial output) in the industrial sector was higher 
in the United States than in several other countries of the Organisation for 
Economic Co-operation and Development (OECD) (France, Germany and Japan), in 
spite of the existence of energy conservation technologies that could markedly 
improve the situation; J/ 

(d) Cleaner technologies: Even in Denmark, only about one third of 
industry has adopted "clean" technologies. !!/ 

Thus, the opportunities for improvement in the adoption of cleaner 
production technology are poorly utilized, even in developed countries. 

I. ENVIRONMENTAL INFORMATION DEFICIENCIES 

7. Only recently has society come to realize that pursuing environmentally 
unsound practices will in the long run undermine the achievements of economic 
growth. Although the World Co111J1ission of Environment and Development reached 
some consensus on this issue, there are still many parties pursuing unsustain­
able practices because they are not convinced that their actions will have 
long-term detrimental consequences. They are not convinced that practices 
such as disch~rging mercury into regional seas or rel~asing particulate matter 
in densely populated areas will significantly affect ~uman health and the 
environment, as there are non-systematic or inadequat~ data on the status of 
environmental degradation and the linkage of pollutan,t discharge to that 
degradation. 

' 

8. Environmental information deficiencies include li~itations on the nature 
and extent of environmental degradation (physical ind,icators of resource 
depletion as well as air, water and land pollution); ,limited understanding of 
the proximate and underlying causes of, and hence fea,sible remedies for, 

' ---------
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environmental degradation; limited understanding of the ph~sical consequences 
of resource depletion and environmental degradation; and insufficient measure­
ment of the economic losses resulting from environmental degradation. 

9. Admittedly, there are some data on the nature and extent of environmental 
degradation. One can turn to the Environmental Data Report 1991/92 5./ of t:1e 
United Nations Environment Programme (UNEP), World Resources 1990-1991 §/ of 
the World Resources Institute for a global overview, to the OECD publication 
The State of the Environment 11 and t:o State of Enviromnent in Asi.a_and the 
Pacific 1990 RI of the Econ0111ic and Social Commission for Asia and the Pacific 
(ESCAP) for a regional overview and to certain country reports, primarily from 
developed countries, for a g2neral assessment. What is really missing are 
systematic data on the contribution of industries, primarily in developing 
countries, to environmental degradation in different geographical areas, data 
that are specific enough to result in the modification of industrial activities. 

10. For some pollutants, such as conventional air and water pollutants, there 
is a reasonable understanding of the relationship between pollutant discharge 
and environmental deterioration and of the measures needed to reduce that 
impacl. For olher pollutanls, such as toxic heavy metals and persistent 
organic pollutants, much less is known about their impact on the environment, 
part:i.cularly on aquatic ecosystems, and about the most cost-effective measures 
needed to reduce their environmental impact. For global pollutants, primarily 
greenhouse gases, there is considerable uncertainty about thP. degree and extent 
of their impact and the measures needed to slow down that impact. 

11. In most ·ituations, there is limited understanding of the physical con­
sequences of resource depletion and environmental degradation. The scientific 
conmunity does not know the extent to which the cumulative loading of acid 
deposition will affect the productivity of aquatic and terrestrial ecosystems, 
such as forests, and how in turn those changes will alter hydrologic&l regimes, 
nor does it understand the long-term impact of heavy metal accumulation in 
regional seas, such as the Mediterranean. 

12. Lastly, there is insufficient measurement of the economic losses or damage 
resulting from environmental degradation. In some :eveloped countries, such 
as Germany and the Netherlands, environmental damage has been estimated at 
1 per cent and 5 per cent, respectively, of gross national product (GNP). 2/ 
Estimates of environmental damage in developing countries are not y~t avail­
able, except for selected natural resource losses such as soil erosion and 
deforestation. The estimates of natural resource losses range from 0.4 per 
cent to 9.0 per cent of GNP. Such estimates are especially needed for urban 
areas in several developing countries with severe air pollution problems. 
There are few quantitative estimates of the excess morbidity and mortality or 
monetary estimates of the medical costs and pain and suffering associated with 
these problems. 

II. ACCESS TO CLEANER PRODUCTION OPTIONS 

13. While the lack of information on, high costs of and limited access to 
clean technologies are often cited as key obstacles to ESID, these factors may 
be less critical than commonly supposed, at least for certain types of 
industry and certain levels of environmental protection. Further, there are 
many cleaner production options that involve simple ("good-housekeeping") 
measures that cost little but can be very beneficial to the environment. In 
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this section, the barriers to cleaner production technologies and technology 
transfer will be discussed, along with obstacles to new and emerging 
technologies. 

A. Ar.cess to existin& cleaner tecbnolo1ies 

14. The accessibility of technologies for cleaner production processes is of 
the utJlost importance to developing countries wishing to achieve ESID. These 
technologies are essential for aeeting esmerging global environmental concerns, 
as well as for dealing with local environmental pollution resulting from 
conventional pollutants. 

15. Barriers that limit access to technology and the transfer of environ­
mentally sound technology include lack of information and aisconceptions about 
technology; suitability of technology to developing countries or to certain 
types or sizes of industry; existing limitations of some technologies; costs 
of technology; lack of stilled personnel; uncertain legislative and regulatory 
climate; and cultural factors. Other factors, which are discussed later, 
include problems with the existing international patent system; the slow rate 
of new invest.meet in developing countries, which lovers the rate of ditfusion 
of new technologies; a slanted approach to clean technology transfer as 
implying hig~-tech end-of-pipe technology; and the tendency of technology 
transfer to binder the development of endogenous technological capacity. 

1. Lack of information and misconceptions about tecbnolo1ies 

16. Often information on environmentally sound technologies exists, but 
getting the information to the decision maker in the right place and at the 
right time in the most useful form can often be a problem. Thus, while the 
information may be available, vehicles for communicating the information may 
not be adequ~te. JJJ./ Sales material and instruction manuals written for and 
in the North, for example, are often not suitable for use in the South. This 
problem can be particularly acute for small-scale industry and/or for indus­
tries employing significant numbers of women. It is well known, for example, 
that women's access to technology, credit and training is limited compared 
with that of men, and this may lead to women utilizing fewer clean techno­
logies since they lack the information and means to push for and secure more 
modern equipment. 

2. Suitability of tecbnolo&Y to developin& cowitries 

17. Misconceptions about technologies can also present problems. For 
instance, many clean technologies were designed to suit conditions in 
developed countries. Thus, many of the technologies exported to developing 
countries may not be easily adapted to the conditions, infraatructure and 
environment in developing countries. There is also a paucity of R and D in 
developir1 countries on solutions suit~d to those countries. To illustrate, 
certain process technologies may need continuous inputs for optimal production 
functioning and may break down if a batch approach is used; however, in many 
developing countries, batch-feedstock is a more realistic possibility than 
continuous feeding for several types of production activities. 11/ Thus, 
identifying good means of colllliUnicati1,g cleaner technologies, as well as 
c011111unicating the critical factors needed by developing countries to make 
informed choices, must take place to ensure effective technology transfer. 
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3. Limitations of existin& tecbnolo&ies 

18. The availability of cleaner production options, which cover both source­
reduction and pollution-control equipment, also depends on the level of ESID 
sought. In working paper No. I, it was pointed out that the transformation of 
industrial processes in the direction of ESID must be incremental. Technology 
exists and appears to be available for meeting ambient standards, generally 
speaking, through "good-housekeeping" measures and basic pollution-control 
technology, as well as pollution-prevention measures. 

19. Many cleaner production options for meeting ambient standards exist 
already; others have to be developed. Two examples of key processes from the 
pulp an~ paper industry - wood pulping and agricultural residues pulping -
illustrate this point. In wood pulping, almost all stringent limits can be 
met by implementing modern technology. Discharg~s of chlorinated organic 
compounds from bleaching and malodorous sulphur compound emissions from kraft 
pulping, however, cannot be reduced by available technology to meet stringent 
ESID norms. It is expected, though, that by the year 2000 it will be possible 
to achieve a sustainable level of bleaching discharges. 

20. Jn agricultural residues pulping (straw, bagasse), cleaner production 
choices are more limited owing to specific properties of these raw materials 
(e.g. high silica content), and not all clean production options developed for 
wood pulping are applicable to agricultural residues pulping. By the year 
2000, it will not be possible to reduce biochemical oxygen demand (BOD) and 
suspended solids in agricultural residues pulping as drastically as in wood 
pulping. 12/ This implies that cleaner production technologies, even more 
than pollution-control technologies, to a large extent have to develop or be 
adapted endogenously. 

21. Thus, the availability ~f cleaner pro~~~tion options for significant 
reduction in pollutants beyond that needed to meet ambient standards can be 
questioned, but there is some evidence, as presented in working paper No. I, 
that significant reductions are possible. The move to where the full attain­
ment of sustainable practices is achieved, by total loadings standards as 
described in working paper No. I, remains, and will continue to remain, an 
open-ended task. rn this regard, the major difficulty is obtaining informa­
tion to initiate and implement recycling and remanufacturing. 

4. Costs of acquirin& tecbnolo&Y 

22. Section III, especially the subsection on costs of acquiring cleaner 
production technology, provides useful insight on costs of technology transfer 
as well. Capital costs of new, cleaner technology processes are frequently 
greater than "polluting" technologies. The present economic problems of 
developing countries, compowided by large debt burdens, may make it difficult 
for them to secure resources for (a) acquiring cleaner tec~nologies or 
(b) building their own endogenous capacity for assessing, ~dapting and d~vel­
oping environmentally sowid technologies. lQ/ It should be pointed out,, 
however, that a number of simple "good-housekeeping" measures can be adopted 
and implemented at very low cost, such as preventive maintenance schemes, to 
avoid leakages and break-downs and the proper handling and, use of chemicals. 

5. Uncertain l~i&latiY~-~-~atory climate 

23. The absence of a legislative framework or, more commonly, the lack of 
enforcement or enforceability of existing legislation hinders technology, 
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transfer, creating \lllcertainty for prospective investors and discouraging 
foreign or national investment in technology. Uncertdin political situations 
and policies on nationalization and privatization can also militate against 
the transfer of technology through foregone foreign investmenr. or joint 
ventures. ll/ 

6. I.ack of trained personnel 

24. Education and training may be the most important requirements for success­
ful technology cooperation. Countries with adequate numbers of well-educated 
managers and workers have been more successful in mastering transferred 
technology. ll/ The human resource base must be ahle to analyse, assess, 
acquire, absorb, master and develop cleaner technologies. Maintenance of 
highly capital- or skill-intensive tecbnologies is impossible without the 
associated technological know-how and human resources. JJ!/ 

25. Even it developed countries, production engineers do not take easily to 
the idea of incorporating clean technology into original industrial process 
designs, partly because it requires a sophisticated understanding of the inter­
action between tecbnological and environmental systems. Engineering education 
and training are only now changing so that basic engineering courses, as well 
as engineering design and research, reflect the ESID apprGach. 

7. Cultural and religious factors 

26. Countless books have been written about what happens if tecbnology is 
imposed wholesale on a completely different culture without regard for 
important cultural values and characteristics. As one example, changes are 
needed in Islr.mic co\Dltries to adjust to the holy month of Ramadan with 
dawn-to-dusk fasting, necessitating, for example, cha.~ges in production and 
shift schedules. 11/ Another example, one that has already been mentioned, is 
the need to involve women more by exposing them to more information on clean 
technologies. 

B. Access to new and emerging technologies 

27. Technological advances in fields such as biotechnology, microelectronics, 
solar energy and recycling, which cut across industrial sectors, have much to 
contribute to ESID. Biotechnology can provide ecologically sound products and 
processes and help the bioremediation of wastes and toxic substances and the 
conservation of biodiversity. Its processes require far less energy than 
thermo-chemical processes, e.g. for leaching metals or for manufacturing 
chemical products. Materials engineering reduces the consumption of materials, 
thereby helping to conserve natural resources and ensuring savings in energy 
consumption, as well as in wastes and emissions. The advantages of solar 
energy, from an ecological point of view, need no elaboration. What then are 
the barriers to the diffusion of these new and promising technologies? 

28. Technologies in these fields are often skill-intensive, quickly com­
mercialized and, because of continuing advances, quickly obsolescent. 
Considering the market size and the investments needed for R and D and for 
production, developing countries need to be selective and to apply the new 
technologies in those areas where they are best suited. For this purpose, 
developing countries must strengthen their technolcgical capabilities over the 
long term. 
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29. The various barriers to the utilization of technological advances are 
basically not different from those discussed so far, though issues of patent 
protection and access are even more hotly debated. Moreover, awareness of the 
potentials and implications of the technological advances is lacking in many 
developing cowitries and a policy framework for the assessment and intro­
duction of the advances does not exist. 

30. In biotechnology, for example, the building up of capabilities in advan­
ced techniques such as genetic engineering is important. Knowledge in the 
field of biotechnology is being increasingly privatized. The capacity for 
efficient coamercial-scale bioprocessing is lacking in many develop{ng 
countries. Regulations relating to biotechnology safety are environmentally 
essential, as in the case of other chemical processes, but excessive and 
cumbersome controls could become a barrier to production and trade within and 
between cowitries. 

31. Production of new materials in developing cowitries faces constraints of 
market size, but advanced techniques of materials engineering can be applied 
to new as well as traditional materials, including biomass and other local 
resources. Increased attention needs to be given to testing and evaluating 
new materials and to setting up standards. Composite materials generally 
result in less use of materials but the recyclabilily of some of the com­
posites is in question. The materials field as a whole can be channelled more 
and more in the direction of ESID. 

32. Microelectronics provide products and processes that save energy and 
replace mechanical parts. Monitoring and control of pollution are rendered 
easier. It is applicable over a wide range of industries. The capacity of 
developing countries to produce software for various applications is a con­
straint. The production of microchips involves the use of toxic materials and 
it is now well 1·ecognized that adequate safeguards are necessary. The use of 
microchips, howc!ver, poses no environmental problems. 

33. In the case of solar energy, particularly with so]ar photovoltaics (PV), 
the costs are coming down. Since 1973, the price of PV electricity production 
has decreased from $US 15 per kilowatt hour (kWh) to $US 0.30 per kWh. 15/ 
(The newest solar thermal power stations already compete with new coal- or 
oil-fired plants.) Larger market size for PV cells would reduce the costs 
further and make it a viable energy option not confined to isolated sites and 
applications. Market surveys could be a starting-point but the main emphasis 
has to be on expanding the size of the market by development of appropriate 
products and systems. Hence, more attention has to be given to design and 
also to the production of balance of system components (auxiliary equipment) 
connected with solar photovoltaics. The capacity for building PV systems is 
therefore of particular importance. This gives special scope for systems 
engineers and engineering and design consultants, who are generally in short 
supply in developing cowitries. 

34. Energy supply that does not damage the environment can in the long term 
only be based on renewable energy sources. Hydrogen can be used for the 
production of heat and electricity and as a transportation fuel. Its use, 
however, is still much at the research stage and requires technical develop­
ment for cost reduction, especially if it is linked with solar energy. Its 
use would also require changes in energy delivery systems. 

35. Micro-electronics is not the only emerging technology viewed as having a 
large potential for energy conservation: the next generation of heat-pumps, 
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super heat-pumps, will be able to recover low-grade heat, which is currently 
being wasted; 12/ chemical vapour deposition, a technique for layerir.~ thin 
coatings of materials on surfaces, might greatly decrease the cost of solar 
power, improve the energy efficiency of homes and offices and increase the 
speed of computers; 17/ and there are prototype cars that are five times more 
fuel-efficient than other cars. 18/ 

36. Absence of sustained funding over the long term for both research and 
application has been a barrier for many new technologies. This is especially 
true for solar and other renewable energy technologies where investment in 
research has fluctuated with world oil prices. 

37. Recycling technologies exist in large measure but their cost-effectiveness 
and the organizational efforts to collect waste are factors to be considered. 
Increasingly, biodegradable materials are being used for packaging. New tec_•­
nologies for recycling plastics, notably polystyrene, are currently under 
development, primarily to reduce the amount of plastic packaging material 
going into landfills. In general, however, the recycling/reuse issue is one 
of scale and organization, as well as of technology. The exception t~ this 
statement may be in the area of design and disassembly of vehicles, appliances 
and machinery. There, the recovery efficiency and quality of all kinds of 
materials can be improved to permit the remanufacture of generic components, 
such as gearwheels, axles and engines. This change calls for genuinely new 
technologies. Their systematic development has only recently commenced. 

38. The use of advanced technologies in the service of ESID in a forward­
looking context is therefore an area that needs increased attention. Inter­
national cooperation in a range of generic and precompetitive research is 
needed to harness technological advances for the development and application 
of environmentally sound technologies. 

III. INDUSTRY BARRIERS 

39. Within the industrial community, a number of barriers hinder acceptance 
and adoption of ESID. These barriers include attitudinal obstacles, labour 
barriers, patent and property rights, the need for better trained personnel, 
costs of acquiring technology, and costs of operating and using technology. 

A. Attitudinal barriers 

40. Changes in attitudes of the entire industrial community, not to mention 
Governments and the public, are essential for effecting the shift from short­
term thinking towards a longer-term sustainability outlook. Industry's 
attitudes, like those of the rest of society, once laboured under simplistic 
thinking, seeing a dichotomy between jobs or the environment rather than 
seeing them as inextricably linked. in terms of environmental protection, 
industry and Government ooth saw dilutj_Qn as the solution to pollution,. 

41. The limitations of the dilution approach quickly became evident to 
industry and Government alike. fQJ._llltJ~~ontrol, or focusing on end-of-pipe 
technology, was the next orientation and this approach has preoccupied, 
government environmental agencies and industry alike for years. Even with 
sophisticated pollution-control equipment, there are still wastes to be 
disposed of at high costs, filters and scrubbers to be cleaned and so on. 
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42. Another shift in industry's attitudes is currently taking pJace, driven 
by the recognition that pollution prevention is the solution. This way of 
thinking recognizes that reducing resource waste has both economic and environ­
mental benefits. 12/ It requires that corporate decisions incorporate a total 
("ccadle-to-grave") life-cycle approach into the design of products and 
production processes. 

43. This comprehensive ESID or cleaner production approach has been pioneered 
by a few firms and has been found invaluable from a business as well as an 
environmental standpoint. One firm estimated that by using that approach, it 
saved nearly $US 506 million in a 15-year period. JJJ./ So why are more indus­
tries not adopting the approach? 

44. Looking at the tanning industry, found in many developing countries, two 
attitudinal barriers must be overcome to encourage adoption of cleaner pro­
duction techniques: the first is simple resistance to changing what works 
("if it isn't broken, don't fix it") and the second is a limited perception of 
the environmental harm caused by tanning. If a tanner is consistently pro­
ducing a quality of leather that satisfies his or her customers, he or she may 
be reluctant to make changes to comply with environmental demands. 21/ 
Furthermore, traditional tanning is a mixture of art and science, and adoption 
of a low-waste technology may radically alter the traditional process with 
which the tanner is comfortable. Since many tanneries are marginal opera­
tions, some tanners may feel that, by adopting such a technology, they may be 
jeopardizing their entire operation. 

45. Knowledge among tanners of the actual environmental harm caused by tan­
ning also appears to be quite limited. Tanning in most developing countries 
is a family operation, run by people with little formal education using skills 
passed down from one generation to the next. The elders mcy have little 
perception of environmental protection concerns. 21/ 

46. In 1982, a United States researcher on waste reduction presented what he 
saw as the principal obstacles to waste reduction. Specifically, he suggested 
that 60 per cent of the obstacles were political, with technical obstacles 
constituting only 10 per cent of the stwnbling blocks. Of the political 
barriers 20 per cent were attributable to bureaucratic resistance and 10 per 
cent to hwnan conservatitm (see table). 22/ Thus, the reluctance to change, 
even after new processes or technologies have proven successful, underlines 
the importance of not underestimating attitudes and the role t11at they play in 
hindering change or speeding acceptance. 

47. The attitudes of women in industry deserve mention here. Since close to 
200 milliou women are employed in industry, especially in light indu-stries 
(electronics, food processing and textiles) and in low-paid, unskilled jobs, 
their attitudes toward ESID and potential as change agents must be consid­
ered. As l~w-skilleri workers, they are among the most likely to be directly 
exposed to toxics and o~ the front line in terms of their role in taking 
action to cause or limit environmental damage. If their creativity can be 
mobilized, some great strides can be made - with the adoption of fundamental 
steps such as monitoring and "good-housekeeping" practices. Furthermore, as 
women play a crucial role in most societies in socializing current generations 
and educating future generations, giving women information on ESID approaches 
and the means of promotin& ESID could be especially effectiw 
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Obstacles to waste reduction 

Obstacle 

Political in nature 
Bureaucratic resistance 
Human conservatism (resistance to 

change) 
Piecemeal legislation 
Media sensationalism 
Public ignorance and misinformation 

Total 

Financial in nature 
Disposal "subsidies" 
Scarce money 
Entrenched disposal industry 

Total 

Technical in nature 
Lack of centralized reliable 

information 
Lack of assistance with the 

application of waste reduction 
approa~hes to individual needs/uses 

Total 

Share 
(percentage) 

20 

10 
10 
10 
.lQ 

60 

10 
10 
.lQ 

30 

5 

10 

Source: D. Huisingh, "Cleaner technologies through 
process modifications, material substitution and ecologi­
cally based ethical values", Industry and Environm~, 
vol. 12, No. 1 (January-March 1989), p. S. 

B. Patent and property ri&hts 

48. Patent rights con~titute another barrier that is frequently cited, albeit 
in general terms. Reportedly, the price set for patents can be too high for 
the local market in developing countries. But information is lacking on how 
serious and widespread a problem this can be in hindering the adoption of 
cleaner technology or the transfer of technology. One rearon tnat the barrier 
of patent protection may not be as serious as previously thought is that few 
of the environmentally sound technologies under patent protection actually 
restrict their availability in developing countries. 10/ An exception to this 
may be in the biotechnology area, where companies are patenting processes and 
technologies to protect their investments. 

49. Some technology development, including the development of cleaner techno­
logies, is undertaken by public R and D institutions. These public domain 
technologies may only require multilateral and bilateral exchanges and 
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clearing-house aechanisms to ensure their timely transfer. lQ/ According to 
an ongoing OECD survey of trade barriers to the adoption of eight clean techno­
logies, intellectual property rights are rarely an obstacle to the diffusion 
of clean technologies. ];J/ 

50. Nonetheless, the rationale advauced for patent protection cannot be 
dismissed; inventors must be adequately rewarded so that incentives exist for 
sustained effort in new R and D. The balance between an incentive system that 
promotes R and D and rewards inventors and a system that ensures developing 
countries access to cleaner technologies must be considered. 8/ 

C. I.abour barrie~ 

51. Although many cleaner technologies are not very advanced, their potential 
impact on labour can hinder a firm from making the change. For example, 
replacing the transportation of red mud from aluminium production by trucks 
with a pipeline to the storage area can have significant social disadvantages; 
the resulting tlllemployment of a number of truck drivers may be seen as socially 
tllltenable for the business in question. 24/ 

52. In the case of a modern pulp and paper mill capable of meeting present 
environmental norms and of adjusting to more stringent ESID norms by the year 
2000, the fact that such a mill will employ a much sma!ler workforce is a 
definite obstacle to the construction of such mills in developing countries. 
The new mills would consolidate the production at several small mills, resul­
ting in loss of employment and community disruption. 

D. Lack...Qf trained personnel 

53. Another barrier faced by industries interested in adopting cleaner 
technologies is the lack of trained personnel to analyse, adapt, operate and 
maintain newer technologies. As indicated in section II, many cleaner pro­
duction t~chnologies are sk~ll-intensive. Sometimes training can make the 
difference between a cleaner technology being profitable or not. In aluminium 
production, the use of burnt lime for reducing caustic soda losses (mud 
causticizing, complex causticizing etc.) requires special operating and 
analytical skills. The processes are usually p~ofitable only within a narrow 
range. Insufficient amounts of lime do not have the expected effect; too much 
may cause extra alumina losses. Reluctance to pay proper attention to these 
processes (especially during afternoon and night shifts) can nullify all 
positive results of the causticizing. Workforce training and incentives are 
essential. 24/ 

54. The need to build up capabilities in advanced techniques such as genetic 
engineering is also vital. But there are few microbiologists in developing 
countries and they require advanced training. 

55. A serious impediment, particularly for developing countries, is the 
absence of a critical mass to assess and adopt cleaner production techniques. 
Although there are no specific data on the scarcity in this particular area, 
there are data on the absence of commitment in developing countries to science 
and technology. As evident in figures I and II, expenditure on R and Das a 
percentage of GNP and the number of scientists and engineers per million 
population are much lower in developing countries than in eith~r planned or 
market economies. 
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Figure I. Number of scientists and engineers per million 
population in the North and in the South 
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Figure II. Expendi~ure on R and D as a percentage GNP in the 
North and in the South 
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E. Lack Of gual.i.ty_~~.l 

56. TI1e lack of quality control procedures in some firms can be a~ obstacle 
to achieving full benefits from a clean technology. When a laboratory is not 
d1rectly under the jurisdiction of plant management, it appears that control 

' 



- 78 -

methods degrade. One example of the link between quality contro!. and "good­
houselteeping" measures is altmiina production: it has been fowu:f that simply 
more careful operation and maintenance can save 1-2 per cent of caustic soda 
consumption. 24/ 

F. Costs of acquirin& cleaner production tecbno\.Q&.y 

57. The costs of acquiring cleaner production technology, especially capital 
costs, can be prohibitively high in the case of certain technologies, smaller 
enterprises, older plants and certain industries (see section II). The per­
ceived costs, however, are often not as high as the actual costs, particularly 
when other operating and pollution control costs are taken into account. And 
some cleaner production options simply require adoption of "good-housekeeping" 
measures. 

58. With virtually no new investment and with the involvement of thoughtful 
and creative managers and workers, a number of "low-tech" changes are 
possible. For example, a textile mill at Bombay, India, increased the 
collection rate of the caustic soda from its mercerizing wash waters from 
75 per cent to 85 per cent and the recovery rate from 81 per cent to 90 per 
cent by more efficient washing, better filtration, correcting leakages and 
seapage, and other corrective measures. Net savings of 415 kg of caustic soda 
per day resulted in an estimated savings of 684,750 rupees per year. 2.2/ 

59. Considerable strides have also been made in containing pollution from 
leather tanning simply by adopting measures that req!dre little or no capital 
investment such as: 

(a) Strict process control, including avoidance of overdosing of 
chemicals; 

(b) Water conservation at all stages of wet processing; 

(c) Introducing reuse-recovery-recycle systems that can save expenditure 
on chemicals and, in turn, pay for the simple equipment needed to run them, 
such as collection pits, pipes and pwnps. 

60. It is believed that strict process control, "good-housekeeping" measures 
and cleanliness, the int~oduction of recycling of some floats, and predomi­
nantly aqueous finishing, together with simple treatment of wastes, may result 
in the elimination of nearly 50 per cent of the total pollution load dis­
charged into the environment, with only a marginal investment. ~/ This 
illustrates that cost need not be a barrier to adopting cleaner production 
techniques. Additional examples are disr.ussed in working paper No. III. 

61. For some small-scale businesses, however, such as family tanners, the cost 
of introducing cleaner technology is a very real ba~rier. The price of the 
special drwn for "hair" recovery with the necessary auxiliary equipment may be 
as much as twice the price of a conventional drum. 21/ As another example, 
the much-touted high chrome exhaustion tanning method requires expensive 
specialty chemicals, normally proprietary products. Zl/ In the pulp and paper 
indu~try, price fluctuations of chemicals such as caustic soda and chlorine 
may act against the implementation of clean production options. As caustic 
soda prices increase more rapidly than chlorine, some mills tend to reduce 
caustic soda changes, thus increasing residual ligniri and using more chlorine 
in b!eaching. ll/ ' 
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62. Another financial barrier is higher interest rates on borrowed capital in 
developing countries. Tanners in developing countries may have much more 
capital tied up in work-in-progress because they frequently experience deli­
very delays and shortages and, consequently, need to keep higher stocks of 
chemicals and machinery spares. 21/ Thus, obstacles such as higher interest 
rates and more "tied up" capital further hinder the adoption of newer, cleaner 
technologies. 

63. Cost need not always be an obstacle. Some multinational corporations 
have transferred technology at no cost to manufacturers in developing 
countries. The Industry and Environment Bureau of the International Chamber 
of Coamerce cites a case where a small company in a Gulf State, which was 
electroplating designs on aluminium cans, had difficulties with trace metals 
in the wastewater. The Bureau, through its contacts, found a member that had 
developed a system to handle the trace metals and pass~d it on to the Gulf 
manufacturer at no cost. 27/ Thus, where there is no conmercial conflict of 
interest, technologies can be offered at little or no cost. 

64. Import duties on chemicals and machinery can be another barrier to the 
use and maintenance of cleaner production technology. Duties vary tremen­
dously from country to country and can run as high as 100 per cent. 21/ 
Regulations pertaining to import duty on imported equipment present serious 
economic barriers to the adoption of cleaner technologies j~ developing 
countries. In India, the import duty for paper machinery is 40 per cent. 
There are similar restrictions in Brazil. 11./ 

65. Efficient alumina plants, which extract nearly all available aluminium 
oxide content, require both better facilities (capable of a9plying a higher 
digestion temperature) and a more sophisticated process control system. Both 
involve capital costs ranging from $US 10 million to $US 100 million, depend­
ing on plant capacity, which represent a very real economic barrier to the 
adoption of cleaner production. The replacement of worn-out equipment after 
20-30 years of operation, however, offers a good opportunity for such modern­
:i.zation. Such changes are long overdue in older plants in China, India and 
some ·other developing countries. 24/ 

66. Though larger firms may be able to afford some cleaner production 
technologies, smaller firms, which are more co11111on in developing countries, 
may not. For instance, in China, the budget for a pulp and paper chemical 
recovery system for a large-capacity mill is estimated to be $US 4.5 million. 
Many smaller mills simply cannot afford such an investment. 11./ One way to 
overcome this problem is for small- and medium-scale enterprises to undertake 
joint efforts in areas such as resource recovery and waste treatment. 

G. Size and_maturity of firms 

67. One of the difficulties most often cited in the literature is related to 
the characteristics of firms and the structure of industry. In particular, a 
firm's absorptive capacity for technical change is seen to be related to the 
size and maturity of the firm and industry in question. A firm in the early 
stages of its growth cycle tends to be flexible in its choice of production 
methods and, hence, can be receptive to new processes. As the firm becomes 
mature, howE!Ver, it becomes moulded to certain established manufacturing 
practices. As a result, the production system becomes more inflexible and 
technical changes tend to be marginal. For instance, paper and pulp in 
France, leather tanning in the Netherlands and sugar refining in the Unit~d 
Kingdom of Great Britain and Northern Ireland are all mature industries that 
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have shown some resistance to new process technologies and that have preferred 
"end-of-pipe" approaches to pollution abatement. Resistance to technical 
change caused by the ossification of industry structure, however, may be less 
~elevant in a large number of developing countries, where most of the manu­
facturing industries are either at embryonic stages of development or are yet 
to be developed. 

68. The size of firms may affect significantly their capacity to absorb new 
technologies regardless of the stage of development. The small size of firms 
may prevent them from adopting clean technologies, even if they are aware of 
such opportunities, since they cannot afford the capital outlay, the moderni­
zation required, or the attendant risks of using new technologies. They are 
not capable of undertaking any large-scale R and D and, hence, become tech­
nically dependent on outside sources. Such limitations of small- and meditun­
sized firms are likely to be even more serious in developing countries. 14/ 
As an example, many of the cleaner production technologies for pulp and paper 
were developed primarily for larger mills. Scaling down would result in lower 
efficiency, such as heat consumption and chemical recovery efficiency. 12/ 

IV. GOVERNMENT BARRIERS 

69. At the national level, there are several barriers to the adoption of 
ESID-related measures. These barriers include policy failures, legislative/ 
regulatory failures, and problems caused by government management of enter­
prises. 

70. Failure to pursue ESID-related actions, strategies and activities is 
attributable to many factors, many of which are often intertwined and mutually 
reinforcing. At the national or government level, it is important to dis­
tinguish between policy and legislative/regulatory failures.* Policy failures 
are govenunent interventions, such as misdirected industrial policies and 
resource pricing distortions, in reasonably well-functioning markets. 
Legislative/regulatory action is needed where markets do not function 
adequately. The absence Jf market prices for environmental services and 
resources is one such example. 

A. Policy failures 

71. Most developing countries have, over, the last 40 years, pursued a policy 
of industrialization, in which industrial, activity has received subsidies of 
various kinds, ranging from protection, in the case of import substitutes, to 
incentives, in the case of exports. Much' of the production that takes place 
in this framework is inefficient, in the sense that it entails higher true 
costs than the same products produced in developed countries. Government 
controls the technology used in the sector, indirectly through its protec­
tionist and subsidy policies and more directly through its regulation of the 

*This distinction and the discussion' th~t follows are based on 
T. Panayotou, "Economic incentives in env'irorlmental management and their 
relevance to developing countries", ~.ny:irbDl!len!..a1_.~o..a.&.~~n!: .. _in _ _oe,yel_oQin& 
CQ.Wl.~, proceedings of the Conference on Environmental Management in 
Developing Countries, Paris, 3-5 October 1990. 
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activities of transnational corporations. The overall "success" of such 
industrialization pr~gramnes has been mixed, with high growth rates in export­
oriented sectors and relatively low rates in import-substitution- oriented 
sectors. Although higher industrial growth rates have been fowid in some 
cowitries, in almost all of them the capacity of the sector to absorb labour 
has been limited. In India, industrial output rose by 6.7 per cent per annum 
in the period 1968-1984, while employment rose by only 2.9 per cent per annum 
during the same period. '!..Bl 

72. The environmental implication of this is that, with a growing population, 
murh of the environmental damage with which developing countries are faced is 
related to the unsustainable use of natural resources by a population that 
does not have access to alternative income-generating activities. It would be 
unfair to lay all tLe blame for environmental degradation in the agricultural 
sector on the inability of the industrial and other sectors to create employ­
ment opportunities, but there is something to this argument, as has been 
pointed out by a number of writers.* Hence, the question that should be asked 
is whether the whole policy of ESID does not need to be seen in the light of a 
need to maintain higher employment in the economy and to stabilize population 
growth, thereby relieving the pressure on the resource base. This need is met 
not only by developing a highly capital-intensive, "modern NorO:h-based" indus­
trial sector. There will always be a role for such a sector, but it needs to 
be accompanied by a labour-intensive industrial sector, where the benefits are 
in part the avoided environmental damage caused by an over-populated and 
wideremployed rural economy that colonizes marginal land or puts pressure on 
the Government to permit the exploitation of forest land for agriculture. 

73. A number of developing cowitries have adopted policies that make it dif­
ficult for a local firm to license foreign technologies, with the aim of stimu­
lating local entrepreneurial creat~vity to find substitutes. The results, 
however, are mixed. The rapid growth in industry and in exports in East Asia 
shows that flexible protecti~n of the domestic market is not incousistent with 
export success. In several Latin American countries, however, industries 
sheltered by heavy and indiscriminate protection have no incentive to look for 
export markets. As clean technologies may be developed further once they have 
been introduced, there may well be a case for countries making exceptions in 
their protection policies for some of these technologies. 

2. Sectoral policy 

74. Gove_"tlJllents may also hinder ESID by targeting or emphasizing certain 
sectors for special support (through fiscal, trade or other reductions or 
incentives) without considering the environmental implications of such support. 
Sectoral policies that do not take into consideration the environment may 
result in Governments failing to close down inefficient industries or to 
require appropriate environmental processes and controls on new induatries. In 
many cases, these sectoral policies tend to support the most polluting 

*See, for example, A. Markandya, "Techn<'logy, environment and 
employment", ILO Working Paper No. 216, ueneva, 1991, and D. w. Pearce and 
J. Warford, "Environment and developmer,t", World Bank mimeo. Although this 
link between a lack of employment opp1,rtunities and environmental damage has 
been made many times, it is only f~ir to point out that there are few detailed 
studies to support the proposition and, in general, the quantification of the 
links is virtually non-existent. 
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industries. ~ost of these growth sectors are industries that are highly 
resource-intensive, using large quantities of water, energy and raw materials, 
and concomitantly highly pollution-intensive, creating a diversity of pollu­
tants and industrial wastes, including toxic chemicals. The followint four 
industrial sectors grew twice as fast in developing countries as a whole 
compared with developed countries in the period 1980-1985: iron and steel; 
nonferrous metals; nonmetallic minerals; and chemicals. 29._/ Because of the 
rapid growth of these industries, arising in part from explicit government 
support for such industries, industrial development in the countries concerned 
may become ecologically unsustainable more quickly than expected. 

75. Government pr1c1ng policies (e.g. subsidies, taxation, overvalued 
currency) may lead to distortion in the behaviour of industries, which in turn 
contributes to both government financial burdens and environmental degradation. 
A classic case is the underpricing of wastewater-related services and energy 
resources. For example, many industrial establishments discharge their waste­
water into public treatment systems. These systems do not charge industry for 
using their services, according to many surveys, including a recent one by 
UNIDO (ID/WG.507/9 (SPEC.)). As a result, industry uses too much water in its 
production processes, forcing the public treatment works to build unneces-
sary capacity. In the energy area, for example, China and Egypt have low 
levels of power tariffs, which have not been adjusted for three decades. JS)_/ 
Consequently, the energy intensity is higher in these countries than it needs 
to be and the discharge of energy-related pollutants is greater than it needs 
to be. Another case is the use of accelerated depreciation for end-of-pipe 
pollution-control equipment. This tax advantage discourages the use of process 
change, which builds permanent pollutant reduction into the production process. 

76. Several problems hinder implementation of ESID within and across govern­
ment institutions in developing and developed countries. These include poor 
integration of environmental and economic policies, legislative shortcomings, 
poor enforcement capability ~nd poor environmental management. 

1. Poor integration of envirooment aod econo~ 

77. The segregation of government economic and development policies and 
agencies from their environmental policies and agencies presents a serious 
barrier to ESID implementation. Even in environmentally conscious developed 
countries, economic planning takes place without consideration of the 
environmental implications of such planning. Another barrier is the relative 
weakness of many environmental protection agencies. Without a voice in the 
formulation of national economic plans, environmental agencies are in no 
position to ensure the integration of environment and economics. Environ­
mental agencies themselves, as well as environmental l~gislation and regu­
lations, will also need reform and change, as many are oriented towards 
"single-media" effe;;ts (e.g. 3ir pollution) and pollution control re.ther than 
toward~ "multi-media" effects (e.g. air, water and soil pollution) and 
pollution minimization. 31/ 
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2. Inappropriate strategy 

78. Even functioning environmental management agencies in developed and devel­
oping countries can create obstacles to ESID by making pollutant reduction 
costs higher than they need be. First, they tend to be "single-medium"­
oriented, regulating air, water and waste discharges separately from indus­
trial facilities. They discourage "multi-medium" pollutant reduction plans 
because their legislative statutes are "single-medium"-oriented and compre­
hensive pollutant reduction plans are difficult for their current organiza­
tional structures to assess. Secondly, they tend to encourage end-of-pipe 
rather than source reduction and recycling/reuse as the way to reduce pollu­
tant discharge. End-of-pipe technology is the known solution that environ­
mental (civil) engineers lear-:i in universities; it provides visible evidence 
that a plant has made an effort to reduce pollutants. Thirdly, they t~nd to 
require all industries of a similar type to meet uniform discharge standards 
regardless of the surrounding ambient conditions and unique circumstances 
(such as size and production costs) that would allow cost-effective reduc­
tions. All of these factors contribute to making pollutant reduction costs 
much higher than they have to be to achieve ambient standards. Even though 
OECD data show that spending on pollution control is a small percentage of 
GNP, in the range of 1-2 per cent, such spending could have been even lower if 
environmental management agencies had pursued over the past 20 years an inte­
grated pollution prevention strategy that had focused on cost-effective 
pollutant reduc~ions. 32./ 

79. In the enforcement arena, when standards are enforced and fines are large 
enough, companies will of ten invest in new technologies (since the cost of 
complying is less than the cost of being in violation). But without adequate 
enforcement, a significant incentive is missing for inducing firms to adopt 
cleaner technology. Thus, standards that are not enforced, often because of a 
lack of personnel, are another serious obstacle to Governments carrying out 
their responsibilitiP.s for implementing ESID. J]/ 

80. Many developing countries have failed to create regulatory regimes to 
implement their legislation. A world-wide survey by the World Health 
Organization (WHO) in 1985 highlighted the lack of the basic tlements of a 
L-gulatory progranme. J!f./ Of the 59 moderately to rapidly industrializing 
countries, only 10 had most of the key programmed components, 29 had some and 
20 had little or none. Not one of the 76 less industrialized countries had 
any significant institutional capacity in environmental management. A survey 
by UNIDO in 1990 of industrial wastewater management in seven African countries 
showed that, allhough all seven had some form of legislation or statute, only 
one had the essential elements of a regulatory programme (ID/WG.507/9 (SPEC.)). 

C. ~overnment-managed enterprises 

81. Major industrial enterprises in developing countries are often nationa­
lized public companies with a record of political rather than economical 
management resulting in a history of chronic losses and of serious environ­
mental degradation. Many Eastern European enterprises are also wrestling with 
the negative effects of poor public management, although information on this 
problem is just beginning to emerge. These sectors watch carefully for 
problems associated with public sector management and especially the apparent 
reluctance of such groups to take environmental considerations. 
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V. INTERNATIONAL BARRIERS 

82. At the international level, at least three barriers impede the imple­
mentation of ESID: the financial crisis of developing countries, compounded 
by the failure of developed countries to bear their share of ESID implementa­
tion; the terms of international trade; and the inherent limitations of 
sovereign States. 

A. Financial crises 

83. In the 1980s the financial conditions of developing countries deteriora­
ted because of high interest rates and volatile exchange rates, the reduced 
volume of net resource flow to these countries, the sharp drop in conmodity 
prices leading to further decline in their terms of trade, and an increasing 
level of protectionism. 

84. Real interest rates (excess of nominal rates over expectP.d inflation) in 
major industrial countries increased sharply between 1979 and 1982: long-term 
interest rates increased from -0.3 to 7.5 per cent per annum and short--term 
interest rates rose from 0.7 to 6.8 per cent per annum. After reaching a peak 
in 1982, real interest rates have fallen slightly. Th~y have, however, 
remained until now at a historically high level, i.e. significantly above the 
range of average real long-term rates for major industrial countries in the 
period 1952-1965 (1.5-3.0 per cent per annum). This contrasts sharply with 
the period 1976-1979, when this rate was only 0.9 per cent per annum. Jj_/ 

85. Increased interest paYJl"ents, accompanied by drastically reduced debt­
related flows (disbursement of loans minus principal repayments), resulted in 
an extremely negative trend of debt-related transfers (a~~t-related flows 
minus interest payments on long- and short-term debt) for developing countries 
in the 1980s. Whereas in 1980 debt-related transfers were still significantly 
positive ($US 19.1 billion), in 1983 the debt service repayments of principal 
and interest charges of developing countries already exceeded loan disburse­
ment. Debt-related transfers have remained negative for developing countries 
as a whole since then; the total volume of such transfers amounted to 
$US 250 billion for the period 1983-1990. JU/ Although by far the most 
significant was the negative transfer from developing countries to coD111ercial 
banks in industrial countries in the North, there was even a net transfer from 
current borrowers to the World Bank in 1988 and 1989. Figure III illustrates 
the trend of net transfer on debt-related transfers by developing countries in 
the period 1980-1990. 

86. Direct foreign investment in developing countries also declined in the 
first half of the 1980s, while the outflow of profits remained consistently 
higher than the inflow of new investments until 1986. From 1987 on, hrwever, 
transfer of financial reRources channelled through direct foreign investment 
agai.n became positive for developing countries as a whole, as the continued 
interest of foreign investors in investing in Asian countries was supplemented 
by renewed interest in Latin America. 

87. To sum up, the reversal in the direction of debt-related transfers and 
the only slight recovery of direct foreign investment transfe~s in recent 
years, combined with practically stagnating official developmenc assistance in 
the 1980s, resulted in a sharp fall in aggregate net transfers to developing 
countries in that decade. Whereas aggregate net transfers of long-term 
resources were positive for the South as a whole until 1983, they were nega­
tive for every year from 1984 to 1989. For Latin America alone, the total 
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volume of such transfers amounted to over $US 110 billion in the period 
1984-1989. J]_/ If data for short-term interest payments were to be included, 
negative aggregate net transfer figures would be significantly higher. 

Figure III. Net debt-related transfers, developing countries, 1980-1990 
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88. Conmodity prices also declined in the 1980s (see figure IV). In 1990, 
the prices of non-fuel coDIDodities exported by developing countries (combined 
index) were 25 per cent lower than in the beginning of the 1980s, whereas the 
fall in food com:nodities was even greater: 36 per cent. Jal As a result of 
declines in conunodity prices and increases in manufacturers' prices, the terms 
of trade of developing countries as a whole have deteriorated significantly 
since 1980. There have been, however, differences between the various regions 
of the South. While the terms of trade of selected developing countr~es in 
Asia have not actually changed much, they have dropped to around 25 per cent 
in the case of developing countries in the western hemisphere and in sub­
Sabaran Africa and to about 50 per cent in the case of Middle Eastern 
countries. · 
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B. Trade policjg_s_ 

89. There are several trade barriers that may impede the achievement of 
ESID: tariff and non-tariff barriers, productio11 and export subsidies, and 
trade agreements. One of the basic issues underlying trade and the environ­
ment is the way environment policies can result in trade distortions and trade 
policies can lead to negative environmental results. 

1. Tariff and non-tariff barriers 

90. Tariff and non-tariff barriers, whether intentional or not, can impede 
the transition to ESID. For example, restrictions on market access (the quota 
system) can force ~ountries to increase the production of pollution-intensive 
or natural-resource-intensive goods because they cannot capture uthe1 product 
markets. Faced with domestic and external financial problems, many deve~~ping 
countries resorted to po~lution-intensive sectors in the 1980s. Increased 
protectionism in OECD co:mtries reduces market access for non-traditional 
goods from developing countries and hence prevents their diversification into 
more ecologically sustainable activities. 

91. Another set of trade restrictions may be imposed by OECD countries in 
their demand for "green" characteristics in products. 3!11 Some members of the 
General Agreement on Tariffs and Trade (GATT) want to set up a special commit­
tee to look at environmental trade issues. They are opposed by some devel­
oping countries that fear that environmental protection may become one more 
reason for excluding some products. 

92. There are more and more cases that il~ustrate the above-mentioned 
problem. One such case is the controversy between Mexico and the United 
States over the import of tuna from countries that catch 25 per cent more 
dolphins than United States fishermen. GATT has tended to oppose attempts by 
any one country to impose production standards on the production process of 
its trading partners. Measures are emerging, however, that will affect pro­
duction processes. The Montreal Protocol on Sub&tances that Deplete the Ozone 
Layer, adopted on 16 September 1987, allows countries to ban not only the 
imports of chloro-fluorocarbons (CFCs), but also products either containing 
them or manufactured by processes using them. 

93. Tariff and non-tariff barriers in OECD countries are partly responsible 
for unsustainable patterns of conunodity trade contributing to increases in 
deforestation, desertification, wetland degradation and unsustainable land 
use. Tropical timber is a frequently highlighted case: limited access to the 
processed woods markets in developed countries have contributed to developing 
countries' increased producticn and export of unprocessed timber to earn 
foreign exchan~e. 14/ 

94. All Governments take measures to enhance the competitiveness of their 
goods and services in international markets through subsidies for production 
and export. This can also cause envir~nmentally unsound distortions, by 
encouraging greater production in cert~in sectors rather than in others that 
are environmentally more sound. Devel9ped countries c0ntinue to subsidize 
certain sectors such as shipbuilding, IJlining, steel, textiles ~nd at~tomobiles, 
even though these are sectors where deyeloping countries could esta~lish a 
comparative advantage and, through the,use of cleaner production pr~cesse~, 
could pursue more environmentally soun~ alternatives. 
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95. Despite general principles adhered to by rnost GATT members, subsidizing 
is still practised, leading to price and market distortions. These include 
export credits and guarantees, tied (conditional) aid and offsets. Export 
supports are conmon in such sectors as steel, transport eq~ipment and construc­
tion, resulting in overcapacity and an uneven geographical distribution of 
output. 

3. Trade agreements 

9b. Most trade agreements fail to treat the environmental factor adequately. 
This is true of bilateral agreements involving automobiles, steel and textiles 
and of voluntary export restraints, voluntary restraint agreements and orderly 
marketing agreements. It is also true of free trade agreements (common 
maLkets, regional agreements etc.) w~ere concerr.s have been raised ab~ut the 
environmental impact of trade liberalization measures. While free trade 
ag~eements can improve overall levels of trade, they can also lead to the 
movement of pollution-intensive industries to environmentally sensitive 
geographical areas_and can limit the use of economic measures for environ­
mental management. They can also result in the weakening of environmental 
regulations and standards. In the case of the United States, while the 
"fast-track" authority sought by the President will allow for more flexibility 
in trade negotiations, it can also reduce the likelihood that environmental 
issues will be scrutinized appropriately. 

97. Preferential trade agreements between developing and developed countries, 
for example, th~ Generalized System of Preferences, the Africa-Caribbean­
Pacific/European Economic Co11111unity (ACP/EEC) Convention signed at Lome on 8 
December 1984 and the United States Caribbean Basin Initiative can also divert 
trade in environmentally unsound directions and cause environmentally unsound 
structural adjustment in developing cowitries. 

98. Finally, trade-related investment measures (TRIMs) and trade-related 
intellectual property rights (TRIPs) need to be assessed in terms of their 
environmental implications. TRIMs can impede investment in ESID by dis­
couraging foreign investment through exchange restrictions, local input 
requirement and profit repatriation restrictions; however, they can also be 
used by Governments to encourage environmentally sound investments. 

C. Limitations of sovereign States 

99. Sovereign States may ignore regional and global externalities that result 
in damage being done outside their borders. They are reluctant to take the 
measures needed to achieve ESID if such measures will infringe on their 
sovereign powers or will require them to incur a substantial portion of the 
l:osts to protect a resource of international importance. 

100. This situation is all too evident from the difficulties associated with 
achieving global and regional agreements. AdmitteAly, some progress has been 
made, as evidenced by the Montreal Protocol, which required some last-minule 
concessions to developing countries before it cou'ld be ratified. l\ut'will 
developed countries be willing to contribute betw~en $US 20 billion a~d 
$US 40 billion so ·hat a similar agreement may be' reached on greenhou~e 
gases? 40/ ' 

' ' 
101. Even among industrialized sovereign States,, there are few ~xarnpJes of 
successful regional environmental accords that ha~e actually resulted, in 
p01lutanl reductions. It took Canada and tl'te U11i,ted States over 20 y~ars lo 
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reach an agreement on reducing acid deposition even when pollutants from each 
of the ccuntries werP. affecting the other, and it will take them another 
20 years to achieve a significant reduction in the pollutants in question. In 
Europe, there is now an agreement to reduce by 1993 sulphur dioxi~e emissions 
by 30 per cent (based on 1980 emission levels), but clearly additional rEduc­
tions are needed. 

VI. C~ITY PARTICIPATION 

102. There is an emerging recognition of the importance of coamunity parti­
cipation to ensuring that societal decisions move the process of industriali­
zation towards ESID. For too long, government authorities and large industrial 
organizations have controlled the direction of industrialization. Conse­
quently, they have been able to ignore the consequences of their actions on 
the environment, such as the displacement of populations or the exposure of 
conmunities to excessive health risks from pollution. 

103. To counter this situation, particularly in developed countries, citizens 
have organized non-governmental organizations (NGOs) to challenge centralized 
governmental organizations and large industrial organizations. These NGOs 
demand that Governments enact and enforce environmental laws and question the 
business practices of large industrial establishments. They have succeeded 
to a large degree in influencing government decisions, as evidenced by the 
enactment and enforcement of more stringent environmental laws. They have 
succeeded to a lesser degree in influencing industry, but this situation is 
changing, as evident in the statements of business leaders at the Second World 
Industry Conference on Environmental Management, held at Rotterdam from 10 to 
12 April 1991. 

104. Industry is responding to environmental concerns for various re3sons: 
in the United States, citizens now have much more information on pollutant 
discharge as a result of the Toxic Release Inventory; and in Europe, there are 
strong green consumer movements, such as the Blue Angel labelling progranme in 
Germany. Even a well developed green movement, however, can go only so far 
unassisted, according to a recent assessment of the green movement. ''Neither 
green consumers nor green investors are substitutes for gover:unent inter­
vention. Their influence is too random, too poorl; informed, to provide 
consistent pressure on companies to take the mo~t cost-effective steps to be 
cleaner." !ill 

105. NGOs are only now emerging in some developing ~ountrie8 and often are 
not as powerful as NGOs in developed countries. Nonet~eless, linkages between 
government institutions and NGOs are improving in devel~~ing countries, and 
rapid progress was made in the late 1980s. In Indonesia and the Philippines, 
strong government policies support the activities of Nr.o~. One barrier to 
stronger co11111unity involvement in developing countries appears to be a lack of 
government policies explicitly providing support to NGOs. 

VII. SUMMARY 

106. The mere abundance of barriers to ESID and the difficulty in judging 
their relative importance must not itself become a barrier. , Although 
information deficiencies hinder efforts to find the most cost-effective paths 
to ESID, the evidence of the seriousness of environmental degradation at the 
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global, regional and local levels calls for an ill"lllediate start for a funda­
mental restru~turing of industrial activity. 

107. The transition has to start from within industry. Comprehensive waste­
reduction or pollution-pcevention progranmes engaging employees at all levels 
have proved profitable for small and large companies in the North as well as in 
the South. Starting with low- or no-cost measures such as "good-housekeeping", 
raw material substitution or process modification, such progrannes have the 
potential to by-pass the financial constraints coll"lllon in all developing 
coWltries. 

108. Governments have to make sure that pollution prevention is profitable. 
Environmental agencies should pursue a multi-media pollution-prevention 
approach as opposed to the more coillllon single-media end-of-pipe strategy. 
Enforcement of environmental regulations is crucial. 

109. Any kind of government measure to protect or stimulate domestic markets 
or subsidize export sectors must be flexible, so that it does not to deprive 
industry of incentives and foreign technologies necessary to achie,·e ESID. 

110. Although ex:sting technologies offer vast possibilities for moving 
towards ESID, attention also has to be given to new and anerging technologies 
such as biotechnology or solar energy, which offer solutions to many environ­
mental problems. Many new and emerging technologies are skill-intensive. 
Developing countries with a shortage of skilled personnel must therefore be 
cautious and selective in their choice of application of these technologies. 
A noteworthy point is the clos~ re!ation between expenditure on R and D in 
solar energy and world oil prices. It shows that the lack of market prices 
for environmental service is the fundamental barrier to ESID. For e:cample, a 
global carbon tax could do a lot to pave the way for a clean renewable energy 
technology. 

Ill. All the problems associated with technology transfer in general are als~ 
barriers to ESID, since many of the technologies needed for long-term sustain­
ability will have to be transferred. The strengthening of technological capa­
bilities to assess, adapt and develop technologies to suit local conditions is 
vital to developing countries in the long run. 

112. Patent protection is undoubtedly needed as an incent:ve for sustained 
efforts in new R and D. Although frequently cited as a barrier in general 
terms, there is little evidence that the current p~tent system is a major 
barrier to the transfer of clean techuologies. 

113. The move towards ESID is incremental. It has to start from within 
industry and it needs the support of Governments and the public and 
international cooperation. Th~ difficulties encountered in achieving and 
imple~enting global environmental agreements is perhaps the most serious 
barrier to ESIU. 
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#~l. 
UNIDO 
~~I 
~ 

Auditing for Cleaner 
Production 

In preparation for Clezner Production ef­
forts, detail~d analysis and planning is 
required. One of the fruitful innovations 
in this field has been to borrow the 
methodology of financial auditing. 

In co-operation with UNEP and with fund­
ing from the Norwegian Government, 
UNIOO has recently prepared an Audit and 
Reduction Manual for Industrial Emissions 
and Wastes as a practical guide to this work. 

Waste audits orovide detailed accounts 
of processes and wastes, energy audits 
focus on the flow and transformation of 
energy in the production system, while 
environmental auditing spans the whole 
range of a plant's environmental effects 
and compliant:e with regulations. 

Waste audits aim at identifying waste by 
detailed analysis of th .... individual proces­
ses in the chain and suggest methods for 
eliminating or mini.;nizing it. Instead of 
cumbersome and expensive end-of-pipe 
treatment of large volumes of dilute was­
tes, attention is moved up the pipe to the 
component processes in the production 
chain. Based on audit results, the different 
waste streams - the different waste sub­
stances from different sources - can be kept 
separate, which is a requirement for suc­
cessful treatment and recycling. 
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ECOLOGICALLY SUSTAINABLE INDUSTRIAL DEVELOPMENT 

Working Paper No. III 



- 96 -

Contributions to this document have been made by Dr. G. Winter of the 
German Environmental Management Society, (BAUM), Hamburg, Dr. R.G.A. Bolanc 
(Consultant) and Mr. T. Davis, International Network f~r Environmental 
Management. 



- 97 -

Explanatory notes 

I. EXECUTIVE SUMMARY 

II • BACKGROUND 

A. Ecologically sustainable industrial 
development and the present paper 

B. Ecologically sustainable industrial 
development and clean technology 

c. Cleaner production and ~he approach 
of this paper 

D. Realities of the competitive 
industrial world 

E. Special factors in developing countries 

F. Underlying assumptions of experienced 
industrial managers 

III. COSTS AND BENEFITS OF CLEANER PRODUCTION 

A. General comments 

B. Costs 

C. Benefit~ 

D. Selected examples and enterprise initiatives 

E. O~portunities for building a special 
cleaner production capacity 

IV. ROLE OF FINANCIAL INSTITUTIONS 

111 

112 

112 

113 

114 

114 

114 

115 

116 

116 

117 

118 

119 

120 

121 

A. General comments 121 

B. Commercial and merchant banks 121 

C. National development banks and financidl h~rlies 122 

D. International develnpment banks 122 

E. Special e~vironmental financial institutions 122 

F. Selected financial initiatives 123 
' 

G. Opportunities for building a special 
'cleaner p~oductiun capacity 123 



V. 

VI. 

- 98 -

CONSTRAih""TS FOR SMALL- AND MEDIUM-SIZED 
ENTERPRISES 

A. G~neral commentE 

B. Selected samples of initiatives of 
small- and m~dium-sized enterprises 

C. Opportunities ior building a special 
cleaner production capacity 

ROLE O! 7RANSNATIONAL CORPORATIONS 

A. General comments 

B. Selected transnational initiatives 

C. Opportunities for building a special 
cleaner production capacity 

VII. NEED FOR HUMAN RESOURCE DEVELOPMENT 

124 

124 

126 

127 

127 

127 

128 

129 

130 

A. General comments 130 

B. Selected ~xamples of human resource initiatives 131 

C. Opp~rtunities for building a special 
cleaner production capacity 132 

VIII. RELATIONSHIPS OF INDUSTRY WITH GOVERNMENT 
AND PUBLIC INSTITUTIONS 

IX. 

A. General co~.ments 

B. Selected examples of government and 
public institution initiatives 

C. Opportunities for building a special 
cleaner production capacity 

ROLE OF NATIONAL INDUSTRIAL FEDERATIONS, 
CHAMBERS OF COMMERCE, TRADE UNIONS AND NGOs 

A. General comments 

B. Selected examples of initiatives of 
these organizations 

C. Opportunities for building a sper.ial 
cleaner production capacity 

l'.>2 

132 

133 

134 

134 

134 

135 

136 



x. 

- 99 -

INDUSTRIAL EXPERIENCE OF R&D, 
MANAGEMENT AND TRAINING METHODS 137 

A. Research and development hardware: technology 137 

B. Selected examples of R&D hardware initiatives 138 

C. R&D software: management and training methods 139 

D. Selected research and development software 
initiatives 

E. Opportunities to building a special 
ecologically sustainable industrial 

140 

development and cleaner production capacity 141 

XI. CONCLUSIONS 141 

XII. RECOMMENDED ACTION FOR UNIDO 142 

XIII. NOTES 144 



- 100 -

~lanatory notes 

BAUM German Environmental Management Association 
BCSD Business Co\Dlcil for Sustainable Development 
CFC chloro-fluorocarbon 
CP cleMter production 
EPA Environmental Protection Agency (of the United States of America} 
ESID ecoloiically sustainable industrial development 
ICC International Chamber of Co1merce 
IPCS International Progr&lllle for Chemical Safety 
IEO Industry and Environment Office (of UNEP) 
ILO International Labor Organisation 
IREM International Retvork for Environmental Management 
ISO International Standards Organization 
SME small- and medium-sized entreprise 
INC transnational corporation 
UNCED United Rations Conference on Envir?nment and Development 
UREP United Rations Environment Programme 
WHO World Health Organization 



- 101 -

I. EXICOTIVI SlRUl.Y 

The major sources of pollution and users of natural resources are energy 
producers, industry, transportation, agricult~re and consumers. The present 
paper concentrates on industry but the issues addressed are profolllldly 
affected by problems beyond its scope, for example, population growth, poverty 
and disenfranchisem~t and trade issues. 

The basic concept of Ecologically Sustainable Industrial Development 
(ESID) requires industrial activity to mimic eco-systems in a closed loop 
v~?re waste becomes a resource for the next link in the loop. Bature teaches 
that ecological balance is only achieved by a h!gh level of inherent process 
efficiency and integration between the different organisms or links in the 
eco-system. Similarly, ESID will be achieved when our processes become 
inherently efficient and the economic actors "connect" with the next actors in 
the loop. 

Clean technology and cleaner production (CP) - the "hardware" - are the 
main practical and technical goals to be achieved. Better environmental 
management, including training and environmental audits, - the "software" - is 
equally important. 

In light of the above, UNIDO and its member governments are urged to: 

1. set, as an overall goal, the establishment of cleaner production as the 
norm by the year 2000 and that ESID (i.e., closed loop with low/zero 
waste) becomes the norm by the year 2020; 

2. cooperate with local and global, governmental and non-governmental 
institutions and especially with developing colllltries' governments and 
with business associati~ns in sharing the task of spreading ESID; 

3. promote a fair regulatory framework conducive to ESID and cleaner 
production which sets precise goals without prescribing the exact methods 
to reach them, and leaves it to industry to achieve these in the most 
efficient and economic manner; 

4. create incentives for ESID in the marketplace through appropriate 
taxation and fiscal instruments fostering the internalization of business 
costs related to resourcP/energy consumption and pollution; 

5. set a good example by requiring all publicly-owned enterprises, public 
service companies and administrations to uphold ~be same standards as are 
demanded from the private sector; 

6. ensure that transnational corporations implement the same environmental 
·standards worldwide as in their home markets (given that they are in fact 
higher); 

7. employ focused strategies to solve the environmental problems of Small­
and Medium-Sized Enterprises (SMEs) worldwide, including those in the 
informal sector of developing countries which cannot be reached by 
traditional means; 
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8. take advantage of the contacts and know-how of business associations, 
chambers of coamerce, trade 1Dlions and special business sectors such as 
acco1Dlting, insurance and banking (banks in particular through their 
widespread networks can reach otherwise bard-to-reach SMEs); 

9. la1Dlch an inforaation cupaign to show that in many cases even in the 
short-tera, cleaner production and pollution prevention can pay and that 
they are conditions for the long-tera survival and success of a company; 

10. promote awareness in business of the need for ESID through education, 
sensitization and training (e.g., the ICC Business Charter for 
Sustainable Development). As political, psychological and managerial 
problems will be harder to solve than the technological ones, motivation 
through the power of examples and case studies is of highest priority; 

11. promote awareness in society and conslmlers of the need for sustainable 
development through education, sensitization and training from 
kindergartens to high schools, technical a~d business schools to 
1Dliversities; 

12. promote the development of R&D relating to cleaner production and ESID by 
all corporations, and specifically remove hurdles faced by smaller SMEs 
and individual inventors. 

The URIDO action plan details the above recommendations and should be put 
intc operational terms. URIDO is urged to: 

take stock of available experience, information and m~terial, matching 
these with perceived needs and noting discrepancies; 

use, adapt and further develop available material and experience, foster 
the spread of approaches which have proven themselves, promote the rapid 
and \Dlbureaucratic distribution oi useful information and training and; 

where necessary, help develop information, assessment methods and 
indicators in those areas where they are most lacking (e.g., focus on 
developing countries, environmental audits and acco\Dlting). 

II. BACGROUllD 

A. Ecologically sustainable industrial development and the present paper 

The present paper has been prepared as a contribution to the UNIDO 
Conference on Ecologically Sustainable Industrial Development. It describes 
in practical operational terms some current industrial initiatives for 
building a special capacity for ESID within each country, mainly by the 
promotion of cleaner production technology. 

This special capacity must deal with both installing new equipment and 
processes, and operating them; it must also deal with the technical and 
management problems of cleaner production. While it is clear that the 
problems relating to the technical side are not all solved, for example, the 
lack of widely coanercially available non-chloro-fluorocarbon-based 
technologies, there seems to be less of a problem of technology, but more of 
management. How car. industrial managers and workers in older industries be 
persuaded that clean, or at least cleaner production ls viable in their 
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ind~=try, country and enterprise, and then bow can they be helped to achieve 
it? There are also often political problems which prevent, or at least delay, 
the introduction of such technologies. 

For example, in 1991 a bilateral development agency promoted a new 
process to recycle toxic chromium salts, traditionally used to tan animal 
bides into high quality leather goods. The process was adapted for one 
enterprise at a cost of about US$SO,OOO. It reduced chromium sludge 
discharges by 99 per cent and produced a return on investment to the 
enterprise of about 20 per cent per annua after t.ix. However, other tanning 
enterprises in that country were reluctant to adopt the new cleaner production 
techno:~gy. It seems that environmental and tax regulations were not 
rigorously enforced and there were few penalties for toxic discharges; thus 
enterprise managers were unwilling to risk their limited funds on this new 
investment. Efforts by the bilateral agency to introduce the proven cleaner 
production process into similar enterprises in a neighbouring country were 
rejected because the media bad associated the new process with the first 
country, which was not on good terms with the second country. Strong efforts 
by the bilateral •&ency to introduce the proven cleaner production process 
into a third nearby country were delayed until the agency would finance new 
local studies to e~sure that the process was compatible with th~ industrial 
practices of that country. !/ 

B. ~ologically sustainable industrial development and clean technology 

In 1979, clean technology was defined by the Coaaission of the European 
Economic Co11111unity as fulfilling three distinct but complementary purposes: 

(a) Less pollution discharged into the natural environment (water, air, 
and earth); 

(b) Less waste (low waste and non-waste technology); 

(c) Less demand on natural resources (water energy and raw materials). 

This definition refers to any technical measures taken to reduce or 
eliminate at source the production of any nuisance, pollution or waste, and to 
help save raw materials, and other natural resources. It involves the 
treatment of pollutants, recycling, retrofitting, energy conservation and 
installation of equipment that uses air, water or land resources 
efficiently. In practice, it tends to produce "end-of-pipe" rather than 
genuine pollution prevention solutions. Z/ 

In 1991, the new concept of clean technology focuses on optimal products 
and optimal processes with pollution prevention and resource conservation, and 
new products that satisfy currently unmet needs. Since technology is a 
process of constant improvement, the concept of optimal products and processes 
will be continually redefined. Processes will move towards zero 
waste/pollution and products will be managed during their whole life cycle 
from material extraction, manufacturing, use and disposal. 

The obstacles to such optimization are at a market level (insufficient 
incentives), at regulatory level (unenforced standards), at sectoral level 
(slow growth sectors pollute the most) and at an enterprise level (resistance 
to change). 
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C. Cleaner production and the approach of this paper 

A 1tOre modest objective than ESID is cleaner production, for which 
industry, together with the agricul~ural and public-service sectors, can take 
responsibility. In both developed and developing co\Dltries, there is scope 
for "clean" production as a practical and profitable reality for new, 
expanding industries; and "cleaner" production as a viable option for older, 
stable industries. However, the institutional will •ust be available for 
governments and financial institutions to create appropriate rewards and 
penalties for the ESID/CP concept as a better alternative than unrestricteJ 
economic industrial development. Cleaner production involves new processes 
and new products prodded by the internalization of environmental costs as 
charges in the enterprise. 

D. Realities of the competitive industrial vorld 

Business certainly causes extensive pollution in the process of 
industrial development, but it is sometimes blamed \Dlfairly for environmental 
pollution and waste of natural resources caused by pove~ty, population, 
agriculture, political conflicts or natural disasters. Although some major 
companies have subcontracted "dirty" production to smaller companies or 
overseas subsidiaries, there seems to be no limit to the potential for holding 
business responsible for adverse environmental impact. Responsibility for 
factory pollution, has expanded to the wider concept of respcnsibility for raw 
materials and products. 

Thu& the competitive industrial world is full of business and 
environmental \Dlcertainties and determined by hard economic facts. It makes 
no concession to the industry or enterprises that fail, regardless of their 
environmental policies. Therefore, despite the ecological rhetoric on 
environmental issues, industry is more strongly influenced by such factors as 
cash flow, marLet share, profit and business survival. Also, most regulated 
standards for the environment, such as industrial health and safety standards, 
do not depend upon scientific facts, but more on public beliefs and political 
or industrial bargaining, very often long-term effects are unknown. 

Some countries like Sweden are actually planning fur low/zero pollution 
in selected industries by the year 2000; J/ and yet, since many energy/mining 
resources are not renewable, low/zero resource ~epletion does not seem to be 
viable. However, as the energy of the sun is ior all practical purposes 
infinite, it is conceivable that future technology could develop new forms of 
energy and renewable resources, such that these concepts could become viable. 

One example of the impossible becoming possible was of a lake in Canada 
that had been severely polluted by industrial waste. Scientists predicted 
that rehabilitation in less than a century was unlikely, however, with new 
technology, the lake became viable again for aquatic life, within 15 years. !/ 

I. Special factors in developing countries 

In the difficult economic conditions of many developing countries, 
industry has special problems. The major industrial enterprises in such 
countries are often nationalized public companies with a record of political 
rather than economic management, which provide a history uf chronic losses. }/ 
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In some developing coUDtries, both nationalized and private Industry 
often have such vorn-out or technologically outdated equipment that the) vo~la 
probably not survive under international competition. With cheap l~bour, 
protected markets, l!ttle environmental regulation and only limited cash for 
nev investment, short-term survival of the entreprise is more !mportant than 
dealing vith the longer term environmental issues. ~/ 

Over the last 30 years, 11a11y such developing coUDtries have suffered 
extensive environmental destruction, even froa vell-eeaning industrial 
development projects, promoted and financed by international agencies, 
bilateral donors and the international banking coaaunity. The objective of 
such projects has been economic development, for which negative environmental 
impact has been considered to be an UDavoidable side effect. This experience 
has not contributed to the relationship of mutual trust between developing 
coUDtries and financial institutions, which is essential for resol,ing 
environmental problems. II 

It is also recognized that prices in international trade vith developing 
coUDtries have been deterl!lined ~ithout regard to resource maintenance or 
rehabilitation, resulting in ~r•ere loss of bio-diversity and of the natural 
resource base of some coUDtri 0 s. 

Environmental pressures and standards are currently much love.: in 
developing coUDt1:ies than in the industrialized world. Transnational 
corporations have only recently begun to support higher ESID/CP standards 
wherever they operate. Some developing countries perceive nev regulations for 
cleaner production as di•~ulsed trade barriers to protect the market share of 
Western/Northern industry, to keep third world industry from competing. This 
perception of mistrust must be recognized when seeking to encourage ESID/CP in 
developing coUDtries, which do not yet have the necessary institutional 
capacity or resources, and yet are very alert to possible economic 
exploitation by industrialized coUDtries. 

Case: After many years of pressure from environmentalists, especially in 
industrialized coUDtries, Brazil, the world's largest developing country 
debtor (US$ 122 billion), dropped its long-standing opposition to 
debt-for-nature swaps in JUDe 1991 and planned to convert up to US$ 100 
million per year. Debt-for-nature swaps had been previously resisted 
because they had been viewed as a way in which foreign (i.e. Western) 
environmental groups might acquire too much influence on the policies 
concerning the rainforest of Brazil, which UDtil recently had encouraged, 
rather than prevented, rainforest destruction. l/ 

r. Underlying ass1m1ptions of experienced industrial managers 

Industrial experience has convinced many managers that: 

(a) Environment is the responsibility of government, not business; 

(b) Some environmental degradation is inevitable in certain types of 
industrial development, especially in oldPr industries; 

(c} Business survival is more directly related to cash flow, market 
share and profit than to business or environmental ethics; 
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{d) Environmental protection, like industrial health and safety, is best 
handled by legislation, regulation and rigorous enforceme~t, not by 
appeals to business ethics. 

Such attitudes aay not survive with the new generation of younger 
industrial llailagers of the 1990s for whoa ESID aay have special value. 

111. COSTS DD BllllD'ITS OF Cl.lt&WQ PllODUCTIOB 

J.. General c~ts 

The ideal industrial system would transform energy and materials into 
goods, with the highest efficiency in industrial production approaching the 
liaits iaposed by the laws of thel'llOdriaaics. As auch aaterinl and energy as 
possible would be recovered froa process wastes and from post-consumer 
refuse. Such a system would also prevent the release of hazardous substances 
such as chlorinated hydrocarbons and toxic heavy aetals. Although this ideal 
has yet to be reached, proven technical and managerial approaches can already 
deliver big gains in the efficiency of industrial production. I/ 

Further advances r.ay result frOll the study of biological systems because 
many approach this ideal. Whole eco-systems form series of highly efficient 
closed and interlocking cycles or loops where materials are constantly 
recycled {e.g. the water cycle, the carbon and nitrogen cycles). 

In some new industries, low or zero waste is becoming increasingly 
viable. In older industries cleaner production may be the only c~rrent 
practical alternative, however, the concept of cleaner production changes 
rapidly with tecbnological development. Enterprises in the 1990s may achieve 
levels of cleaner production considered impossible in the 1980s, provided 
continuing investment is available. 

If governments charge full enviro1111ental costs to enterprises by means of 
specific pollution taxes and penalties, and give grants for special cleaner 
production activities, the co~ts/grants become "internalized" into enterprise 
accounting, motivating profitable cleaner production. 

Are there limits to cleaner production? Should the enterprise consider 
its suppl~ers' and customers' environmental impacts as part of its cleaner 
production responsibility? Cleaner production is relative, and in many cases, 
developing countries, even quite advanced ones, may sometimes be prepared to 
relax their regulations in order to attract major foreign investment. i/ Do 
business and government really value cleaner production for itself or for 
other reasons? A case in point would be the following: 

Cas~: Business - The chief executive of a petroleum corporation 
introduced in 1987 the SMART {save money and reduce toxics) programme 
encouraging ideas from every employee to eliminate waste; by 1991 it had 
reduced hazardous waste by 60 per cent {compared with 1986) and saved 
about US$10 million. 12/ 
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B.~sts 

SOile cleaner production options require iittle or no new cash investment 
and are applicable to existing facilities in all enterprises, in both 
developed and developing countries. They simply involve good production 
engineering and housekeeping with management and workers taking a new creative 
interest in resource utilization improvements (reductioL of energy, water ana 
materials use); waste ~tream separation; effective monitoring; pollution 
prevention; waste recycling and disposal; improved operating ro~tines; and 
tightening supplier requirements for quality and environmentr.l impacts. 
Cleaner production can lead to cost savings and a whole range of ideas for 
improvement in material~, processes, products and pollution, with the know-how 
adapted to l~cal needs of small- and mediua-sized enterprises. 

For investment in cleaner production in new facilities, the costs 
include: costs of cleaner production equipment, possibly higher than that of 
traditional equipment; all the usual problems in a new technology; lost time 
in researching availability; installation problems; initial production 
inefficiencies; unexpected side effects; maintenance and break-down costs; 
risk that new non-polluting materials may be less effective and more costly; 
risk that new pollution/resource utilization standards may still not be 
achieved by the new technology; loss of market share due to production delays; 
market risk in a possible product change; and risk of market change that could 
make the new technology irrelevant to new needs. 

For investment in cleaner production with older industries, the costs 
include investment in retrofitting old production facilities ·for waste 
reduction and recycling and many of the above problems as well as the possibly 
serious financial losses from scrapping older plant. For older industry, 
especially in developing countries with limited cash resources, the higher 
initial cost3 of cleaner production may be a poor economic alternative to 
continuing with the old production system and keeping envi~onmental impacts 
confidential while avoiding bankruptcy. If other companies' activities 
survive with "dirty production", pollution prevention may not pay in that case. 

Cleaner production can result in a cleaner product which could lead to a 
market-share advantage, either in local or export markets in which case 
failure to adopt cleaner production results ls an "opportunity loss" i.e. the 
loss of profits that could have been gained. 

C. Benefits 

The initial benefit for the enterprise from cleaner production is 
increased economic returr~ from: 

(a) Saving, - direct saving from energy, resources, time etc.; 

(b) Proflts 1 - direct benefit from improved competitive products and 
local/export market share, because greener processes/products give 
an edge to market co~petitlveness and meet new environmental 
standards of customers in many countries; 

(c) Saving, - indirect saving from reduced gaseous, liquid and solid 
wastes, if they can be recycled and sold or result in lower disposal 
costs; and 
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(d) Saving, - indirect saving due to reduction of risk from: avoiaance 
of environm~ntal tares, legal damage suits and pollution penalties, 
claims and pressures. 

Other benefits include: 

1. Managem~~t, - improved creative management with "openness" as part 
of corporate environmental policy, with negative impacts are no 
longer being "secret" but open to facilitat~ resolution; 

2. Resource utilization, - pressures and standards for using air, water 
and land resources more efficf Pntly, may lead to new cost reductions 
not envisaged under old production processes; 

J. Integrated pollution control, - whereby one pollutant is nat 
converted to another, can also bring risk reduction and improved 
coanunity relations; 

4. Easier compliance, - with stringent national and inte.rnational 
environmental standards which increasingly become decided at 
regional and global political levels; 

5. Production efficiency, - in energy economy and better utilization of 
materials, waste reduction and recycling; 

6. Public image, - the advantage of a public corporate profile as "an 
environmentally responsible company" which strengthens the 
enterprise's ability to defend itself against environmental 
pressures; 

7. NGOs, - when the enterprise can relate even to aggressive 
environmental NGOs then there is a general risk reduction, which can 
ensure its survival in the future; 

8. Environmental audit, - can become a management tool ra~her than a 
threat; it can ensure that top management is properly informed on 
environmental activities, results and potential; this could begin 
with an environmental management audit and proceed to a full annual 
external environmental audit from the following year; 

9. Employment, - enterprises that are environmentally responsible 
companies find it easier to attract new younger staff and workers of 
high calibre, many of whom simply will not work for a "dirty" 
company; .ill 

10. Labour relations, - improve when the company health and safety 
programme in the workplace begins to include the community where the 
wives and children of the workers live. This demonstrates a 
"solidarity of common human values" shared by management and workers; 

11. Survival, - informed care for the eco-system provides better 
corporate control on its own survival in the community, region and 
country; and 

12. Market acc~~s, - assured acce~s to existing export marktts and 
customers. Some major ~ompanies now do "supplier audits" and refuse 
to use suppliers that fail to practice cleaner production. Again 
some countries may preclude import of produrts that do not meet 
specified cleaner production standards. 
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D. Selected exaaples of enterprise initiatives 

1. India: Harihar Polyfibers in India, developed a technology to recycle 
process waste in the synthetic fibre industry and recover hydrochloric 
acid and caustic soda for re-use, with significant cost savings. llle same 
company also achieved reduced oil consumption with heat control technology 
which also improved product quality. 12/ 

2. UIC: Blue Circle Cement - introduced the LIRKman expert system which 
~?nitors the cement kiln to achieve optimal coal utilization and reduces 
NOx emissions from 500 ppm to 200 ppm. Investment of US$400 million for 
savings of US$750 million p.a. !J./ 

3. Brazil: The Companhia Siderurgica Pains steel mill introduced cleaner 
production with improved rolling mill, water/gas treatment and charcoal 
handling systems; it was reported that the new systems reduced waste of 
clean water/air and yet reduced charcoal corsumption, to achieve savings 
of US$1.5 million per year and avoiding 100< ha. of trees cut per year. 14/ 

4. Denmark: Baldor Tospoe developed the SNOX process to recover sulphur 
and nitrogen oxides from power station flue gases, leading to no waste 
water, slurries or solids and a marketable by-product of sulphuric acid; 
it took special care to ensure that the technology actually worked in 
other enterprises/co1Dltries; this enabled successful export marketing of 
SNOX to Holland, Taiwan, Italy and USA. ~/ 

5. Tanzania: Rehabilitation of its electrostatic precipitators by the 
Portland Cement Factory was reported to produce a significant reduction of 
air pollution and to lead to cost savings of about US$8,000 per day. 14/ 

6. UIC: ICI has a new cleaner production policy to reduce its waste 
generation by 50 per cent by 1995 with investment of about HS$300 million 
per annum which is about 20 per cent of the capital budget. The plan is 
threatened by the need to improve short-term earnings. 1.2/ 

7. Zambia: The Cbiianga Cement Co. installed two dust cyclone arresters 
and filters between its kiln and chimneys which resulted in a cleaner 
working environment (less dust emitted), higher productivity, less welfare 
expenses, less corrosion of equipment and net savings of US$40,000 per 
year. li/ 

8. USA/USSR: The Princeton Moscow Trading Corp. has made an agreement with 
the City of Moscow to collect and shred used tires in the US, ship them to 
the Soviet Union and use the recycled rubber in road resurfacing. This 
process which has already been used in Newark, NJ is a good example of 
"waste" being t11rned into a useful "resource" elsewhere. 17/ 

9. France: Renault and Peugeot, France's two large vehicle manufacturers, 
have separately teamed up with several specialized recycling companies to 
recycle metals, plastics, tires, oils, other car fluids, betteries and 
other components of cars. They started early in 1991 t~o-year 
pilot-projects and if successful intend to extend thiP- programme to 
completely recycle all thei~ turned-in cars by the y~ar 2000. ~/ 
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K. Opportunities for building a special cleaner pToduction capacity 

Taking adva.1tage of cleaner production in creating environmentally 
efficient production processes involves: improved production engineering and 
housekeeping; substituting toxic production process ma~erials; changing 
manufacturing processes; recovering materials, water and energy from waste 
streams for re-use or re-sale to other enterprises; identifying process 
opportunities with such management tuols as: environmental audit, monitoring, 
worker incentive schemes, an~ even allocation of full environmental waste 
treatment/disposal costs to production lDlits, to motivate cost savings. 

To take advantage of cleaner production in creating new product 
opportunities, companies need a new product capability to minimize 
environmental impacts at ea~h stage of the life cycle, and yet to ensure 
adequate product quality. This involves: research Jnto new product needs; 
willingness to replace existing products; new ways for product renewal and 
repair; new prod~ct design for reduced material content and increased recycling 
potential; new responsibility for product materials, process, use and disposal; 
and new forms of cooperation with customers, competitors, suppliers, 
governments and NGOs. 

The cost and benefits of cleaner production depend upon the industrial 
se~tor, country and enterprise. Cleaner production is usually easier and more 
profitable for newer expanding industries. Older stable, neglected, "dirty", 
unprofitable enterprises, which exist in many countries, have harder cleaner 
production decisions to make if they are to survive increasingly severe 
environmental regulations. 

For small- an<t medium-sized enterprises in developing countries, it has 
been found that improved "production engineering housekeeping" can have a 
significant cleaner production effect without major investment. 

In a highly competitive environment, perhaps Annual External Environmental 
Audits for all major companies Js the best way for cleaner production problems 
and potential solutions, to come to the attention of top management. However, 
up to 1991, relatively few companies had actually implemented effective overall 
cleaner production, pollution prevention and waste minimization programmes, let 
alone strat~gies for the new concept of "optimal products and processes" for 
ESIO. Thus the current opportunities for cleaner productioh improvement are 
almost unlimited, in both developed and developing countries. An example of a 
total approach would be the following: 

Case: Ernst Winter & Sohn developed and adopted an integrated system of 
environmental business management for the whole organization at ev~ry 
level. Many of the cleaner production opportunities devel~ped in the 
compa~y, seemed applicable to enterprises in both newer and older, larger 
and smaller industries. The EEC therefore helped to finance a book to 
illustrate the system with text and comprehe.1sive practical checklists: 
"Business and the Environment". ll/ 
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IV. ROLi OF FillARCIAL IBSTITOTIOKS 

A. General cOlllllents 

Investment in new technology and equipment can generally lead to cleaner 
production, thus the availability of investment financing can be critical. 
Commercial banks and financial institutions have taken little interest in 
cleauer production or the environmental impact of the projects they finance, 
because they have not been major financial risks. The important negative 
environmental impact of older environmentally degrading companies may perhaps 
be linked to their lack of credit-worthiness. 

With increasing political environment~! pressures, the risk of financial 
failures due to environmental causes is much higher than ever before. However, 
until a pollution disaster arises, business (and finance houses) still teud to 
concentrate on the risks from competitive national and international markets. 

Major banks and financial institutions have begun to recognize a need for 
the "green image" of an environmentally responsible company to attract young 
staff of high calibre. They are taking more interest in environmental 
compliance, and in measuring envi~onmental risk. Environmental Impact 
Assessment is an esta~lisbed regulatory tool for assessing the environmental 
impacts of new major projects, ~ut it has been often criticized for poor 
quality and it lacks "follow up" mechanisms for assessing the subsequent 
environmental and financial risk of the project during operation. 

Although annual financial audit of major clients is required, the finance 
house~ wonder if they "dare" ask clients for annual external environmental 
audit which would alert them to new major financial risks. However future EEC 
directives on Environmental Impact Assessment may soon make annual external 
environmental audit as normal as financial audit, and will bring benefits both 
to lenders and borrowers. 

B. Coanercial and merchant banks 

The usual criteria for commercial bank lending relate to: purpose, 
personal relationship of trust, profitability and payback. The major risk is 
business fallure, which can be provoked by e:ivironmental issues, e.g., "secure" 
land valu~a can te suddenly diminished by pollution. 

Increasing environmental regulation, public and ~~O press~res on all 
parties involved in projects that have negative envirormental impacts, has 
forced banks to begin to consider the "green" aspects of new project 
financing. Thus the image of the bank makes it reluctant to finance heavily 
polluting projects without some effort to~ards cleaner production. A case in 
point: 

Case: In 1989/91 in the EEC, major banks provided financial support for 
two major geographical projects: one for a car testing area and one for 
nuclear waste reprocessing; both had completed Environmental Impact 
Assessments and all the legal steps and obtained official approval. 
However after consider· able investment of funds, they were stopped by 
political pressures (thP. NIMBY syndrome: not in my back yard) from 
environmental protest groups. This resulted in severe financial losses for 
the companies and increased risk for the banks. l/ 
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Soffie banks in the EES are beginning to recognize the risk and to offe1 a 
range of environmental services to their customers including: environmental 
data banks, advice, training etc., thus reducing risk from environmental 
factors. 20/ 

C. Rational development banks and financing bodies 

G~vernment-sponsored development banks and other funding bodies already 
have employment, social and political objectives in financing industrial 
development projects. They could finance ESID and CP special projects which 
cannot meet the criteria for commercial bank lending. Such development banks 
are beginning to employ professional environmental management staff who are 
able to give advice on cleaner production projects and influence borrowers tc 
give more thought to these issues. 

D. International development banks 

Until well into the 1980s, the international development banks (Wcrld 
Bank, African Development Bank, Inter-American Development Bank and Asia 
Development Bank) gave little attention to the environmental impacts of their 
activities. They employed mostly economists and accountants with only a 
handful cf environmental specialists; thus economic industrial development was 
the key lending criteria. 

However many projects brought such unexpected severe pollution and 
uneconomic use of enviro~7.eu~al resources that now they seriously screen future 
investment projects for environmental risk and encourage ESID and CP. They 
have expanded their professional environmental staff extensively, which 
indicates a change of real priorities. Ne•er institutions, such as the 
London-based European Bank for Reconstruction and Development (see example 
below) are taking environmental concerns into account from the very beginning. 

Case: The World Bank started in November 1990 the Global Environmental 
?acility with financial commitments of $1.5 billion over 3 years 
(representing 2 per cent of total ~ommitillents) to spend on probrammes 
which positively affect global environmental quality. This year's 
progranune focuses on bio-diversity. The first working meeting in May 1991 
allotted U~S214 million for 15 environmental projects and another US$59 
million for technical support. UNDP plays a key role in identifying 
potential projects an~ local NGOs are envisaged to benefit from project 
fJnancing. £.1/ 

E. Special environmental financial institutions 

Several special instituticns exist whtch directly or indirectly finance 
envirorunental projects which may not meet the criteria for commercial lending. 
These include the EEC COMETT programme, which tn~ds a ra~ge of industrial 
research and enviror..m~ntal pilot projects, and the Budapest Regional 
Environmental Center, which supports the accivities of environmental NGCs in 
Eastern Europe through financial, logistical and technical assistance. 
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F. Selected financial initiatiTes 

1. Indonesia: The State Minister of Environment and Finance urged bankers 
to support the governments AMDAL {ESID/CP) policies, because 75 per cent 
of the funds used to develop industry were provided by the banks. One 
major bank respondei by assigning a senior officer to introduce 
environmental conditions as part of major bank lending agreements; however 
they reported that it was difficult to follow compliance, due to lack of 
environmental law enforce1:ent. 22/ 

2. International: The World Bank approved US$340 million financing for 
Poland to improve the efficiency of bulk-heat supply to domestic and 
industrial users and exploit natural gas resources instead of coal. The 
World Bank policy on financing waste management projects in developing 
countries is shifting away from technological issues towards an evaluation 
of the policy framework needed for successful resource recovery systems. 
This clearly recognizes that for cleaner production, management is a far 
more important problem than technology. The World Bank's 1992 World 
Economic Report will focus on environmental issues. 21/ 

3. USA: Bankamerica Corporation is the first U.S. bank to adopt a set of 
environmental principles in January 1991 including a special effort to 
find and support enterprises that are seeking cleaner production. The bank 
created a unit of Environmental Policies and Programmes and established a 
senior management team to monitor progress. 23/ 

4. France: Since 1990, the Banque Populaire du Haut-Rhin finances at 
preferential rates cleaner production projects for SMEs which are 
previously professionally evaluated by an eco-counselor as to their 
effects on air, water and solid waste. 24/ 

5. India: the World Bank's first Asian loan devoted exclusively to 
environmental protection was made in 1991. The US$124 million loan and an 
additional credit of US$31.6 million will finance a programme designed to 
reduce chemical pollution from older plants in the dye, fertilizers, 
pharmaceuticals, pesticides and petrochemical industries. The programme 
includes strengthening the capacity of monitoring agencies and building 
waste-treatment facilities in industrial parks for SMEs. l/ 

~. International: The European Bank for Recnnstruction and Develnpment's 
first loan to former centrally planned economy country (June 1991) was a 
US$50 million loan to the former regional branch of the Polish National 
Bank in Poznan. This loan will be used by municipalities and enterprises 
in 10 cities to improve energy efficiency and reduce dependence on 
high-sulfur coal by replacing coal-fired boilers by gas-fired boilers.~/ 

G. Opport1Dlities for building a special cleaner production capacity 

The role of financial institutions can go beyond helping environmentally 
responsible companies into cre~~ing the financial environment that promotes 
cleaner production. They could provide the full range of environmental 
servic£s (data banks, advice, audit, training seminars), develop a range of 
environmental educational publications and encourage cleaner production by 
preferential lending arrangements. 
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Financial institutions, especially private ones, should be more aggressive 
in promoting innovations and the capacity of small businesses to exp£nd if 
their processes are more environmentally benign. 

Financial institutions could, in partnership with development agencies, 
jointly fund ESID and CP projects (50 per cent grant, 50 per cent loan) in 
developing countr~es; this would bring the discipline of co111111ercial financing 
to development projects and it could particularly sponsor the rehabilitation of 
older industries, or even its restructuring along environmentally friendlier 
lines, i.e., help it to undergo "eco-restructuring." 

In the longer term, they could use "debt-for-nature sw~ps" to provide 
nacional development ban.k.3 with financial resources to fina~ce ESID/CP projects 
by buying up discounted debt instruments on the market and r.•tuming them to 
the issuing country to allow local financing of environmental projects. 

They could encourage client companies to adopt both a financial audit and 
a simple annual external environmental audit as useful management tools for the 
management of ESID/CP. 

Finally, in their long-term interest, these institutions should encourage 
enviror.mental management education in universities, technical colleges and 
business schools by funding and other appropriate assistance. 

V. COllSTRAillTS FOR SMALL- AllD llEDIOll-SIZED DTDPRISES 

A. General cOBDents 

SMEs can be confronted by different problems depending on their locacion 
(developed or developing country), their activity (industry, retail, services) 
their size, (small, medium or artisans), age, legal status, capitalization, 
~dnagement structure (owner-manager, employed manager) and ownership structure 
(individual or corporate/institutional ownership). 

It is often forgotten that in many countries SMEs as a whole carry more 
economic weight than large companies whether in terms of employment or 
production. SMEs employ more people and consistently create more new jobs, 
train more young employees, produce and innov~te more. From a historical point 
of view, SMEs form the economic tissue and i;1 some countries (e.g. Germany) 
have been the backbone of the economy. Most of today's large companies started 
out as small-scale ones. 

The particular problems of SMEs are often overlooked. This is often 
because SMEs are not well enough represented in economic fora. Their owners 
very often manage the enterprise an~ they cannot absent themselves from their 
business and have no time to defend their interests at the local, national or 
international level. 

SMEs in developing countries are confronted with all the problems faced by 
their counterparts elsewhere with the added dltficulties inherent to the fact 
that many of them belong to the informal sector. The high transactio~q rnsts 
associ1ted with the regular economy, often the consequence of large but 
ineffld ent bureauC'racien and cumbersome procedures, and a lack of training in 
fundamental business concepts hinder the full integration of SMEs into official 
markets. This leads to a loss of governmental overview and contrcl. Once 
again, the problems are ones better solved through education of national and 
local authorities so that the conditions are created to unleash the creative 
power of individual initiative through SMEs. 
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Case. The city of Cairo (10 million inhabitants) after failing to 
introduce a Westc~-style garbage collection system because of 
infrastructure and financial problems, belatedly decided in 1990 to help 
the traditionally despised Zabbalcen to llOdernize their operations. The 
Zabbaleen are Cairo's aore than 50,000-strong traditional garbage 
collectors and recyclers belonging to the informal sector. More than a 
dozen new Zabbaleen SMEs now operate cotmercially. '1&/ This successful 
example of the reintegration of people and de facto SMEs previously 
belonging to the infonaal sector and of providing a highly efficient and 
flexible service deserves to be imitated. 

SMEs are in many cases family enterprises where the owners wish that their 
children one day take over th~ business. Their long-term thinking makes them 
oftb'l aore receptive to a business policy which protects the environment for 
the benefit of future generations. By contrast, professional managers of large 
companies are tempted to give highest priority to the maximization of 
short-term profits to ensure the renewal of their contract. 

SMEs are also often "one person shows" where the owner manages everything 
including environmental i~sues. This explains why in many SMEs, the owners, in 
spite of g:~at efforts, can do much less for the environment than they would 
wish. SMEs may know that they pollute "just a little" (or a lot) but because 
there are so many, they may collectively do severe environmental damage which 
is tolerated because the co1aunity needs employment. Cases have arisen in the 
EEC where a few small pulp/paper factories created a polJution problem for a 
whole region; and similarly where one SME waste oil spillage polluted the 
drinking water supply for a city. So even single SMEs may at times cau&e as 
much environmental damage as major industrial enterprises. 

Many SMEs are recent enterprises (specializing in high technology) which 
are dynamic, innovative and competitive in national and export markets. They 
can react much faster than larger companies to both market and cleaner 
production opportlDlities; but their critical constraint is shortage of finance 
which is often a f\Dlction of their successful rapid expansion. In fact, it was 
SMEs such as these which, by their pilot projects, gave the decisive push for 
the present environmental management movement. 

But the vast majority is still dependent on old technology; they have the 
risk of short-term failure, L.J thus long-term planning is often irrelevant. 
They have no great political power to defend themselves from environmental 
pressures so they prefer to avoid public attention. 

Some SME enterprise managers may not even see the cleaner production 
problem. Even in Germany - where environmental issues have become deeply 
ingrained - 30 per cent of managers are not familiar with the environmental 
regulations that they are supposed to comply with. '1:J.../ For them environmental 
concern leads to costs with no '>enefits; and thus their strategy is minimal 
compliance with the legal health, ~elfare and environmental standards. 
Managers in these enterprises often feel that cleaner pro~uction investment is 
not economic or viable for their limited operations and that the pollution they 
create is too small to be of significance. 

Strict enforcement of even existing environmental standards could well 
force many enterprises into bankruptcy; thus non-enforcement is a must to 
them. Fortunately for them, there is less pressure from the press, and NGOs on 
such small enterpri&es. 



- 116 -

For their possible cleaner production projects, such enterprises may well 
have too little access to adequate investaent capital, adequate patent rigbts, 
protected ••rkets, international sources of information and materials etc. 
This may well make potential cleaner production investaent too difficult and 
1Uleconomic for serious consideration. 

B. Selected. ex.!!!Qlea of initiatiTea of ... 11- and lledia.-sized. enterprises 

Ex .. ples that can be presented to illustrate the success of individual 
Stn:s in both developing co1Ultries and in European transitional econOllies 
include the following: 

1. India: Confrontation with higher energy costs has motivated h1Bldreds 
of SMEs to use the technology of anaerobic digestion of sugar cane waste, 
to produce methane for their local energy needs. ~/ 

2. Botswana: With difficulty in material supply, UBIDO assisted an Sin: to 
develop a small-scale labour-intensive plant to produce moulded fibre 
newsprint from recycled newspaper and agro-waste which had previously 
caused severe pollution. 

3. China: UlfIDO, with Belgian support, assisted Xing Guand Plastics 
Recycling Factory to develop a complEte pilot tmit for recycling of 
plastic wastes. The 1Ulit will enable it to use 40 per cent recycled rav 
materials. 

4. Zambia: Bdola Lime Works introduced two rotary kilns and technology 
changes in lime making, which led to iaproved output a.~d efficiency, lover 
costs, cleaner working areas, fewer accidents and resulted in savings of 
US$52,630. 29/ 

5. Holland: Sericol introducf:d a process to use water-based printing ink, 
comparable with existing solvent-based ink, leading to high speed 
radio-frequency drying and complete elimination of solvent waste and 
pollution. lQ/ 

6. Zambia: By installing dust collecting equipment and using treated 
effluents to wash and so.·k hides, the Asaria Leather tanning company ended 
up with a cleaner process, a cl€aner work environment, was less harassed 
by neighbors and saves US$28,000 a year. 14/ 

7. Madagascar: Brick ~anufacturers in Antsokay-Toliaba substituted 
firewood, previously obtained in the Southern part of Madagascar where 
forests are sparse and constituted of rare species, by mineral coal. The 
new method of spread-out combustible charge saves 05$78,000 per year and 
preserves South Madagascar's environment. 14/ 

8. India: A textile mill in Bombay increased the collection rate of the 
caustic soda from its mercerizing wash wateri; from 75 per cent to 85 per 
cent and the recovery rate from 81 per cent to 90 per cent by more 
efficient washing, better filtration, correcting leakage and seepage and 
other corrective measures. Net savings of 415 kg of caustic soda per day 
led to expected savings of 684,750 Rupees/year • .!Z/ 
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C. Opport1Dlities for building a special cleaner production capacity 

Low cost cleaner production with good production engineering and 
housekeeping is viable for aost of these enterprises. For SPIEs in developing 
countries, whose critical concern is often short-t~ra survival, and which have 
little net.1 to comply with enviro1111ental regulations, the motivation for 
cleaner production may be aore difficult to stimulate. 

With new industry and technology and international aarket COl'lpetitiveness, 
cleaner production can offer advantage to some aggressive small- and mediUll­
sized enterprises, which aight well create •role models of cleaner production" 
for others to follow. Pilot projects for cleaner production could be set up in 
different industries to aotivate other SPIEs. They will only be credible if 
they are successful and followed by profitable companies well-known and 
respected in the industry. 

Since the key problem in cleaner production is aanageme?lt rather than 
technology, development agencies need better knowledge of SPIE problems and more 
direct relations with SPIEs. They need a deeper understanding of SPIE problems 
in different regions and industries, because there are no universal cleaner 
production solutions. 

YI. ROLE or TUllSlllTIOllAL CORPOIATIOllS 

A. General COllmellts 

Transnational corporations (TBCs) can and do make a major contribution to 
cleaner production. Being considered as environmentally responsible companies 
is vital for the continu£d success of such major enterprises, as they are under 
public scrutiny by the media and RGOs. However, they have the financial 
resources, and often the political power to defend themselves and, most 
importantly, to gain time in meeting new environmental standards. 

Many TBCs have formally accepted the various environmental guidelines 
developed by EC, URCTC, OECD, ICC and the a.A's CARE progranne. They also are 
pioneers in integrating environmental concerns in quality assurance systems, 
i.e., in a Total Quality Management system. However they still resist annual 
external environmental audit which would professionally certify their 
compliance. In industrialized countries trade unions are slowly becoming 
environmental pressure groups to force TNCs into annual external environmental 
audit • .l.Q/ 

Most TBCs have current data on their environmental impacts through 
sophisticated internal Environmental Management Audits, but with some 
exceptions they usually keep the results very confidential. J..!/ However they 
receive the continued attention of the international news media and NCOs, and 
they are motivated over time towards cleaner production if only to reduce these 
pressures. 

In the past some corporations, prodded by the NIMBY (not in my back yard) 
phenomenon, helped to export "dirty" technology to developing countries where 
it could still be used without constraints. !/ Furthermore, in the past, some 
major enterprises sub-contracted "unacceptable" processes and products, to 
overseas SMEs which escape public attention and criticism. This is becoming 
increasingly leas acceptable to the public which is demanding that 
international TNCs apply, as a minimum, environmental standards set up in their 
home countries, wherever they operate. 
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B. Selected transnational Initiatives 

1. Union Carbide - after the Bhopal disaster the corporation became a 
llOdel environ11entally responsible company vith cOllprehensive environ11ental 
policies, high-level aanageeent responsibility, increased environaental 
staff and resources, audits etc. l/ 

2. Monsanto established in 1988, a goal to reduce toxic air emissions by 
90 per cent by 1993 and has stated its goal for itself, its contractors 
and suppliers and shippers as "Zero spills. Zero releases. Zero incidents. 
Zero excuses!!" :JJ../ 

3. ICI, Union Carbide, Kodak and DuPont - are aaong aany firas that nov 
tie a portion of their •anagers' compensation to their environ11ental 
perfonaance. Dupont - has a policy to retrain every year every employee 
(including the Chairman) on cleaner production issues. !/ 

4. Aracruz Cellulose - Brazil's largest paper and pulp producer applies 
the high Swedish standards. !/ 

5. Ford - requires all local suppliers in developing countries to iapr~~~ 
both industrial product quality and processes. Through its procurement 
policies, it is a .. jor influence for cleaner production on its 
suppliers. !/ 

6. Reynolds Metal - pioneered alQDinua recycling by buying beverage cans 
and other products frOll consuaers. By 1991, it bad recycled four billion 
pounds of ahminum. Jl/ 

1. ICI - has increased up to seven times the internal charges for dumping 
chemical wastes from its biggest manufacturing site, to put pressure on 
managers to reduce waste frOll production opErations. 1!/ 

8. Procter & Gamble - sub-contracts its waste disposal but audits each 
contractor annually to ensure that no negative environmental impacts 
r~flect badly on its image; the "opportlDlity" cost of such impacts is 
relevant. !/ 

9. Waste Management Inc. - has formed cooperative recycling ventures wit~ 
Du Pont, (plastics), American Rational Can (metal), Stone Container (paper 
containers), Smurfit Paper (newsprint) to combine talents, reduce risks 
and link supply and demand in the recycling area. J!/ 

10. Del Monte's pineapple plant in the Philippines sells its pineapple 
waste for use as cattle feed for US$50,000 a year, thereby also avoiding 
more than US$55,000 a year in hauling costs for a total benefit of more 
than US$ 105,000 per year. 1!/ 

11. Otto Versand, one of the world's largest mail-order companies, had its 
German catalog products and operations in Hamburg environmentally checked 
by the consumer/environmental organisation AUGE and banned many products 
which did not meet its standards. ~/ 
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12. Borsk Hydro ui:, the British affiliate of Korway•s largest chemical, 
oil, fertilizer and light aetals group, audited all its operations in 1990 
for environaental perforaance and bad its internal assessment externally 
audited by Lloyds Register and published. The corporate parent i~cludes a 
coaprehensive environaental report in its annual report as now do aost 
large chemical coapanies. ~/ 

13. Bayer AG, one of the three Geraan chemical congloaerates, is doing 
research on biological pest control and ,enetically engineered plants aore 
resistant to diseases etc. to reduce its dependence on it~ herbicide and 
pesticides product line and anticipate gro~ing demand for less haraful 
plant protection products. !/ 

C. Opportlmlitiea for building a special cleaner production capacity 

The International Chaaber of C<>111terce (ICC) in Paris foraulated the 
"Business Charter for Sustainable Developaent" which supports tbe goals of 
cleaner production and ESID witb a strong emphasis on aanagement c011Ditaent. 
Prepared in cooperation with the Geraan Environmental Management Association 
(BAUM) and tbe Global Environmental Management Initiative (GEMI), the Charter 
was officially launched at the Second World Industry Conference on 
Environaentd Management (WICEM II) in 1991. It has been adopted by many 
transnational corporations as the standard code of behaviour for transnational 
environmental policies and operations throughout the world. 

It has also been en1orsed by many international organisations (including 
UBIDO and UBEP) and signed by hundreds of companies and industrial associations 
throughout the world. Further coa1ltaent to and, above all, implementation of 
the Business Charter worldwide will show how serious industry is about cleaner 
production. 

The Business Council for Sustainable Development set up to advise the 
URCED Secretariat on business issues - with the support of SO international 
business leaders - ls conducting research on many aspects of sustainable 
development, including "optimal processes and products" for transnationals as 
role models for ESID. 

Bow that transnational corporations set global environmental policies and 
standards for themselves, they should stimulate promotion and transfer of 
ecologically sound practices and production to their industry and suppliers in 
developing countries and help educate SMEs in the intric4cies of total quality 
management. They have the cash resources, standards, management experience and 
the R&D capacity to do so. They also wield immense political influence in 
certain developing countries which could be used to promote, rather than 
hinder, fair legislation and regulatory enforcement for cleaner production and 
ESID. 

To prevent a backlash from indigenous industry which might condemn what it 
perceives as attempts to impose standards only TBCs can reach, TRCs should make 
gestures of goodwill by offering to share non-competitive expertise (e.g., on 
total quality managem~nt systems) and contribute to "openness" on environmental 
issues by requiring their international subsidiaries to make public the summary 
reports on their internal Environmental Management Audits. 

The motivations are usually to provide for long-term survival and 
security, deter increased government regulation, take advantage of ' 
environmental "tax-breaks", reduce the risk of massive legal damage 'claims on 
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the holding company for damage done by subsidiaries (such as was the case after 
the Bhopal accident); and to demonstrate that good long-term business implies 
environanentalist business management with cleaner production. 

the interes• of transnationals in cleaner production has not come about by 
simple benevolent concern; it has been profoundly influenced by the major 
malpractice and disasters in recent years which have resulted in claims against 
them for millions and sometimes billions of dollars. Perhaps this experience 
will provide strong economic motives to ensure that the public demands for ESID 
and cleaner production will be realized. 

1NCs can use their powerful economic and political resources to seek in 
the longer-term environmentally optimal products ano processes while in the 
shorter-teru, promote new attitudes towards ESID and cleaner p~oduction in the 
difficult economic conditions of many developing countries. 

VII. NEED FOR HmAN RESOURCE DEVELOPKENT 

UN experience has shown that training is the critical success factor in 
every technology transfer project. For managers and workers at every level, 
this trai~ing involves not merely new knowledge, but new practical skills and 
perhaps new attitudes. 

In introducing new standards for health and safety of workers, WHO/ILO 
experience has shown that it may take generations of industrial managers to 
overcome a tradition of minimal concern. Similarly, in introducing new 
standards of cleaner production, many experienced industrial managers may well 
be reluctant to make changes in proven technology and proven organization, to 
introduce cleaner producti~n. 

Thus, there is a need for specific human resource d~velopment within each 
enterprise when introducing cleaner production into an industry or target 
group. However the precise trainjng needs may be different for each country, 
industry and enterprise. This is especially significant in developing 
countries, where there maf be no environmental training in schools, technical 
colleg~s and universities. 

Even recently, major business schools did not cover environmental issues 
in their programmes; they regarded them as a low priority, compartd with 
finance, marketing, organization, management information systems, technology 
management etc. Even courses in the management of technology included little 
data on cleaner production. 

Company training should include ESID and CP conc~pts. not only as special 
courses, but as part of the established management development prograIMtes as 
all function~ have an impact on the management of cleaner production. 

Some training for industrial managers in environmental managemePt audit 
and annual external environmental audit: would contribute to cleaner production, 
as well as Lo the afficiency and effectiveness of such audits, wl1ich are 
becoming critical management tool~. l'fanagr.rs r:o11lcl n~<:f:ivP. special experience 
::i:; members of an audit team of another unit: nr comp:rny; it woulrl stimulat~ nr.w 
ideas for cleaner production ;ind p"?1·h.ips ;iJ.sn r.nnt.-ibute to "openness" r;ither 
than secrecy about environmental problems. 
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Industrial associations can perhaps coordinate resources for d~v~lopment 
of training ~aterials and packages for use by their members and also, where 
appropriate, for developing cow1tries. 

B. Selected~~-~1-b·~q_resQ!.trce initiative~ 

The following are examples of successful initiatives in the human 
resources area: 

1. Packages - ILO/UNEP developed an environmental management 
production series of five-volumes for developing countries. 
text book will be available in 1991. J_J/ 

and cle~ner 
A supporting 

2. Project Copernicus - has been set up by the Conference of European 
Rectors, to introduce environmental training into 400 schools, 
universities and technical training colleges throughout the EEC. ~8/ 

3. BAUM - In Germany, BAUM (the German Environmental Management 
Association, member of INEM, the International Network for Environmental 
Management) approaches human resources development for cleaner production 
by involving workers, supervisors 2nd managers in the training process for 
environmental concern. Its philosophy is to make the company 
"environmentally intelligent" by involving the Human Resources department 
and the Worker's Council in the realization of the company's environmental 
strategies. J!)_/ 

4.UN - Industry cooperates with UNIDO, UNEP/IEO, 110 and other UN bodies 
for training programnes for CP and ESID in many developing countries. 

S. Eco-Conseil - Industrial companies and local authorities in France are 
supporting the training institute Eco-Conseil in Strasbourg which trains 
environmental advisers mainly for municipal authorities. The demand for 
these environmental counselloi:-s outstrips the supply. 1/ 

6. Business Schools - The Europe2n Business School at Schloss 
Reichartshausen (Rheingau, Germany) set up, in 1987, a chair for 
environmental management. In 1990/91, two other major international 
business schools (International Institute for Manag~ment Development in 
Swit?.erland and the Europ~an Institute of Business Administration in 
France) set up chairs foi:- environmental management, financed by major 
corporations which have a special interest in ESID and CP. Thus 
environment will (slowly) begin to be a part of all future MBA and 
exe<:utive programmes. _l/ 

7. Materials - Shell International makes its environmental tra1111n~ 

materials available to any enterprise see~ing training assistance. I/ 

8. Students - AIESEC, the world'1' largest stucient organisation - including 
40,000 business students in 170 countries - devotes, since 1989, rr.any of 
its conferences and publications to th~ interplay of environmental issues 
and their impact on business practic~s. 1/ 
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In developing countries all i~dustrial development projects financed by 
banks or development agencies need a component for cleaner production 
training. Such training for managers and workers can often be done with local 
institutes, business schools etc. to stimulate a value system for practical 
cleaner production in the country. To ensure that the values of ma~agers, 
their families, acquaintances and society in general reflect the tenets of 
ESID, it is important to find creative ways to foster the underlying principles 
of sustainable development, for example by using locally popular mass media. 

Training initiatives iP- cleaner production are only just beginning to grew 
in volume and popularity. Some companies are reluctant to share new training 
materials on cleaner production with other companies because of confidentiality 
and high investment cost. Yet, most companies share CP/ESID materials freely 
as a service to their industry. 

Much management training is often rather ineffective in inducing change. 
After the course, there is no research on practical "outcomes". In addition to 
the normal criteria used to evaluate, there should be - three, six or 12 months 
after the training ended - feedback whether it actually made a difference in 
operations. 

Many organizations are producing cleaner production training materials 
including: UNIDO, !LO, UNEP/IEO, ICC, BAUM, US EPA etc. which are available for 
use in developed and developing countries. How efficient ("doing things 
right") and how effective ("doing the right things") current training 
activities and materials are - especially in developing countries - remains to 
be researched. 

VIII. RELATIONSHH'S OF INDUSTRY WITH GOVERNPIENT 
AND PUBLIC INSTITUTIONS 

Industry and government have a conunon objective in seeking industrial 
development for economic growth and employment for labour. However, industry 
and government often have conflicts on the standards and timing of regulations 
for environmental protection. 

In countries where large sectors of industry are run by nationalizer! 
public companies, government policies for ESID/CP are of ten not supported by 
privdte industry. This is her:rnse for dec:irles such publir enterpdses m:ty have 
been managed with other ohjertiv~s th:tn for industrial effiriency or rett1rn on 
investment alone. This is of ten the case in Africa and was also true of 
centrally planned economies. 5/ Thus government policies for ESID/CP will only 
be taken seriously by private industry when governments can actually 
demonstrate cleaner production in their own puhlic companies, rai!ways, post 
office, military and other pub I ic se1·vices. 
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The government-industry relationship expressed through employers' 
organizations, indus~rial associations. and chambers of c0111Derce has, since 
1989, become receptive to the concept of more demanding cleaner production i.e. 
waste pre,ention, especially for new industries where new investment is 
concerned. However with old industries, the government is more tolerant of 
negative environmental impacts and encourages less demanding cleaner production 
i.e. waste recycling and pollution reduction to "acceptable levels". 

With increasing political pressures for environmental concern in the 
Europea~ Coomunity, ~ndustry concentrates on providing advice on legislation 
and time horizons that are "realistic" and yet allow to move towards the 
standards of EEC directives. 

Negotiations on a particuiar pollutant material sometimes (but not always) 
seem to follow a curious life cycle: environmental impact, industrial denial, 
further research, industrial agreement on the danger but no acceptance because 
of inability to change, lack of viable substitutes. danger of destruction of 
the industry, loss of employment. This is followed by further research and 
international evidence that alternatives are viable, finally by industrial 
acceptance of a distant time horizon, followed by some industry members rapidly 
developing, using and marketing alternative materials, and last by general 
industry acceptance and compliance. The critical skill of the businessffian is 
to survive - by continually adapting to those pressures. 

As the following examples illustrate, the industry-government nexus in the 
promotion of ESID is both complex and multi-faceted: 

1. The India National Steel Company adopted ESID/CP policies for all of its 
plants and plans to beco:ne a "role model" for ESID/CP, meeting 
international ~tandards. Thus the Government is demonstrating ESID/CP to 
show that its policies should be taken seriouslv. l/ 

2. Government and Industry cooperate in the UK. to provide a whole range of 
training publications, videos, data banks, newsletters and information 
services on various aspects of ESID/CP for use by enterprises. ~~/ 

3. The EEC created in early 1989 the Network for Environmental Technology 
Transfer (NETT) which centralizes legal and technical environmental 
information in a database. NETT now offers a wider range of services 
including personalized help, conference organization etc. 41/ 

4. Government and Industry in the EEC cooperate in negotiating reduction of 
volatile organic compounrls which affect the oil. car, manufacturing, 
printing and metal product sectors, and in present and future eco-labeling 
systems studies that deal with the problems of setting criteria for 
eco-label awards. 44/ 

5. The ILO worked in Indonesia to help APINDO (the Employers' Association) 
provide an environmental inforrnapon service with traininK and audit 
capacity and maybe create a BAUM~type association. The project is 
currently deferred while ;iwailing furtlwr funding. 22/ 
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6. The Spanish Postal Service has opened its network of over 13,000 br:mches 
for the collection of .;mall (non-automotive) conswner batteries. These 
will then be recycled by private companies to recover the cadmiwn and 
mercury. 17 / 

C. Opportwiities for building a special cJ~cme1'.'_ P..!-"9~~_.!:_i«m ~a~~-ity 

Government can demonstrate ESID/CP in the nationalised public ir.dustries 
and public services, to pro·.-ide the "role model" to motivate private industry 
to follow and make ESID/CP an accepted part of its strategic planning. 
Similarly, Government failure to set an example de-motivates private industry. 

As Government co<•perates with industry, for the design of "Polluter Pays 
Principle" legislation for taxation and provides grants fot· ESID/CP, this will 
effect a net transfer of funds from polluting to non-polluting enterprises and 
thus make ESID/CP investment economically more viable for the enterprise. 

Some go'-·ernments are moving towards annual external environmental audits 
with publi~hed results, as a useful tool for both government and industry to 
motivate ESID/CP. 

To en.:ourage enterprises tn use annual external environment3l audits, it 
is important that public reporting of the auditing should follow the prcr-.-edures 
of financi~l audit reporting, i.e. a professional certificate that standards 
are met "in all material respects" but not a massive disclosure of confidential 
prod~ction, cost and profit data. 

IX. ROLE OF NATIONAL INDUSTRIAL FEDERATIONS, 
CHAMBERS OF CCJftl'IERCE, TRADE UNIONS AND NGOs 

The role of these organizations is critical as a channel of industry 
cooperation with the government on creating the "industrial motivators" for 
ESID/CP. Such organizations which are often defensive on environmenta! issues, 
can slowly be influenced by the volwne of new research and data on ESID/CP 
which is demonstrating its feasibilit~ and viability throughout the world. 
This has encouraged some industrial associacions to set up data banks on 
ESID/CP potential for the use of members. 

In som<:! countries, trade unions have a strong motivational and r.reative 
role to play in cleaner production. Juf.t as their influence in health ;md 
safety has contributed to a revolution in the workplace, so they have begun to 
recognize the role of the environment fo:- h1~allh and safety in the conu111mity, 
:mrl begin to encourage ESiri/CP. Tt need::; to be pointer! out that ~SID will 
probably be a net creator of jobs as many ES ID goal:-; may require techniqnes 
(such as disassembling f~r r~11se) which are more labour intensive than capit~l 
intensive. 

~ase: The Paper and Forestry Workers' Federation (Ou~bec, Canada) welcomed 
the recent decision by Lhc Q11cber. ~ovcrnmcnt to replace previous 
chemical-intensive <leforcstalion m~thods (spraying by plane requires 
I it tie persomH:l) l,y m~:•:li:111i•'..tl 111°! l1r1ds which would rreate m;\ny new johs 
(chnin snw opr:rat<>rs) nnd 1;., le:;:; d.1111:ai:;ir1g lo tlit; forest as a whole. 111/ 

I 
I 
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Many trade unions recognize the need to inform the work force about the 
longer-term values of ESID/CP. However. in many developing countries, the 
unions are increasingly marginalised, so that ESID and CP are often low 
priorities. Trade unions are slowly beginning to recognize the "third man 
concept" i.e., negotiations for wages ; 1volve management, !.abour and 
environment. The costs of the "third man" (environment) require some 
sacrifices by the other two parties for the common good. This is the cost of 
enterprise survival and continuity of worker employment. 

Environmental NGOs have a usefully provocative role to play in ESID/CP. 
Some NGOs currently have professional environmental staff and a h~gh technicr.l 
research capacity, which can challenge inuustr:al scientific data; perhaps this 
is another justification for annual external environmental audit whereby an NGO 
can be member of the audit team. 

Chambers of Conunerce are often the closest to SMEs and local industry; 
thus they can b~ active in CP and ESID training progranunes in ways that have 
specific local significance and impact. Chambers of CofiUllerce in Germany (over 
70 per cent have environmental progranunes e.g., in Nurnherg, Hamburg etc.), 
Holland (Gelderland) and France (Avignon and r.olmar) are pioneers in this area. 

Numerous other organizations are active in promoting various aspects of 
ESID/CP including: INEM, ICC, ISO, BCSD, British Quality Association ~tc. The 
UN system (UNEP, UNfDO, UNESCO, ILO, WHO/IPr.S) is very active, directly or 
indirectly, in ESID/CP with projects, newsletters, publications, industrial 
working groups, training progranunes, congresses, data banks etc. 

1. The Canadian Chemical Manufacturers' Association started its 
"Responsible Care Programme" for its members and large chemical 
associations worldwide (USA, Europe, Japan) have since adopted versions of 
Responsible Care. The progranune sets out an environmentally responsihle 
code of required conduct, with s~pporting information, training activities 
and reporting requirements. 43/ 

2. ILO devoted its entire 1990 Annual Report to environmental iss11es, with 
clear support for ESID/CP. 22/ 

3. An NGO in Ecuador reported on new heavy pollution =rnpacts by i:1<l11strial 
curnpanies with their own TV camera news team. The report :ipµe::in~(1 Ll:;:it 
same night on national TV and was :=t strong motivator for remedi;il :=trti0n 
and policies of ESID/CP. b4/ 

I~. Industrial enterprise~; an: beginning lo colL1horate 1-.ith Greenpr!d''.•: to 
resolve their pollution prnblems; f;rer~npe;ice has ;ts own prof"!ssimi;d 
technical capacity anrl is th11s fully rpwlifie<l to help./~')/ 

). In the United Kingdom, lhr· Inslilute of Waste Manage111~nl in coope1-atio11 
wilh the Department of Tra<h! :md fnrl11stry. !1;:is df'VF!lopecl "r111alily 
st;mdar<ls" for w;:istP. lnmsport, disposal ;ind d11mp manrtgemi;nt which ;ire 
b~ing slowly adnplerl by mf!mbr:r::; ,,f th•! inrl11s11-y. 116/ 
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6. The International Chamber of r.onunerce developed Environmental 
Guidelines for World Industry and recently completed them with more 
~pecific Guidelines for Solid Wastes as well as Environmental Auditing. 
They recmmnend that t:he Guidelines for Environmental Audi ting be used as 
an inten1al management tool, leaving to indi·.ridual companies the choice of 
publicizing results or not. ~7/ 

7. The UK Chemical ~ldustries Association (CIA) encouraged its members to 
take a more open and consistent view to disclosure of information to 
Friends of the Earth. Dow and Monsanto are for full disclosure, hut ICI, 
Shell, Du Pont and Albright Wilson are undecided. MU 

8. The: Association of European Automobile Constructors is proposing a 
European network of licensed car centers. to improve existing arranger11ents 
for vehicle dismantling and recycling. ~ii 

9. Some Chambers of Commerce have introduced a simple system for annual 
external environmental audit which awards each enterprise positively rated 
with an environmentally responsible company certificate, and can give 
local cor.1111unity re~ognition for enterprise ESJD/CP achievements. This is 
designed to encoura~e local SMEs to conform to local standards of measured 
progress towards ESID/CP. 

10. The Canadian federal and provincial Round Tables for the Environment 
and the Economy bring together represer.tatives of industry, goverament and 
NGJs to find conunon solutions to environmental problems. They then make 
reconunendations to government at a regional and national level. 49/ 

11. The Industry Consortium for Ozone Layer Protection is a group of 
le:ading US, European and Japanese corporations dedicated to spreading 
cleaner production methods, mainly CFC-free processes, within the 
electonics and other industries. 5_0/ 

12. The International Standard Organisation (ISO) in Geneva to which more 
that 90 countries belong, has recently approved the establishment of the 
Strategic Advisory Group on the Environment wlaich will deal with issues of 
environmental auditing, eco-labelling systems etc. Among its first 
priorities will be the international standardization of environmental 
symbols and terms (i.e. recyclable/recycled/biodegradable and 
corresponding graphic symbols etc.). l~/ 

ESID/CP requires cooperatio11 anrl the sharing of data locally, nationally 
and internationally which r,an best he done I•,- national and international 
trade/industry associations in workshuµs, con~resses, newsletters, projects, 
publications, training pack;igcs ~tc. 

Such organizations can h;ive a prnfo1md effect on managers of industrial 
enterprises by creating a standard of "cnvj ronmental business management'' from 
workers to top management in c:v:h •mlei·prise, by resolving practical problems 
with regular workinp; p.r.oups :ind hy pr·n<lur:ing credible role mridels for othe:· 
enterprises. 

Chambers of Commerce r.;in enr.0Hr,1gr! r: I ·~;mer produr.t iou for the benef j t of 
lllf!ir own conm11111ilies with local izcd ;1r·t.i.vit.ir!::; and even wjl11 locr.11 ;111nu:il 
external environmental audit systems which ••!r:op,nize and enr.ourage enterprises 
that meet local envi1·011111e11Uil st_;ind;irrls. 
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In 1991 the German Environmental Management Association (BAUM), which has 
been working since 1985 at a grass roots level with all size companies, helped 
to form a federation of similar organizations in other countries called INF.M -
the International Network for Environmental Management - which has member and 
partner organisations in: Germany, Austria, Sweden, the United Kingdom, 
Denmark, South Africa, Israel, Switzerland and the United States of America 
and is planning for members in France, Brazil, Houg Kong, Japan and other 
cow1tries. 

INEM plans to concentrate on environmental management with a range of 
inler:1ational cooperative activities incJ.uding: seminars, workshops, research 
and education, congresses, ?Ublicatiofis etc. and a global network of member 
associations. INEM seeks to reconcile business and environmental objectives 
by encouraging enterprises to deal with environmental problems in an 
;:u:-reptable order: first, compliance with the law; then changes which are 
r~ofitable to the enterprise; then changes for which the cost/benefit to the 
enterprise is neutral; and finally changes that require new cost or investment. 

X. INDUSTRIAL EXPERIENCE OF R&D, MANAG~ AND TRAINING METHODS 

A. Research and developmgnt hardware: technology 

As stated in the beginning of this paper, sustainable development for 
industry must reflect sustainable development in nature: a highly efficient 
closed loop in which each element of the loop passes on its end-products to 
the next link. Our present practices reflect a linear mentality which assumes 
nature is a bottomless well of resources and a bottomless pit for our 
end-products. R&D must focus on the complete pr0cess from design to eventual 
recycling or reuse of the constituent material~ (e.g., desigr. for disassembly 
to cars, appliances etc., that is design them so that they can be easily 
reprocessed at the end of their useful first life). 

ESID means using more "circular" processes and technologies, ideally 
using materials which fulfill their functions inherently with minimum external 
input of energy and information. The following case gives an example of a 
material which fulfills its functions by virtue of its inherent molecular 
properties: 

Case: c:oudGel - this normally transparent substance which can be 
incorporated in windows becomes cloJdy when the sun hits it directly and 
heats it beyond a certain point, decreasjng the amount of heat coming in 
and thus reducing cooling cosls. 

Such efficient automatic feedback systems are the hallmark of the future 
materials and technologies which will make ESID attainable. These 
requirements clearly set out the taq~et for ESID/CP Research and Development. 
Various companies have put ESfD/CP inlo their R&D priorities, to try tc 
identify "unacceptable materials, products and processes" because they 
recognize the need to start now, to research for altern~tives which may take 
several years to develop. 

The problem with many R&fJ progr·:immes is a focus on current technology, 
rather than the "optimal procer,ses" ""'' "optimal products" required by 
ESID/CP. Similarly such R&D may often seek lo merely comply with existing 
legal standards, ralher than a11Lidpali.11g more f'lriugenl future environmenlal 
standards. 
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Many technological develop"lents pi-esently considered "impossible" may be 
confidently expected. Bio-technology, genetic engineering, material 
technology and advances in computer and communication systems (to diminish the 
highly adverse environmental effects of mass travel and great concentration of 
people in one work or leisure place) may well provide unexpected benefits for 
ESID/CP in the future. 

Industr_Jl R&D has already developed a wide range of synthetic chemicals 
and it is here that biotechnology has much to offer as specially manipulated 
organisms can be tailor-made with the required capa;::ity to tackle novel forms 
of environmental contaminants. Bacterial recycling of pollution and waste is 
just beginning and will require cooperative coller·Lion and management of waste 
disposal. Special controls on bio-technology and genetic-engineering may help 
to prevent severe environmental accidents, due to unforeseen outcomes. As 
usual, the management problems will continue to be more tiifficult to resolve 
than technical problems. 

As computer-aided design, computer-aided and integrated manufacturing, 
robotics, and other manifestations of the micro-electronic revolution continue 
to enter the factory, we can expect simultaneous improvements in industrial 
productivity, product quality and flexibility and environmental performance. 

1. Bio-technology - A bacterial strain digests cellulose and 
phenol-formaldehyde components of scrapped East German Trabant cars 
without producing the dioxins of incineration. 51/ 

2. Cooling/food conservation - A French SME has developed a series of 
processes and mobile devices enabljng in~xpensive high quality 
conservation of plants and foodstuffs for long periods; including 
recently a relatively inexpensive CFC-free cooling system scalable from 
car air-conditioning units to large cargo ship size, already in use in 
the refriger:-ted trucks of lhe largest French retailing group. 14/ 

3. Leather technology - UNITJO projects in the tanning industry of various 
developing countries (Indonesia, Kenya, Costa Rica, Viet Nam etc.) all 
include spedal assistance to leather R&D establishments for the 
development and testing of new cleaner production applications, to 
achieve both economic and ecological benefits. 

11. Pulp/paper technology - With UNJDO assi.stance, Turkey is establishing 
a l<1rge-scale de::;ilfratirin plant al Liu'! /\fyon pulp and paper mill. Tn 
col laboraUon with Lhe r;~;ntrnl Pulp and Paper Research Institute of 
India, joint semi-pilot si:ale trials h;r:e <1chieved an 80 per r:ent 
redu~lio11 in the silica r:nnlenl of ~lack Ji1uor, which can now be 
recyr'.lerl a11d cause less polluUnn. This c.o.)perative project should 
richievP. both economir. anrl f'!nvironmental hP.nef its; and furthermore it 
.shou!d den1onstrate the cffic1enr.y ;ind effer:tiveness of cleaner produrtion 
cooperatjon between <leveloping counlri~s. 

'j. P.io-ler.imology - Indir1 hrir. a m;1jor binled1nology researr.h p1-ogr·amme 
for industry covering: ;in;H:rol:ir· ;rnrl acrnhi.r: lr'.!alment systems, 
rlegrad;:ition of arornatir. an<i r1Jiplirilir· ltyrlror'.arhons, bioconversion of 
solid orgat1ii: w.1r;ler;, mir'.robi;il rl•!~r;id;it inn of chemir:al pollutants. )2/ 
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6. Motor technology - Chr~~ler and GM are doing research on electric cars 
to cut greenhouse gas and air pollution emissions, while Honda is 
researching lighter cars and Mercedes-Benz hydrogen powered vehicles. 
Meanwhile Volvo is developing a superior vehicle based upon flexible 
fuel, environmentally less-harmful refrigerants, three-way catalytic 
converters and plastic parts designed for recycling. l/ 

7. Coal technology - New "clean-coal" technology has led to UNIDO 
pilot/demonstration plants in several countries including Poland and 
China (liquification of high sulfur coals), Korea and India (fluid bed 
combustion and gasification of high ash coals) and Bulgaria (pulverized 
fuel combustion of low rank ignite). 

8. Bio-technology - The copper industry has used the same basic methods 
of ore smelting for six millenia with extensive pollution. During the 
1980s, bio-technology was introduced in the form ot "Thiobaciiius 
ferrodoxins" which nuw accounts for 30 per cent of US copper production 
and is credited with saving the industry. 8/ 

9. New reaterials - Ceramic motors can withstand higher temperatures than 
metallic motors and therefore reduce the proportion of unburnt fuel in 
exhdust gases thereby reducing air pollution. 5]/ 

C. R&D software: management and training methods 

Similarly, various companies doing R&D by experimenting with new 
management and training systems, which seek to create organizational 
environments for ESID/CP developments, arise spontaneously at all levels. 

Business schools and NGOs are beginning to research ESID/CP and publish 
appropriate material; they are trying to produce professional (Harvard 
Business School ty-pe) case studies but find companies still reluctant to 
release environmental data which is professionally researched rather than 
"success stories" for public relations. Few companies are willing to release 
hard data on environmental problems, because it may be misinterpreted or used 
in damage claims against them. 

According to in•rentors, some of the main barriers to innovation, 
hindering the rapid introduction of ideas and inventions in the field of 
environmental protection, include established companies' cartel-like 
protection of markets against environmental innovations, as well as a 
multitude of restrictive standardisation, safety and administrative measures 
which have not kept up wit1.1 technical developments. J..JI 

Research is needed into the reality of environmental management audit and 
annual external environmental audit of industrial enterprises. Will it be a 
public relation exercise or. a continuing tool for motivating creative 
management? Perhaps when annual external environmental audits become as 
accepted as professional financial audits, they will be one of the major 
motivators for ESID/CP in many enterprises. 
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1. Bio-technology - UNIDO projects now include e..~pert missions to 
Algeria, Indonesia, Me~ico and Venezuela to advise on the application of 
bio-technology for environm~~tal oil clean-up. 

2. Cleaner production databases - Several cleaner production databases 
have been created recently. ICPIC, the International Cleaner Produc~ion 
Info1mation Clearinghouse is a joint venture between the US EPA and by 
UNEP/IEO. It has two nodes (Paris and Washington, DC), is free of all 
charges and contains more than 400 case studies of cleaner production. 5]/ 
The Deutsche Bank has a slightly different database which contains the 
name and contact information for companies specialized in solving 
particular cleaner production and environmental problems (e.g., bacterial 
decontamination). 5~/ 

3. Genetic engineering control - UNIDO in collaboration with UNEP/WHO/FAO 
is formulating a draft Code of Conduct for the release of genetically 
modified organisms into the environment, for industrial and other 
applications; this will be presented to the UNCED Conference. 

4. Paper Technology - UNIDO is working with Asian cowitries in a 
cooperative regional prograI1111e to set up a relationsh7.p betwten six pulp 
and paper research institutes for joint research projects, technology 
transfer, and a network for ongoing exchange of information and staff. 

5. Waste management techology - UNIDO is planning a new project in Kenya 
to study the required infrastructure and management needs for local 
production of environmentally oriented industrial products including 
equipment for air/water treatment equipment, refuse collection, waste 
recycling and pollution control. 

6. Management - The Federal German Government has asked six research 
organisations to research the state of ESID/CP in 600 industrial 
enterprises representative of the German economy. Preliminary results 
were published in 1990 nnd the study, the largest and most comprehensive 
of its kind to date, is expected to continue in the future. i~/ 

7. Oil Industry Technology - In Thailand, UNIDO is studying the potential 
for collaboration with oil industry transnational companies, to establish 
an oil waste recovery facility/system which would recover the waste and 
produce significant economic and environmental benefits. 

8. Management - Price Waterhouse/AGL are res~arching environmental 
auditing practices to develop trai:1ing packages for managers and 
environmental auditors. The packages will relate environmental auditing 
to the professional auditing skills alreadv applied to financial audits, 
management audits, energy audits and social audits etc. l/ 

9. Information - UNEP/IEO's quarterly newsletter "Clean Production" 
provides a sununary of ESID/CP development and training activities in 
developed and developing countries. 28/ 
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E. Ongrtunities to bµilding_~_J>Zci.l!l_~Q.).Qgj~•U...L-™~~i.nable in4~~-x:i_a_l 
develoeaent and~~aner production capacity 

Research and development can reach out towards the new concept of clean 
technology with "optimal products" and "optimal processes" with pollution 
pn~vention and resource conservation, and with new i:roducts that satisfy 
currently unmet needs. Processes will move towards "zero waste/pollution" and 
products will be managed in their life cycle from material extraction, 
manufacturing, use and disposal. 

Research and development from the new biological, material and computer 
technologies will probably achieve presently "impossible" objectives. However 
the main difficulty with ESID/CP wiL. not be technology "hardware" but the 
management "software". If management acts honestly to empower their employees 
and unleash their creativity, technology and processes will follow. 
Management problems may lie in the lack of political will or institutional 
capacity, or the tmwillingness to devote adequate financial resources to 
environmental objectives, or in the conflicts within Industry/Government and 
associated institutions. Thus R&D on management and the means to obtain top 
executive conmitment for ESID/CP is a key priority, especially in developing 
cotmtries. 

Authorities should promote institutions providing free and unbureaucratic 
advice to inventors of CP/ESID materials or processes. Forwns should also be 
created where innovators have a chance to present their ideas and discuss them 
with representatives of public authorities, chambers of trad~, industrialists 
and the press. Finally, environmental R&D should be fiscally encouraged. 

TNCs should not hinder SMEs' efforts to introduce new environmentally 
beneficial processes even if their own i11111obilized capital prevents them from 
doing the same. Better to cooperate with the SME in introducing the new 
technology on a larger (global) scale and gradually write off the outdated 
equipment. 

In a nutshell, new management systems and training methods are the 
critical challenge if ESID/CP is to become the "normal" rather than the 
"exceptional" course of action in the industrial development of the future. 

XI. CONCLUSIONS 

1. The key problems of ESID and CP are probably not technical, but more 
political, economic and social. This may well be due to the conflicts, 
divisions, diversity and disparity within industry and government and 
associated institutions, which prevent them from reaching a consens•1s on 
what to do. 

2. CP, which seeks "low/zero-waste" and "low/zero-pollution", can become 
viable and even "optimal" for new industrit!s and products of the future. 
Old industry must be content with relatively cleaner p~oduction until it 
becomes technologically obsolete. Thus cleaner production is harder and 
will need special support to motivate action. This is particularly acute 
in the case of developing countr;es. 

3. Cleaner production needs "performance st;indards" which provide 
flexibility and motivate innovation; it does not need ''technology 
standards" which lock attitudes into the current technology. 
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4. Cleaner production in industry is mainly ~otivate~ by business objectives 
for market advantage, profit and risk redu~tion; thus environmental 
benefits are a by-product not a key objective. The best motivators for an 
enterprist to be open to cleaner production are that full environmental 
costs have been internalized, and that competitors are doing cleaner 
production profitably, taereby offering acceptable "r:-ile models" for 
action. 

5. C.~vernment can create the rules for ESID and CP through environmental 
standards, enforcement, taxes and grants, whereby pollution control and 
resource economy become relevant costs and benefits of the enterprise and 
therefore motivators for cleaner production. 

6. Cooperative effort between enterprises, transnationals, governments and 
trade associations can set up associations and role models for 
environment-conscious business management in each country. 

7. Cooperative effort between industrial and trade union organizations and 
government can develop the positive environmental legislation that 
motivates cleaner production development as part of an integrated system 
of environment-conscious business management. 

8. Special R&D aid to industry in both developed and developing countries 
can make cleaner production technology transfer viable and 
self-sustaining, provided it is associated with new technology and 
development of human resources with appropriate annual external 
environmental audi~ 

9. Much work must be done to establish a relationship of mutual trust 
between developed and developing countries when discussing ESID and CP. 
It must be demonstrated to the developing countries that international 
cooperation in cleaner production must be an insep~rable component of any 
programme to attain sustainable, socio-economic development. 

10. There is a generation gap on the practical value of ESID and CP between 
the older and younger industrial managers; in some countries developing 
the new younger managers may be easier than trying too hard to change the 
older ones. 

XII. RECOfol1ENDED ACTION FOR UNIDO 

1. Introduce ESID/CP into all current and future UNIDO projects with special 
training components/materials, which c~n be adapted for needs of each 
country, industry and enterprise. Train all UNIDO staff in the concepts 
of sustainable development, ESID and CP, and on how to translate these 
ideas into technical cooperation. 

2. Set up a "UNIDO Low-Cost CP Progranune" with research, manuals, 
publications, conferences, training packages and UNIDO certificates for 
enterprises that comply. Demonstrate that with simple "production 
engineering housekeeping'', a high degree of cleaner production can be 
achieved with no new investment and at little or no cost. For example, 
use cost reduction through euergy savings to open the doors. Make the 
progranvne realistic <ind pr.actir.;il for a CRJTTCAJ. MASS of enterprises in 
each developing c:ountt·y. Start with Indonesi.a (population 180 milUon) 
where APINDO, the employc~rs· 0rganizalion, is keen to work with UNIDO in 
ESID/CP for its 5,000 membP.rs. 
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J. Set up pilot schemes in developing countries for cleaner production 
technology transfer to manufacture new products to provide cleaner 
production role. 

4. Create a series of UNIDO ESID/CP fellowships for yowtger managers jn 
developing countries. 

S. Develop UNIDO procedures and professional training for environmental 
management audits and annual external environmental audit. Encourage 
chambers of coDIDerce to set up simple audit schemes for their members; 
encourage industrial associations to develop simple systems for their 
particular industries. 

6. Design quantitative measures of ESID/CP whereby the current status and 
annual progress can be measured and publicized in the form of simple 
indices. 

7. Expand, in cooperation with UNEP/IEO, the present, EEC-wide Better 
Environment Awards for Industry for other cowttries and regions. 

8. Develop with UNEP/IEO group-based ESID/CP training packages, designed to 
be easily adaptable for the special conditions of enterprises and 
industries in different countries. Promote such training to a critical 
mass of industrial managers every year. 

9. Develop and publish a directory of trajning resources for ESID and CP (or 
databases such as UNIDO's Industrial and Technological Information Bank 
(INTIB) and UNEP/IEO's International Cleaner Production Information 
Clearinghouse (ICPIC). 

10. Work to establish a relationship of mutual trust between industrial 
enterprises and the industrial sector in general in developed and 
developing countries for ESID/CP through the organization of 
consultations and 6lobal, regional and sub-regional fora for the exchange 
of experience on ESID/CP. 
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I. INDUSTRIAL AND ECONOMIC BACKGROUND 

l. Global industrial growth in the last two dec3des has seen a higher average 
annual growth in manufacturing value added (MVA) for developing countries as a 
whole compar~d to tha~ of developed cow1tries. Even so, the benefits of this 
gruwth in industrial output have been eroded by the comparatively higher rates 
of growth in population resulting in a significant decline in standards of 
living, as measured by per capita income. 1/ 

2. Moreover, the industrial-growth sectors in developing countries have mainly 
been resource-based light industries and capital-intensive industries producing 
basic materials. These highly resource-intensive industries, using large 
quantities of water, energy and raw materials. are at the same time pollution 
intensive, generating a large variety of pollutants and industrial waste5 
including toxic substances. J_/ This has grave implications for the physical 
environment 1.n developing countries, and underlines the fact that the issue of 
environmeotal deterioration is one of the major concerns facing humankind. 
Society has become increasingly aware of the problems of environmental degra­
dation due to a number of factors such as the following: 

(a) Acute income and population concentration caused by the proc~ss of 
urbanization. In many countries this has led :.a agglomerations of substandard 
d~•ellings without minimUM sanitation or enviromnental infrastructure. The 
social perversity of this situation has increasingly been recognized by 
organized groups within society; 

(b) Low levels of public health services, particularly in regard to basic 
sanitation, in the developing countries, creating the conditions for certain 
diseases to remain endemic, while others associated with environmental deterio­
ration become more widespread; 

(c) Growing numbers of combustion-engine vehicles resulting in increased 
air pollution; 

(d) Environmental disasters due to the indiscriminate use of certain 
products and raw materials; 

(e.) Development of the chemic~l, steel, fertilizer and petrochemical 
industries, which have a high degr~ cf potential for polluting the environment. 

3. The degradation of the environment, in its totality, cannot ~e attributed 
lo specific projects. Rather it is a consequence of a very large number of 
small, sometimes separately insignificant, activities by individuals or enter­
prises of all sizes. In this process the role of agriculture, transportation, 
heating and energy production is predomina11t. But a share of the deterioration 
of the physical environment must also be attributed to the manufacturing 
industry. 

4. Despite i ls potential em•ironmental costs, the primacy of industrialization 
for the developing countrie.:: ir. beyond dispute. Much more important, industri­
alization could help to provide a cure for environmental problems, if an 
environmentally sound industrial development strategy were pursued. Such 
strategies call for the i11tegration of environmental concerns into industrial 
development plans and polir.ies at the initial stages of formulation. 

• 
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5. Until recently the environment has not been treated as a scarce resource. 
There have been no markets for and no price on environmental resources such 
as air, water and soil. This has resulted in an over-exploitation of such 
resources and has underlined the need for an ecologically sustainable 
industrial development (ESID) strategy that would aim at rectifying the 
misallocation of such resources by government intervention and appropriate 
environmental policies. Such policies, however, must be in line with a 
broader economic perspective, especially the need to foster environmentally 
favourable investment conditions in developing countries. Environmental 
policies, regulatory instruments and economic mechanisms are necessary but 
not sufficient conditions to achieve ESID. They must be accompanied by 
increased investment, a reshaping of the international conununity and a global 
partnership to ensure an improved quality of life for present and future 
ger.erations. 

6. Among the many issues presently facing the international c0mmunity, the 
following are relevant to promoting ESID: 

(a) New technologies give the industrialized countries superiority in 
industry and agriculture; 

(b) The difficulties preventin~ the developing countries from controlling 
inflation, the lack of investment: there, and the deadlock over external debt 
have distracted the attention of Governments from effectively tackling environ­
mental problems associated with industry; 

(c) T~e environmental challenge is one of the few areas of global inter­
dependence that could act as an incentive to increased cooperation between 
members of society and between countries at different stages of development. 

7. The way forward for a country lies in mobilizing its own resources and 
potential to modernize its economy, stimulate its young people to participate 
in and to build a democratic, ecologically responsible and socially equitable 
country. This process can be faciiitated by the adoption of sectoral and 
regional strategies based on proven competitive advantages. For their success, 
such strategies depenci, however, on joint inter-organizational efforts 
resulting in actions aligned to national priorities (education, regional 
integration, job creation, reduction of inequality) as well as international 
goals (globalization of markets, environmental awareness, technological and 
indust:c:iaJ. ;...Jdernization). 

8. Most ot ~he policies and policy instruments described in the present paper 
are not specific to industry, hut are intended to influence the economy as a 
whole. Nevertheless, when applied they would have an impact on the industrial 
structure (sectoral distribution, location, size of enterprises etc.) and on 
the choice of technology. 

II. THE NEED FOR GOVERNMENT INTERVENTION 

A. EnvixonmenJ:~il de_tedoration _in the ecQnQrn_ic context 

9. Erivironmentai resources (air, water, soil) are often treated as free goods 
or as common properties to which no individual rights exist. This r.ould lead 
to a conflict between private ~nd social interests in the use of such 
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resources. Since the price of goods and services do not include any cost for 
the use of environmental resources, the price structure is distorted. The 
resulting negative externalities necessitate government intervention to 
rectify this market f&ilure and internalize the cost of using up environmental 
resources. 

10. Thus, there are sound economic reasons for government inten.-~~rion in the 
precess of environmental management in order to attain the objectives of 
maintaining environmental quality. 

11. The principal roles to be played by the Government in intervening in the 
process of environmental management are the following: 

(a) Internalization of costs of damages to the environment; 

(b) Determination of the correct price for environmental resources that 
are being depleted. 

This may be done either by the formulation of new policies or by the elimina­
tion of inappropriate policies (both industry specific as well as general) 
that fail to take environmental considerations, employment, health, sanitation 
etc. adequately into accowtt in the promotion of industrial development. 

12. One way of dealing with the internalization of environmental costs is for 
Governments to adopt the principle that the polluter pays, which is discu~sed 
below. 

B. Tbe polluter-pays vrinciple 

13. The preceding section highlighted the need for Governments to participate 
in solutions to environmental problems, whether these problems are seen as 
being due to failures of the price system or due to shortcomings in the estab­
lishment of property rights over environmental resources. 

14. Major environmental problems are negative externalities imposed on third 
parties. In other words, the cost of actions taken by one party arc bon1e by 
other parties who are not directly involved in the process of production or 
consumption that gave rise to these externalities. 

15. If the party responsible for causing environmental damage is not made 
liable for doing so, it will have insufficient interest in solving the problem. 
So if solutions to environmental problems are to be found, it is important to 
make those who cause them accountable in monetary terms for the damage done. 
This means adopting the principle that the polluter pays. 

16. The polluter-pays principle was defined by the Organisation of Economic 
Co-operation and Developnent (OECD) in the 1970s and is applied in most OECD 
countries. J/ It implies that the polluter must assume the cost of pollution­
reducing measures rather than the State or the general public. 

17. The principle may become a reality by the use of economic instruments, 
such as taxes, fees and charges levied on pollution. Such instruments have 
been adopted in several countries and will be analysed in the following 
chapter. 
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18. The principle is highly important in the development of environmental 
policy, owing to a number of factors, among which are the following: 

(a) The gap between private and social costs can be narrowed; 

(b) Making this principle known to the general public can improve public 
awareness of and attitudes on ESID; 

(c) Methods of pollution prevention, including non-polluting tech­
nologies, and control are likely to be introduced more quickly. 

III. REVIEW OF POTENTIAL GOVERNMENTAL INITIATIVES TO ACHIEVE 
ENVIRONMENTALLY SUSTAINABLE INDUSTRIAL DEVELOPMENT 

A. Instruments of intervention 

19. The instruments that are available to Governments for implementing ESID 
can be categorized in different ways. One possibility would be to character­
ize them according to the time perspective in which the impact is expected. 
Some measures aim at solving a critical problem as soon as possible; an injwic­
tion may be used. Other measures, such as awareness prcgramnes and green 
lables, will aim at changing the behaviour of the consumers or the producers 
in the ~onger rwi. The classification used herein is based mainly on the one 
used by OECD, ~/ which distinguishes between regulatory and economic mech­
anisms. A third category has, however, been added, that is, mechanisms for 
strengthening the institutional framework. 

20. The end of this section contains a detailed discussion comparing 
regulatory and economic measures. However, a few points are highlighted here. 

21. Legal and regulatory measures are intended to control directly behaviours 
that may result in environmental harm. Regulated actors must comply or else 
face sanctions. Economic measures provide incentives or disincentives that 
are intended to influence economic decisions that have environmental conse­
quences. They normally allow some flexibility to the environmental actor in 
deciding how to proceed. 

22. The distinctions between these two approaches tend to become blurred in 
practice. Many measures to directly control environmental impact by law or 
regulation have an economic component. Many economic instruments are based 
on, or set forth in, laws and regulations. 

23. It is also of fwidamental importance to note that because an instrument 
is "available" does not mean that it can b'? used by any Government under all 
circumstances. The instruments must also be "permissible" and ·'relevant". 
For an instrument to be permissible it must be in line with policy objectives 
and constraints adopted by the Government in question. To be relevant the 
instrument must address a problem relevant in the country in question and in 
such a way that the effect is assured. For example, taxes as instruments, 
however efficient, would hardly be effective if there were no efficient system 
for tax collection. Equally, instruments that would be harmful for export 
production could be problematic in countries where the export objective has 
priority over all others. In general terms this problem is discussed in 
chapter IV, which deals with the combination or mix of different instruments 
in the design of ecologically sustainable industrial policies. 
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24. The foregoing is particularly relev<>nt for de.,,eloping countries where 
priorities, needs and constraints are often fundamentally different from thos~ 
of industrialized countries in which pollution-control policies were first 
developed and government instruments designed. In practice, it has to be 
taken into account that the number of available instruments that would be 
permissible and relevant in developing countries is considerably smaller than 
in industrialized countries. Since the pollution problems often are of a 
transboundary, regional or globaJ. nature the resulting dilemna, or goal con­
flict, has to be resolved through international cooperation between Govern­
ments (see working paper V). 

25. What follows is a discussion of these mechanisms and an indication of 
their usefulness as a means for promoting ESID. 

B. ~atory mechanisms 

26. The preferred way for Governments to encourage ESID related objectives 
has been through statutes or legislative statements of environmental quality 
objectives to be achieved through regulatory regimes. Statutes enacted by 
government bodies can be specific, but all require clarification or refinement 
to make the regulatory regime operational. Regulations establish the partic­
~ldr policies and procedures that an environmental management agency uses to 
carry out its statutory goals. 

27. The creation of environmental property rights in the United States of 
America, in the form of emission credits that can be traded in the market, 
granted to corporations that control pollution. is one example of a government 
intervention. Other illustrations of the need for government intervention in 
the United States are manifest in the Resource Conservation and Recovery Act 
(RCRA) and the Comprehensive Environmental Response, Compensation and Liability 
Act (CERCIJ\). RCRA was enacted to deal with problems of hazardous waste dis­
posal that had been brought to public attention as a result of a series of 
accidents. CERCLA envisaged the setting up of a trust fund financed mainly by 
taJtes on chemical manufacturers for compensation in cases of environmental 
degradation and accidents. 

28. In developing countries, the role of the Government has traditionally 
concentrated on the setting of standards and legislation. In India, for 
example, there are three specific acts of legislation: the Water Prevention 
and Control of Pollution Act 1974, the Air Prevention and Control of Pollution 
Act 1981, and the comprehensive legislation of the Environmental Protection 
Act 1986. In addition, government institutes such as the National Environ­
mental Engineering Institute and the Central Pulp and Paper Resear~h !nstitute 
are conducting research in environmental protection. Similar government­
supported institutes are found in China, Indonesia, Myanmar and other 
countries. 2/ 

29. A regulatory regime consists of four activities: standards, permits, 
monitoring compliance and enforcement. The major purpose of these four 
activities is to encourage, guide or prohibit future conduct that would be 
detrimental to the environment. 

)0. The first essential element in most regulatory programmes is to issue 
standards that clarify an agency's approach to mitigating environmental 
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problems. These standards, which set pollutant-discharge limitations, are 
usually determined in one of three ways. Technology-based standards specify 
the discharge limitation based on the avaiiability and affordability of 
technology, wtthout consideration of the quality of ambient environment. The 
effluent guidelines for water-pollutant discharge issued by the United States 
Environmental Protection Agency are an example of this type of ~tandard, which 
is frequently copied by developing countries. Ambient-based standards specify 
a safe or cle2.n environment based on the protection of human health and wel­
fare, without consideration of cost or technological feasibility. The ambient 
standards for air and water quality issued by the World Health Organization (WHO) 
are used by many developing countries for setting their ambient environmental 
standards. Between these two extremes, benefits-based standards focus on the 
trade-off between the risks to society from pollution and the costs society 
must pay to reduce poLlution. This balancing approa~h could be of considerable 
use to developing countries because of the limited capital available for 
environmental management. 

31. The second essential element in most regulatory prograDDes is to ensure 
that pollutant-discharging facilities obtain operating permits. Permits tailor 
national standards to individual facilities and their environmental circum­
stances. An essential element of a permitting progranme is an inventory of 
pollutant sources. Usually, at this point in the regulatory process, there is 
room for negotiation between the Government and the regulatory coamunity. 

3. Monitoring compliJlll.C_g 

32. The third element in most regulatory programmes is to monitor the compli­
ance of facilities with the conditions of their permits. There are four 
sources of compliance information: (a) self-monitoring and reporting by the 
source of pollutants; (b) inspections by government officials or independent 
third parties; (c) citizen complaints; and (d) ambient monitoring. The mix 
of information sources used varies from one country to another, but self­
monitoring and inspections are by far the most important means of compliance 
monitoring. 

33. The fourth element in most regulatory progranwnes is to provide a wide 
range of enforcement responses to violations of environmental operating 
permits. Traditional enforcement sanctio.1s fall into four general catego­
ries (informal, administrative, civil and criminal). A variety of informal 
responses, such as warning letters and telephone calls, fall at one end of 
the enforcement spectrum. Beyond these informal responses, environmental 
agencies use administrative, civil and criminal remedies and sanctions. 

34. This regulatory regime, often described as convnand and control, does have 
its strengths. It provides the public sector with some assurance that techni­
cally and economically feasible actions are being taken to abate pollution. 
1L gives the industrial p~lluters a reasonably predictable target that they 
must achieve, and generally protects competitive positions by imposing uniform 
requirements. Lastly, in industrialized countries, this regulatory mechanism 
has scored notable environmental successes, albeit at a higher financial cost 
than necessary. Water quality has improved following reductions in organic 
pollutants and air quality in urban areas has improved in the wake of reduc­
tions in particulate matter and sulphur oxides. 
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35. This regulatory regime also has its weaknesses. It has not been particu­
larly effective with regard to managing pollution from small- and medium-sized 
facilities, or from nonpoint sources, such as runoff of pesticides and ferti-
1 izers from agricultural activities. In some cases, it has achieved its 
success at a very hi~h cost because of its uniform requirements and emphasis 
on technology-based standards, which can restrict industrial flexibility and 
discourage innovation. Also, the past tendency to regulate by environmental 
media (e.g. air, water, soil) has tended to shift environmental problems from 
one medium to another (e.g. switching from bu~-ning garbage to dumping it in 
the ocean). 

36. Most developing countries over the past 20 years have adopted some 
environmental statutes or legislation, but have failed to create a regulatory 
regime to achieve environmental objectives in industry and·other sectors. A 
worldwide survey by WHO in 1985 highlighted the lack of the basic elements of 
a regulatory prograame. it, 21 Of the 59 developing countries that are indus­
trializing more or less rapidly, only 10 had most of the key programned compo­
nents, 29 had some and 20 had few or r.one. Not one of the other 76 developing 
countries had any significant institutional capacity in environmental manage­
ment. A survey by UNIDO in 1990 of industrial wastewater management in seven 
African countries showed that all seven had some form of legislation or 
statute, but that only one had the essential elements of a regulatory 
programne. l_/ 

37. There are a number of constraints in many developing countries that can 
make it particularly difficult to successfully implement regulatory regimes. 
Government institutions usually lack sufficient resources to carry out pro­
gramnes that involve establishing, monitoring and enforcing sophisticated 
technical requirements. Broad use of enforcement mechanisms may not be 
readily accoDIDodated in non-litigious cultures, particularly in Asia, or may 
be undercut in situations where poor economic conditions lead to corruption 
and bribery. It may sometimes be better to have no regulatory programme or a 
very modest one than a progranme that cannot be effectively administered and 
so undermines the Government's credibility. 

38. Three case-studies have been chosen to illustrate different aspects of 
pollution control. The first, on watershed management from Indonesia, illus­
trates the use of regulatory mechanisms. 

cas..e-s tudy __ o_n_e* 

39. The Kali Surabaya Pollution Control Program (KSPCP), located in the 
Brantas River Basin of East Java, was the first comprehensive effort to 
reduce water pollution in Indonesia. Prograrnme components include: develop­
ing industrial waste treatment facilities; improving sanitation; building 
institutions; and training personnel to monitor discha~ges of liquid ~astes. 
The programme is administered by the Ministry of Public Works Directorate 
General. 

40. An initial review in 1985 identified four factories (a sugar mill, two 
Paper plants and an MSG factory) that were responsiblt for 77 per cent of the 
pollution in the Surabaya River and 94 per cent of the industrial pollution in 

*Based on Economic Policies for Sm;tainable Development (Asian 
Development Bank', 1990). 
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the progranwne area. During the years 1986-1988, KSPCP concen~rated on pollu­
tion abatement for these four facilities and on improvement of domestic sanita­
tion facilities for conmunities along the Surabaya River. The factories 
received notice to comply with discharge regulations and they agreed to 
implement pollution-abatement measures by the end of 1987. These measures 
included recycling some waste materials and using recirculated water. 

41. All four factories implemented the agreed-upon measures by the deadline. 
Overall pollution reductions were approximately 80 per cent. During the same 
period, pollution from domestic sources declined by 25 per cent, and pollution 
from smaller industrial sources by 10 per cent. 

42. The treatment of environmental resources in traditional economic theory 
as free goods and/or public assets has resulted in a misallocation of these 
resources, which in turn has had negative social and economic implications. 
For example, air and water are considered free goods that produce benefits for 
which users need not be charged. As a result, industry is not motivated to 
invest in the conservation or improvement of environmental resources that in 
the first instance are of social relevance. 

43. Moreover, if natural resources, such as air, water and land, are seen as 
public assets and utilized without limitation, the benefits of such utiliza­
tion are privately enjoyed, while the costs are socialized. Finally, if 
prices, being the foundation of a market economy, do not reflect the environ~ 
mental cost of production processes, they fail to perform their role as a 
rationalizing force in the LJarket. 

44. The potential role of government policy should therefore be to establish 
the link between resource scarcity and prices in order to improve resource 
management and promote sustainable development. 

45. The adoption of economic incentives and disincentives in environmental 
management systems is of increasing importance for an effective approach to 
the problem. The approach must address the following aspects of policy reform: 

(a) Internalization of environmental and social effects of industry 
policy; 

(b) Correction of market failures; 

(c) Elimination of market-distorting policies (e.g. elimination of 
pesticide subsidies). 6/ 

46. The economic mechanisms that are suitable for inclusion in environmental 
management systems are discussed below. They are fiscal measures (taxation, 
accelerated depreciation, elimination of s11bsidies, tax exemption, government 
procurement); direct financial support (concessional financing, subsidies); 
and tradeable permits and insurance. 

1. Fiscal meci.sures 

47. Different countries at different times haw~ adopted fisc<ll incentives to 
encourage the implementation of pollution-control systems. Similarly, it is 
possible to adopt fiscal incentive scheme& to promote ESID. Among such 
measures, the following should be emphasized: 



- 148 -

(a) Pollution taxes, making it expensive to cause pollution and 
encouraging the implementation of pollution-prevention systems; 

(b) Application of the mechanism of accelerated depreciation to foster 
investments in pollution-prevention and waste-minimization systems as well as 
pollution-control equipment - companies can use this method to depreciate 
their equipment quickly, thereby artificially increasing costs and reducing 
the amount of corporate income tax due; 

(c) Elimination of subsidies in order to reveal the actual prices of 
goods; 

(d) Tax exemption for pollution-control equipment as well as for the 
adoption of clean technology, thus reducing the cost of such equipment and 
technology; 

(e) Government expenditure, that is, the use of its purchasing power. 

48. This is one of the most widely used mechanisms for pollution control. 
Taxatior. is one means of implementing the polluter-pays principle, based on 
the monetary liability of the polluter for damage caused. Funds raised by 
taxation can be used to set up funds for financing activities for pollution 
prevention. Produc.tion processes that pollute are taxed in such a way that 
the cost of the environmental damage ca~sed has to be incorporated into the 
cost of the produ.:t. This should induce the polluter to implement 
environmental-co:1trol systems more quickly. 

49. The degree to which effluent emitted by an industrial company is treated 
becomes a decision the company itself must take, since it will have to pay 
society for cleaning up the pollution it causes, and thus to provide the 
resources required to treat the remaining portion of its effluent or waste. 
This inducement is highly relevant to ESID, since it can effectively lead to a 
change in behaviour resulting in the adoption of technologies that consume 
environmental resources less intensively and are cleaner. 

50. Taxation schemes can be found in practice in a number of countries. 
France uses taxation to control water and air pollution. In the case of water 
pollution, the French system comprises six basin agencies that are responsible 
for taxing polluters, whether they are industrial firms, individuals, farms or 
municipal governments. As an illustration, the agency for Seine-Normandie, 
corresponding to the Paris region, levied the equivalent of $US 250 million in 
1990 alone. These funds in their entirety will be invested in water-pollution 
control in the same region. ll 

51. In the case of air pollution, Decree n. 85.582 of 7 June 1985, set a 
charge of F 130 per tonne of sulphur dioxide emitted for companies that emit 
more than 2,500 tonnes per annum. In France the principle of self-financing 
is important. Funds from the public budget are difficult to o~tain. In the 
case of water-pollution control the main source of financial resource is the 
funds from taxation, and that is well accepted. 

52. Germany has a water-pollution trui.:ation system. Water quality in that 
country has improved considerably since the charge system has been in opera­
tion. The Netherlands has a water-taxation system. The water-pollution 
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charge ~s felt to be effective and has introduced strong pollution control 
incentive impacts on certain industries. ~/ 

53. Australia, Belgium, the Netherlands and the United States apply charges 
on solid wastes. The United States levies taxes on raw materials whose pro­
cessing creates hazardous wastes. In principle the aim of taxation as a 
pollution-contrcl mechanism is to change the behaviour of users of the environ­
ment, leading them to consider the introduction of clean technologies, or at 
least of technologies that consume less resources in the production process, 
as has already happened in several countries. However in practice the charges 
are low and unlikely to affect behaviour in a significant way. This mechanism 
alone is insufficient, others must be found to complement it. 

(b) Accelerated depreciation 

54. Depreciaticn is the reduction in value of an asset through wear and tear. 
An allowance for depreciation on a company's real estate, machinery, equipment 
and vehicles is permitted in its accounts before calculating prof it on the 
grounds that consumption of capital assets is one of the ~osts of earning the 
revenues of the business. The pertinent legislation establishes the asset 
life to be taken as a basis for these calculations. If a firm increases 
depreciation, either by increasing the number of assets to be depreciated or 
by reducing the useful life considered for depreciation purpose, it increases 
its costs and reduces the corporate income tax payable. 

55. Depreciation acceleration is used as an incentive in several countries 
with the aim of stimulating companies to introduce pollution-prevention 
systems, thereby reducing the impact of the cost of environmental control on 
final costs. Among these count~ies are France, Japan and the United States. 

56. In France, the law allows accelerated depreciation in the first year of 
50 per cent of the value of all construction required for the installation of 
facilities for water-pollution control. Application of the depreciation 
mechanism to equipment for air-pollution control is also permitted under 
specific legislation. 

57. In Japan, the mechanism of accelerated depreciation, used in the 1970s. 
was the most important benefit granted to companies implementing pollution­
control projects. This permitted depreciation in the first year of 50 per 
cent of investment in such systems. 

58. In the United States, the 1976 Tax Reform Act provided for accelerated 
depreciation both of environw.ental-control projects and for equipment that is 
not specifically designed for pollution control but contributes to a reductior 
nf emissions. 

(c) EUminaUon o.LS.1.1.bsidi,e,s 

59. Several countries follow policies of economic growth based on the granting 
of subsidies to a number of productive activities. These subsidies may take 
many forms, such as concession of long-term loans at low interest for the 
implementation of certain activities; tax breaks for certain activities; price 
controls; and protection of domestic markets for producers operating locally. 

60. An economir. growth strategy that does not adequately ar.count for environ­
mental concerns and based on governmenta! stimulation through subsidies may 
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lead to the over-utilization of natural resources. In Brazil, for example, in 
recent years there have been cases where subsidies have led to more intensive 
use of envirorunentai resources. Two of these cases are worth discussing in 
detail. 

61. The first noteworthy case is industrial development in Brazil in the 
period 1975-1980. This p~riod saw the start of a new stage in the industri­
alization process, geared to substituting imports of steel products, pulp and 
chemical feedstocks, and to boosting the shipbuilding industry. Subsidized 
long-term credit lines were granted to all these industries. The strictly 
economic aim of import substitution was attained, and indeed Brazil is now an 
exporter of all the products mentioned. However, the industries are environ­
mentally aggressive, and this is especially problematic since they were set up 
and stimulated by State financing. 

62. The second case is the programme of incentives for fuel-oil substitution 
by industry. Here the State offered financing facilities to assist the 
replacement of fuel oil both by electricity and fuelwood. An adverse ~onse-
qucncc was 3n increase in deforestation. In addition to the e~viron:::cntal 
damage caused, many of the he~t-generation systems implemented at that time 
have fallen into disuse owing to the rise in the cost of fuelwood, and thus 
ther~ have also been economic losses from inefficient resource al1~cation. 

63. A final feature of Brazilian policy worth noting is that the national 
development bank, BNDES, which administers the granting of credit lines for 
many such cases as those mentioned above, gives the same treatment in terms 
of interest rates and maturities for loans for the acquisition of clean 
technologies as for those that consume natural resources. 

64. The elimination of subsidies for activities that consume natural resources 
is economically rational and reduces the payment made by society for pollution 
and environmental destruction. 

(d) Tal!: ex~mp~ion 

65. The objective of the exemption from truces on pollution-control equipment 
is the reduction of the final price of such equipment, making their acquisi­
tion less costly. Such a policy must be carefully implemented in order to 
avoid giving excessive incentives to the acquisition of pollution-control 
equipment instead of production improvements leading to the prevenlion of 
pollutant emission. 

66. According to a report by the ECE, "In most market economies of the region, 
fiscal policy is~ major instrument of environmental policy-making. A similar 
approach is also tallowed by some Eastern European countries. In Hungary, for 
instance, profit tax allowances granted on the inter-est payment of environ­
mental investment credit were introduced in 1989. Refunding value added true 
on investments for the improvement of water quality, and reducing tax rates 
for environmental services are now under consideration. In Yugoslavia, 
expenses of enterprises and org~11izations devoted to environmental protection 
may, un<ler cert.::iin cirt::umstances, become tax deductible." 7/ 

(e) Government procurement 

67. In contemporary er.onomies public spending represents a sizeable 
proportion of a country's gross <lnmestic product (GDP), frLm 7 per cent in 
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low-income countries to 27 per cent in high-income countries. ?art of this is 
capital spending (investment) and purchase of other goods and services. These 
two components of public spending account for 4 per cent of GDP in low-inco~e 
countries, 8 per cent in middle-income countries and 14 per cent in high­
income countries. 

68. In relation to a world GDP of $US 13 trillion (1990), the two above­
mentioned components of public spending amounted to more than $US 2 trillion. 
This purchasing power can be used by Governments in many countries as a power­
ful instrument in ESID strategy. Its full potential has not been exploited 
hitherto. 

69. In operational term~, Governments can exercise this power in a similar 
manner to some non-governmental organizations in the United States. There 
they publish a list of companies and products that cause environmental problems 
to serve as a guide for consumers' purchasing decisions. Thus, Governments 
could set up a system whereby companies with unsolved environmental problems 
would not be allowed to supply goods or services to the public sector. 

2. Direct financial support 

70. 5everal countries offer support to companies that cause pollution, in 
return for tt.e implementation of pollution-prevention or control systems. 
Among the most conmon types of benefit are subsidized financing of pollution­
control facilities, and transfers of public funds to pay fer part of the 
control facilities implemented by firms. 

(a) Concessional financing 

71. The main characteristics of this forward mechanism - low interest and 1 ong 
maturities - reduce the short-term impact of the cost of pollution control on 
production costs. In order to ensure that there are no distortions in terms 
of competitiveness, there must be uniformity in the c~ntrol action established 
by environmental agencies. In what follows some exarJples are given of the use 
of this mechanism in countries where it is relatively common. 

72. In Brazil, the Sao Paulo State Pollution Contrnl Program (PROCOP) is a 
rotating fund that provides a permanent line of credit specifically for 
companies to develop pollution-control projects. Loans are repaid in up to 
10 years with interest at 6 per cent or 9.5 per ~ent a year (principal is 
indexed to official inflation). There is also a national programme, POC 
Arnbiental, administered by BNDES. 

73. In the United States, where there are a '.lumber of types of financing for 
environmental-control projects, the outstand:ng examples are the credit lines 
offered by the Small Business Administratio~ and the Economic Development 
Administration, mainly in the 1970s. The funds in both cases come from place­
ment of federal bonds with the incentive of a rebate on income tax, so that 
the cost of money to the final borrower i~ reduced. The payback period c~n be 
as long as 30 years. !n some cases, these credit lines are not available and 
companies must raise the funds required for pollution control on the financial 
market. Even so, the United States Government can provide guarantees when 
called upon to do so. 

74. In Finland, a pollution-control progranune for water was developed with 
the support of long-term financing for private enterprise. Interest rates 
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varied from 6.5 per cent to 7.5 per cent a year, well below the market rate of 
about 9.75 per cent. 

75. In Japan, interest rates on pollution-control financing ranged from 
6.8 per cent to 8 per cent a year in 1975, compared with a market rate of 
9.1 per cent. According to estimates, this subsidy represented 2.6 per cent 
of the investment made by Japanese companies in pollution control. 

(b) Subsidies 

76. This mechanism involves government grants to offset part of the costs 
borne by companies in implementing pollution-control systems. It has been 
used in the United States, and in France and other OECD countries. 

77. In France, any company liable for payment of water-pollution tax is 
entitled to receive a grant covering part of the funds required for imple­
mentation of a water-pollution-control system. ~/ 

3. Tradeable permits 

78. A market mechanism for pollution control, which takes the form of the 
system of emission rights, has been used in the United States since 1975. It 
is designed to meet the needs of private enterprise and act as an incentive to 
the introduction of environmental control systems. The emission rights in 
question can be traded on the market. ~/ 

79. Trading in emission rights takes account of a common element, known as 
emission reduction credits. These credits can be obtained by a company from 
the environmental agency when it controls its emissions to a greater extent 
than the law requires. When emission credits are issued they take the form of 
bonds and can be traded in accordance with the control policy in force in the 
region in question. 

80. Among the strong points of this mechanism are the following: 

(a) Motivation to apply the polluter-pays principle, since emission 
credit trading is a private transaction; 

(b) Motivation of emission control by companies at higher levels than 
the law requires so that they thereby obtain emission credits and keep them 
for later use; 

(c) Possibility of expanding an industrial facility by using emission 
credits obtained as a result of controls implemented in the original plant; 

(d) Possibility of reconciling economic growth with environmental 
protection by the use of emission credits by companies already operating; 

(e) Motivation to introduce clean tect-nology. 

81. Although the emission-rights mechanism presents advantages that indicate 
its suit~bility for inclusion in an ESID strategy, it is not universally 
applicable because the rights in question must necessarily refer to the same 
type of pollution and pollutant. Also it can be complicated to monitor and 
enforce compliance with the traded permit system. 
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82. Ideally any ESID strategy would include a correct evaluation of activities 
that are of potential risk, and a provision making it mandatory t~ acquire 
insurance cover against any damage that such activities may cause. 

83. If companies presenting environmental hazards are compelled to insure 
themselves for this risk, they may rethink their entire operation. Techno­
logical choice will be more careful. The available options of implementing 
pollution control, and operating and maintaining existing pollution-control 
systems will be chosen more carefully, since this will reduce the cost of 
insurance. 

84. Under pressure from insurance companies, firms will make every effcrt 
to avoid damaging thir1 parties, who are also likely to have environn:ental 
insurance coverage. 1ne possibility of litigation oetween insurance com­
panies, or between firms with insurance cover and third parties suing for 
damages, will force all business organizations to devote far more attention 
to environmental issues. 

85. Another advantage o: this type of insurance is that reinsurance 
institutes will also pay more attention to environmental problems and will 
force their members to adopt a conservative approach to the negotiation of 
cover for clients, in order to avoid having to pay for damages in environ­
mental litigation. 

86. As a practical matter, however, the advisability and feasibility of 
requiring such insurance will vary widely in different cowitries and for 
different industrial activities. 

87. The second of the three case-studies, given below, is chosen to illustrate 
the combination of a broad array of incentives and disin_centives. 

CQ_se-s tudy two* 

88. Jiangsu Province has the most experience with industrial environmental 
management in China. This province is the largest industrial producer in 
China, responsible for nearly 11 per cent of the country's industrial 
production. The value of industrial output in 1?88 was $US 58 billion. Major 
industrial sectors include machinery and textiles, chemicals, food processing, 
eLectronics and construction materials. The province is also one of China's 
main agricultural areas. Major products include rice, wheat, cotton, rapeseed 
and silk. Industry generates 68.5 per cent of total social product and 
agriculture generates 16.4 per cent. 

89. Jiangsu is located halfway down China's eastern shore along the Yellow 
Sea. Its topography resembles large parts of the Netherlands, with an 
extensive system of rivers, lakes, reservoirs and canals. 

90. About 120,000 industrial facilities operate in Jiangcu. Of these, about 
70,000 are collective enterprises, many of which are township and village 
enterprises. Jiangsu is one of only two provinces where the output of such 
enterprises exceeds that of State-owned e11terprises. Some 98 per cent of 

ttf. Halter, Cas.e_.St1.1dJe~ of Gov_ernmel)t Intervention in Jnd\.lst_rial 
Environmental Management, prf.!pared for UNIDO (22 .July 1991). 



- 154 -

Jiangsu' s industrial facilities are small-scale and account for about 75 per 
cent of industrial output. However, the few large- and medium-scale enter­
prises account for most industrial pollution. For example, of the 3,000 
enter;:>rises in Nanjing, about 35 that are routinely monitored are the major 
source uf water and air pollution. 

91. Legal and institutional arrangements for environmental protection in 
China are more integrated into the framework of government at all levels than 
in most developing countries. For example, there are fairly well-established 
legal and administrative procedures assessing the environmental impact of new 
facilities. A system for accrediting en~ironmental consultants (mostly 
academ~c and research organizations) has existed since 1986. 

92. National legal requirements establish: economic quality standards for 
surface water; integrated wastewater discharge standards; and effluent dis­
charge standards for specific industries. In 3ddition, Jiangsu has local 
standards although compliance with them has been weak because it is techni­
cally and economically difficult for industries to meet them. Also, sources 
tend to dilute their effluent with pump~d surface water in order to evade the 
standards, which set concentration levels (as opposed to mass discharge 
limits). The 11 municipalities in the province are developing envircnmental 
standards that will be adopted for the region. 

93. Government efforts to manage industrial pollution reflect a broad mix of 
apprcaches, described below. Municipalities usually have more resources and 
more effective implementation than villages and townships within the province. 

(a) Environmental impact assessment is required for new facilities, as 
noted above; 

(b) Pollution levies are assessed against industries, based on the 
highest. polluting constituent. The levies do not take into accoWlt any 
pollution management efforts. The amounts assessed are not high enough to 
influe~ce facilities' environmental behaviour. Collection rates are much 
higher ir. municipal areas. The levies are higher for water pollution than for 
air pollution. By law, 20 per cent of the levies is allocated to defray the 
administrative costs of the local institutions that collect them, and 80 per 
cent to funding pollutior control. The demand for pollution control funds is 
much greater than the money available from levies; 

(c) Other sources of funding for pollution control investments include: 
allowing industries to retain 6 pet" cent of depreciation allowances f..>r this 
purpose; using sewer charges to fund the construction of sewage treatment 
plants; and applying part of the infrastructure charge for new construction 
projects; 

(d) A five year tax break is given on investments in comprehensive waste 
utilization; 

(e) Administrative fin~s are assessed based on discharge levels above 
the reg1.latory standards. Fines are rarely assessed, but even the threat of a 
fine can be a powerful incentive; 

(f ~ The system for grading enterprise management and d:isignating .1odel 
managers includ1~s several elements that can affect environmental manager ent, 
such CJS: economic efficiency; materials and energy consumption; safety; and 
environmental protection. An enterp~ise that incurs a pollution fine or 
penalty cannot receive a high grading; 
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(g) State ministries in the industrial sector are supposed to meet 
targets for improving the recycling and reuse of water, reducing consumption 
of energy and raw materials, and increasing pollution control investments. 
This results in some pressure on enterprise managers to pursue these goals; 

(h) There is some enforcement of zoning restrictions to help protect 
water catchment areas and sites that are vulnerable to air pollution. In some 
municipalities, the Government provides financial assistance to industries 
that relocate outside of residential areas; 

(i) Criminal sanctions. The law provides for criminal sanctions, but no 
information on their use is available. 

94. The Chinese Government is now discussing with the World Bank a prograuune 
to evaluate the operation of pollution management measures in Jiangsu, and to 
examine how to implement some improvements in the system. TmprovPmPnt~ wonl<l 
probably be tried first as a pilot phase in selected locations in Jiangsu 
Province. Possible steps to strengthen industrial environmental management 
include: 

(a) Raising the amount of pollution levies to generate more incentive to 
reduce pollution; 

(b) Placing more emphasis on pollution prevention; 

(c) Stressing joint treatment facilities and other shared activities 
between small- and medium-scale enterprises to achieve better economies of 
scale; 

(d) Extending charges to broader categories, such as industrial use of 
municipal sewer systems. 

95. Another important factor is the low cost of industrial inputs, such as 
water, energy and raw materials. 

D. ~&c~anisms fer strengthening the institutional framework 

1. Cultural and social incentives 

96. Among several kinds of cuJtural and social incentives, ~nvironmental 
education seems to be ~ighly relevant. Here dissemination through formal as 
well as informal channels must be considered. 

97. Formal environmental education takes place through the various tiers of 
the school system, in the teaching of such d;sciplines as ecology and other 
matters related to the environment. Some specialists have argued that exces­
sive focus on specific disciplines such as ecology overlooks the principle 
that the environment is present in all spher£s of life, sc that the best 
approach would be a multidisciplinary one. 

98. Formal environmental education plays a crucial role in the process of 
changing the behaviour of society as a whole with regard to environmental 
issues, and as such it must be given greater attention when priorities are 
being d~termined. 

99. Informal environmental education consists of the teaching, discussion and 
dissemination of environmental information outside the formal limits of the 
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school, i.e. through the mass media, ecological and environmental movements, 
intensive short courses for specific target groups, political parties, 
business organizations, trade unions, clubs and so on. 

100. Informal environmental education can be an important tool in the process 
of obtaining ESID, insofar as it enables the society to become more aware of 
industrialization from the standpoint of their impact on the envircnment. 

101. In Brazil, a formal and informal environmental education prograllllle is 
being developed by the Sao Paulo state government, under the aegis of its 
Environmental Department. The formal education segment consists mainly ~f the 
publication of classroom texts on the environment and the informal segment 
consists mainly of support for initiatives designed to disseminate information 
on action connected to the environment. 

102. Another important initiative in the field of informal environmental 
education is the holding of public hearings as part of the process of assess­
ing envj_ronmental impacts by activities such as issuing permits or reviewing 
national environmental profiles and action plans. At these hearings the 
community is free to voice its opinions and to assist in the decision-making 
process regarding introduction of an activity that has an impact on the 
environment. 

103. Use of the educational process in relation to environmental issues is 
based on the idea that humankind's relation to nature begins at the individual 
level. If it is possible to alter the individual's conduct with regard to 
nature, substituting integration fo~ aggression, a major step will have bee~ 
taken towards adequate use of oature by humans and hence towards sustainable 
development. 

104. Utilization of a system for collecting and disseminating information on 
production techniques and technologies is an essential ingredient for achieving 
ESID. The importance of this system lies in proviriing innovation incentives 
for altenrntive produl'.'tion processes that can replace processes th.3t commrne 
the environment excessively or are aggressive towards .i.t. Waste recycling, 
clean energy al ternativcs, substitute raw materials and changes in production 
proce3ses leading to environmental gains are some of the items of information 
that should be studied and disseminated. 

105. One of the most useful incentives for ESID is joint participation by 
producers and c0ordinators of environmental management ~n technical assistance 
programmes that would include the dissemination of information on the existing 
sto.:k c • technologies, the implications of their use and the gains producers 
ca11 obt~~n by opting for non-aggressive ~echnologies ~eared to ESID. 

3. ~n.'!:ironroi;ma 1 q_1,1a l ity_ _ i!Jd i ca t_or ~ 

106. The utilization of env:ronrnental indicators has considerable influence 
on the positio11s taken by sor:iety with regard to thesr' issues and on the deci­
.sions r:.ade hy politidan.s and produ<'ers. Indicators must be presented to 
sociE':!ty in the form of benchmarks dearly showing the desired standard of 
environmental quality. 

)()7. when rlala on envir~nffif'llta} qwiJity an: rli:-;seminated, together ·.dth 
interpretations of them, awareness of problems is increased. Sor:iety starts 
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to demand that public institutions take the action requ:red to tackle 
environmental problems. Such social behaviour will eventually enable the 
pui>lic to monitor the situation, verify whether the expected results are being 
obtained, and demand changes if they are not. 

108. To quote from the 1989 Economic Comission for Europe report for WCED, 
"In Canada, considerable progress has been made in collecting and integrating 
environmental, economic, health and biomedical data. Work is currently under 
way to develop a concise set of environmental indicators. France, with its 
patrimony accounting system, and Norway, are two cases where resource accoun­
ting has been developed. In Portugal, an experimental matrix on natural 
resource consumption is presently being elaborated. Decision makers in the 
Byelorussian Soviet Socialist Republic, at the local and enterprise level, use 
indices showing the extent to which natural resources and primary raw materials 
are used. Many ECE countries are already publishing surveys, or will do so in 
thP nf":ir fntnrP: on environmental rlata. Ir. certain coun~ries, at the enter­
prise level, environmental concern systems include resource accounting .1s part 
of a so-called environmental compliance audit. The audits have recent~v been 
advocated by the International Chamber of Co1IU11erce." ZI The Co1I111issio1 on the 
Environment of the European CoDIJlunities is also currently disc-ussing the 
desirability of requiring all companies to perform annual environmental audits. 

4. lIDJ>_r_ovemen t~_jJL tbe.. g_ec i.sfo_n_-:_giaking iu:oc:.:~ss 

aq_Q. _gov iro_nmen!;al, ___ imp~c;.t_~-~-e~ Sl!1~11_t 

109. The idea of plar.ning corresponcs to the idea of a system, i.e. the need 
to set objectives and recognize the interaction between environment, economic 
policies, political policies, energy policies and spatial-organization poli­
cies. This interaction is fundamental in the context of ESID strategies. 
~ith regard to the strictly environmental aspect, however, the planning 
approach requirt3 clearly defined objectives, the technicai, human, financial 
and legal resources for attaining these objectives and, equally important, the 
means to measure and evaluate results, so that a critical analysis of the 
strategy adopted can be performed, fol lowed by any necessary corrections. 1t 
js equally indispensable to realize that environmental decision-making pro­
~f"ssf"s will only be improved if the professionals working in this field are 
adequately trained. Otherwise, even with excellent strategies, implementation 
and evaluation will be deficient. 

110. One of the means of improving the decision-making process is through 
environmental impact assessment (EIA), which is a formal study proce~s used to 
predict the environmental consequences of a pr-_posed major development project. 
EIA concentrates on problcMs, conflicts or natural reso11rce constraints that 
coul<l affect the viability of a project. It also examines how the project 
might cause harm to people, their homeland or their livelihoods, or tn other 
nearby developments. After predicting potential problems, EIA identifies 
me3pures to minimize the problems and outlines ways of improving lhe project':; 
suitability for its proposed enviroruncnt offering options to the decision 
makers. 

I! I. According Lo the 1989 ECE report for WCED, "EIJI. is consicler~rJ <is Lhe 
instnunent par excellence for integrl'lting environm~nt.al c:nnsider;ilirms inln 
development planning. Having been used for many years, ETA is now r:ompulsory 
in many casf!s when new project:> with po!;siLlc 1:nviro11mc:ntal impa,..t ar•: un<ler 
consideration. However, in certain cases, some GoverrnnentF consider Lhal the 
sci1:ntific lev'd of E!A :.ludi<~S !l~f:ds l.o lit! r.;n:ally improved." 7/ A pof;l­
far.to cval11atio11 sliould he •mdert;ikcn. 
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112. EIA could play an important role at various lev~ls of the planning 
process or in the process of strategy and policy formulation. So far a number 
of methods at the plant/enterprise level are available. The environmental 
impact should, however, be assessed alsc at the subsectoral and sectoral level 
at the stage of the formulation of development strategies and policies. In 
the comparison between alternative policy ~ptions the environmental impact 
should also play its role. Adequate methods for EIA at these levels must be 
applied. Without this step ESID will not be achieved. 

S. ~hnological capabilities 

113. Taking effective action to protect the environment and manage pollution 
presupposes the acquisition of technical knowledge, the mastery of technology 
and the creation of adequate operational conditions. To ensure the existence 
of these conditions, specific development programmes must be set up, such as 
technical training programmes (short on-the-job courses, both local and inter­
national, specific consultancy and traineeships) and programmes to develop 
capabilities in laboratory work, environmental monitoring and manage&.ent. 

114. The search for energy-efficient pollution reduction and clean technology 
can be advanced through an ambitious R and n programme, including national and 
international scientific and technological exchange. This programme corre­
sponds to the adoption of an innovative strategy and the engagement of research 
institutes, university and R and D laboratories in developing ESID. These 
actions will create real conditions for a stronger institutional framework, 
since they provide better grounds for establishing and applying regulatory 
mechanisms, and a more solid foundation for the decision-making process. 

E. Government initiativ~d the external context 

115. The tran~-boundary nature of many environmental problems and the 
financial resources needed to solve them necessitate some form of inter­
nation~l cooperation. Such mechanisms can vary in kind, from international 
environmental funds and regional development funds to external debt conver­
sion, subsidies and grants, tradeable licenses and consumption rights. It 
is worth ri:tising two ii;i;ues conman to these mechanisms and relevant to the 
possibility of promoting ESID. 

116. The first has to do with the international distribution of the costs of 
environmental d2mages. The second is related to the fact that a large part of 
th~ environmental deterioration in the developing countries is an effect of 
their dual icternal structures, wherein a majority of· the population is under 
the poverty line. In these cases, it is necessary to discuss the political 
possibility of reducing such dualities by reorganizing and restructuring the 
economy. 

117. The issue of international cooperation between Governments as well 
as between other actors is analysed in detail in Working Paper V entitled 
"International cooperation for envi~onmentally sustainable industrial 
developm~nt". It is therefore not further treated in the present paper. 

118. The pros and cons of the various government intervention instruments 
reviewed above are discussed .in this section. Whereas the polluter-pays 



- 159 -

principle may be considered as a general guide for developing environmental 
policies and for the use of policy instruments, it does not provide precise 
specifications for the choice of policy instruments in specific contexts. 
Exam~les of additional criteria for evaluating policy instruments are as 
follows: 

"(a) Cost effectiveness: An instnunent is cost effective if 
it results in achieving environmental policy goals at the lowest 
possible socio-economic costs. These costs can be direct costs 
linked to purification, costs of altering production or administra­
tive costs linked to the implementation of the policy measures; 

"(b) Management effectiveness: An instrument has a high 
degree of managerial effectiveness if it can achieve the stated 
goals with a high degree of certainty; 

"(c) Impact on incentives for technological development; 

"(d) Impact on other development and economic objective.; 
(growth, equity, industry competit.iveness etc.)." 8/ 

119. A sW1111ary of the relative advantages and disadvantages of the regulatory 
approach yi~~=v_i~ the economic incentives approach for application in develop­
ing countries, keeping in mind the above criteria, is presented below. 

120. EnvironMental regulations in developing countries have often been r~pli­
cated from past regulations in developed countries, and have conse<uently not 
been tailored to local reality. Among the problems connected with the use of 
rebulatory mechanisms are the following: 

(a) Excess cost of achieving environmental quality objectives; 

(b) Excessive cost of inspection and control to government agencies; 

(c) Non-compliance in monitoring and enforcement of regulation, budget­
~ry, labour fnrre anrl arlministrative constraints; 

(d) Traditional approaches to pollution management have tended to focus 
separately on air, water and soil pollution at the macro level, without con­
sidering the total emissions from each plant or factory, resulting in the 
shifting of pollutant loading from one media to another. 

121. The latter problem is being addressed in Sweden and in the United 
States, by the use of a new regulatory tool known as "integrated permitting" 
and waste minimization audits that encourage pollution prevention and adop­
tion of clean technologies rather than pollution control. The Blackstone 
Project in Massachussetts, United Slates, attempts to coordinate and inte­
grate the permits for air, water and hazardous waste Pmissions and to develop 
regulatory procedures for treating industrial facilities as whole entities. 
The project also re-examines the existing enforcement regulations with a view 
to encouraging the adoption of toxic use reduction initiatives by State 
authorities and industrial firms. 9/ 

122. Sweden has adopted the cross-media integrated permitting approach 
whereby the type of industry. its location, level of technology, type and 
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amount of pollution gene~ated and their environmental impact determine the 
pollution parameters and emission standards. This approach allows local, 
regional and national authorities to impose flexible stand~rds for each 
plant. An integrated permitting mechanism, as described above, along with 
requirements for conducting waste-minimization audits for each corporation 
could induce industry to adopt pollution-prevention modes of production, 
rather than end-of-pipe pollution-control techniques. 10/ However, it tends 
to be resourre-intensive. 

123. Another area for improvement in regulatory regimes is to allow for more 
negotiation between the Government and the regulated colllDunity. This negotia­
tion, sometimes called regulatory roundtables, allows for an open constructive 
dialogue. it In most cases, the pollutant reduction standards emerging from 
these roundtables will be less stringent than the Government might have wanted. 
The advantage is that whatever is agreed to can probably be implemented and 
there will he some environmental improvement. 

124. One such example is an effort to control tannery waste near Madras, 
India. In re~ponse to new national and state legislation, tanneries and the 
local government worked together to establish a central waste-treatment 
facility for a few dozen tanneries. The central facility recovers and 
properly disposes of chromium salt from the tannery wastewater. In this case, 
industry pays 75 per cent of the costs and gov~rnment pays the other 25 per 
cent. '2./ 

125. In spite of its inherent drawbacks, the reasons for using the regulatory 
mechanism may be sought, for example, in their apparent equality, in ethical 
arguments or in greater certainty for decision makers as to their impact. 
Another advantage that regulations have over economic incentives is that 
regulatory costs, including costs of compliance, loss of output and distor­
tions, are less obvious to cunswners and taxpayers and therefore are not so 
much in the public eye. q/ 

126. Unlike the regulatory mechanism, the economic incentives approach 
potentially ''brings environmental resources into the market and 'prices' them 
at a level that reflects their true scarcity and the opportunity l'.'osts of 
their use". ~/ As such, the associated costs are more apparent. However, as 
was pointed out in an earlier section, in general, improved use of economic 
incentives can result in a better allocation of resources, economic growth and 
environmental conservation, as well as increased investment in human capital 
and technological development. 

127. Not all types of market-based policy instruments are efficient or cost 
effective, however. A case in point is that of subsidies or tax write-offs 
for the adoption of so-called "clean technologies" or the construction of 
waste-treatment facilities. "They rlo not make waste treatment or waste reduc­
tion any more profitable; they simply subsidize the producers and consumers of 
the products of these industries •.. Tax breaks, credits, d£preciation allow­
ances and subsidies, are a drain on the government b11dget anc [can be] a dis­
incentive to industries which might have otherwise developec more efficient 
methods for reducing emissions." 6/ 

128. The benefits of tradeable pollution permits or emission rights have been 
discussed above. Despite its merits, the system has so far not been applied 
in developin~ countries. One reason is that a workable system of the setting 
of charges re<111ires, a level of fine tuning thaL may become prohibitively 
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costly for Governments. "Ideally, charges for destractive use of the environ­
ment should be set equal to the damage or external cost that these activities 
generate. In practice, it is very difficult to estimate the full extent of 
environmental damage because they are widespread, often not easily quantifiable 
and take a long time to accumulate." f)_/ In spite of the inherent difficulties, 
the advantages of emission charges over direct regulation favours its usage 
since they "minimize the costs of pollution control by leaving the level of 
individual pollution control and the choice of technology to the polluter ••. 
Enforcement is easier and simpler because charges requi:~ no knowledge of the 
production and abatement technologies of different industries and no bargain­
ing; the incentive structure facing the polluter is such that it promotes 
self-enforcement." 61 

129. According to the OECD Progress Report "Economic incentives have proved 
~seful in raising revenue but in most cases have not been successful in 
changing behaviour or stimulating innovation". ~/ This conclusion, however, 
needs to be treated with some caution as economic incentives have a longer 
gestation period and take time to work since they are aimed at altering 
behaviour patterns. 

130. In conclusion, the experience of Governments in this field is still at 
an early stage. It appears that the relative merits and demerits of using 
regulatory tools and economic incentives warrant a judicious mix of the two 
types of instrument, depending upon the nature and extent of environmental 
degradation being addressed. In reality the twc raechanisms muse co-exisc 
along with some of the other measures outlined above. 

IV. PROPOSED GOVERNMENT MEASURES AND POLICIES TO PROMOTE 
ENVIRONMENTALLY SUSTAINABLE INDUSTRIAL DEVELOPMENT 

131. Underdevelopment and constraints on the process of economic growth 
represent the main causes of environmental deterioration in developing coun­
tries. Worsening economic and social indicators, accentuated in recent years 
by constrained foreign trade and capital balances, have forced countries to 
adept strict measures, leading to reduced economir. growth, as well as adverse 
environmental consequences manifest in reduced investments in sanitation, 
health and transportation facilities; declining housing standards; the occupa­
tion of areas subject to mudslides and flooding; the destruction of water 
sources; urban congestion etc. 

132. Industrialized countries were the first to take steps to adopt regulatory 
and economic mechanisms for ESID. Political parties, non-governmental organi­
zations concerned with environmental issues, business corporations, and con­
sumers' organizations are taking active measures to promote environmental 
priorities. In spite of the general applicability of some of these experiences 
and the global approach to the management of the ESID process, it should be 
emphasized that developing countries face specific problems that could have an 
impact on their oppo=tunities to adopt measures similar to those of the devel­
oped countries. The i~plcmentation of principles of action, which may be 
conunon to all countries regardless of their stage of development, would neces­
sitate adaptation to differences between ~ectors and should respect the dual 
r:haracteristics of society i11 economir. and industrial spheres. C:ultural and 
religious heterogeneity still exerts r:onsiderablP influence on governmental 
decision-making in developing countries. However, an appreciation of sus­
tainable development will be instrumental in the specification of details 
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necessary for the formulation of industrial strategies and policies conducive 
to sustainable development. 

133. The implementation of an ESID progranme depends on a n~ber of factors 
directly conne~ted to national Governments and the country's socio-economic 
structure. Some of the elements are as follows: 

(a) The acceptance, by society, of the environmental component as a 
development factor; and by firms, of the importance of environmental issues; 

(b) The need for political decisiveness by the executive branch; 

(c) The existence of qualified professional staff; 

(d) The technological and operating potential of environmental agencies; 

(e) The interaction of the executive branch with the legislative and the 
judiciary; 

(f) The level of organization and action by interest groups in society. 

134. The extent to which the above conditions are prevelant in dev~loping 
countries has implications for the nature and emphasis of the industrial 
strategy that needs to be adopted. In general, however, it is recognized 
that ESID should focus on the tollowing policy areas/options: 

(a) General industrial policies and strategies utilizing an appropriate 
mix of policy instruments to foster sustainable industrial development; 

(b) Institutional strengthening; 

(c) Training and human-resource development; 

(d) Technology policy. 

1J5. The following ser.tions will elaborate on these policy areas with 
reconunendations on proposed actions of a general nature. A set of guiding 
principles that may be applied when formulating ecologically sustainable 
industrial development strategies may be outlined. Not all of these prin­
ciples may be relevant to all countries but the list could perhaps serve as 
a starting point for a discussion on country/sector specific ESID policies. 
The following principles are suggested: 

(a) Promotion of economic growth with equity giving priority to poverty 
alleviation; 

(b) Employment generation and creation of entrepreneurial opportunities 
for future generations, including adequate attention to the role and employ­
ment of women in achieving a better balance between economic, social and 
environmental concerns; 

(c) Ambient-quality targets attained by minimum costs, adherence to 
the polluter-pays principle and by maintaining the competitiveness between 
industries; 
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(d) An evolutionary transition to environmentally sound economic 
development i.e a gradually phased shift from high polluting to non-polluting 
industries and technologies. 

A. General industrial-P.Q.li_~~ 

136~ General industrial policies based for example on market integration, 
tnhancement of the productive performance and industri?l automation need not 
all be incompatible with ESID. What is required is that in their general 
economic and industrial policy, Governments must choose instruments that are 
compatible with achieving ESID. Some reasons why ESID oriented policies need 
not be an obstacle to economic and i~dustrial growth or that industrial growth 
need not necessarily be a threat to Lhe environment are as follows: 

(a) Industrial development creates the resourc~s required for 
maintaining and improving the environment; 

(b) ESID-type technologies, new technologies and environment-friendly 
indust~ial structures are often more cost-effective and productive than others; 

(c) More and more environmental awareness 
regulations on products in international trade. 
have a comparative advantage; 

will impose standards and 
Those who start early will 

(d) The market for products to meet ESID requirements is 
booming one presenting good opportunities for early entrants. 
small-scale, growth industries in the "environmental" area can 

a dynamic and 
New, often 
be created. 

137. In designing their policies, Govern.~ents will, in all likelihood, have 
to find a mixture between regulatory and economic mechanisms while strengthen­
ing th~ institutional mechanism. No guidelines can be given for how this 
mixture should be put together. However, Governments should unde~take the 
following: 

(a) Clearly define policy objectives, goals and targets for specific 
industrial subsectors inte6~ating environmental objectives in long-term and 
medium-term strategic plans; 

(b) Analyse existing industrial plans from an environmental angle, 
i.e. conducting an assessment of the enviror~ental consequences of existing 
sectoral plans; 

(c) Formulate alternative development scenarios at the subsectoral 
level that would take into account growth, efficiency, equity and ecological 
sustainability; 

(d) Assess existing environmental laws, standards and the regulatory 
f rameworJ.~; 

(e) Assess existing fiscal and ecrn1omic policies, their impact on 
the environment, industrial competitiveness and grrJwth of the subser.tor; 

(f) Assess, uased on the above and in coordination with the private 
sector~ non-governmental organizations <ind other interest groups, anrl devise 
a strategy for the use of appropriate policy instruments that would lead to 
ESID. 

~-----~---



- 164 -

138. These policies can be implemented by the use of appropriate instruments. 
The review made in chapter III can give a first indication of the various 
instruments that are available. However, the choice of an adequate mix of 
instruments must be made judiciously. As was pointed out above, instruments 
that have a proven positive impact on the environment may not be appropriate 
for all countries, for example due to lack of institutional infrastructure to 
enforce or monitor the measure in question. The environmental impact of a 
measure or a set of measures must be balanced against the impact on other 
government objectives. 

139. It is a general belief that environmental regulation is biased against 
new technology in favour of the status quo. ll/ Typically, control works 
against new sources of technology and new products whereas old ones are 
tolerated. By using standards based on the best available technologies, for 
instance pollution prevention and minimization of waste, this could be avoided. 
On balance, OECD concludes that regulatory regimes potentially may lead to 
serious efficiency losses. The cost of distorted incentives may have a long­
run impact on tech~ological development and on economic growth. 

140. It is also generally believed that economic incentives send clear 
signals through the price system: resources use and allocation will be 
optimized. Industry should be given incentives to use low and new waste 
technologies (clean technologies) including resource recovery, recycling 
and reuse. The incentives should be accompanied by innovative regulatory 
tools such as cross-media integrated permitting and waste minimization audits. 
As mentioned earlieL, these tools are currently being introduced in Sweden 
and the United States (Blackstone Project in Massachussetts). The integrated 
permitting approach allows the imposition of flexible standards for each 
industrial facility based on total emission, for instance air, water and 
hazardous wastes. If these permits are accompanied by suitable fiscal 
measu~es, it would fall within the framework of the polluter-pays principle 
and ensure that industry adopts pollution prevention and waste minimization 
measures. 

141. Governments should further explore the use of fiscal measures, such as a 
carbon ta.~, to promote energy efficiency and reduce carbon dioxide emissions. 

142. Even though the largest, most inunediate improvements in pollution 
management often emanate from large facilities, governments of developing 
countries also need to devote special attention to the pollution problems of 
small- and m~dium-scale industries. These industries are usually the ones 
for which it may not be financially feasible, at least in the short term, to 
invest in pollution-control mechanisms. Governments must intervene to shape 
the market to reward and promote environmentally friendly economic activity. 
Concessional financing, special credit lines and guarantee schemes for 
environmental-control projects as well as the setting up of conunon-treatment 
facilities for relocation to industrial-growth estates are some of the 
measures that may be devised. 

~43. Industrial location is another policy area that can result in a more 
rieaningful use and allocation of resources. Industries, identified on the 
basis of locational comparative advantage, should be located to reduce 
r:ongestion and pollution and also to provide employment opportunities in 
lagging areas. This may be done by a proper mix of policies, including the 
development of infrastructure and investment promotion. 
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144. Although the use of economic incentives and market mechanisms are 
acknowledged to be more Efficient in principle, their evaluation is not 
unequivocal. Economic mechanisms may take longer to have an impact and 
the impact may not be s~ clear cut. They are sometimes perceived as less 
equitable than regulat~on for either industry or the tax payer. What is 
important is that the Government must have at its disposal a wide and flexible 
range of policy instruments so that the best combination can be selected for 
each set of circumstances and each set of objectives. ~/ 

B. Institutional and public-awareness policies 

145. One of the priorities of Governments should be to strengthen the capacity 
of institutions charged with formulating and implementing a policy of ESID. 
It is essential that these institutions play a central role and are able to 
assert authority over the sectoral departments. Among others, such a policy 
should include: 

(a) Ensuring capacities for assessing the impact on the environment of 
various industrial dev~lopment options at the national and regional levels as 
well as at the subsectoral and plant levels throughout industry; 

(b) The mobilization of various sectors of society and public op1n1on 
in support of ESID. The main actors lo be considered are society as a whole, 
Government~ aud firms. Among the latter, multinational corporations have a 
key role to play by facilitating the transfer of technology needed for environ­
mental protection. The dissemination of environment quality indicators by the 
Covernment, and the requirements for undertaking environmental audits by cor­
porate enterprises are some of the measures that may be used to mobilize public 
opinion; 

(c) Collection and dissemination of information on production techniques 
and technologies, the implications and environmental impact of their use 
including the gains to producers by adopting environmentally friendly 
techniques; 

(d) Establishment of n•3nagement a,:-i mo•1itoring programmes for toxic and 
hazardous substances and wastes; 

(e) Establishment of a decentralized and coordinated decision-making 
system with linkages between the national, regional and local planning levels; 

(f) Ensuring capacities for prevention of industrial accidents by risk­
assessment procedures, safety measures and materials-handling procedures; 

(g) Development of infrastructure facilities geared towards waste 
minimization and disposal, recycling and reuse; 

(h) Establishment of a monitoring system for the enfo1cement of 
regulations. 

c. Technology policy 

146. Dealing with the increasing pressures on natural resources without 
jeopardizing economic growth requires an i11crease in the resource efficiency 
of production, which in turn implies that technological transformation must 
be one of the primary strategies for developing countries. "Technolog=cal 
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transformation means widespread, continuing development and adoption of ever 
iess po~luting and more resource efficient products, processes and 
services." 11/ 

147. The bar=iers to technological change are very often embedded in social, 
economic and cultural factors and not nec~ssariiy in technical constraints. 
The structure of public and corporate policies must be reformulated to over­
come these constraints. 

148. Apart from the use of innovative regulatory tools and economic incen­
tives to promote and encourage technological change, many of which have been 
discussed above, specific technology policies need to be adopted by Govern­
ments. Technology policy can be defined as "government actions intended to 
promote the development and diffusion of new technology ••• a [governmen•; 
~olicy for technological transformation should not concentrate on technolog~es 
of inunediate conunercial significance. Making money from new technologies 
should be left to the private firms. What government can do effectively 
is to support the technical areas on which conunercial technology will be 
based." U/ 

149. The range of mechanisms that can be applied includes R and D tax credits 
for giving incentives to industrial research; government-supported research 
consortia encouraging national and international technological exchange; pro­
grammes to develop capabilities in laboratory work, environmental monitori. g 
3nd management; technical training programmes; technology transfer programmes 
that disseminate technologies from government laboratories to the private 
sector; government procurement etc. 

150. Government procurement has been cited by the World Resources Institute 
as having the potential for becoming an effective mechanism for promoting 
environmental technologies. In the United States, procurement by the Defense 
Department has been one of the main means of creating markets for new 
technology. However, the procurement of environmentally sound technologies 
by the Government - purchases of recycled goods, solar-power application, and 
energy-efficient lighting - has so far been limited even in the developed 
countries. 11/ Given the extensive government purchase programmes in some 
developing countries, this policy has enormous potential for the promotion and 
development of environmental technology. 

151. Research and development is another area where Governments can play a 
lead role, on its own and in joint activities with industry. National research 
in alternative energy sources; in material-separation technologies to improve 
the cost effectiveness of recycling low-valued wastes into high-valued goods; 
in new and improved ele~tronics, optics, motors, engines etc. would not only 
improve industrial competitiveness but also influence the environmental per­
formance of the manufacturing sector. Governments should also devote more 
attention to the analysis of positive and negative impacts of new technologies 
e.g. biotechnology, information technology and advanced materials. 

152. The policy framework for international technology transfer is another key 
area that could have significant impact OH the adoption of a sound environ­
mental technology. In this respect, policies relating to the promotion of 
direct foreign investment, joint ventures, tun1key projects and the operation 
of multinational c:orporations would be instrumental in determining the types 
of lechnology that arc tr~nsferrcd to developing counlries. Many of these 
issues are being addrerised also in rurrent international efforts to implement 
nnw agreements to co11ntcract depletion of the ozone in the upper atmosphere. 
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153. Further research is also needed for policy analysis that would explore 
innovative and well-articulated policy proposals to address the new global 
contexts. The design of regulatory standards and impact-assessment techniques 
have to be re-evaluated and experim~ntal proposals utilizing some of the 
economic instruments reviewed in chapter III, above, should be formulated. 
Research of this nature should form a cornerstone of the technology policy in 
developing countries and should be supported by universities, research insti­
tutes, Governments and private enterprises. 

154. This is the third of the three case-studies. It has been chosen to 
illustrate the need for an ESID strategy in Pakistan. 

Case-study three* 

155. Large-scale manufacturing industries in Pakistan are largely responsible 
for the discharge of toxic and hazardous wastes. Some examples of this are 
the effluents of the leather industry contai~ing sodium sulphide and chromium 
pigments; toxic chemicals and dyes in the water discharged from textile mills 
etc. In addition, small-scale industrial units, located in densely populated 
areas often discharge their emissions into neighbouring ponds or sewage canals. 
c~rrent industrial policies, the tariff structure in particular, do not address 
the problem adequately. The high priority given to chemicals, tanneries and 
metal products industries and the high effective rates of tariff protection 
for these industries could worsen the pollution problem unless appropriate 
action is taken. "Relaxed standards" for waste disposal were to be imple­
~ented in 1990, to be followed by more stringent ones. However, many indus­
tries are not even aware of these standards. Recycling or treatment of wastes 
is not a conunon practice and the attitudes of industrialists is quite negative 
in this respect. Factory owners do not have adequate incentives to adopt such 
practices given that there are as yet no functional laws on pollution control 
or waste-management services. Moreover, industrialists do not have an idea of 
the relative costs and benefits of installing pollution prevention mech3nisms. 

156. As noted in the Asian Development Bank study, "if the deteriorating 
situation is not dealt with soon, the eventual cost to reverse and repair th~ 
damage C)uld be tremendous and far more than a developing country like Pakistan 
can afford. The situation demands inunediate intervention". A r.umber of inune­
diate steps are reconunended in the study, including: 

(a) The operationalization of the institutional set-up dealing with 
industrial pollution prevention, in particular, and the updating and imple­
mentation of the existing Pakistan Environmental Protection Ordinance of 1983; 

(b) The setting of realistic standards on wastes, the formation of a 
waste managemert body to deal with the treatment and disposal of industrial 
effluents, solid wastes and toxics; 

(c) The establistunent of obligatory environmental impact assessments 
(EIA) for all projects to be clear~d by the Government, and of a database 
system on environmental pollution monitoring this, along with EIA would form 
the basis for decision maki~g with regard to alternative poli~ies for ecologi­
cally castainable industri~l development; 

*Based on ~COTlQ1I1:lcf2lfiles__ for: S.us_t~:in~b_l_~ DeY.~lo.lillleTJ1- (As fan 
Development Bank, 1990), pp. 184-186. 
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(d) The strengthening of existing R and D institutions concerned with 
environmental pollution. R and D efforts should concentrate on the adaptation 
of technology, clean technologies, in-service training to industrialists etc.; 

(e) Financial incentives to industry for waste treatment and pollution 
reduction. 

157. As mentioned earlier, competent human resources h~ve a key role to play 
in reconciling economic and ecological objectives. Environmental education, 
in the long run, can steer the response cf technology and industrial policy 
towards sustainable development. The Governments in developing countries can 
supplement economic incentives by playing an important part in the process, 
through both the formal and informal education systems. 

158. F0rmal education, through various tiers of the school and university 
system, should attempt to incorporate and integrate environmental sciences, 
regulation and design into the existing curricula of course work It has 
been argued that excessive emphasis on specific disciplines, such as ecology 
or separate environmental engine~ring courses, should be replaced by a multi­
disciplinary approach ~o that envirormental factors complement traditional 
disciplines and do not appear as an afterthought in the education system. 

159. Governments may also devise programmes of informal education via the 
mass media, public hearings of environmental impact reports, political 
parties, business organizations etc. 

V. RECOMMENDATIONS 

160. Governments should integrate ESID more effectively into international, 
national and local planning for industrial development by: 

(a) Building considerations of environment and sustainable development 
into economic planning activities at the policy and operational levels; 

(b) Revising current legal and institutional mechanisms as needed, to 
achieve a better balance of regulatory and economic measures that will promote 
ESID and to eliminate or minimize existing measures that are counterproductive; 

(c) Actively encouraging ESID through research, development, acquisition, 
and transfer of n~w technologies, as well as more rapid and efficient utiliza­
tion of existing relevant technologies in the public and pri·rate sectors, and 
through public/private partnerships; 

(d) Promoting technical and management training and education that 
incorporates ESID into a broad range of disciplines at the university and 
professi0nal levels; 

(e) Prumotiug ESID through environmental education and participation 
by the gencr. l pu!:>lic and interested non-governmental organizations, such as 
corporations, employees, consumers and environmental Jrganizations; 

(f) Cooperating in international efforts Lo achieve ESID; 
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(g) Supporting exchanges of information and experience on ESID among 
developing countries, as well as between developing and industrialized 
countries. 
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INTRODUCTION 

1. The focus of this paper is on ecologically sustainable industrial 
development (ESID) in developing countries and the potential role of 
international cooperation to achieve ESID. 

2. The period following the Second World War has seen a tremendous growth in 
industrial activity. As the Brundtland report pointed out, 25 years ago the 
world was manufacturing one seventh of the goods it manufactures toda:· and was 
extracting one third of the minerals. This pace of industrialization has had 
serious effects on the environment and on the global natural resource base. 

3. Conversely, industrialization has brought with it many benefits in terms 
of improved economic growth and most developing countries are eager to 
accelerate their processes of industrialization, even though this historically 
has resulted in higher environmental degradation.* Though its share of total 
industrial output is still quite low, it is expected to rise to 15 per cent of 
total world industrial output by the end of the century. !/ Furthermore, 
develofing countries are expected to continue to gain a larger share of the 
"smokestack" industries as tighter environmental standards in the 
industrialized nations given a comparative advantage to developing countries 
with less stringent environmental controls. UNIDO estimates that during the 
period 1980-1985, the manufacturing value added (MVA) of 15 traditional 
indust~ies generally regarded as heavy polluters (e.g iron and steel, 
industrial chemicals, footwear, petroleum refineries) grew at least twice as 
fast in the South as in the North. 

A. What is £SID? 

4. Whereas the exact definition of sustainability will probably continue to 
be debated for some time to come, in this paper, the "strong" definition 
discussed in Working Paper I is accepted. TI-tis definition emphasizes the 
non-substitutability of certain environmental resources and the maintenance of 
an adequate, or threshold, level of environmental resource endowments, in 
particular, those that are essential to supporting life on Earth. 

5. The practical manifestation of ESID is ultimately in the specific actions 
and behaviours of individual enterprises. This is the "bottom line" for ESID, 
that firms in developing countries implement manufacturing, R and D, design 

*Furthermore, there are indications that the rate of environmental 
degradation is higher than that of industrialization. For example, in ~he 
~ase of hazardous waste generation, Hirschhorn and Oldenburg find that, when 
highly industrialized, medium-income and developing countries are compared, an 
increase of 25 times in gross national product (GNP) per capita is accompanied 
by an increase of 150 times in per capita hazardous waste generation. Th0y 
also note that the big increase in hazardous waste generation occurs in the 
early stages of industrialization. See Joel S. Hirschhorn and Kirsten ti. 
Oldenburg, ?rosper1s_ without Pollution (New York, Van Nostrand Reinhold, 
1991). 
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and overall management strategies based on the principles of environmental 
sustainability. Factors both internal and external to the firm can influence 
such behaviour. Internal factors such as management style, skill sets, 
"corporate culture•, motivation, technological "intelligence", business goals 
and profit and market-share considerations clearly can only be addressed 
through direct action by the management and ownership of the firm. In this 
sense, the orientation of firm-level action towards ESID will depend 
ultimately on the extent to which environmental soundness and business 
profitability are seen to coincide. 

6. The external factors include national and international policies and 
contexts that i~pact upon industry, the general business cliiiiaLt ana 
infrastructure and relevant socio-political conditions. 

7. The internal factors are discussed in Working Paper III, and Working Paper 
IV analyses the role of Governments in promoting ESID. This paper examines 
the international dimension. 

B. The international dimension 

8. The international dimension is of critical importance for the achievement 
of ESID in these respects: 

(a) Financial resources: The mobilization of financial resources is 
vital to ESID, as it is to the environmental problem in general, and 
international sources of financing, particularly the Development Assistance 
Committee (DAC) of the Organisation for Economic Co-operation and Development 
(OECD), play a positive role. Two key issues here have to do with the 
mobilization of additional resources and the linking of financial support with 
environmentally sound industrial development. Als~ important is an 
examination of the variety of potential sources for financing, both public and 
private, that could be mobilized for ESID; 

(b) Technology: A key to successful ESID is what the World Resources 
Institute refers to as "technological transformation": the development, 
transfer and utilization of environmentally sound technologies ("clean" 
technologies) by industrial firms. A great portion of these technologies and 
the related technological capabilities reside in industrialized countries and 
corporations based in those countries. Furthermore, specific issues involved 
in technology acquisition, such as intellectual proµerty rights, involve 
international negotiations and cooperation. On another level, international 
collaboration is an important mechanism for technology development. For 
example the Consultative Group on International Agricultural Research (CGIAR) 
has been very successful in agricultural research, and the Eureka Programme 
for collaborative research by European countries may also offer some useful 
guidelines. International technology cooperation along South-South lines may 
also be important for ESID by enabling the sharing of experiences, resources 
and capabilities for mutually beneficial purposes. Tighter standards, as in 
the European Community, can provide an incentive for improvements but can also 
adversely affect the competitive advantage of products from those countries. 
The entire issue of environmental standards is complex and sensitive; 



- 179 -

(c) International trade: There is increasing concern over the linkages 
between trade and environment, both in terms of how trade policies may impact 
adversely on environmental concerns, and in terms of how environmentally sound 
action may cause distortions in trade patterns. Issues relating to 
protectionist policies, product and process standards and specifications, 
foreign direct investment flo~s. structural change etc. need to be addressed 
at the international level. Developing countries' exports to industrialized 
nations may suffer adversely as result of stricter environmental standards and 
regulations. 

9. In all these areas - financing, technology and trade - both developing and 
developed countries need to take proactive stands based on a sensible 
assessment of the environmental problem and its implications at the global, 
regional and national levels. The effects of industrial activity are 
experienced at these levels and responses also need to be at these levels, 
depending on the nature of the problem and the resources available. 

10. For example, ozone layer depletion and the greenhouse effect are problems 
of a global nature, though they originate in local activities such as the use 
of chloro-fluoroarbons (CFCs) and industrial pollution. The pollution of 
lakes and rivers is often a problem at the regional level, but it also has a 
strong local component. Solid waste disposal and recycling are issues of 
primarily a local nature, but the issues of transborder flows of toxic waste 
and the need for R and D to improve recycling technologies are such that they 
lend themselves to global action. 

11. The form of response is also a function of how specific the problem is. 
The Montreal Protocol on Substances that Deplete the Ozone Layer addresses a 
very specific issue on which there is general agreement and is a global 
response to a problem that needs to be addressed at the local level through 
reduced use and production of CFCs. In other cases, especially where the main 
effects are felt locally, local initiatives and commitments are essential. 
The involvement and commitment of both the public and private sectors at the 
local level become important in this respect. 

12. International cooperation ~an play an effective role at all these 
levels. The Global Environment Facility (GEF), for example, aims at 
supporting local environmental problems that can alleviate global problems. 
Environmental problems such as desertification, water pollution, acid 
precipitation and air pollution lend themselves to regional cooperation. Somu 
problems, such as improved recycling programmes, industrial pollution control 
and waste treatment, need to be addrP.ssed a~ the local level, though 
international cooperation can play an important role. 

C. The need for a strategic approach for UNIDO 

13. All of this ~ntails international cooperation of both a North-South and 
South-South nature. Within this context, an appropriate role and programme 
need to be defined for UNIDO which build on its strengths and constitute a 
logical extension of its capabilities and experiences for the promotion of 
ESID. In p~rticular, UNIOO's status as an international organization, its 
years of e>:perience in industrial development in developing countries, its 
extensive network of experts and field offices, and its role within the United 
Nations, which gives it the mandate for industry. should be the foundation for 
its approach to and involvement in ESID. 
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14. A strategi~ approach of addressing ESID issues should be a priority of 
technical cooperation. For example, the industrial rehabilitation programme 
of UNIDO can result in both economic gains and environm~ntally positive 
results. Assisting developing country firms in attaining certain 
environmental standards can help them to become more competitive in 
international markets and to overcome environment-based tariff and non-tariff 
barriers. 

15. A strategic approach for UNIDO activities with respect to ESID must be 
built upon an assessment of UNIDO's particnlar strengths and capabilities, a 
realistic appraisal of the demand for ESID-related services and assistance, 
the resources available, and the particular "niche" where UNIDO can have the 
most impact. Building on existing programmes would be a wiser strategy than 
creating totally new programmes. 

16. The rest of this paper is devoted to an analysis of the financial, trade 
and technology issues and concludes with a set of recommendations on 
international cooperation for achieving ESID and the potential role of UNIDO. 

I. FINANCIAL SOURCES, FLOWS AND REQUIREMENTS 

17. A key question for ESID is the extent to which the financial resources 
are available and needed to achieve the desired goals and with the appropriate 
mechanisms for mobilizing and deploying those financial resources. 
Unfortunately, this is precisely an area where there is very little 
information of any systematic nature, and the best that can be done is to make 
rough approximations based on whatever is available. DAC is presently 
attempting to compile statistics on environment-related development 
assistance, but there are apparently problems due to the reporting procedures 
used by DAC members. 

A. Potential sources of financing 

18. The first issue has to do with the current financial flows and resources 
directed to ESID, or potentially availa~le for ESID, and the extent of the 
needs. 

19. While it is not possible to estimate the total financial resources that 
would be needed for ESID with any degree of accuracy, the amount is likely to 
be quite large, and it is useful to examine the sources from where these 
resources might come. 

20. DAC is one major source, and there is a clear case to be made for 
additional resources from the developmen~ assistance community. Within DAC, 
increasing portions of bilateral official development assistance (ODA) are 
being directed to environmental projects. For 1990, the United States Agency 
for International Development (USAID), for example, increased its financing 
for environmental protection to 22 per cent, which amounts to $368 million for 
this fiscal year (compared to $287 ffiillion for the previous year). ZJ 

21. At present only 5.5 per cent of official ODA is designated for industry 
and this fieure has been declining in recent years. 
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22. Developing country Governments themselves should be another source, on 
the order of about 1 per cent of gross domestic product (GDP) for 
environmental purposes broadly defined, as has been suggested by the Economic 
Commission for Latin America and the Caribbean (ECLAC) and by the World 
Resources Institute. 

23. Private sect~r inv~stments in ESID-re~ated projects will make a positive 
contribution. but only if the economic environments in developing countries 
make such investments attractive either through appropriate policy measures or 
other inducements. However, there are many examples in industrialized 
countries of pollution prevention projects that have been implemented with 
payback periocis ranging from a month to three years. l/ This last scenario is 
an ideal win/win case, since such technological improvements would also 
enhance the competitiveness of those industries. Several large corporations 
in industrialized countries are making their own investments in environmental 
technology and programmes, and an ECLAC report entitled "Sustainable 
development: changing productio~ patterns, social equity and the environment" 
(LC/G.1648(CON.80/2)), cites several Latin American corporations which have 
implemented environment-oriented programmes. 

24. Revenues generated by fines and fees levied on industry based on a 
"polluter-pays principle", added foreign investment resulting from relaxed 
investment codes and relaxed ?rofit repatriation policies for environmentally 
sound projects could also be included in the calculations of financial 
resources available for ESID. 

25. Debt for nature swaps, an additional source, has been used to a limited 
extent for conservation projects. The external debt of developing countries 
is about $1,000 billion. A modest poi~tion of this debt, if convPrted for ESID 
purposes, could make a significant contribution. 

26. Redirection of militarv expenditures, currently estimated at $270 billion 
per year for the developing worlu, could also result in additional resources. 

27. Manufacturing productivity improvements can also release resources for 
ESID while improving productivity. Advances in computerized controls for 
manufacturing, chemical catalysts and process engineering which improve 
industrial productivity also enhance environmental efficiency. 

28. The rapidly emerging environment industry offers entrepreneurs the 
opportunity to profit by developing capabilities in it. The estimated market 
for such goods and services was $200 billion in 1990, and the industry is 
expected to grow at a rate of 5.5 per cent per year over the next decade. New 
manufacturing techniques such as chemical vapou:~ deposition (CVD) can yield 
significant environmental benefits. Even incremental improvements in 
recycling processes or waste collection and processing can offer a source of 
business opportunity while also contributing to environmental priorities. 

B. Financial requirements 

?.9. On the demand side, institutes such as Worldwatch have estimated that 
between $10 bi 11 ion and $40 bil 1 ion per year will be needed for environmental 
purposes over the next ten years. It is not c] ear how much of this wi 11 be 
for ESID, however, these figures being based on broad "guel'!stimates" that 
mainly ser~e to indicate the maenitude of the need. 
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30. At a more specific level, a recent study on Thailand estimates that the 
cost of treatment of hazardous waste from all industries except basic metals 
would be of the order of 600 million baht annually, or 0.3 per cent of the 
annual GDP produced by those industries. For biciegradable waste, the estimate 
is 1 per cent of their annual GDP or 361 million baht for achieving 70 per 
cent treatment of the current level of biochemical-oxygen-demand (BOD). 
However, it is important to note that in countries such as Thailand, 
structural change in industry is leading to new types of pollution pr0blems 
associated with high technology industries, where the clean-up costs can be 
considerably higher and where the environmental implications are not well 
understood. 

31. In the industrialized countries, studies show that the pollution 
abatement costs (PAC) for the heaviest polluting industrial s=ctors range from 
1.92 to 2.89 per cent of total output cost. ~ 

II. OVERVIEW OF DEVELOPMENT ASSISTANCE COMMITTEE APl·ROACHES TO 
ECOLOGICALLY SUSTAINABLE INDUSTRIAL DEVELOPMENT 

32. In broad terms, the development assistance agencies in the industrialized 
countries have begun to give increased attention to environmental concerns in 
the design of their assistance programmes. The D~velopment Assistance 
Committee (DAG) of OECD has issued guidelines for assessing the environmental 
impact of assistance projects and has called for an increased commitment by 
member countries to assist developing countries in reducing poverty and 
controlling population growth. 

33. Although it is evident that concern within the donor community for 
improving the environmental soundness of projects is increasing, there is less 
evidence to indicate that a common understanding is emerging of what 
environmental improvement actually means. Improved cooperation between DAG 
members, the United Nations, the World Bank and other assistance agencies will 
require a common understanding of the relationship between environmental 
protection and industrial development, and the means by which both can be 
achieved simultaneously. 

34. In this regard, several issues crucial to ESID have yet to be resolved or 
even addressed by the international community.* There is no code of conduct 
for multinational corporations to guide them in their foreign investment 
decisions, in spite of the continuing efforts of the United Nations Centre for 
Transnational Corporations (UNCTC); no global mechanism for monitoring the use 

*Though. in some cases, efforts are under way, e.g. the Centre for 
Transnational Corporations Code of Conduct, the Basel Convention, standard­
setting in the European Economic Community (EEC), the Guidelines for Business 
established by the International Chamber of Commerce. 
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and disposal of toxic exports, in spite of the Basel Convention on the Control 
and Transboundary Movemer.ts of Hazardous Wastes and Their Disposal; no 
consistent regulation of high-risk technology transfers, and no mechanism to 
facilitate the harmonization of national environmental standards for products 
and processes. 

35. UNIDO, give~ its mandate on industry, could play a special role in 
contributing to the establishment of co111Bon guidelines and principles for ESID 
among the various organizations involved. 

A. Bilaterals 

36. DAC members are currently developing a common policy orientation, 
harmonizing the environmental impact assessment (EIA) of aid-supported 
projects, and exploring ways to address environmental issues for each 
industrial sector that receives assistance. There is also general agreement 
on three basic components in aid policy as it affects the environment. These 
are described below. 

1. The need for additional projects that have as their primary purpose 
the upgrading and rehabilitation of the environment 

to improve long-term economic growth and sustainable development 

37. New programmes have apparently incre~sed rapidly in recent years, but 
most of them deal with forestry and soil conservation and greatly resemble 
projects that were once categorized as •rural development". It is not yet 
clear whether these projects actually represent new initiatives, or whether 
they are simply a reclassification. Genuine "additi~nality" will require a 
net increase in total assistance funds available to developing countries in 
their pursuit of ESID. The critical lack of capital in most developing 
countries does not permit a net gain in environmental sustainability without a 
real increase in assistance programmes and investments. 

38. As the objectives of ,~nvironmental protection and industrial dP.velopment 
begin to converge under the heading of "sustainable development", the issue of 
additionality may become less central. Additional funds for ESID are required 
only to the extent that ESID is distinguished from other forms of industrial 
assistance. The development of more and cheaper clean production 
technologies, and the improved availability of these products for developing 
country firms, will narrow the gap and reduce the need for additional funds to 
prevent environm~ntal damaging resulting from industrial activity. 

2. Measures to strengthen the ability of developing countries 
to deal with environmental issues 

39. This raises the related question of a policy dialogue and technical 
support in which both donors and recipients assume certain obligatio11s. 
Development assistance agencies and banks that provide ESID-related resources 
for deveioping countries in need of capital would discuss with recipients, for 
example, how emissions can be kept below a certain threshold in industries 
receiving funds. 
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40. But it is also importtint to realize that "strings" attached to funding 
significantly increase the complexity of negotiating for funding and that 
conditions agreed upon between developing countries and outside funding 
sources are less likely to become internalized within the local society. 

41. Furthermore. bilateral aid has i~ the past been tied to the purchase of 
donor country goods and services. which can result in the export of 
technologies not best suited for the recipient country's environmental needs. 

3. Environmental impact assessment 
procedures that can be incorporated into traditional 

develo)!IJ!ent projects 

42. All DAC members have adopted some form of EIA for assistance projects and 
are in various stages of establishing institutional structures to carry them 
out. Some have identified a particular point in the project design process 
where the environmental impact is formally assessed. Others have chosen to 
treat the environment as a cross-cutting issue requiring input at all stages 
of project appraisal. In the case of the former. environmental offices or 
departments have been established within the agency bureaucracy. In the 
latter. individuals with environmental impact expertise have been placed 
throughout the organizations. 

43. As of this writing. eleven DAC members have established formal 
procedures for implementing EIAs for their activities. Others are currently 
designing procedures. There is increasing harmony among the emerging 
approaches. Procedures generally involve an initial screening of projects to 
identify those that have the potential to impact the environment. However. 
there is some divergence in the criteria used to determine such impact. If 
the ?Otential for impact is significant, there is an initial environmental 
examination of the project to determine whether a more extensive EIA is 
necessary. If an EIA is conducted, the project must ~ncorporate measures to 
decrease environmental impact and procedures for mo.1itoring impar.t must be 
included. 

44. OECD, in its 1985 Council recommendation on environm~ntal assessment of 
development assistance projects and programmes, recommends ~IA for projects 
that involve: substantial change in renewable resource use, i.e. converting 
land to agricultural use, or forest into pasture land; chanr,cs i~ farm111g c~ 
fishing practices: infrastructure: industridl activity, parLicularly 
extractive industry; and waste management and disposal. 

4). The DAG members that have not yet established formal guidelines intend to 
use these guidelines as a model. But even among those members that have 
formali3ed procedures, experic~ce in implementing them remains very limited. 

46. The analysis of development ~ssistance agencies in the OECD countries 
does not reveal a significant increase in projects that are designed 
specifically to promote ESID. Rather, the trend is toward preventing 11cgative 
cnvironme~tal impact from projects that are otherwise as close to conventional 
as possible. 
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B. Mu!tilaterals and financing institutions* 

47. By the nature of their organization. multilateral agencies such as the 
United Nations, the World Bank and the regional banks provide a focal point 
for the development of international ~ooperation strategies to promote ESID. 
Following are brief descriptions of the relevant activities of several of 
these groups. 

1. United Nations Environment Progra111r11e 

48. UNEP was established in 1972 to coordinate the environmental activities 
of the United Nations in environmental assessment, maru:;gement and support 
measures. Initiative~ in these areas are based in the UNEP Earthwatch 
programmes, which include the Global Environment Monitoring Systems and the 
Global Resource Information Database (GEMS/GRID), which coordinate activities 
of other monitoring systems and fill gaps as needed: INFOTERRA, a database of 
environmental information from around the world; and the International .., 
Register of Potentially Toxic Chemicals (IRPTC), which supplies inforwation on 
potentially hazardous chemicals to local authorities responsible for 
environmental protection and public health. 

49. In natural resource management, UNEP provides expertise in the planning 
and design of United Nations cevelopment activities that may impact a 
developing country's natural resource base and assists countries in developing 
responsible standards and regulations. For industry. UNEP provides a variety 
of services through its Industry and Environment Office. 

50. UNEP also has a library to promote environmental education and has 
training programmes to assist policy makers in analysing the environmental 
consequences of various public policy alternatives. Since 1980, UNEP has !:>een 
assisting several multilaterals in developing environmental criteria and 
procedures for assistance projects. 

2. United Nations Development Progra111111e 

51. UNDP initiatives are aimed at developing and implementing a holistic 
environmental approach to development. UNDP has cooperative arrangements with 
several Governments and organizations. With the World Meteorological 
Organization. UNDP has developed monitoring systems to assist countries and 
regions in assessing c!imate change and air quality. The joint UNDPjWorld 
Bank Energy Sector Manag~ment Assistance Programme (ESHAP) has been promoting 
the use of natural gas as an energy source insteaJ of coai or hydrocarbons. 
This initiative has significance for ESID nut only because natural gas burns 
more cleanly, but because considerable but underused gas ~eserves exist in 
many developing cou~tries. 

52. In addition to these initi~tives. UNDP provides many training programmes 
and basic technical assistance to devel c.,ing cour1tries, including 
country-specific workshops. In 1990 UNDP introduced the 5ust~inable 
Development Network (SON), in which all 113 fiPld offices coordinate the 
promotion and management of environmental programmes. 

*This section draws h.::!avily on the DAC 1990 Report (Organisation for 
Economic Co-operation and DeVf•l oprner.t, 1990) and World P.~sources Inst i tutt·, 
Natural F.ndoWnients: Financing Resource Conservation for Development 
(Washington. 'D.C . 1989). 
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53. A~nex I conta:ns more details on the role of UNDP in the environmental 
are.•. 

3. World Bank 

54. The f.i·)rld Bank established in 1987 an environment department and four 
regional environment divisions to promote environmental activities within the 
Bank. About one third of the Bank's loans in 198q were for projects that had 
environmental concerns built in. The Bank is also conducting in-depth studies 
vf key environmental issues on a continuing basis. including country-3pecific 
action plans which include suggestions for Governments. Several of Lhese 
plans are currently under way, including environmental policy development. 
investment strategies and criteria for prioritization. 

55. The Bank has also instituted codified procedures for environmental 
assessment to screen projects with potential environmental effects and to 
~hance borrowers' capabilities to deal with environmental issues. often 
through institution-building. 

56. Annex II describes environmental activities of the regional development 
banks. 

C. Limitattons of current approaches 

57. As the above descriptions indicate, multilateral and bilateral agencies 
have been treatin~ th£ environment as a special. high priority issue for only 
a few years in most cases. Very few projects now being implemented have ESID 
as their primary objective. Rather. sustainability is being incorporated into 
projects through EIA, conditionality structures that promote clean technology 
use, reductions in population relocation requirements etc. The projects 
themselves, however. continue to be categorized under traditional industrial 
development headings. It is therefore difficult to measure financial flows 
specifically fer ESiil. 

58. It also appears that little attention is paid to indirect environmental 
effects that may result from training and education projects, even though it 
is clear that the information communicated to individudls in the public and 
private sectors ~f developing countries regarding the management cf publi~ 
utilities and production facilities can have a significant impact, either 
positive or negative, on the environment. USAID categorically exempts all 
traini.1g projects from any form of EIA. The !.forld Bank requires ·;ome form of 
environmental assessment for all water supply and sewerage projects, but not 
fo~ public sector man~gement projects. 

III. GLOBAL INITIATIVES 

A. Global Environment Facility 

">9. Established by the World Bank, UNEP and lfNDP in 1990, the Global 
Environment Facility (CEF) is designed to fLlnd programmes that locally address 
ozone depletion, greenhouse gas emissions. biodiv~~sity and international 
waters. The objective of GEF is to assi~t Governments in dcvelopin~ 
cost-effective ways to address these issues, and to develop institutional 
capabilitif';; for such programmes. Tn this endeavour, li~f.P will provide 
ov~rall polii:y guidance and act as a cltaring-house. L~DP will bf' rf'sponsible 
for operations at. the country and 
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regional levels of the technical assistance and pre-investment pha~es. the 
~orld Bank for capital investm£nt activities. GEF will also provide a 
framework for providing operational experience in funding envirorunental 
aspects cf development and for complementary financing arrangements with 
non-goverClllh:!ntal organizations (NGOs). entrepreneurs, bilateral and 
multilateral agencies and Governments 

B. Montreal rrotoccl on Substances that Deplete the Ozone Layer 

60. Researchers first reported their concerns about the effect of CFCs on the 
ozone layer in the early 1970s. Widespread publicity in the industrialized 
countries led to public boycotts of aerosol products that used CFCs as a 
p~opellent. leading to a ban on such usage in Canada. Sweden and the United 
States of America in 1978. For ten years. towever, the ban did not spread and 
aerosol propellent remains the single greatest use of CFCs in the world 
today. In fact, new uses for the chemical lus pushed global CFC usage back 
above 1977 levels. even in countries with the aerosol ban. In 1Q84. the 
Natural Resources Defense Council, a United States-based NGO, filed suit 
against the United States Government for not conforming to regulatory 
process. In response, major CFC produ~ers intensified their efforts to find 
alternative chemicals. Building on earlier initiatives. in 1987 the developed 
and developing countries adopted in the Montrea~ Pr~tocol a programme of heavy 
cuts in the use of CFCs. The Protocol came into force on schedul~ in January 
1989 and was subsequently amended in 1990 in the light of new scientific 
evidence of the acceleration of ozone depletion. The amended Montreal Protocol 
calls for the complete phasing out of fully halogenated CFCs by the year 2000: 
halons (used in fire fighting). except for essential uses: carbon 
tetrachloride by the year 2000; and methyl chloroform by the year 2005. With 
the announcement by China ~n June 1991 at the Third Meeting of the Contracting 
Parties that it would ratify the Protocol. provi5ions for funding reached $200 
million over a three-year interim period to help developing countries meet 
their obligations under the Protocol. 

61. The Interim Multilateral Fund for the Implementation of the Montreal 
Protocol is administered from within GEF. It is an example of the linkage 
between environmental and developmental concerns. developed and developing 
countries. and the public and private sector. that can be achieved under the 
rubric of ~sustainability". The Conference for the adoption of the Montreal 
Protocol resulted in an international agreement on an ambitious timetable to 
reduce CFC emissions and provided an additional flow of funds from the donor 
community to developing countries. The recipient countries agreed to make 
important concessions in terms of their rate of increase of CFC usage. 

62. While it is still too early to realistically assess the performance of 
GEF or the Multilateral Fund. there are high hopes within the assistanc£: 
co1D1Dunity that such mechanisms will succeed in addressing key global 
environmental problems. Other initiatives. such as the Basel Convention, are 
also seen as models for future etforts to deal with global environmental 
protection. However, it is important to note that the Basel Convention only 
occurred in response to a 111ajor toxic waste spill. and that the timetable and 
funding mechanism established by the parties to the Montreal Prvcocol to 
reduce CFC emissions were a response to an especially pressing environmental 
crisis - the development of a hole in the ozone layer and the related risk of 
global warming. Jn the case of the Montreal Protocol, the problem addressed 
was very specific and unambiguous. limitf'd to a single chemical. and the 
production of CFCs was limited to a handful of con1p.1nies. It remains l'J Lt· 
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set.~n whether similar agreements can be reach£·d in cas"'s whc-re the exact 
sourct°s of envi rc.nmental damage are not known. where they are much more 
numerous and spread throughout the world. or where the problems are largely of 
a local nature. 

IV. COOPERATION 3ET'WEEN DEVELOPING COUNTR lES 

63. Information flows in the developing world tend to be predominant Iv 
North-South rather than South-South. Developing countries have \"ery 1 imi ~ed 
information on other developing countries. their institutions, products or 
capabi 1 i. t iL'S. However. there has been significant development in many of 
these countries in recent years, to the point where cooperation between them 
could have a meaningful impact on development generdlly and on ESTO in 
particalar. 

64. Economic and technical cooperation in developing countries has been a 
priority for many years. Arising from a common perception of the causes and 
solutions to the Froblems of economic development. political consensus among 
developing countries led to many commmon positions on international 
development issues. Two groups. the Non-Aligned ~O\'ement <ind the Group of 77. 
represent the most durable, noteworthy. and the broadest expressions of thi3 
cooperation. At another level. regional and subregional groupings have been 
developed that address the need for closer cooperation in economic and 
technical terms and. increasingly. direct their efforts towards common 
markets. preferential trade areas. and customs unions, with the objective of 
full economic union being increasingly espou:;ed. 

6~. Significant recent developments in this field at the interregional level. 
incl udc· the General Svstem of Tari ff Preference: (GSTP). which was agreed in 
IQHQ by 48 member countries of Lhe Group of 77. It covers thP mutual reduction 
of all trddt: control measures (TCMs) affecting trad: bv the member countries. 
\'irtually all developing countries i.;ith a high international trade voluml· an· 
sign~tories. The axreement will enter into force once it has been ratified by 
I'> SL1tt·S. 

6(}. :\ furthc·r flf'\.t d~·vclopmcnt c1t the intc,rrcgional lc·;el iS the forraation in 
11J89 of thr· Summit L£·w·l Croup of Df'v<·loping C:ountric·s. also knoi.-;i rlS the· 
Croup of I'>. Tt includr·s bot.n thc· non-aligned anJ othec dt:veloping counn-ic·s. 
•·sp•·ci.1llv tht- larger and morc· industrializc·d States. with rl'pre>sentation from 
clifft·n·nt n·p,ions. At its first He:ad of Statc·-lr·vel summit mN:tinp,. held in 
Kuala Lumpur in Junf' lQQO. it adopted c: widt•-rcmging statemf'nt dealing 'Aith 
marw art·a~ in which cnopc·ration would be addr.:.:sst·d in practical terms by its 
mtrnbc:r:.. It strc·~st·d thf· need tu r<cop,nizc· tlw spt·cial position ot tlw 
d1·vdopinf, countries iri thf· formulation of int1·rr1ation;,l initiat.ivc·s on tht· 
c·nvi ronm•·11t : 

":\ny f,lobal initiativ•· in ov•·rc•>min,1~ tr1vironmt·rtal prohlc·m!:; reouired 
concert£·d intt·rnation.il co·npc·rat1on b-i:;l'd on ,m t•q11it,1bl.- ..;haring of 
rc·!;ponsibilitit·s which t.1k1·~; into accour1• exi•;ting asvmm<·tri1·:. br·tw1·r·n 
df'vf'loped and <l<·•.:f'lopinp, co1111tri1·'.;. 
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Developing countries require substantial additional resources fo1· 
pursuing their goals of sustainable development. including access to 
environmentally sound tEchnology at affordable cost and the establishment 
of funding mechanisms. The Group recognizes the importance of 
co-ordinating cmr positions on issues of major concern to us on the 
agenda of the forth~oming UN Conference o~ Environment and Development to 
be held in Brazil in 1992." 

67. The Group of 15 summit meeting approved a number of specific projects, 
with the assignment of responsibility to individual countries for coordination 
and implementation. They include new mechanisms for environmental cooperation 
based on the new impetus for ECDC and TCDC provided by the Group of 15. The 
adopted proposal for a South Investment. Trade and Technological Data Exchange 
Centre (SITDEC) to promote and disseminate information on investment and trade 
opportunities in the South and on technologies and transfer of technology 
among developing countries is of spectal importance. 

68. The environm£ntal considerations in trade and technology transfer 
discussed in this paper would find a useful reflection in the activities of 
such a Centre. It may also be pointed out that several of the other projects 
ac~epted in principle at the Summit included several of directive relevance to 
ESID, including the establishment of a gene bank amon~ developing countries, 
and the semi-industrial fabrication of small solar refrigerators. On wider 
macro-economic concerns which affect ES!D possibilities, the participants also 
agreed to set up a meeting of financial experts on external debt and an 
advisory group to assist the developing countries in their dealings with 
a:ul tilateral financial ins ti tut ions on issues of debt and loans. 

69. The St;.-.miit also agreed to establish a second round of negotiations in 
relation to the GSTP. This could incorporate specific discussions of ESID 
issues. especially those related to standards and to technical requirements, 
quality control and the need to encourage reciprocity and harmonization in 
international trade, with special reference to ESID and, increasingly, ii"! 
trade in environmental goods and services. 

70. The environmental issue was also dealt with explicitly at a ministerial 
Conference of developing countries on environmental development, which was 
held in Beijing. 18 to l'J June 1991. The Conference adopted the Beijing 
Ministerial Declaration on Environment and Develop1nent. One issue raised was 
that of resources for developing countries to achieve the protection of the 
~nvironment. A Green Fund was proposed to address problems. such as water and 
coastal pollution, short3ge and degradation of fresh water resources, 
deforestation, :.oil loss, land degradation, and desertification, not coven•d 
by specific international agreements. It would also rover the costs of the 
transfering environmentally sound technologies and enhancing national 
capabilities for environmental protect ion and sci enti fie and technological 
research. For other are~s of environmental concern, where specific agreements 
were adopted inte(nationally. the Declaration called for financial support to 
cover the rf'quircments rif developing countries in fulfilling their commit.ments. 
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71. Given the commitment to South-South co-operation. 3.nd the now 
considerable institutional framework that has been set up. there are certainlv 
pro5pects for increased co-operation among developing countries in 
ESID-related areas. However. the complexity of the issues and considerable 
geographical dispersion of developing countries means that the best prospects 
for South-South co-operation in this field will probably be found at the 
regional and sub-regional level. Organizations which have as their goal the 
specific integration of the member states due to their geographical proximity 
and common perception of development goals. are the vehicles most likely to be 
able to absorb ESID-related activities. The Preferential Trade Area for 
Eastern and Southern African States (PTA). for instance. included ESID-related 
projects as part of a wider package of ind~strial prJjects. The P7A itself has 
moved from its initial phase as an organization for the encouragement of free 
trade among its member states to begin implementing a full programme of 
economic integration, including the formulation of an integrated industrial 
programme. 

V TRANSNATIONALS AND PRIVATE CORPORATIONS 

72. As sources of a great wealth of information on the use of hazardous 
materials. environm~ntal management techniques, pollution abatement equipment 
and cleaner production technologies, and as major producers of environmentally 
damaging products, by-products and activities. private corporations, more 
specifically transnational corporations, will be expected to play a major role 
in the transition Lo ESID.* 

73. Several initiatives have been taken to establish guidelines for 
corporation5 with regard to the environment, including UNEP's environmental 
guidelines. the International Chamber of Commerce envirorunental guidelines, 
OECD guidelines on multinational enterprises, the Chemical Manufacturers 
Association's Responsible CARE programme and the United Nations Centre on 
Transnationa~ Cor?v~ations' Criteria for Sustainable Development Management. 
(E/C.10/1990/10 Annex I, 11 January 1990). 

74. UNCTC has isolated five main areas in which transnational corporations 
(TNCs) can promote en'ii i~onmental protecliun wi lhout sacr if icin~ development: 

(a) Supporting international agreements. la\". and polici· s covering 
environmental issu~s; 

(b) Contributing to the development of effective means for transferring 
environmentally sound technologies to developing countries; 

(c) Developing and implementing global management r-:.trategies that 
integrate environmental concerns in the economic development process; 

*for a more detailed discussion on the role of transnational corporations 
in achirving sustainable development. see Peter Hansen. "Criteria for 
sustainahlf· d£ovelopment management of transnational c0rpor<1tions". UNEP 
Incustry and Envirorament, July-Decemh<>r ]')P.9, and "Transnational corporations 
and is~uc·s rf'!ating to the •·nvironmt·nt: tht• contrihuticm of the commission 
and UN~TC to thP work of the preparatory committee for the United Nat ions 
~ontcr~ncP on EnvironmPnt and DPvelopmPnt", Commission on T~ansnational 
Corpor~t ions. Febru~ry ]~')). 
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(d) Education and tra1n1ng for employees to increase environmental 
awareness throughout the or5anization and in communities to support the 
analysis and monitoring of the environmental situation, and to improve the 
ability of responsible individuals to anticipate environmental risks: 

(e) Identifyin5 and providing additional financial resources to expand 
expertise and technological capability for ESID in developing countries. 

75. UNGTC has proposed that TNCs establish an environment fund, t~ be managed 
by a United Nations-affiliated financial intermediary, to include voluntary 
corporate contributions, a for-profit venture capital fund and a for-profit 
mutual equity fund, with a view to financing environmental projects in 
developing countries. The proposal is currently on hold due to budgetary 
constraints. 

76. Existing barriers to the transfer of environmentally sound technologies 
to developing countries include: lack of iPcentive for TNCs to sell such 
technologies to developing countries due to their small internal markets, lack 
of environmental laws in developing countries requiring sound technologies. 
and the higher cost of these technologies compared to those "polluting" 
techno~ogies now in place in developing countries. 

77. UNCTC has conducted a study entitled "Transnational corporations and 
industrial hazards disclosure", to identify ways in which developing countries 
could benefit from the experiences of i&dustrialized countries. Disclosure 
requirements regarding possible risks to public health, safe:ty and the 
environment of TNC activities in developing countries is considered one of the 
most important i5sue5 related to TNCs in developing countries. Such 
disclosures would all3w developing country Governments to make more in:ormed 
decisions about allowing TNC investments, and information on disclosure 
requirements in industrialized countries would make it possible for such 
Governments to hold a TNC accountable for risks that exceed those in it$ 
country of origin. 

78. In 1990, the Intergovernmental Working Group of Experts on International 
Standards of Accounting and Reporting began considering the issue of 
information disclosu~e on corporate environmental measures. The Group made 
suggestions for standardizing environmental auditing relating to both 
qualitative and quantitative information. As follow-up, UNCTC has begun a 
project on accounting and reporting standards for sustainable development. 
which deals with current practices regarding environmental information 
disclosure by TNCs and seeks to improve techniques for measuring environmental 
costs and liabili~ies. The project will also attempt to develop a val~ation 
methodology for determining unreported social costs of ncn-sustainable 
industrial activity and to develop internationally comparable standards for 
environmental auditing by TNCs. 
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7Q. Reducing the c!amage to the ozone lavEr from r.Fcs is the most successful 
example to date cf international efforts to protect the global environtnent. 
As .1 result of compelling scientific e\"i<lence and persistent public pressure. 
the \"ienna Convention and the Montreal Protocol have achieved broad consensus 
among Governments in the industrialized world. and companies. confronted 1.:ith 
the impending threat of strict regulation. have dramatically increased their 
commitment to the environment and self-regulation. Private and public sector 
research into reducing the need for CFCs ~~d internally initiated phase-out 
programmes a~·e becoming common. Many companies have pledged to meet the 
:-tontreal Protocol targets ahead of phase--··~ schedules. 

80. Almost all CFCs are produced by a handful of large chemical companies in 
OECD countries. One such company alone 2rr~unts for 25 per cent of world 
supplv. TXCs are also the dominant buyers of CFCs. especially those that 
produce air conditioners, refrigerators and electr~nic products. 

81. Although TNCs were initially opposed to CFC regulations of any kind. the 
position of many of them is that. since restrictions a<e unavoidable. 
international regulat;on that puts all competitors on the same footing is 
better than a confusing mix of country-specific laws. 

82. Sever;;l PU:s. inclu~ ... ng ICI and Rhone Pc.ulenc. have announced their 
intention to produce HFC134a. an alternative to CFC. Major CFC buyers are 
moving cautiously toward these alternatives because the switchover is 
expensive and there are questions about the requirements to redesign products 
that will be competitive. IBM ancl Digital Equipment. which use CFCs as 
sol \'en ts to clean electronic parts. have begun to use CFC-free processes for 
some cleaning operations. 

83. Although there is still a long way to go before CFCs are eliminated. the 
progress achieved to date is a useful example of how Governments. NGOs. 
business and the public interact to reform industrial practices to prote~t the 
environment. 

84. Annex I I I describes in more detail the role of TNCs in ;l ..;!ial 
environwental concerns. 

\'I. ROLE OF INDUSTRY. TRADE. PROFESSIONAL, SCIENTIFIC ANO 
ENGINEERING ASSOCIATIO~S 

8~. Industrv. trade and scientific organizations can play a major role in 
assisting developing countries and small- and medium-sized companies to £-mploy 
~colo~ically sustainable technologies and processes and to purchase and 
produc~ environmentally sound products. These organizations provide a 
valuabl~ forum fot the exchange of information and the establishment of 
industry-wide codes of conduct. 

86. Thf- f·:<tremely hi.r,h level of activiry among trade associations. research 
and policy organizations ~tc. is a strong indication of the far--2aching 
implications of ESTD. Although many of the industrial organizations f··cus on 
the nc~ds of tran-national corporations and developerl country companies. manv 
ari:' spf·cificallv tilrv·ting the needs of dE'vc>loping countri£'s. 
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87. The International l'rdmber of Collimerce (ICC). as pre\·iouslv raent ioned. has 
developed environmental guidelines for world industry (see annex IV). Through 
its International Environmental Sureau (IEB). ICC proviJes technical 
information sharing on environmental issues to the developing ¥orld and seeks 
to generalize che best exis~ing practices of their members to the business 
community at large. The World Environment Center (WEC) is directly involved 
in technology transfer. training, and institutional and factory assessments in 
the developing world through its International Environment and DevE:lopment 
Services. WEC's International Environment Forum. whose membership includes 57 
multinational corporations, encourages the inter-sectoral exchange of 
information and experience and provides as~istance in international 
environmental 1113nagement and environmental auditing. 

88. Many trade and prcfessional associations are taking a leadership role in 
addressing environmental issues. The International Federation of Consulting 
Engineers, a federation of national associations of independent consulting 
engineers, has an environmental mandate designed to enhance professional 
environmental services and formulate co<les of professional conduct. The 
American Institute of Architects in the united States i~ currently producing 
an Environmental Resource Guide, the Chemical Manufactur~rs Association has 
its aggressive responsible CARE programme. and the National Association of 
Manufacturers is currently preparing a seminar on pollution control and energy 
exports to Eastern Europe and the thir~ world. 

89. ESID-related conferences, programmes. mandates ano p1·.biications are being 
initiated by the International Council of ScientiL.c Uni.ens ( ICSU), the 
International Institute for Advanced Systems Analysis (IIASA). the 
Commonwealth Consultative Group for Technology Management (CCGTM), and the 
Club of Rome, to name a few. In addition. new organizations such as the 
Global Environmental Management Initiative (GEMI), the International Institute 
for Sustainable Develo~ment (IISD) in Winnipeg, Canada. and th~ Business 
Council on Sustainable Development in Geneva are currently in the early stages 
of their development. 

VII. TECHNOLOGICAL CHANGE. TRANSFER, ACCESS AND DEVELOPMENT 

90. "Technological transformation", a term coined by the World Resources 
Institute, ts the key to ESID. In the face of iacreased population pressures. 
and the continuing need for rapid econom~c growth, the only viable option tc 
reduce the environmental impacts of economic development is through the 
development, diffusion and utilizaticn of increasingly efficient and 
environmentally sound technologies. Such a goal requires international 
cooperation on an unprecedented sc3le. 

91. Many of the technologies needed to reduce environmental problems exis~ in 
industrialized countries; often, they are profitable as well. There is also 
growing consE:nsus on the need for "clean" technologies rather than 
"end-of-pipe" ~olutions. Advances in high technology - microelectronics, 
biotechnology. advanced materials, energy technologies - further enhance the 
potential for achieving ESTO. 
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92. On the other l-.and. there are major changes occurring in the global 
ccntext of manufacturing itself that have important implications. both 
positive and negativE, for ESID. 

A. The changing context for international technology cooperation 

l. The major changes taking place in the global marketplace 

93. Major changes are generating a variety of pressures and opportunities 
for firms wishing to compete in this market. Put another way, the goal of 
achieving ESID must be pursued with due regard to the fact that firms also 
need to be competitive in the world economy and that nations need to foster 
such competitiveness among their firms. A firm can be environmentally sound, 
but this does not in and of itself ensure its competitive success. In fact, 
many of the initiatives to improve the competitiveness of indu~trial firms in 
developing countries may have unintended negative environmental consequences. 

2. The r1ew techno-economic paradigm 

94. Industry is undergoing fundamental restructuring around the world and 
a new techno-economic paradigm is emerging based on new forms of 
manufacturing, competition, inter-firm linkages, market dynamics and the 
possibilities opened up by technological advances, particularly in the area of 
informatics and information-based technologies. 

95. Global economic growth is slowing and there is a rise of regional 
tradiI.g blocs (e .g the European Community, North America); commodity prices 
are falling in most instances and there is an increase in protectionist trade 
policies. 

9f As noted in the ECLAC report prepared for the LaLin Ameri~an and 
c,~ ~bean regional preparatory meeting for the UNCED, held in March 1991 in 
Me. ;o City, "international markets are now clearly in the process of 
globalization and regionalization. This process has been set into motion by a 
nntable decrease in communications and transport costs. by the ability of some 
narions to incorporate technological progress and to disseminate it through 
their system of production, by entrepreneurship and by the incorporation of 
additional countries, particularly countries in South-East Asia, into the 
international market" (LC/G.1648(CON.80/2), p. 90). 

3. Comparative advantage based on the availabilitv of 
natural resources is declining 

97. Developing countries are therefore increasin61Y being faced with the 
challer.ge presented b~' a new paradigm and the simultaneous erosion of the 
basis for their traditional comparative advantages. New forms of competitive 
behavio~r. which enable developing countries to capture key market niches 
based on their own strengths and to capture a greater portion of the 
value-added chain are called for, though it is as yet unclear as to whether 
this is a feasible opti~n for some countries, given their heavy debt burden, 
weak infrastructure, shurtage of human technical skills and lack of access to 
tr:chnol ogy. 
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4. New principles of efficiencv 

98. The capabilities a firm needs to become globally competi~!ve are being 
redefined in ~ays that offer both challenges and opportunities for ESID. 
Emerging principles of efficiency such as Just-in-Time. Zero Defect. Total 
Quality Management anJ Concun·e:it Engineering have created financial 
incentives to reduce waste. improve equipment maintenance and process 
efficiencies a.1d decrease energy consumption - all of which go hand in hand 
with the goals of ESID. Common to all these new approaches is a "process 
focus" which emphasizes continuous improvement throughout the manufacturing 
process. This is what distinguishes an ESID approach from an "end-of-pipe" 
approach, where the problem is treated after it has occurred. In this s~nse, 
the basic assumptions and beliefs underlying the new efficiency ?rinciples for 
manufacturing are very close to those underlying ESID. 

99. In many industries, a new efficiency principle - economy of scope - is 
~merging to replace economies of scale as the essential m~ans of reducing 
production costs and enhar.cing flexibility and responsiveness to market demand. 

100. In the industrialized nations, small technologically sophisticated firms 
are producing more jobs than the manufacturing giants and are becoming 
increasingiy important as sources of innovation and suppliers to larger 
firms. For many developing countries, the small- and medium-scale sector 
similarly holds the potential for enhanced job creation 

S. Ttchnological "multipolacity" 

101. On another level, technology is proliferating and sources of technical 
innovation are expanding rapidly. The United States, c~ce the leader in 
technological innovation. is now sharing this position with ether advanced 
countries such dS F;··anc:::. Germany an(i Japan and other OECD nations. New 
technologies are also being developed in the newly industrial:.zing countries 
or areas. and some Eastern European countries, such as Czechoslovakia, Poland 
and Yt1goslavia are also becoming .:;uppl iers of technology. 

102. At the same time. firms are becoming more aggressive in seeking iffopel· 
"rents" for their ttchnological know-how, and as such, access to these 
techno'ogies by developing country firms has not become easier simply as a 
result of technological "multipo1~rity" (the proliferation of pot~ntial 
sources of technology). This in turn is reflected in the ongoing debates over 
intern2tional technology transfer and access to technology and the increasing 
need for mechanisms to facilitate the monitoring, assessment and sourcing of 
technologies on an international scale by developing countries. However. it i~ 

not only a question of the latest technologies. Many of the needed 
technologies are already available: 

"Theoretically. technology now on the sh~:lf could i:;0lve these 
problems. The resources devoted to these Pfforts, however, arf minusculP 
in C,.;:nparison to the need. A ma·;sive dfon to t:ransfer t-:-..=hn0logy :1:om 
developed to developing countries could con(· ::"'.te more t~an anv 0ther 
action to c.-n,·i.1·onmental :;ustainabil i tv". 2J 
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6. Intellectual property rights 

103. Intellectual property is already a growing issue within the environment 
cont€Xt. On the one hand, it is argued that access to environmentally sound 
technology is essential if develoring ~ountries are to achieve ESID. However. 
the developers of these technologies, in many cases TNCs. seek to receive 
adequaL~ "rents" for their investments in these technrylogies - and thus demand 
appropriate protection of their intellectual property. This transl~tes itself 
into high costs for acquiring these technologies by developing countries, most 
of which are already saddled by heavy d~bt burdens, lack of foreign exchange 
and poor negotiating capabilities. Add to this the general weakness of 
technological capabilities in developing countries and the iack of good 
information on available technologies. 

104. The international property rights (IPR) aspect of ESID is beginning to 
be addressed in various fora. For example, UNEP, in cooperation with the 
World Intellectual Property G:ganization (WltO), organized a meeting of 
experts to discuss the role of intellectual prvperty in technology transfer 
within the context of the Montreal Protocol. §/ Particular emphasis was given 
to the potential role of compulsory licensing, while noting that Governments 
did not have the power to compel industry to ;.narket products internally or 
iI.LernationaEy. 

B. Access and demand assessment 

lOS. Even where there is a recognition for the need for sustainable 
industrial activity, the lack of information abvut alternatives in terms of 
inputs. technolcgies and p:r:or.esses rt.""Dains a barrier for most developing 
country firms. Improved av~ilability of information on environmentally sound 
options and alterndtives is essenti<.l to the a~hievement of ESID in developing 
countries, with an emphasis en practical and proven information and 
tEchnolvgy. In this regard. the clearingho1•se role of the Internat ;_onal 
Environ.mental Bureau in Brm::.;eis is a noteworthy ;nitiative. 

106. For LTNIDO. the experiences and capabilities associated with its own 
daLabases and information systems, such as the Industrial and Technological 
Information Bank (INTIB) could be buil~ upo~. Information, along with 
practical assistance and follow-up (so that the information is used well). is 
ess~ntial for ESIO and charts out a S?ecific area where UNIDP can play a role. 

107. UNCTC has been developing several interesting options for facilitating 
access to technology by developing countries. These include international 
enJiroruuental offset programm£s, investmen: programmes, tradeable pollutiora 
permits, relaxation of limit~~ions on the repatriatio~ of income derived from 
environmentally sound technology. tax disincentives to restrain the use of 
environmentally hazardou5 technolofies, and tariff b~rriers to restrict trade 
in environmentally hazardous technologies. 
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108. On the demand side. there is still little in terms of svstematic 
assessments of the technology requirements in developing countries and there 
is a n!ed to compile an inventory of technological needs in developing 
countries vis-a-vis ESID. 

C. Policies and regulations 

!09. There is a need to overcome policy and regulatory barriers to technology 
transfer and development and to improve the technological capabilities of 
developing country firms so as to enhance the quality of technology transfer. 

ilO. Snvironmental regulations should be developed so as to encourage 
long-term technological innovation and continuous improvement. The 
traditional focus on •best available technology• is inadequate l~ itself and 
can result in non-innovative behaviour. As stated in the World Resources 
Institute report: 

•Regulations have largely been uncoordinated across media (air. 
water. land). have focused on •end of pipe• pollution controls instead of 
pollution prevention options. and have provided no incentives for doing 
better than standards dictate• (p. ix). 

111. Similarly. technology policies need to promote the development, 
diffusion and utilization of •clean• technologies. Innovative mechanisms such 
as technology incubators, university-industry linkages and technology 
commercialization centres could be mobilized towards ESID ends. Education 
policies also need to encourage a greater appreciation and understanding of 
the environmental aspects of technology and industry. 

D. Emerging opportunities in the environmental area 

112. Looking at the issue from another perspective, the growing concern with 
ecologically sustainable alternatives could yield specific but time-bound 
opportunities for developing countries. A new "environmer.tal" industry is 
emerging. involving waste treatment, recycling. energy efficient alternatives. 
etc. This market could offer entrepreneurs in developing countries the 
opportunity to enter new areas of business. Every new piece of legislation 
3imed at controlling or preventing environmentally adverse activities leads to 
a demand for new goods and services. Though precise figures are not 
available, the United States Environment3l Protection Agency (EPA) estimates 
that in 1985. 1.7 per cent of United States GDP was spent on environmental 
?rotection measures. In France, it was 0.9 per cent. in Germany it was 1.5 
per cent and in the United Kingdom of Great Britain and Northern Ireland 1.3 
per cent for the same year. The global market for environmental goods and 
services is expected to be around $200 billion per year and increase at a rate 
of 5.5 per cent per year over the coming decade. 
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113. Furthermore. there is an increasing number of trade shows that focus on 
environmental services and goods and there do not seem to be serious barriers 
to entry into this industry. Also. a large percentage of firms that 
specialize in thes~ services are small- or medium-sized and therefore may be 
suitable fc·· developing countries. In sum. while the dynamics and trends in 
t~e environmental business are still not well understood. t~ere are good 
indications that there may exist spe~ific windows of opportunity for 
developing countries to participate in this business. 

E. Technology cooperation 

11~. Technology cooperation at the enterprise level is one of the most 
important approaches to ESID. Given that many of the needed technological 
resources for ESID are housed in TNCs or corporations in developed countries. 
and that the market for ESID-type technologies is likely to grow, not only in 
industriali,ed countries but in developing ones as well, it would serve the 
interests of all parties concerr.ed to encourage and undertake technological 
cooperation at all levels - governmental and enterprise. In a recent paper. 
the International Environmental Bureau (IEB) emphasizes the importance of 
company-to-co~pany cooperation for achieving ESID: J.J 

"The cooperation process should be such that both parties win -
medium and long term - socially anri commercially, e.g. by each helping 
the other to obtain access to new markets and by producing goods and 
servi~es mote efficiently and more sustainably. The most successful 
cases of technology cooperation in business and industry occur when 
mutual benefit by both contracting parties is maximized. 

"The successes of technology cooperation associated with 
cross-licensing arrangements, with technology-equity exchanges, with 
joint ver.tures and with strategic alliances show how emphasis should be 
placed upon the long term commercial and strategic strengthening of both 
partners rather than upon the immediate narrow financial aspects of the 
deal" (p. 5). 

115. Cooperation at a broader level is also important, and the experiences of 
international technology cooperation programmes such as EUREKA should be 
examined for their lessons for ESID-based cooperation. 

VIII. INTERNATIONAL TRADi. ENVIRONMENT AND INDUSTRIAL DEVELOPMENT 

116. Trade is a relevant issue because environmental policies can result in 
trade distortions and trade policies can lead to envirorunentally negative 
results. As in the case of technology, this is occurring in a changing 
context. 

A. ESID and international competitiveness 

117. While concern over achieving ESID grows. this is occurring within a 
context of increasing emphasis on the international competitiveness of firms. 
As noted in the ECLAC report: 
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·1ntE>rnational compet1t1veness based increa.singiy on the 
incorporatio~ and dissemination of te~hnical progress in a context in 
which great economic and political value is attached to ecologically 
sustainable de"·~lopment in many parts of the world will probably be one 
of the hallmarks of the 1990s• (LC/G.1648(CONF.80/l). p. 89). 

118. The new form of competition is based on principles of continuous 
improvement. flexibility. customer responsiveness. total quality management 
and new inter-firm arrangements.* The production philosophy underlying these 
new principles has taken hold more firmly in the industrialized nations. 
thou~h there are good reasons for developing countries to explore these new 
optio~s. The Republic of Korea. for example. has made rapid advances by 
pursuing a mix of policy measures aimed at maximizing their competitive 
position in key markets and industries in the global economy. But the more 
general question of whether developing country firm~ can stand to gain by 
incorporating these new principles and the enabling technologies remains 
relatively unexplored. Viewpoints range from those who claim that the advent 
of the new technologies based on flexible specialization will make it more 
difficult for de.,.·eloping countries to compete - because access to technology 
will become more difficult. to those that emphasize the •soft• aspects of the 
new paradigm of competition. and claim that these new principles are within 
the grasp of developing countries and can yield relatively large competitive 
gains. y 

119. Though developing countries recognize the ne~d for ESID. the means of 
achieving it in the context of changing patterns of international competition 
are unclear. The traditional bases of competition for the developing 
countries. natural resources, cheap labour and large domestic markets. are no~ 
completely eroded and will continue to influence industrial activity in the 
developing countries. And for most developing countries. faced with the need 
for foreign exchange and burdened by large populations. external debt and 
declining terms of trade. the pursuit of industrializatior based on their 
traditional sources of comparative ad\·antage is not an v~tion but a necessitv. 

B. Environmental implications of trade policies 

120. Additional difficulties include: lack of access to the technologies and 
financing needed to underta~e ESID-type activities; an international 
commodities market that continues to work against their interests; and a 
seriP.s of protectionist and regulatory barriers in the industrialized 
countries that hinder their capacity to develop their export potential in 
non-natural-resource-based industries. 

*Several authors have examined this changing pattern of competitiveness 
in the global economy, including Michael Piore and Charles Sabel. The Second 
Industrial Divide: Possibilities for Prosperity (Sew York. Basic Books. 
1984): Carlota Perez. "Technical change. competitive restructuring and 
institutional reform in developing countries". World Bank. Strategic Planning 
Review, discussion paper No./4. December 1989; Michael H. Best. The New 
Competition: Institutions in Industrial Restructuring (Cambridge. Harvard 
University Press, 1990); and Michael E. Porter. "The competitive advantage of 
nations". Harvard Business Review. March-April 1Q90. 
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121. Important in this context are current p3tterns of structural change in 
world industry. which are resulting in the migration of polluting industry to 
the South, particularly following the world-wide stagflation of 1980-1982. 
which forced many developing countries to move towards high-technology 
industries. 

122. On the other hand, there does not seem to be any empirica: evidence in 
support of the •pollution haven• hypothesis that suggests that the higher 
costs of pollution abate11ent in the North and the weaker environmental 
regulations in the South encou~age polluting industries to move. To further 
complicate the matter, in certain c~untries, structural change is leading to a 
transition from traditional pollut ... : s associated with smoke-~tark industry to 
mico pollutants (toxic chemicals) ~~sociated with h~gh technology industries. 
i.e. semi-conductor manufacturing ·~d biotechnology. 

123. What is clear is that in the medium and long term it is in the interests 
of all parties concerned in the North and South to use •clean• technology in 
all locations and to pursue environaentally sound trade p~!icies. Becau~~ of 
the uneven nature of the global ~rading system, however, such measures may be 
easier to pursue in richer countries tharf in poorer ones. 

124. This problem is further compounded by the fact that environmental costs 
are not valued properly by the market because of their •public good• nature 
and that current trade practices do not reflect the variations in the 
envirotlllental carrying capacities of different countries, their relative 
environmental endowments or the environmental content of their output. 

125. In sum. there is no clear-cut evidence that industrial migration to 
developing countries is inherently •dirty•, but there has been a general 
pattern of movement of natural resource intensive industries to the South. To 
address this issue. two broad sets of actions are needed: 

(a) Establishment of proper accounting systems that reflect true 
environmental costs; 

(b) Examination of investment promotion p~ogrammes, export promotion 
zones. structural adjustment programmes for their environmental implications. 

126. Countries. and even regions within countries, vary in terms of their 
abilities to absorb environmental externalties. their roles as suppliers and 
consumers of non-renewable resources. their industrial output of polluting 
products and their trade policies. 

127. As a medium-term objective the market mechanism should accurately 
reflect environmental c0sts and benefits so that an optimal pattern of 
environmentally sound international trade is achieved. In this regard. there 
are several trade measures that bear consideration in the international 
context. These are described below. 
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1. Tariff and non-tariff barriers 

128. Tariff and non-tariff barriers. whether intentional or not. can lead to 
distortions in international tradP. with negative environmental consequences. 
For example. restrictions on market access (the quota system) can force 
countries to increase p:-oduction of polluting or natural resource intensive 
goods because they cannot capture other product markets. Coupled with 
domestic and external financial problems. many developing countries did indeed 
resort to pollution-intensive sectors during the 1980s. Increased 
prote~tionism in the developed countries reduces market access for 
non-traditional goods from developing countries and hence prevents their 
diversification into more ecologically sustainable activities. 

129. This is especially a problem with respect to process industries. 
resulting in the over-explcitation of natural resources for export in. for 
example. the timber industry. It is only recently that countries such as 
Thailand have taken drastic measures to curtail deforestation caused by timber 
exports. 

2. Production and export subsidies 

130. All Governments take measures to enhance the competitiveness of their 
go<lds and services in internationai markets through subsidies frr producti0!1 
and export. Environmentally unsound distortions c.'.in be caused by encouraging 
greater production in certain seccors rather than in others which are 
ecologically more sound. Developed countries continue to subsidize certain 
sectors such as shipbuilding. mining. steel. textiles and automobiles. even 
though these are sectors where developing countries could deveiop a 
compa:.ative advantage. and through the use of clean technologies. pursue a 
more environmentally sound alternative. 

131. Despite general principles adhered to by most countries involved in 
GATT, subsidizing is still practised and leads to pric·~ and market 
distortions. These include export credits and guarar.cees. tied aid 
(conditicnality) and ~ffsets. Export supports are particularly important in 
such sectors as steel. transport equipment ind construction, resulting in 
overcapacity and a~ uneven geographical distribution of output. 

3. Trade agreement~ 

132. Most trade agreements fail to treat the environmental factor 
adequately. This is true of agreements involving automobiles, steel and 
textiles that include voluntary export restraints and orderly marketing 
agreements. It is also true of free trade agreements (com11on markets. 
regional agreements etc.) where concerns have been raised about the 
environmental impacts of trade liberalization measures. \Jltile free trade 
agreements can improve the overall levels of trade, they do not automatically 
ensure that this is environmentally sound. In fact. they can lead to th~ 
movement of pollution-intensive industries to environmentally sensitive ar~as 
and can limit the use of economic measures for environmental management. They 
can also result in the weakening of environmental regulations and standards. 
In the case of the United States. while the "fast-track" authority sought by 
the President will allow for more flexibility in trade negotiations. it can 
~lso reduce the likelihood that environmental issues will be scrutinized 
appropriately. 
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l:B. Preferential trade agreeme"lts between de...-eloping and di::velop•'d 
countries. for example the Generalized Svstem of Preferences (GSP). the Lome 
Convention and the t.:nited States Caribbean Basin Initirtr-ive (CBI). can also 
di \"ert trade in environmentall v unsound di re ct ions attd cause environmentail y 
unsound structurai adjustment ;~ :!e\·£luptng countries. 

134. Final :y. trad"" -related investment measures (TRI~s) and trade-related 
intellectual pr=perty rights (TRIPs) nEed to be assessed in terms of their 
en'.•ironmental implications. TRIMs can impede investment in environmentally 
sound indu.;trial de\·elopment by discouraging foreign im·estment through 
exchange rest~ictions. local input requirements and profit repatriation 
restrictions. Ho-.ever. TRI Ms can also be used b~- Governments to encourage 
en\·ironmentall v sound investments. 

135. TRIPs. similarly. =an contribute to encouraging trace in environmentallv 
sound products and technologies. IPRs are designed to encourage innovatior.. 
and invention and. if properly impiemented. could encourage firms to develop 
and market goods and technologies which are ecologically more sound. On the 
other hand. IPRs also incrtase the expense of Lechnologies and make it more 
difficult for developing countries to acquire them. Corporations can play an 
important role in this area by taking a long-term view and allowing freer 
access to their technologies in return for more relaxed investm£nt regulations 
by developing countries. market access etc. 

C. Trade impacts of environmental policies 

136. The basic issue is the trad..:-distorting impacts of environment<! 
policies and re5ulations. which fall into three categories: regulatory 
instrun.ent~ ~u'~ as standards or norms: economic instruments such as 
subsidies. cha~ges and taxes: and trade instrumP.nts such as export and import 
controls. 

1. Reg•1latorv instruments 

137. The main issue Pere is that ~f standards. which are of four types: 
product-. process-. ambient- and emission-based. 

138. The lack of acceptable internatior.al standards for industrial products 
and processes. which would enable the "benchmarking" of products and 
technologies on an international scale. is a complex problem. Uneven 
standards can ]earl to trade distortions and "ecoprotectionism". The issue is 
further complicated by the fact that most environmental standards for 
manufactured goods apply to the final product itself and not to the process by 
which it is manufactured. Environmental labelling schemes also tend to suffer 
from this drawback. As a result. products that prima facie are "green" can 
appear on the market even though the processP-s by which they are made have 
negative environmental effects.* 

*There have been some efforts. however. to address this problem. In its 
"Position paper on environmental labelling schemes (ELS)". the International 
Chamber of Co!llrDerce notes that many programmemes include labelling of products 
to describe appropriate us~ and disposal practices. emergency response 
procedures. control of waste disposal methorls. t.raining programmes etc. 
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139. Furthermore. as the OECD countries enact tighter environmental 
legislation. "one important consequence of this may be the already perceptible 
emergence of protectionist barriers raised on t~e assumption that other 
countries have failed to comply with e1.vironmental standards relating to 
products. manufacturing processes and raw materials" (LC/G.1648(C0~.80/2). 
p./94). 

140. Different environmental standards will be appropriate depending on a 
country's specific circumstances. such as the level of natural resource 
dependency and endowuents and the efficiency of its markets. The value of 
harmonization, or perhaps. as suggested by the OEGD. "coordination•. 2.J is 
dependent on the issues involved in a specific situation. For example. 
agre ~ent on common principles such as ~!1e ·p~lluter pays principle" is 
suff~cient to avoid international conflicts of interest. Other issues such as 
global and transfrontier pollution and toxic waste problerus may require 
stricter policy instruments and clear-cut international standards. 

141. The trade implications of environmental standards need to be discussed 
in fora such as GArT. Within OEGD, some attention is already being given to 
international differences in environmental standards in such areas as 
automobile products and chemicals with a view to avoiding their leading to 
non-tariff barriers. 

142. In this regard, the position of EPA. as stated in a recent report. is 
noteworthy: 

"Internationally accepted standards to lim~t the exchange and use of 
polluting products and technologies could clearly help to achieve the 
goal of global environmental protection. The Board believes that the 
U.S. should spearhead a move~ent toward the adoption of environmental 
standards, both health and perfor:i:ance based, by all nations. covering 
imports and exports of products, equipment and processes ... The U.S. 
government should also stress the need to incorporate sound environmental 
standards in the agenda for the next GATT round. An effective first step 
toward a leadership role would be the imposition of such standards on 
American suppliers•. 1Qj 

143. At present. there is wide disparity in standards, stemming partly from 
differences in industrial structures and environmental goals carrying 
capacities and endowments. In th~ developing countries, additionally. the use 
of standards is hampered by and access to information a lack of required 
skills. institutional structures. 

144. Environmental labelling. discussed earlier, also needs to be 
standardized and harmonized. In many instances. "green product advertising 
and environmental labelling have developed in a frequently uncontrolled ~nd 
misleading fashion". 1l/ 
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Differences in labelling schemes can be a sc:u.irce of distortions and problems 
in international trade and this is an area again where inte~·national 
cooperation is required. In the industrialized countries. industries which 
have been able to develop products that are ~nvi:-cnmentaL y sound or 
.. friendly .. have gained a competitive advantage in ::ome areas. On t!-ie other 
hand. poor labe~ling of products from developing countrifs can have n. negative 
impact on their attractiveness to consumers i.n i.;tdustriaiized nations. A 
standardized syste~ of labelling would be an important step in overcoming such 
problems. In developing countries. when.· consua 0 r awareness of envirorunEntal 
issues is generally lower and monitoring of labelling practice~ is wea 1

:. the 
effectiveness of labelling ~chemes may be und~rmined. 

145. Perhaps specific guidelines for manufacturing process quality can be 
established. rather than set standards. The certification of these processes 
as .. green .. could be left to private organizations. Large corporations could 
play a useful role by requiring their overseas suppliers to adhere to certain 
principles of Enviroruoer::al soundness, much along the lines f0llowed for 
quality control. In certain specific instances, minimum standards could be 
established. especially where hazardous or toxic waste is involved. An 
appropriate rcle for 'JNIDO may be to assist firms in achieving these standards 
and developing the capabilities to meet best operating practice guidelines. 

2. Economic instruments 

146. The main effect of subsidies, c~~Lges or other economic instruments are 
likely to be on the cost-competitiveness of firms and sectors. Subsidies for 
environmental pu·poses can cause trade distortions, a fact already recognized 
Ln 0ECD. Government ~upport for pollution abatement can lower production 
costs and raw mat~rial costs. 

147. In OECD, other forms of economic instruments are coming into increasing 
use: emission r.harges, product charges, administrative charges, de~osit 
refund schemes, fiscal incentives etc., but the trade effects of these are 
still not well understood. 

3. Trade instruments 

148. Three types of trade instruments are being used to implement 
environmental policies: complementary measures, which are implemented in 
coordination with domestic environmental me.:.sures; coercive measures, which 
are used to influence envirorun.::ntal practices in other countri.es: and 
countervailing measures, which are used tc counter environmental policies in 
other countries. 

149. In all cases. the basic issue is the same: what is the net effec~ on 
trade of these measures? Some, such as import restrictions enforced to 
support domestic policies. can be both trade-distorting as well as 
environmentally positive. Others, such as coercive sanctions against goods 
from countries with unsound envirorunental policies, can be politically 
sensitive. but may be effective in the long run. 

150. Not enough is known at present ~!->out the net gains from many of these 
measures. Needed is a deeper examination of the issues involved and their 
implications for ESID and the discussion of these issues in the appropriate 
fora. 
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151. Thes~ issues involve: 

!a) The setting of guidelines for environmental policies. taking into 
a•· . .::ount the impact on trade. th~ r--.le of GATT. the points of contention 
( "sensi ··i ve areas") between industrial izec! and developing countries. the 
implication_ at the local and regional levels. and the financial implications 
thereof for developing countries; 

(b) The use of trade instruments for environmental purposes. including 
such measures as complementary restrictions, coercive or countervailing 
measures. the multilateral use of trade. potential trade distortions and 
impacts on competitiveness and the potential role of GATT and other 
negotiating for ; 

(c) The implications of trade liberalization for the environment, with a 
focus on where environmental dnd trade interests coincide and where they are 
in conflict, the special environmen~al needs of the developing countries and 
their focus on development and ti.eir need. in some cases. to protect domestic 
industry and to restrict exports. 

IX. CONCLUSIONS AND RECOMMENDATIONS 

152. From the foregoing discussion. it is evident that the scope for 
international cooperation to achieve ESID is vast and also complex. Ciearly 
the political will to pursue environmentally sound industrial development at 
all levels is essential to its achievement. In addition, the proper !~nowledge 
base, institutions. infrastructure, skills, regulations and international 
agreements are needed in order to implement ESID strategies. The United 
Nations system and particularly UNIDO can play a key role in this regard, but 
success will depend heavily on the support and cooperation of both developing 
and industrialized country Go7ernments. private corporations, the donor 
community and other relevant international organizations. 

A. General recommendations 

153. Based on the analysis presented in this paper, there are ~everal general 
areas where international cooperation i$ needed to achieve ESID: 

(a) Research on a varJ.ety of aspects of ESID. the extent of demand for 
and cupply of "clean" technology. the economics of ESID etc; 

(b) Improved flows of ESID related information. and the more effect.i.ve 
utilization of this information so as to achieve practical rF-sults; 

( c) liDproved access to "clean" technology, which i·.1vol ves policy \ind 
company-level actions and commitments; 

(d) Efforts to develop environmental srandards dnd polici~s. t•king into 
accou11t the differences between countries in terms of environment•! 
endowments. carrying capacities and comparative advantage; 
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(e) Mobilization of financial resources from a variety of traditional 
and non-traditional sources. and from the private sector in both developing 
and developed countries: 

(f) The imp~·::·:ement of the competitiveness and productivity of 
dev~loping country industry. and continued efforts to remove trade-related 
barriers to their participation in global markets tased on true competitive 
advantage; 

(g) Educational and training programmes to create skill sets and human 
capital in areas essential for the long-term success of ESID: 

(h) Closer cooperation between the public and private sectors in 
industrialized and developing countries in ESID. 

B. Proposed agenda for UNIDO 

154. Given its mandate within the United Nations, its considerable experience 
with industrial development and with research on industry and development, its 
strong engineering and economics human resources and wide network of f iald 
offices and experts, and its "hands-on" approach to industrial development, 
certain broad parameters fer an agenda for UNIDO are suggested. Absent is any 
great emphasis en addressing ~he trade-related aspects of ESID, since by and 
large these tend to lend themselves to international negotiations in fora that 
already exist (e.g. GATT). (However, UNIDO can play a role in assisting 
developing countries to meet the standards and requirements, and by industrial 
sector and branch analysis provide the necessary input to international 
negotiations and strategy development.) 

1. Diagnostic and analytical studies 

155. Efforts are needed to improve the understanding of the cnvirorunental 
dimension of industrial development, in terms of better informatio~ (on l~vels 
of pollution, waste etc.) and more comprehensive analyses of needs in terms of 
skills, technologies, finances etc. Also important is the development of 
generally acceptable procedures and guidelines for environmental account~ng 
and auditing, GNP calculations which include the environmental costs and 
benefits of industrial activity. and improved analytical models of the 
linkages between the various stages of industrial activity in developing 
countries and broader environmental concerns. 

156. Specifically, a variety of studies are required to establish a sound 
kno•·•ledge base upon which ESID strategies can be built: 

(a) Diagnostic studies, which assess the "demand" aspect of ESID in 
various sectors and countries, in terms of technological, financial, human 
resource, intrastructural and institutional needs would be useful. These 
studies could be conducted for different "scenarios" of industrial 
development, based on different assumptions of growth, resource availabili.ty, 
national objectives, market conditions and technological development. Such 
scenarios would provide developing countries with the basis for designing .!nd 
implementing appropriate industrial development strategies to achieve ESID. 
Such an effort would also be usP.ful as an input into the developmental 
assistance programming of donor agencies; 
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(b} Analytir~l studies. which exa.iine in-depth the implications of 
ESID strategies a~d actions for internatioral trade and technology transf~r. 
natural resource flows and financial flows. would be useful in imp~oving the 
understanding of how ESID is likely to impact on important international 
issues for developing cotintries anti would also serve as a basis for 
discussions in internaticnal fora such as GATT. Also important in this regard 
is the development of methodologies for natural resource accounting and GNP 
calculations that incorpor2te realistically the environmental costs and 
benefits of industrial activity. This would be valuab!e f::>r making 
inter-country comparisons, development assistance programming and national 
industrial policy formulation. A complementary effort that is required is the 
preparation of guidelines and methods for firm-level accounting and auditing 
of environmental costs and benefits for use by firms in developing countries. 

2. Information exchange and follow-up 

157. There is a clear need to improve the quality. flow and exchange of 
information between countries and at the enterprise-to-e~terprise l~vel on 
environmentally sound technologies. management experieGces. resources. skills 
etc .. and to ensure that this information is used well. 

158. UNIDO could consider joinging with key clearing-house networks such as 
the or.es operated by UNEP/IEO, to facilitate the exchange of information on 
experiepr~s of individual firms trying to improve the sustainability of their 
operations. Case studies focusing on technology acquisition. Rand D. 
employee training and strategic management would be helpful to 
developing-country enterprises interested ln reducing their environmental 
impact but lacking the experience needed to do so effective:y. The 
International F.nvironmental Bure&u (IEB) of the International Chamber of 
Commerce. which helps small- and medium-sized businesses obtain information to 
improve their environmental performance, offers a useful model in this regard. 

159. Important in this regard is UNIDO's own INTIB system and its broad 
experience with information collection and dissemination. 

160. Equally important in this respect would be the development of a 
"follow-on" s£:rvice to assist firms in making the best use of the information 
provided, ~hether it be related to technology acquisition, capacity building, 
training, or firm-level cooperati~n. 

3. Mechanism~ dnd policies for technology transfer and development 

161. It is necessary to improve the terms and conditions which influence the 
access to environmentally sound technologies by cieveloping countries, and to 
develop science and technology policies at the national and international 
levels which would encourage the generation and use of s~ch technologies at 
the local level. 
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162. Trade barriers and confl:cts over intellectual property rights and 
patent protection are impeding th~ flow of these technologies into the 
c'evcloping world, which poses a serious threat to ESID in these regions. .1.r 
technologies that reduce greenhouse gases are not accessible to developing 
countries, the continued depletion of the ozone la1·er caused by industrial 
activity in these countries will impact the quality of life in all countries. 
No single country can achieve a sustainable global environment on its own, so 
the technological tools that promote ESID must be spread as widely as possible. 

163. To promote the international. flow of ESIO technologies, UNIDO could play 
a rcle in cooperation and consultation with other inte~national organizations 
by: 

(a) Assessing firm needs in developing countries for sustainable 
technologies and identifying sources and eme~ging R and D trends in relevant 
techn~logy area£. This effort should build on existing information systems 
such as the Network for Environmental Technology Transfer (NETT) in Brussels, 
which identifies potential matches between vendors and purchasers, and the 
International Cleaner Production Information Clearinghouse (ICPIC) at the 
LNEP/IEO. (Industry and Environment Office); 

(b) Assessing modali~ies of technology transfer (i.e. Joint ventures, 
licensing, distribution agreements) and trade policies affecting them (i.e. 
intellectual property right~. tariffs and patent protection) for their 
implications for ESID, antl providing advice to member States and enterprises 
in these areas; 

(c) ~ssisting developing countries in a review of technology policies, 
with an emphasis on guidelines ~nd criteria for ESID Lechnology development, 
and improved integration of science and technology policies with other 
nati0nal policies, particularly those that foster industrial development; 

(d) Identifying the financiP.l, scientific and human resource 
requirements for the domestic generation and utilization of ESID technologies 
in deve1opinr, countries and taking initiatives for international technology 
development for ESID, for example, a system of R and D institutes possibly 
modelled on the CGIAR system for agricultural research; 

(e) Initiating dialogue with TNCs about pro~pects for technology 
transfer to developing countries, factors impe~:ng such transfers and steps 
that could be taken to alleviate barriers. 

4. Assisting member States in achieving international environmental 
norms standards 

164. Wide variations now exist in the product standards and specifications of 
different countries. To some extent this is inevitable, given the unique 
circumstances of each country in terms of economic development and 
international trade relations. However, because of the inherently 
transnational nature of the environment, and therefore of ESID, standards tha~ 
relate directly to environmental products need to !-,.~ harmonized to some degree 
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to permit the widest possible distribution of environmentally sound products 
and processes. Currently, cl~an technologies developed in one country have 
limited application in many other countries, in part because of variations in 
standards and the rapid rate at which they are changing. This limits the 
market for such technologies, which in turn reduces the incentive for firms to 
invest in the R and D required to improve the envircnn:Ental soundness of 
industrial products and processes. Firms making transnat•onal purchases of 
clean technologies are often forced to make extensive modifications, which 
places developing country firms with limited technological capabil~ty at a 
disadvantage. 

165. UNIDO already works closely with Governments and firms to a~sist them 
developing national standards and quality capabilities, as well as in 
improving product and process quality so as to come closer to internationally 
agreed upon standards. Such technical assistance will, if it taKes fully into 
account the emerging trend toward environmental regulation, prove invaluable 
to many developing r.ountries. 

5. Financial mechanisms 

166. UNIDO ca~ play ~ useful role in the identification of innovative 
mechanisms to improve the level and quality of financial resources available 
for ESID-oriented development. 

16?. Innovative financing mechdnisms such as eco-venture capital funds and 
other innovat'.ve mechanisms to encourage the growth of an "ESID supply sector" 
and to provide financial. res0urces for ESID projects and programmes could be 
promoted by UNIDO. Much of the technological and manageri~l changes that 
promote ESID in firms present profitable business opportunities for small- and 
medium-sized local suppliers, particularly those capable of pro,_riding custom 
equipment. Mechanisms such as the Nordic Environmental Financing Corporation 
(NEFCO), which serves as a source of venture ca?ital for the financing of 
joint ventures between Nordic and East European companies. and the World 
Resources lnstitute's "Ecovest" concept. should be studied for their relevance 
to developing countries. The Trust F~nd mechanism operated by UNIDO also 
promotes a flexible mechanism by which funds may be channeled fer development 
at the firm level. Again, t!NiDO's investment promotion activities, including 
investment fora and the Investment Promotion Services, could be utilized to 
mobilize finance for such ventures. 

6. Identification of kev areas of opportunity for developing 
count~y industries 

168. The global concern with environmental issues could conceivably offer 
some "windows of opportunity" for developing the emerging international market 
for environmental goods arid services. UNIDO could play a useful role in 
identifying those specific areas or "niches" where developing countries may 
have a competitive advantage (e.g. in certain parts of the materials or 
product loops referred to in Working Pap~r I, in activities that dre 
inherently labour-intensive, or small-scale in nature) and assist developing 
countries in taking advantage of these opportunities This again would build 
on UNIDO's extensive experience in pre-investment studies. including 
opportunity studies and pre-feasibility studies, as well as wider sectoral 
studies at the national and international levels. 
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7. Training and educaticn 

l~~- The success of ESID will depend heavily on the a~ailability of the 
prope:L sets of skills at all levels. Effort.:: are l:herefore needed to develop 
technical and managerial skills in developing countries through training 
programmes. changes in curricula in schools. vocational training institutes 
and univtrsities and the development of educational materials for 
dissemination to industry. ExecutivE seminars designed to show industrialists 
the b~siness benefits that can be derived from environmentally sound 
activitie~ would be particularly useful on topics such as Environmental 
Auditing. Environmental Quality Management, Technology Acquisition and 
Licensing etc. The training aspect of UNIDO's existing work on feasibili~y 
studies and on technology acquisition are already significant. ~nd the new 
activitie~ could build en them. 

8. A dynamic public: private partnership for ESID 

170. The active involvement of the private sector, including both small and 
large enterprises, is essential to ESID. Efforts are needed to develop 
dynamic mechanisms that promote the participation of the private sector in 
ESID effcrts of Governments and international agencies. 

171. UNIDO could contribute in this area by taking th~ initiative, perhaps in 
collaboration with other organizations such as the ICC. 

172. A specific initiative may be the development of industry liaison 
mechanisms to engage industrialists in dialogue with governmental officials at 
the policy level. The strengthening of relevant national industry 
associations through training, technical assistance and financial support for 
improving their capacity to promote environmental concerns among their 
memberships is another potential role for UNIDO. 

9. Promoting · .1dustrial efficiency 

173. Underlying all of these suggested re~ommendations, however. the 
importance of efforts to improve the efficiency, broadly defined, of 
industrial activity in developing countries must always be recognized. 
Enhanced productivity and efficiency and balanced industrial development in 
developing countries is a principle that must be followed in order to achieve 
ESID and equitable growth in the long term. The contributions of new 
management techniques and "soft" techn~logi=s for productivity enhancement 
within the context of ESID need to be more fully explored. In this regard. 
the activities of organizations such as the Global Environmental Managem£nt 
Initiative (GEMI). with its focus on applying Total Quality Management 
principles to environmental management. are particularly relevant. 

174. UNIDO's own industrial rehabilitation programme could serve as the basis 
on which an ESID-focused industrial productivity improvement programme could 
be built. 
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Annex I 

THE ROLE OF THE UNITED NATIONS DEVELOP~ENT PROGRAMME 

l. The recommendations of the World Coimaission on Environment and Development 
provide the basis for the recent and future activities of the United Nations 
Development Programme (UNDP). Hore specifically. the Co1111ission's concept of 
sustainable development is at the core of UNDP's collaboration •ith other 
Unit~u Nations specialized agencies, regional commissions and development 
banks, and independent sector organizations. UNDP's work with these groups 
has covered wide geographic and topical realms in promoting the integration of 
economic development and th~ environment. 

2. In 1989-1990, UNDP concentrated on increasing the efficiency of policy. 
technical. and management support from the Bureau for Programae Policy and 
Evaluation and the regional bureaux. Each project considered by UNDP was 
testPd for compatibility with the sustainable development concept. The 
overall operationalizing of sustainable activities in UNDP activities was 
accomplished by strengthening of the coordinating body. the Environmental 
Action Team. The Environmental Action Team promoted public awareness through 
the use of videos and various workshops, which led to reports and 
recoimaendations. Dur'ng this time, UNDP also advocated the creation of the 
Sustainable Development Network (SDN). which would reinforce the connections 
among their 113 field offices. The soon to be finalized UNDP Environmental 
Management Guidelines offer advice on how to incorporate the principles of 
environmental management and sustainable development into daily activities. 
UNDP's Human Development Reports attempts to incorporate environmental 
considerations into their assessment of economic development. Again. 
workshops and seminars served as the vehicles of dissemination. 

3. These UNCP activities facilitated international cooperation between 
developed and developing countries. The main issues of these activities were 
technology transfer in areas of urban transport, renewable energy sources, 
coastal management, co~bating desertification, sustainable management of 
tropical forests, maintaining soil productivity, waste management, 
chloro-fluorocarbons, biotechnology. atmospheric data collection. and natural 
resource accounting. The approach to handling these issues revolved around 
environmentally sound, equitable economic growth. Some specific actions 
include an assessment of the implications of China's participation in the 1987 
Montreal Protocol on Substances that Deplete :he Ozone Layer, a pilot project 
for involving youth in environmental activities in the Dominican Rep~blic, 
community-level and non-governmental organization networks in Africa and in 
Latin America, and collaboration with the world Meteorological Organization on 
climate change. 

4. UNDP has supported numerous regional efforts to adapt specific 
recommendations of the Brundtland Report. These projects identify the needs 
of specific ecosystems. like the regional project for Amazonian cooperation. 
Regional projects exist in Africa, in the Arab States, and in Europe. Other 
srecific actions included work with UNEP, UNESCO. and UNICEF on the World 
Conference on Education for All in March 1990 and a joint effort with the 
World Resources Institute to produce "World Resources 1990-91: A Guide to the 
Global Environment". UNDP is the lead financing agency for the Tropical 
Forestry Action Plans as well. 
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5. For 1991 and beyond. UNDP plans to continue with the projects and goals 
described above. while intensifying existing connections with other United 
Nations specialized agencies. especially UNEP. A stronger emphasis on 
community and grassroot projects will be followed through the arms of the 113 
field offices. UNDP is actively involved in the Global Environment Facility. 
a clearinghouse and policy-guidance centre. along with the World Bank and 
UNEP. Further financial contributions by UNDP in research and development. 
technology transfer. mobilizing other resources and strengthening the 
technical and scientific human resources and policy frameworks at the country 
level will all be fully compatible with the complete union rf development and 
the environment. 
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Annex II 

DESCRIPTIOr.; OF ENVIRONMENTAL ACTIVITIES OF REGIONAL DE\"ELOP~EST B::\.."".;KS 

1. The Environment Di \"is ion of the Asiar. De\•elopment Bank (AsDB) examines al 1 
AsDB projects for environmental soundness. in close cooperation with Member 
States and other international organizations imrol ved in development. The 
Division is directly involved in the implementation of projects dealing aith 
natural resource use and training of Bank staff. Since 1989. AsDB has been 
involved in institution strengthening programmes to enhance environmental 
protection in Bangladesh. Fiji. India. Indonesia. Malaysia. Nepal. Pakistan. 
Philippines. Western Samoa and Vanuatu. 

J. The Environmental Unit within the Central Projects Department of the 
African Development Bank (AfDB) has a small staff responsible for coordinating 
all technical aspects of programmes related to the environment. developing 
envircnmental assessment guidelines and training other AfDB staff. Since 
1989, AfDB policy has mandated a greater emphasis on environmental concerns in 
lending programmes in agriculture. transportation. industry. ana health and 
education. 

3. The Environmental Management Committee of the Inter-American Development 
Bank (IDB) embarked on an Environmental ~ork Plan in 1987 to propose 
environmental protection and mitigation measures for IDB programmes and can 
propose abandonment of projects it believes will result in serious 
environmental damage. IDB and the Organisation of American States (OAS) work 
jointly on feasibility studies of watershed management projects in the region 
and with the Pan-American Health Organization on projects related to health. 
•ater and sewage. In addition. the IDB provides training to public agencies 
in developing cm.mtries of the region in the areas ot conservation and natural 
resource management. 
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Annex III 

TRA..~SNATIONAL CORPORATIONS 

l. The United Nations Centre on Transnational Corporations (UNCTC) reco1111ends 
that decision makers in transnational carporations be required to prepare 
public environmental impact statements before instituting policy regarding 
transportation, energy consumption. waste disvosal. or anything else that may 
affect the environment. Such a require~ent would lead to the consideration of 
a broader range of alternatives than would be derived from the short-term 
profit motive alone. In the long term. including environmental concerns in 
strategic decision-making could lead to more efficient. cost-effective 
operations and could oreclude the need for large investments later on to 
comply with ever-incr~asing environmental protection standards. 

2. To the extent that additional investment is required, various incentives 
and regulations must be in place to establish a competitive environment in 
which •mortgaging the future• for the sake of short-term profit is an 
ineffective business practice. 

3. Global environmental problems such as the greenhouse effect or acid rain 
deserve special attention from TNCs because. unlike local pollution problems 
such as unsustainable solid waste disposal. degradation of the atmosphere 
cannot be cleaned up by human intervention in most cases. Public and 
corporate policies do not yet take full account of the gravity of this risk. 

4. In t~rms of public regulation and incentive policies to control emissions, 
there is as yet no policy - or even a mechanism for establishing policy - to 
regulate or impose liability on companies that ~ontribute to the greenhouse 
effect. At present, public policy is limited to national borders. The best 
hope may therefore lie in the development by th~ private sector. primarily 
TNCs, of alternatives to chemicals such as CFCs. Regulation, whether it is 
global or not. will not be able to reduce destructive emissions and at the 
same time promote industrial development unless viable alternatives are 
available. Even now, UNCTC reports that many companies are saving money by 
using new processes that are more cost-effective and clean than those using 
CFCs. Major CFC producers that warned only a few years ago that the 
elimination of CFCs could mean the end of modern necessities such as 
refrigerators and person~! computers, now conside.· the Montreal Protocol's 
goal of a phase-out of ~FCs by the year 2000 to be achievable. 

5. TNCs are under no general obligation to assess the environmental impact of 
their activities or to make such information public. Disclosure laws are now 
limited almost entirely to the need to demonstrate compliance with a few 
laws. Most countries have a 1umber of laws related to local environmental 
concerns such as waste disposal, but no laws req~ire TNCs to take account of 
the global environmental effects of their a~tivities. Under these 
circumstances, companies that choose to disclose information only increase the 
likelihood of litigation and risk putting themselves at a disadvantage 
relativ~ to companies that do not disclose. Systematic disclosure rules are 
therefore needed to encourage the exploration of clean alternatives to present 
practices. 
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6. UNc-~c has developed ·criteria for Sustainable Development Management" to 
establish a foundation for stir;rulating management thinking on sustainable 
development. TNCs are asked to continuously evaluate their products. 
production processes and corporate ohjectives in light of environmental and 
public health. and then create ~ sustainable development policy that 
integrates their findings ~ith other corporate objectives. 

7. Industrial associations can assist in the creation of these policies b• 
establishing environmental and energy use standards in the same way that thev 
now set quality and production standards needed to maximi~e market 
pe"formance. These associations have extensive experience. especially in the 
industrial world. in setting and enforcing responsible standards. There is no 
logical reason to assume that their role cannot be expanded. Standards for 
vehicles. lighting systems, cogeneration of energy and recycling are all 
potentially achievable. 

8. For individual products, UNCTC reco11111ends that TNCs prepare •generic 
environmental impact statements• to include estimated impacts ~f the products 
under normal use; an assessment of alternative production appro~ches; and a 
cost-benefit analysis that is quantified as much as possible, but which 
includes qualitative discussion of environmental externalities. For 
production facilities, an environmental impac~ state~ent should be specific to 
each plant and include comparative data on plants of similar size producing 
similar products. 

9. Because TNCs do business in many countries, there is a need for a central 
agency to review these statements anj file them in a database. which could be 
accessed by any country considering accepting TNC foreign investment. This 
information would also be invaluable in the development of local industries 
with limited technical resources. 

10. Some attempts have been made to calculate the costs of global warming, 
including the EPA report, "Policy Options for Stabilizing Global Climate 
Change". However. a far more useful measure is an estimate of the costs of 
reducing greenhouse gas emissions compared to the cost of not doing so. 
However, the cost of inaction is practically incalculable. Even if the 
analysis is restricted solely to the costs of rising sea levels, the task is 
unmanageably large and it would be of little value because it would not 
inclurie the still more enormous impact of changing seasonal cycles and 
increased exposure to ultraviolet radiation on the food supply and public 
health. ~owever, it can be said that significant sea level elevation would 
hit TNCs particularly hard in monetary terms, given their investments in 
shipping. offshore drilling and coastal storage facilities. 
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Annex I\' 

INTERNATIONAL CHAMBER OF COMMERCE GUIDELINES 

1. In November 1990. the International Chamber of Co11111erce adopted its 
Business Charter of Sustainable Development. which includes a set of 
PrincipJes for Envirolllllental Management to guide enterprises in their efforts 
to improve their envirolllllental performance and to foster sustainable 
development by mobilizing managerial, technical and financial resources to 
resolve envirolllllental problems. The Charter was one of seven projects 
initiated by business leaders from the industrial world at the Bergen 
Confer~nce in May 1990 and was first p~blicly announced at the Second ~orld 
Industry Conference on Environmental Management (WICEM II) in April 1991. 

l. The Principles were prepared to demonstrate to companies that sound 
environmental management is a key determinant in sustainable economic growth 
and to strengthen the voice of business in the public policy debate over the 
environment by demonstrating to Go,·ernme~ts and the public that business 
recognizes its environmen~al responsibilities and is formulating practical 
procedures to meet them. 

3. The Principles recommend that firms need to remain informed about the 
increasing depth of scientific under5tanding regarding the environmental 
impacts of industrial activity and the tectnoiogical development~ ~hat can 
help to use this research as a guide ir. modifying thei ·-- acth·ities. Where 
significant hazards cannot be eliminated, companies should have detailed 
emergency preparedness plans developed jointly with relevant authorities and 
local communities. When significant technical or managerial solutions are 
developed, the Principles encourage companies to disseminate them as widely as 
possible and contribute their new knowledge to the development of public 
policies and educational programmes. 

4. Environmental impact assessments made before a new act1v1ty is initiated 
will encourage the development of new products that have minimal destructive 
effects, particularly if producers increase their efforts to advise customers 
on ~he use, transportation, storage and disposal of their products. 

5. In designing facilities. care should be taken to ensure the efficient use 
of energy and material. rP.cycling wherever possible and disposing of remaining 
waste safely. For operating facilities. the Principles encourage companies to 
continuously measure and improve their environmental performance through 
environmental audits. 

6. Companies are also encouraged to promote these Principles among their 
suppliers and contractors and to use their leverage to ensure compliance. 
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Model steel tnills 
in Argentina and Thailand 

Model steel works in Argentina and 
llMiland have been identified and given as­
sistance in optimizing their environmental 
performance in order to act as training and 
demonstration centres. 

UNIOO is implementing the programme, 
which is funded by the Japanese Govern­
ment. 

Stt'\'l production uses a lot of energy and 
generally pollutes heavily. Properly 
managed, the environmental problems can 
be significantly reduced. The model steel 
works programme aims to train and 
motivate key personnel at all levels. Environ­
mental focal-points in the companies have 
been identified and trained, and will act as 
trainers themselves in the future. The plants 
will function as centers for training and 
demonstration, and a set of handbooks has 
been developed. Pr<Kttcal advice is provided 
on how to deal with some of the usuai en­
vironmental problem spots - pickling lines 
and settling ponds, fine dust from electric arc 
furnaces, steelmctking slctg and sinter plants, 
stor;ige, slJking Jnd reuse of liaw, waste 
wetter from hot rolling mills Jnd heat 
recovt'ry from the Ml DR EX plant and reheat­
ing furnctees. The programnie h<ls also 
provided instrunwnts itnd methodology for 
l'nvirnnnwnlctl monitorin~-

B.ised on expt>rit•rKe gathered, thrt·e new 
regionctl projerts ore planned fof Latin 
Amerir,1, So11th-t•.1st Asi.i .in.I North Afrir.:t. 
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REPORTS OF TECHNICAL 3YMPOSIUMS 
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REF\JRTS or TECHllICAL SYHPO$IUHS 

r. 

IL 

II I. 

lV. 

v. 

A 1umi na industry 

leather industry 

Phtts!lhate rerti1izers 

tlastics and plastics waste 
recycling 

Pulp and paper 

I. AUirHNJI. 1NOUSTRY 

1. The Symposium was held on 15 October 1991. 
Hembers ol the Pa•1el were P. Siklosi (Consultant). 
r. Balkau (Moderator) UtlEP/IEO, T. Gror 
(Rapcorteur) UtlIDO, r. Panzeri (Industry 
representative) Italy, and R. Luken, IJNIOO 
Secretariat. Hs. Taschner from the European 
Environmental Bureau made an intervention from the 
Floor on behalf of NGOs. 

2. Hr. Sik16si briefly su~arized the case study 
and highlighted the main environmental issues now 
conrronting the alumina industr). These include 
pollution. waste disposal, enerqy, occupational 
health and safety. 

]. Bauxite mining causec; unavoidable ecr,logical 
disturbanr.e, and in somp circumstances the issue 
or preservation or biodiversity is important. 

4. Industry has numerous options for addressing 
environmental issues. ~any or the~e are based on 
reduring in-plant losses and are achieved by a 
general improvement in operating erriciencv, thus 
achieving both economic and environmental goals 
simultaneously. Some ~easures, however, 
especially those concerning mine rehabilitation 
and waste disposal, will entail an additional non­
rer.overahle roc;t. Total costing procedurps and 
harmonization of environmental requirements are 
nM•ded tn encourage the uni form applir.ation of al 1 
environment;il measurPs. 

5. Tra1litio11i'l environmental is•;ue·; of pollution 
and waste diiposal are general I~ ~ell appreciated 
hy the intlustry. Consciousneso; of enerqy 
(Onsumption ac; a major issue cc.11fronting the 
c;e(tor ic; ~!~; risinq, and man~ initiatives are 
heinq untlPrtakPn to redure enl'!""r:JY r.on~1rmptinn. 

(,. A numhrr of c;peci fir. tedinic;il quec;linns werr• 
rai<:Pri during rlir,cussio11 about snch i<.'i1JP.'i ac; 
(au-;t.ir. <:Olli! recovery, con'itrudio,1 of red mud 
di-;posal hac;inc;, ;ind use of red IT'ud i:IC a soil 
ronditioner or PvPn a-; art;ficial soi I. 

7. !ndu'itry Pxpertc; '>llinmilri1ed l I•< Mo~t 
~romi 'iinq ways or rerhcinq thP negat, 1e 
Pnv:•onm1>ntal imp;ict or the alur:ina ;ndu<.try at 
the r 1, .. , t I eve I a< f o 11 ow~ : 

(a) Reduction of the amount of natura 1 
resources (primarily energy; consumed per Jnit 
amount of alumina manufacture~; 

(b) Reduction of the residual discharges 
'effluents, dust, stalk gases) per unit amount of 
dlumina manufactured; 

(c) Environmentally ~ustainable discharge and 
storage of digestion residue (dry stacking of red 
mud), recultivation of the filled-ur storage areas. 

8. The above cari be re?lized by: 

(a) Better operational and maintenance 
practices (e.g. preventing leakages, proper heat 
insulation, maintaining the presr.ribed parameters 
of the process, etc.); 

(b) Economically reasonable measures for 
efficient resource utilization, rollution control 
and waste disposal (e.g. increasing the number and 
size of heat exchangers, was~ing stages, etc.); 

(c; Measures necessary to meet environmental 
requirements conforming with the generic ESIO 
norms (e.g. installing dust collectors, scrubbers, 
dust filters, red mud filters or deep thickeners, 
recultivating mined-out areas an~ filled-up mud 
tlisposal areas, etc. I even 'f c •Stly. 

9. In <Jeneral, it can be said that wi;creas 
modifications to existing old plants are 
relatively costly (they may reach even ]Q to 
50 per cert of the original investment costs), 
those incorporated in the engineering designs of a 
new plant (or of a significant expansion of an 
existing cne) de not increase the capital costs by 
more than 5 to !O per cent. At the same time the 
latter usually enable such savings to be made 
(both in re1ated investment and oper·ating r:osts) 
that they can make the application of 
environmentally sustainab'~ solutions profitable. 

10. As a qer.era1 rule, it was a~reed that sound 
methods of-operation and of wast; disposal do 
exist, but that they are not always applied due to 
lack of ;nformation, expertise or capital. 

II. During discussion, delegates raised the 
importarre of broader issues which affect the 
111!!11stry as a whole. These broader issues include: 

(al Promotion of recycling as a means of 
reducing energy apd resource demand, both of which 
h;. ;e unavo i dab 1 e env it-onmenla I i mpar: t; 

(hl Application of total life-r:ycle con­
siderat•~nc; within the industry so ao; to minimize 
overall Pnvironmental impact, and to avoid shifting 
pnvironmental i~pdct between different sPctors; 

(r.) Possibilit~ of inr.rea~ed residue and 
wast.e uti I ization outside \ile nlant so as t.o 
reducf! the need for rlispor.al. ·There are alrearly 
ma1y userul re-use options: nevertheless, further 
R and 0 and demonstration projects should he 
enc ouraqed so as to eKrand further these options. 
lh~ practical application of re-"~e will always he 
-;trongly dependent on local ~nd regional 
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circumstances. and also re~uires s.udy in each 
case. Oespite increased waste re-use ~n the 
immediate h:ture, alumina pl ants wi 11 st i 11 ne..-d 
to rely heavily on well-engineered waste disposal 
methods; 

(d) A closer harmonization of en11ironmental 
standards and procedures around the world is 
desirable so as to reduce trade disto1·tion. 
Project costing methodolog;es should include an 
estimatP of environment,1 damage so as to achieve 
a total cost concept of alumina production: 

(e) Corporate responsibility for 
environmental performance should be strengthened. 
Companies need to take a long-term view cJ 
Pnv i ronmenta 1 performance as we 11 as paying 
attention to immediate impacts; 

(fl Increased consideration needs to be 
Qiven to interlinkages within the sector - vertical 
iinkaqes within the aluminium industry as .:i whol" 
so as-to apply total-environment and life-.:ycle 
concepts. and horizontal linkages so as to maximize 
the contribution to environmental performance from 
suppliers and from waste re-use activities. 

12. A qeneral view from th1· disrnssion was that 
increasPd emphasis on information collection and 
dissemin;ition concerning methods of reducing 
environmental impact would help many enterprises, 
especially those which are not linked ~ith iarge 
vertically int.egrated companies. 

II LEATHER INDUSTRY 

I. The Symposium on the leather indust.t·y was 
held on 15 October 1991. Members of the Panel 
were k. Higham (ConsJltant), Ms. G. Stoikov, 
International Labour Oifice (Moderator), 
J. Buljan, lJNIOC (Rapport.eur), R. L. Sylo:es, United 
Kingdom (Industry representative), A. Jernelov, 
Sweden (NGO) and R. Wi 11 iams, UNIOO Secretariat. 

2. Mr. Higham briefly summarized t.he case study 
and highlighted the main environ111ental is~ues. 

1. Terhnology: It was agreed that R and 0 had 
m;ide ~reat progress and that well-proven [lea~er 
produ[tion methods are available. However, there 
~till remains a number of harriers su(h as 
di~semination of information ebout cleaner 
terhnologies which are not always ea·;ily available 
to the tanning industry. 

~- There is also the problem of lransferrina 
terhnology from the R and 0 l3borat~ry int~ 
prarli(al everyday use, esperially in small- and 
medi11m-sc;il,. tanneries. Low-wa-;te t.e(hnoloqie<; 
very often require better skilled per-;onnel at all 
lP•1el<; and (lose.- terhni[al s11pervi-;inn th;rn 
omv'.'nl ional prnre-;sing. Thir, i-;, in many 
in.,tanres, a rrur.ial r.nn-;trai11t.. In .1 n11mher nf 
developing [011nlri~s ihere is a lack of knnw-hnw 
in thr de~i9n. ino;t;ill;ition, ;rnci eflirient. 
op<>rat.inn nl eflfue11t ,,.,.aL•<?nt pliln\>. 

~- OwinQ lo the nature of leather produ~tion, 
even in the mo~l sophisticaterl tannery, terhnolnoy 
rPmain-; to il [Prt.11in e•tent. a mixt.1 re of r.i·;ift ;ind 
<;rienr". 11evertlu>le<;<;, 11nnerp-;~ary ron<;ervat i-;m 
remain<; in r,ome i11stanre<; a -;irini fi(ilnl h;11·rier. 

h. f in;inr.i;il aspcrt~: The ir,-.11e of roo;t ;rnrl 
li11.1nr.inq w;i<; rli-;r.11-;<;erl ;inrl t.hr-re w;ir, il 'l""""'il 

consensJs that cost constituted an obsta·!e to t~e 
implementat icn of clean 'Ind safe producl ron of 
leather. Within this context the cost of 
specialty chemical-; needed to replace conventi~ral 
subst~nces and the cost of process and water 
consumption control equipment were specifically 
mentioned. 

7. In general, the cost of ecologically sound 
equipment is even more prohibitive in de11elopin9 
coun:ries than in developed countrie~ because of 
high capital costs and very often high imi:;<>rt 
d11ties. In addition, the•e is the cost of hirina 
and traini~g the personnel needed for the • 
operation "f ne" equipme"t anti processes. 

8. Sharing of responsibilities: T~~re was a 
lively debate on how to share the responsibilities 
for preventing pollution and cle~ning up. A 
sp>"cial issue raised was the role of Gover:•rr.ents. 
iw!ust ·ies, R and 0 i11stitutions. monitorinc/ 
enforcement organizatior.s. and consumers. -

9. Delegates and ind~stry experts slJll'lllarized the 
niost promising ways of reducing the •1egative 
environmental impact of t.he ieather industry. It 
was agreed that the nvPrriding principle is that 
prevention is better th;in cure, and that pollution 
prevent inn and waste management system-; should be 
integrated at all levels. The follo~ing 
reco11111endations were made: 

(a) Governmt,nt and industry should cooperate 
in order to: 

(i ! Develop fair and implemer.table 
environmental legislation; 

(ii) Promote cleaner and cost-efficient 
technologies at ~11 stages of leather 
produ~tion and waste management (this 
LOuld possihly include the relocation of 
tanneries, where appropriate): 

(iii) Devise innovative fiscal <:nd other 
incentives to encourage tanneries to use 
cleaner production and wast~ management 
methods; 

(iv) Oevelop and/or strengthen Rand 0 
facilities to satisfy the specifir needs 
of the local industry, and where 
possible, also install pi lot ._,,d 
demonstration plants and laboratories; 

(vi Launch environmental awarrness and 
public education campaigns and p·ovide 
the necessary training for executives. 
r,upervisors and operators; 

,vi) Increase the 11-;e of environment;il audit<;; 

(vii) rro;ide the n1>ce-;r,ary infr.ntrurt11r.:1l 
support. ( ut. i Ji t. i es, land, -;ewagP, 
landfills for di-;posal of -;ol id w;ist.es, 
et.r..). 

lhl At t.he p!ar:it le.,,el I.he fol lnwing 
measures requiring limited investment could lead 
to <;iqnificant redu[tion of pollution loads: 

(i) Strirt proress rontrol; 

(ii) Good hou<.ekeepinq; 

(iii) R1>rovery i1111l1or rPryr.l inq of rh1>mlf;ilc;; 



- 222 -

(iv) Proper maintenance and reoair of 
equipment: 

(v) Introduction of sound management 
concepts. 

further measures to reduce the po 11 ut i o" 1 oad 
could include the ttilization of waste of 
co~nercial value for the production of glue, 
gelatine, fertilizers, animal feeds, etc. However 
such operc;tions are very often pr·ofitable only in 
large tanneries. The need for technical cooperation 
in settino up joint effluent treatment plants for 
oroups of tanneries and isolated individual 
ianneries was also expressed. To ensure a healthy 
workino environment for the benefit of all staff is 
the sp~cial responsibility nf tannery management. 

(c) International and relevant national 
agencies shouiii: ----

(i) Facilitate the advancemer.t of networking 
of olobal capabilities and proora11111es in 
the R and D institutions and provide 
access to relevant informalion at the 
national and international level: 

(ii) Ensure the transfer of cleaner 
ter:hnologies and low-cost waste 
tn•atment systems by means of databases, 
audio-visual training packages, 
workshops, seminars, symposia, etc.; 

(iii) Make available attractive financial 
terms (soft loans) and support from 
international institutions. This would 
overcome the disincentive to chanoe 
caused by high initial investment: Surh 
support should also be in the for"' of 
demonstration projer:ts illustrating 
t~nnery partial and full automation, and 
include development of human resources; 

(iv) Organize a special conference on low 
waste ter.hnologie~ for the leather 
industry in developing countries. 

III. PHOSPHATE FERTILIZERS 

1. The Symposium on phosphate fert i 1 i zers was 
held on 17 October 1991. Members of the Panel 
were J. Schultz (Consultant), R. N. Roy, rood and 
/\9ricult11rl' Org;rnization (Mncferator), T. Volorfin. 
IJNIDO (Rapporteur), 0. Lie. Norsk Hydro (Industry 
Representative), M. Handley, Internati'lnal 
fertilizer 1\-;r,ociation Technir.al Cn11111it.tei> 
(Industry Representative), .J. H. 0>'111y ;111d 
S. Luken, lllHDO Secn•t.:irial. 

?. Mr. Schultl briefly summarized the rase 
st11rfy a11i! hin'1li')ht_f>rf the main en11iro11me11tal 
i ';~llf?~. 

/\. I11t_i-Qduction 

!. Thr 1mportilnr.e nf minf'ral fprtilizer' for 
aqrir11lturp r.annot hP. unrlere-;tim,1t_erf. Fertili1rr 
i<; one of I.he major inputs that enables adequate 
foorl production i111d maintenance of soil fertility 
on" <;u<.tai11ahle h;i-;i~. 

~ There i-; no rloubl that, without fertil iler<;, 
c,11<,tai11;ihle ilqrirulturr req1Jirerl tn ferrl the 
worlrf'•, qrowi11q population cannot ocr.ur anrf I.hr 
mn-; t r r i i_ i r ,1 1 i -; -, u e i -; no I. t n strip (Pr ti 1 i z r r 
prnrludio11, hut to try tn find wily-; and mpan<., .:it 
the Jp11Pl Of inrJ11<;t.ry, to mainf,ijn o>C:OJnqir;ll ly 

friendly and sustainable production. In other 
words. how to achieve ESIO in this subsector. 

5. It is crucially important to identify the 
criteria for ecological sustainability in industry 
and agriculture. This has turned out to be a very 
challenging task. Every attempt brings out a 
number of issues that need to be addressed. In 
ma:iy respects, the scienti fie, financial, and 
political community has not bee11 fully challenged 
to address the question of quantifying the complex 
relationships of these issues. 

6. These issues arc: 

(a) The transfer and execution of ESID 
technology: 

(b) The coupling of agronomic needs with 
more environmentally benign phosphate prod11ction 
technology; 

(c) The seeking of financial resources to 
im!Jlement ESID; 

(d) The restrictive fertilizer product 
legislation that inhibits implemen~ation of ESID; 

(e) The heavy metal content associated with 
the phosphate sector, especially cadmium; 

(f) The m~nagement of process wastes and 
by-products associated with the phosphoric 
acid-based products; 

(g) The improved agronomir: efficiency to help 
mitigate the impact of the increosed cost of ESIO. 

7. The Panel discussion identified the major 
harriers and proposed some initiatives for 
ar.hieving ESID ~n the fertilizer industry. 

8. A summary of these barriers, with no 
reference to priority or importance, follows: 

(a) Lack of definition of acceptable minim1Jm 
global environmental standards; 

(b) Cost required t~ implement available and 
emerging F~Tn tech~c1cgy; 

(c) Major investments required to change 
prorluct mix (product types and solubility); 

(d) Limited availability of foreign exchange; 

(e) Marginal competitive status within the 
phosphate fertilizer industry; 

(fl Lack of siqnifir.ant farm level cost 
rlifferenr.es between conventional and more 
envi ronml'ntal 1 y beni qn pn1rlur.ts; 

(q) ~estrictive fertilizer product 
l roi ., l;il ion: 

(h) Difficulty in cr.anging farmers' 
pr;id i r.es. 

B. R<!c_u_mmendati_ons 

~1. The fol~owinq recommendations P.mP.rged from 
the work nf t.he symposium. 

(a) Fncourage the international community to 
r.nnv1'11e ;i11 international working panel nf rxpl'rto; 
frnm inrluo;try, nat.ianal and int_ernational reguli!­
tnry horlie-;, and the ~dentifir: (01111111nity t_o rlr;ift. 
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proposed m101mum eov', ronrnental compl it1rce stand;,rds 
fnr thP pho"phate fertilizer produrtion s~ctor 
appropriate tn country location. taking ~to con­
sideration scientific data, costs, availaule 
rapHal. and national development priorities. 
Sin1ilar initiatives should be ta~.en in reqard to 
phosphate fertilizer usP; -

(bl initiate a critical scientific look at 
issues relat.?d to cadmium, fluorine artd other 
potentially hazardou<: substances occurrina in the 
p1·oduct ion and use cyclp of phos:phate fertilizers 
takinQ into consideration other contributive 
o;ources; 

(::) Co11111unicate industry and process-specific 
enginPering and cperational technology to producers 
in developing countries that is desigr•ed tr 
achieve ESID, through optimization and rFtrofitting 
oJ existing facilities at low cost as orposed to 
total replacem~nt of facilities at high capital 
cost; 

(di Develop an implementation timetable on a 
national basis for attaini~a ESIO consistent with 
the availability of capita1-and the operation of 
the industry in a ccmpetif ive, yet sufficiently 
profitahlp manner; 

!el Provide a-;sistance in securing the 
necessary capital for cost-effective 
implementation of identi; .ed ESID initiatives: 

(fl Encourcge the industrial commi:nity to 
intensify it~ commitment to Rand 0 designeo tc 
E>xredite tE>chnology development and t-r.hnology 
transfE>r leading ta ESIO; 

lgl Improve phosphate fertilizer use 
E>ffidenr.y al the farnt level to help.1 1;ifset the 
incrE>ased rost of phosphate fertilizer<; that is 
likely to ~e attributed to ESID; 

(h) Promote national fer!:lizer legislation 
rplative to product types and ;haracteristirs that 
is consistent with ~chieving th~ appropriate 
agronomic performance, while not unduly 
rPstrirting raw material and manu!acturing choices 
th~t may farilitate morP rapid adoption of tSIO; 

(iJ Encourage national policy initiatives 
rPlative to fertilizer pricing and distribution 
t.hal promotes the local production or more envi .-on­
mPntal l y ~enign fertilizer products base~ on 
domestic resources, provided these alternative 
products are competitive in real terms with 
imported products tlrat are produced in world-s~ale 
pr·ndurtion units. 

r. o i sc_•Js_s i.QD 

lfJ. A<. a result of thr presentation hy thr 
P:111el io;! <. ;irrrl l.hP summuy drilwn up hy the 
Morle1-.1to1-, il ronspno;us was evidpnl. with rPgilnl to 
tire trrhnir:al content of the rase study. Tire 
rh·lo>ailto>s, however, fnuisPrl !frpir· i!llPn!.inn on" 
1111111hpr of spPritir. iso;ues with part.irul;u­
r·PfPro>nre lo tire fol lowing: 

(a) lhPre is no \uhstit•Jte for phosphat.P. 
;rny r1•rt11rf ion nf i Is 11<;P would resul I in I.hr 
r"rlWPrf produrt.ion of food, fihre and edihTP oil<.; 

(hi Concern was P~prP'>5E'rl rE>qarrlinq the lark 
of rrpr.,o;rnt.ation of lmdie' i:onrenierl wiflr p11hJi,. 
npinio11 on environmE>nlitl io,~ues; 

(r) (.;irfm;um .irHI other lre;rvy n1p\;1l; w<>re 
idenf.ifiPrl .ts ii miljor ronr.ern afft>rl.inq I.Irr 

production, trade and use of phosphate raw 
materials and product~. The concern is related to 
their .mriacl on humar. and animal health throuah 
the foo~ cr.ain; · 

(d) fiuorine contained in phosFhate fertili­
zer raw material£ ~nd products was ident!fied as a 
potential contaminant of --~··iace and 9roundwilter; 

(e} Concern was voiced that iess 
benPficiated (pure) phosphate produc~s consider•d 
more environmentany l.>1>11i9n r.iay actually 
~ontribute to increased levels of undesirable 
metals in the finished phosphate products; 

(f! Concern was raised that recla~ation at 
mined-out land~ may be excessively ~ostly in 
r.ertain mining ~cenarios: 

(a) An issue wa~ raised relative to the 
feasibility of incorporating phosphogypsum 
disposal wi~h the re lamation at mined-o~t areas; 

(h) A number of delegates indicated that 
re~Jtively ext~nsive research is already u~d~r ... ay 
for f~nding cost-effective method~ fo~ removin; 
cadmium, fluorine and other potentially hazardous 
elements from phosphate materials: 

(i) Concern was expressed about the neErl for 
immediat~ assistance in technology lransfe. to 
developing countries to il(hieve ESID. To this 
effect. it was suggested that a spr;ial fur.ti 
sho~ld be created; 

(j) Concern wJs e•pressed with rega~d to 
the disposal of f~uosilicir. acid n .. -:-verPd from 
phospha~e processing in those loca~ions where 
mar~ets for this by-product marerial oo not 
exist; 

(k) It was mentioned that bentonite wh2n 
added to sandy soils improves moistu.-e-hol<Jin9 
capacity an~ fertjl1zer use efficiency. 
Immobi1ization of cadmium was also suggested due 
to the betonite; 

( l) Concern "as voiced with regard to the 
prohlE>ms that would be caused by unilateral 
environmentai legisiative initi~tives; 

(m) There was <;iqnificant support for the 
concept of using less soluble phosphate 
fertilizers provided they are effer.live; 

(n) ~oncern was expre5sed about the very 
hiqh ~evel of SOx pollution from a few plants in 
developing rountries representing a very high 
proportion of industry's worldwide SOx pollution 
in arldition to being a serious reqicnal source of 
po 11 ut ion. 

JI.'. P:_AST!CS AND PLASTICS WASTf llffYCl.ING 

A. Int;_o~uct ion 

I. lite Symposium was to he held on 17 Octobe,. 
JQQJ, hut hy request of thP Jtillian delegation a 
pre I iminary gatherinq was helo on I~ October 19Ql. 
Members of the Panel were Prof. A. Buekens 
((on~ultant), A. Sif'ber, f.ronomic Commiuion ror 
[11rnpe (Moderator), M<;. A. TrhPknavnrian-A<;e;.:ia11er 
(Oirertor, !O/T, UNIDO), J. H. OxlPy (llilpporteurl 
Utl!DO, and 0. Rehling (Europeiln Envi ronmerrtill 
Bureau) a111! R. Williilms, !JNIOO Secretariilt. 

"l. The ra-;e sturty wao; summilrized by Pror. E!uekens 
whn pninted out various lf'r.hnical ilnd economir 
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challenges to be lllf't. rlastics belong to various 
mutually in1;ompatil:l11> genenc groups. Each 
variety is aanufactured in numerous grades with 
rf i ff erent mo I ecu I ar wei 9ht and structure. 
Horeov11>r. plastics are transformed only after 
admixture of a host of different additives. A 
first challenoe is he.ice identification of a 
part i cu 1 ar grade that can be recycled as a 110re o,· 
less homo9eneuu~ f•Jnction. 

1. 0 ring processing and later use the resin 
undergoes ag~ing, as 3 consequence of thennal 
degradation. oxidation, cross-linking. loss of 
additives. etc. Plast;cs al~o take up impurities. 
such as trJces of materials e.g. 1110isture and 
printing in~;. 

~- A survev was aiven of various methods of 
materials recycl in9. in:. bding those after 
chemical repr;)cessi!"lg (pyrolysis, hydrolysis) an~ 
11>nergetic usage. 

5 Terh!"lical!y spezking, ;nany prob~t'llls have been 
~~lve:I Th:: li>gistics of -:ollection .;;id 
transp'lrt.··.ion, t~1e ~equit-ed gr~d;ng, sr.redt!in9, 
~leaning, regr3n~lati~1 and mar~et;ny g~eatly add 
to ti.~ cos~ ~: '':condary phsti-;-;, "ht>rli!aS their 
quality goes do~~-

~- It is suggested thal Governments: 

(a) T3Ke t~e initia~;ve tc fo;ter the 
development by i.•cbstry of ~pprop.-iate and 
internation:illy o;tandadilcd means of identifying 
the type of plastic ~sed in a product (~.9. by 
a~J;ng lrac~ amc~rts of fluorescent additi~es): 

(<,\ i:.nccuragt: the production ac:d use of 
ulilitr1rian p1·orlurl'i (ti!.g. park bencheo;, acoustic 
w;;l ls, fe!"lcesl whi r.h CN; r,., a.ade from recycled 
plasl.C\ out ~f mixnd cons~~•r waste; 

(r; Should h~~ ~ncontro11fd, ~nhygifric 
fr,rms uf 'itavengi1•9 ;,, dl•velopinq r~wntri}'S an::I 
encourage ~ysten:ar. :c c·-il lect.ton at the ::.o•·rce 
(P.g. househo;~si. 

It :; suggested lhat inoustry: 

(al Should, as far as pv~si~:e, avoid usi~g 
ro~e :h~n one t1P~ of plast!( for a qiven article; 

(hi Sho;Jld oevelop product-; whi-::h can ::e 
marle fr"m re.:yr.le.J p!asttCs compose<:! of two or 
n.or" rommin111Pd type'i~ 

(r) c;ho11ld develop lhP production of pla'i!i.: 
qooris wh';;h arP eao;ily r·er.yr!-'d; 

(ri) Should ~o;.ume responsihili~r for thP 
pro1!11cl!: it takes to the ~liffket with ;.1clusio" or 
;ill •'nvir.ir;ment.ai and sa'etv aspects. 

R. It is ;u~qested that internaticnal 
nnpm11ation;, ~t•~h as UIHDO: 

(a} Should h• enr.ouraged to cunt'nue 
provirling technic,.t assi~tanc"' aimed at improving 
thp effi~ien(y of plastics transformation 
industries in develoring countries, so as to 
improve ti"' performance and 1 i fe of plasti( 
artir.les. thus avniding waste; 

(h) Should prcmote the rreat iJn of small 
industri"s in developing countrips to m~ke maxinrum 
11SP of serondary raw mat,,rials, in parr.ir.ular 
piastir~ ontainerl in the wastP ~tream. 

q_ In the case study an~ the followinQ discussion 
considerable attenti•)ll Wd'i 9iven to the ·huge 
technical and econ0111ic barriers to be Jverr~: 

(al lhe great variet? Gf plastic resics, 
qrades and additives in use d~fies precise 
identificatic~ and sorting: 

(b) The de~rease in lllt'Chanical pro~ertie~ ~<; 
a consequence of ageing. ther-..: desrad~t;on 
during reprocessing, photochemical d€grada.1on, 
oxidation, cross-linking. loss or con~IJlllPtion of 
stabilizing additives and antioxidants, etc; 

(cl The uptake of contaminants. such as 
traces of packed materials, 1110isture, inks. 
solvents, etc; 

(d) The lightness and widespre~d use of 
po~t-conslllller waste makes it a chal!~nge to 
retrieve sizeable amounts of waste plastics at a 
reasonable cost; 

(el The variable and ill-defined 
sp~cifications of reclai:ned plastics. 

10. The cost of collection, identitication, 
<.ort i ng an(. grading, shredd; ng. cleaning, 
reqranulation, processing and inarke~ing was noted 
to be high~r than for virgin plastics, taking into 
account the decreased productivity ob:ainable with 
reclair.ied p!astics as a consequence of their 
variable melt and flow behaviour. o~ring the 
discussion the necessicy of marking plastics was 
stressed. The need for industry to use technical 
and bu~in11>ss ingenuity in de~eloping the p1astics 
production transformation and re.:ycli ng i ndus tries. 
a: well as in the pack•ging irlduslry. so as to 
minimize unrecyclable waste was also mentioned. 

11. Attention was pa;d to: 

(a) Governme11t.~1 measures to encourage or 
even to enfor::e recycling q11otas; 

(b) The ~conomic incentive~ to promote 
recvcling acti~ities despite large fluctuations in 
the cost of virgin m~tPria!'i; 

(') The viewpoints of collecting and 
recycl i'1g firns; 

ldl The growing sense of responsibility in 
~C"lme branche!> of induHry (car man1Jfacturer•.) in 
order ~o favour recycli~q of spare parts or 
pla~t;c mate~ials. 

'J. PULP APIO PAPUI 

A. lritrodvct io1 

1. The Sy'11posium .Jn pulp and pa,>er was held on 
111 Or.~oh.·r 1991. ~embers ot the Panel we:-e 

F !' ! 1 e'.J i ( r onsu 1 tan! I, "ay Htun. UPl([[I 
(Hn~~r3tor), R. V. tso;ump .ao, UNIOO (Rapporteur), 
Prr . fl. t'artler, Royal [11<;titute of 1>r.hnology, 
Swerlen (Industry representative}, Marga et Rainey, 
Greflnpeac<> I nterri't i ona 1 , .tnd R. \.Ii 11 : .lm .. UIHOO 
Secretariat. 

i'. Mr. Ft"lleqi briefly su111narized th~ case study 
and emphasized-the main differences betwePn 
developPd and developing <oun:ries with regard lo 
fi~rous raw materials userl for pulping, Pconomic 
r.011d1tinns, and the level of technolnqy. He al~n 
rPvie .. erl the impar.t of these di fferenr.es on the 
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environmental situation and barriers on the roa~ 
to an ecologically sustainable developmient in this 
industry. The UNIDO repres~tative outlined that 
Organization's activities aimed at improving the 
environmental situatio11 and proposals for future 
activities. 

3. Industry experts reached the following 
conclusions based on the case study: 

(a) Sustainability must be judge~ in a broad 
sense considerina the product "from cradle-to-
grave": -

(b) Wood is a d0111inating raw material and in 
the larae producing countries it is managed on a 
sustained basis; 

(c) Large-scale 1110dern pulp and paper manu­
facturing has been greatly iinproved, resulting in a 
potential for producing pulp and paper with minimal 
environmental disturbance. In developed countries, 
very large invest111ents have already been ..ade in 
the industry and more are planned. In •ilis that 
are sinall and old and use non-wood fibres, therP is 
significant scope for iinproving the enviro~ntal 
situation; 

(d) The subject of whether to totally 
exclude 111>lecular ch~orine and possibly chlorine 
dioxide in pulp bleaching is still open; 

(e) £mi~sion to air of acidifying gases can 
be greatly reduced by modern technology; 

( f) In the case of chemical pulping it !s 
possible to produce all energy required internally 
and also to produce SOlllP surplus with low 
etni ss ions of acidifying gases; 

(9) The product "paper" is environ111entally 
friendly. It is produced frOll'I renewable raw 
tnaterials and is biologically degradable. By 
applying new technologies it is possible to 
produce bleached products with dioxin content at 
the same ~evel as ror unbleached pulp; 

(h) There is today a considerable move to 
~xpand use of recycled paper in traditional fields. 
All fibres cannot be recycled for reasons of fibre 
quality as well os hygiene. The non-recycled part 
or waste paper should be used for energy produc­
tion, with no disturba~ce of the global carbon 
dioxide balance. 

4. To overco~ barriers, Governments are 
requested: 

(a) To i~troduce environmental standards, if 
not yet established: 

(b) To er.force sur.h standards dnd to support 
the introduction of clean technology by tax 
inr.entivt>s; 

(r.) To 11>.foce or to abolish e><isting import 
duty on waste pilper and Pquipment for clean 
f Pr.hnologit>s: 

(d) To introd~ce charges for pollution and 
use the collected funds for subsidizing clean 
produrtion technologies in the pulp and paper 
industry. 

5. industry is advised: 

(a) To improve in.anage91ent, housekeeping 
and engineering. by reducing the environmental 
iinpact of production, especially by accidental 
discharges; 

(b) To reduce water and energy consumption 
in pulp and paper .aking: 

(cl To introduce internal environmiental 
19Qnitoring and auditing; 

(d) To consider reduction of chlorine in the 
bleaching process; 

(e) To cooperate with national and 
international organizations in developing 
indigenous clean technclogies or by adapting 
foreign know-how to local conditions: 

(f) To consider, in developing countries. 
the possibility of grouping s11all pulp mills to 
recover the che11icals from black liquor; 

(g) To improve, at all levels, 11anageinent 
and technical skills in the mills in cooperation 
with the Governmient and international 
organizations. 

6. International organizations are requested: 

(a) To intensify the flow of infor.ation on 
c~ean technologies between countries; 

(b) To promote research and developmient of 
technologies for pulping, small-seal£ chemical 
recovery and bleaching with regard to non-wood 
materials such as: 

(i) SodiUlll-oxygen, potassiUlll hydroxide, 
soda antraquinone, Grganosolv 
pulping; 

(ii) Chlorine-free bleaching using oxygen, 
oxone, hydrogen peroxide as well a5 
biobleaching; 

(iii) Alternative processes for sinall-scale 
chetnical recovery and utilization of 
black liquor; 

(c) To disseminate know-~ow gained under 
UNDP/UNIDO projects regarding treatment of black 
liquor and effluents; 

(d) To provide assistance to institutions in 
dev£1oping countries to develop indigenous 
technologies for clean production and furt~er the 
cooperation between industry and such institutions 
world wide. 

7. The representative of Greenpeace International 
presented a statement with the following 
recor."11e11dat ions: 

(a) In order to achieve ESIO, the disr.harges 
of organochlorine compounds ~hould be phased out 
throuqh t.he use of clean prorluction n1Pthods, i.e. 
phase out all chlorine-based bleaching; 

(b) To increase recy• ~ing of waste pappr by 
at lt>ast 5 per ~~rt per year to achieve a glob~! 
recycling ritte of SO pl!r cent by the )'o.'ar 1995; 

(r.) To prohibit all forestry practices that 
r.ause biodiversity reduction. Pulp producers 
should install a biodi·1ero;~ty monitorina progra11111e 
in all forests where wood is extracted. 
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8. It was stressed that the 110st important 
barrier tn introducino ESID in developino countries 
is finance. There are sli 11 technical and "COnOlllic 
barriers to achievinu ESlD when using non-wood raw 
materials. especially in small mills. Another 
barrier is lack of technical skills and education. 

q_ Other considerations were: 

(a) Goo~ housekeeping and engineering 
practice'5, e.g. avoiding accidental discharges of 
polluting substances, good manag!tllent of wastes. 
opti11i=i11g raw material utilization and life-cycle 
approach (rradle-grave) are significant steps in 
achieving clean product ion; 

(b) E111ergin9 trends in pulping. washing of 
pulp. chemi•:al recovery and bleaching. e.g. use of 

rotassiuin hydroxide instead of sodiUll'I hydroxide, 
simplified chemical recovery, etc: 

(c) Waste paper should be recycled and new 
environ111ent friendly print;ng inks should be used: 

(d) The problem of COlllpletely chlorine-free 
bleaching was discussed and mention was made that 
production of high brightness pulp without 
chlorine COlllJlounds is at the present time not 
realistic. However, lower whiteness paper can be 
produced by using pulps bleached with a low 
chlorine charge or w~thout chlorine, if acceptable 
ll' c:>nSUlllE:rs. 

10. It was suggested to ca111plement the case study 
by adding current statistics on pulp production 
and processes giving details of developed and 
developing countries. 
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Pulp and Paper 

Case study No. 1 

Executive Summary 
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INmODUCTION 

The Pulp and Paper Industry. Resources and Processes 

The total world productiun of paper and board in 1989 was 233 million 
tonnes and of pulp 164 million tonnes. About 8S per cent of paper and board 
and 87 per cent of pulp was manufactured in developed countries. The expected 
increase in the consumption of paper and board will be 3.4 to 3.6 per cent in 
developed countries and S.8 to S.9 per cent in developing countries. The 
expected annual growth in the pulp production will be 2.9 to 3.1 per cent in 
developed countries and 4.4 to 4.S per cent in developing countries. 

The ~sic raw materials used in pulp manufacture are renewable 
lignocellulosic fibrous materials. In developed countries wood is mainly used 
for pulping. In many developing countries. wood is in short supply and more 
than 4S per cent of the pulp is manufactured from other fibrous materials, 
mainly agricultural residues such as straw, bagasse and bamboo. About SS per 
cent of the other fibre pulp is manufactured from straw. 

Chemical and mechanical processes are used in pulp production but pulp 
is mainly pro<.uced by chemical processes. Among these processes, kraft for 
wood and soc.a for non-wood pulping predominate. Both operate in alkaline 
condit..._o.,.,. 

The basic steps for pulp production are: fibrous raw material 
preparation, pulping, screening, washing, bleaching and recovery of chemicals. 

The paper industry uses both virgin fibres produced by pulping of 
lignocellulosic fibrous raw materials and also a considerable amount of 
recycled fibres (waste paper) besides non-fibrous materials (chemicals, 
minerals e.g. china clay). 

The industry has an impact on air, water and land. The extent of this 
impact can, in part, be controlled by appropriate technology. There are still 
technical and economical difficulties in pollution abatement, particularly in 
collecting and burning black liquor and recovery of chemicals in small pulp 
mills. 

In most developed countries forest management is based on the method of 
sustained yield. I~ ensures that annua1-growth is at least equal to cut 
volumes. In some countries, e.g. Germany. it is general practice to make 
almost exclusive use of thinning material and industrial wood residues for 
pulp production. Use of forest resources is harmonized with environmental 
protection. 

Cleaner production options 

Preparation of fibrous raw materials 

Prior to pulping wood has to be debarked and, since bark has a value as 
fuel. many mills prefer tc debark in the mill end utilize the bark to generate 
process steam. Logs are debarked either in wet debarking drums or by dry 
debarking methods. In dry debarking the Biochemical Oxygen Demand (BOD) 
discharges are lower than in wet debarking. 
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Bagasse has to be depithed before pulping and this operation is 
normally made in two steps. The first step, wet depithing, is made in the 
sugar mi~l and material removal is burned in the sugar Qill boiler. The second 
step is made in suspension in the pulp mill before pulping. Solid material. 
removed from bagasse, can be mechanically separated from the liquid phase 
which is recirculated. This mechanical separdtion and recirculation reduces to 
a large extent discharges of ~uspended solids. 

The predominant treatment during bagasse storage. to avoid excessive 
degradation, involves spray and circulation of biological liquors or water. 
From the environmental point of view treatment with biological liquors is 
better than with water as discharges are reduced, although ope:ating costs are 
higher. 

With other non-wood raw materials such as straws and kenaf the tendency 
is to improve harvesting and collection to reduce contaminants carried to the 
pulp mill. 

Pulping 

Wood is usually digested by the kraft process. So~e organic substances 
are volatile and are contained in the digester and evaporator condensates 
contributing to the BOD load by 12 to 20 kg BOD per tonne of pulp. During the 
digestion, metoxyl groups are split off producing methanol and also reacting 
with sodium sulphide forming odorous compounds. The amount of total reduced 
sulphur (TRS) is about 3.5 to 5 kg per tonne of pulp, the-higher value related 
to hardwoods. Bamboo is usually pulped by the sulphate process. 

In order to reduce the formation of malodorous compounds during kraft 
pulping the amount of sodium sulp~ide (sulphidity) in the white liquor should 
be reduced. One option is the partial or complete substitution of sodium 
sulphide by antraquinone and its derivatives. The quality of the pulp will be 
lower than kraft and the reduction in quality will depend on the extension of 
the substitution. This optio~ is being commercially applied :n some mills in 
developed countries. 

Pulping with organic solvents, ethanol, ethanol-caustic soda, methanol, 
and sulphide-antraquinone-methanol (ASAM), acetic acid etc., is being studied 
at laboratory, pilot plant and demonstration level. Other recent developments 
in kraft pulping include: extended delignification in continuous digestors to 
reduce the residual lignin in the pulp (kappa number) without reduction in the 
pulp quality and in-digestor displacement, in batch digestor, to reduce steam 
consumption and improve pulp quality. 

Agricultural residues are usually digested by the soda process (without 
sodium sulphide). The discharge of TRS (odorous compounds) is negligible as 
only traces of sulphur are present from water and raw materials. 

An alkali-oxygen process for pulping of straw is emerging. This uses 
sodium carbonate and caustic soda as the cooking agent together with oxygen. 
Caustic soda should be used only as a make-up chemical, resulting in recovery 
without causticizing. A similar process is being developed for other non-wood 
fibrous raw materials. 



- 230 -

Washing and screening 

An important operation is washing of the pulp and extraction of the 
black liquor containing the dissolved organic substances. Vacuum and pressure 
drum washers are commonly used, mostly in three stages. Black liquor washing 
efficiency is from 96 to 97 per cent. The efficiency of modern belt washers is 
as high as 99 per cent. With this development the technological limits are 
most probably reached and, in the future, efforts will be directed to increase 
capac•~./ and energy saving for drives and vacuum systems. 

In old mills pulp is screened after washing, leaving shives and knots 
only partially washed and discharging BOD load in the screening system. By 
means of closed, hot screening the effluent can be reduced with corresponding 
decrease of BOD load. A closed system with good spill collection also 
decreases discharges of suspended solids. 

Washing of agricultural residue pulp is less effective and more capital 
intensive as drainage properties of these are poor and the loading capacity of 
drum filters low. Bagasse pulp is easier to wash than straw pulps. Application 
of belt washer to straw pulp washing in China gave better results than press 
or vacuum washer applications. 

Recoverv of chemicals 

The recovery of the chemicals from soda or kraft black liquor is a vital 
part of pulp production because it regenerates chemicals to ~orm fresh 
digestion liquor, supplies heat for the pulp mill, and reduces d~~charges of 
wastes to the environment. 

In the recovery process black liqaor is concentrated in multiple effect 
evaporators frequently followed by a direct contact evaporator using flue 
gases, and is incinerated in a recovery furnace. In the kraft process, sodium 
sulphate is added to make up for losses. The smelt generated in the furnace is 
dissolved in water and caustic soda and tcgenerated by caustizing with lime. 

Recovery of chemicals from agricultural black liquors is more 
difficult and less efficient. Black liquors from agricultural residues are 
less concentrated, caused by difficulties in wa~hing. 

The high silica content of non-wood ?Ulps·. mainly straw pulps, causes 
many problems in the recovery cycle including scale forma~ion in evaporator 
tubes, deposits in the walls of the recovery boilers. slow setting rate of 
recausticizing white liquor, and lime sludge unsuitable for reburning. 
Desilication is required for successful recovery of high silica containing 
black liquor. UNIDO has developed a successful process at the Central Pulp and 
Paper Research Institute in India. and the Hindustan Newsprint Ltd. mill, 
Kerala, India has installed a demonstration plant. 

A high-efficiency recovery system with a sophisticated furance is very 
expensive and hardly accessible to small mills. A Brazilian mill using bagasse 
has successfully installed a simplified version called a Broby smelter. China 
has developed recovery furnaces suitable for non-wooc black liquor and 
installed them in several mills producinf 10,000 to 15,000 t/a of pulp. 
Recently China developed a furnace for a 25 t/d straw pulp mill. The furnace 
reportedly is operated without auxiliary fuel. 
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Condensates from evaporation from a digester contribute substantially 
to the BOD load. Condensates in the kraft p~~cess contain methanol and also 
malodorous substances (TRS). It is necessary to clean the condensates by 
stripping and to incinerate them in a suitable furnace e.g. in the bark 
furr.ace or lime kiln. 

For small pulp mills some possibilities for cleaner pulp production 
are being studied including simplified recovery furnace, recovery using 
amphoteric oxides. ferric oxide binding alkali during burning. separation of 
the lignin and inorganic compounds by ultrafilt~ation. and anaerobic digestion 
of black liquor. 

Bleaching 

Traditional methods to bleach chemical pulps involve treatment with 
chlorine and chlorine derivatives (chlorine, chlorine dioxide and 
hypochlorites). The residual lignin is dissolved as chlorinated compounds some 
of which are toxic. 

The tendency is to substantially reduce discharges from the bleaching 
area. In developed countries. in addition to traditional limits ir BOD. 
Chemical Oxygen Demand (COD) and Total Suspended Solids (TSS) discharges, 
limitations are being introduced for toxicity and organochlorine compounds 
(AOX) discharges. 

Tht cleaner production options in bleaching, mainly applied to wood 
pulp, are basically the following: 

reduce the black liquor content in washed pulp by using ~ore 
efficient washers; 
reduce the residual lignin content of the brown pulp. This can 
be done through: extended delignification in continuous 
cooking operation; additive cooking by adding antraquinone or 
polysulphide; in-digestor displacement for batch digestor; and 
pre-bleaching with oxygen (oxygen delignification) reinforced 
or not with hydrogen peroxide; 
reduce the chlorine charge by reduction of the chlorine 
multiple; 
substitution of elementary chlorine by chlorine dioxide in 
first bleaching stage to reduce formation of the dioxins and 
furans; 
utilization of oxygen or oxygen/hydrogen peroxide reinforced 
alkali extraction; 
chlorine-free bleaching by using oxygen hydrogen peroxide and 
ozone. The final brightness of the pulp will be lower, around 
80° to g50 ISO, depending on the sequence used and p~lp 
characteristics: 
activated sludge treatment of bleaching erf1uents as well as 
aeration with oxygen; 
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All these options are being applied commercially in large mills in 
countries where discharge limits are strict. For small mills using non-wood 
raw materials, however, modification of these technologies is necessary. 
Possibilities being explored are the use of hydrostatic pressure oxygen 
reactors for bleaching straw pulp, and the utilization of enzimes to make 
lignin more accessible in bleaching and to redace chlorine charge. 

Another way to reduce discharges in bleaching is to reduce the final 
brightness of the pulp, but this will depend on the acceptance by the 
consumers of a paper with lower whitness. 

Mechanical pulping 

The BOD and COD load generated in mechanical pulping is just a 
fraction of the lead generated in chemical pulping, but equal to or higher 
than the total discharge from chemical pulping with recovery. Biological 
treatment especially for Thermo Mechanical Pulping (THP) and Chemical Thermo 
Mechanical Pulping (CTMP) is required to reduce pollution. Resins in 
wastewater from mechanical pulping are toxic and may disturb anaerobic 
biological treatment. 

Mechanical pulps are produced mainly from wood, but in countries with 
shortages of wood pulp it is produced from bagasse by mechanical treatment in 
disc refiners. This pulp is mainly used for the production of newsprint paper. 

The pulp yields i~ mechanicai processes are from 80 to 95 per cent 
depending on the amount of chemicals used for impregnation. This is one 
advantage from th~ point of view of wood consumption. However energy 
consumption in these processes is higher than in chemical processes and, if 
energy is generated by thermoelectric units, the final balance will have to 
evaluated. 

Waste paper 

Waste paper is an important raw material in paper productior. and 
especially paperboard manufacture. Waste paper is one of the most significant 
parts of post-consumer refuse yet less waste paper is 1:tilized than discarded 
as garbage. Less than 40 per cent of ~ .• ste paper is actually collected. The 
highest waste paper utilization rates i!1 fibre furnish is recorded in the 
Netherlands, the United Kingdom and Denmark, where it reached around 60 per 
cent in 1990. In Asia many countries are above 50 p~r cent and in the Republic 
of Korea about 70 per ce11t. Utilization of wast~ paper for papermaking is 
ecologically desirable, as it reduces refuse and extends the life-cycle of 
carbons in wazte paper fibres. In countries with shortage of other fibrous raw 
materials waste pa~er utilization is preventing over-cutting of forests. 
Replacement of virgin pulp by waste paper also decreases energy demand, as 
energy consumption in waste paper processing requires approximately 1.3 MWh/t 
compared to 4.2 MWht/ for bleached kraft pulp and 6.5 MWh/t for thermo 
me~hanical pulp production. 

Waste paper is used mainly in paperboard packaging and tissue paper 
manufacture, but utilization in writing and printing papers, especially 
newsprint after de-inking is increasing. 
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Waste paper is a very impvrtant raw material in developing countries. 
However. to achieve a high recovery of waste paper. collection has to be 
improved. 

Papermaking 

Discharges from papenaaking are related to water consumption, 
performance of the fibre recovery equipment, carry-over of pollutants from the 
pulp mill, efficiency of the retention of chemical additives and age of the 
machinery. Small paper mills, frequently using old second-hand machines, 
discharge large volumes of ~aste water as a result of both high water 
consumption and use of outdated machinery. 

Discharge of suspended solids is reiated to water consumption and to the 
performance of fibre recovery equipment. Closing the mill system does not 
solve the problem of soluble substances causing BOD load, but ~educed wat~r 
consumpt~on reduces discharge of suspended solids. To implement a closed mill 
system with reduced water consumption requtres good purification of white 
water and sufficiently large storage tanks. 

Savings from reduced water consumption arise as a result of the lower 
expenditure for fresh water collection and reduced costs for secondary 
effluent treatment. Ho~ever, extremely low water consumption causes corrosion 
and disturbances in the paper chemistry system due to increased content of 
ions and other undesirable substances. 

New retention and drainage aids may increase the ca~city of paper 
machines, which is at present low especially when using straw pulp. 

One possibility to improve the final brightness of the paper when using 
low brightness pulp in the stock preparation is to utilize high brightness 
filler for example calcium carbonate. This will depend on its local 
availability. By coating the paper it is also possible to improve the final 
brightness of the sheet. Coated papers, however, are more difficult to recycle. 

Energy conservation in pulp and paper manufacture 

Energy conservation is complex involving aspects such as: 
- selection of suitable equipment; 
- proper design of production line e.g. avoiding over-siziag 

of pumps, electric motors, drives, etc.; 
- optimization of energy distr.ibution; and 

avoiding losses by steam leakage and no-load running of motors, etc. 

Energy conservation will also result from the development of new processes and 
techniques with considerably lower energy demand. 

Energy is consumed in the process of removing water from the fibre 
slurry and fibre wat by filtration, suction by vacuum pressing and by drying. 
ThP. bulk of the ~nergy is consumed in dcying (70 to 80 per cent). The more 
water that is removed by hydromechanical processes (filtration, suction, 
pressing) the lower the heat demand for drying and the total energy demand, 
even if energy consumption in the wet part of the paper machine slightly 
increases. A good press section is a very important factor in energy 
r.onservation. Energy conservation in the dryin& section is also important. An 
open paper machine without a hood, or only partially enclosed and without heat 
recovery, has a substantially higher energy consumption. Different paper 
grades also !1ave different energy consumption. 
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BARRIERS 

a) Econoaic Constraints 

In a modern large scale pulp mill. plant and equipment fvr combustior. of 
pulping waste black liquor and recovery of chemicals requires about 30 per 
cent of total investment cost. Modern 'greenfield' mills spend about 20 per 
cent of total investment costs for environmental protection. These investments 
are absent in sma~.l pulp mills. To implement these cleaner production options 
would double investment costs when compared with a mill without recovery or 
biological treatment of effluents. 

The pulp and paper industry is capital inten~ive. A large pulp mill of 
200,000 to 300,000 t/a pulp will cost about US $ 340 million to US $ 450 
million. Such a mill will meet present environmental norms and will be in a 
position to adjust to even more stringent ESIO norms at the expected level by 
the year 2000. To finance such a greenfield mill in developing countries 
requires international financing. Such a mill gives less employment 
npportunities than small mills. These two barriers may prevent implementation 
of clean production options for the next 10 to 20 years. 

Internatiunal lending institutions only finance projects which meet 
their environmental guidelines. This also could be a barrier for small mills 
until new economically sound technologies for such mills can be developed. To 
close down a mill because of poor environmental performance could be a social 
problem for developing countries. A solution could be to transfer pulping 
capacity from the small pulp mills to large units with recovery systems, and 
use the small ex-pulp mills for conversion to paper. 

Cleaner production options have been developed mainly for large mills 
and scaling down results in lower efficiency of heat conservation and chemical 
recovery. It vould also increase relative investment cost per tonne of pulp. 
In China. the budget for a recovery system in a 10,000 t/a ~ill is estimated 
to be US$ 4.5 million. In many cases, small mills cannot affort such an 
in7estment. 

In some countries serious economic barriers to ESID include regulations 
perta~ning to duty on imported equipment, which for paper machinery can reach 
40 per cent. Shortage of con~ertible currency is also a limitation a~ most 
modern de-production technolog1's and equipment ha .•e lo be imported from 
Europe, North Amercia or Japan. 

Price fluctuations of chemicals such as caustic soda and chlorine may 
act against implementation of cleaner produccion options. As caustic soda 
prices increase more rapidly than chlorine, some mills have the tendency to 
reduce ca11stic soda charges thus increasing residual lignin content and using 
more chlorinP. in bleaching. 

It can be concluded that varying raw material properties in developing 
countries and high investment costs are the main barriers to ~mplementation of 
clean production options. 
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b) Technical Constraints 

In wcod pulping almost all stringent limits can be met by implementing 
modern technolofy. Howev-=r, discharges of chlorinated organic compounds from 
bleaching and maiodorous sulphur compound emissions from kraft pulping cannot 
be reduced by available technology to meet stringent ESID norms. It is 
expected that by the year 2000, bleaching discharges will be at a sustainable 
level. 

Implementation of mudified cooking and oxygen bleaching has an impact 
on the entire pulping process. Yield is lower in both cases r~sulting in a 
higher loading of the recovery boiler as the effluent from oxygen bleaching is 
recycled and burned. More steam and electricity is produced, but in oxygen 
pre-bleaching the heat cemand i5 higher as compared with conventional pulping 
and bleaching. The addi~ional investment for a new mill or a mill undergoing a 
major expansion is modest. Oxygen bleaching requires a pressurized reactor and 
additional washing equipment. It is easier to add on to an existing mill. but 
it will lead to production losses if the recovery boiler or the recausticizing 
plant are capacity bottlenecks. 

The investment costs will be affected by local mill conditions. In a 
new mill, bleaching can be reduced to three stages instead of five. If enough 
washing filters are available, costs can be reduced. If 25 to 30 per cent 
delignification is sufficient a less expensive, hydrostatic, medium 
consistency, oxygen reactor may be installed. This may be interesting for 
pre-bleaching of s~raw and ba~asse pulps as these contain less residual lignin 
and the ?leaching sequence may be reduced. Up to this time no straw or baJasse 
pulp oxygen bleaching is in operation. Another po ibility for reducing 
pollutant discharges from bleaching is adding oxygen to the first alkali 
extraction stage, which reduces colour and to some extent AOX as well as 
saving up to 40 per cent of the chlorine dioxide. Oxidative alkaline 
extraction stages can easily be made as a retrofit installation in existing 
bleach plants. Installation costs are between US $ 0.5 million to US $ 0.8 
million and pay back period is usually six to eighteen months. 

In agricJltural residues pulping (straw, bagasse), clean production 
options are more limite~ Gue to specific properties of these raw materials 
e.g. high silica content. In the next decade it will not be possible to reduce 
BOD and suspended solids discharges as dr~stically as with wood pulping. 

INITIATIVES 

Industry 

Despite the financial and technical difficulties of implementing 
cleaner production options the industry has improved its environmental recr>rd 
in many developing countries. 

The industry shnuld be further encouraged to use better pulp washing 
equipment and oxygen bleaching in straw and bagasse pulping. 
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Government 

Government has an important role to play in environmental protection 
and can bring about changes by issuing environmental standards, enforcing 
environmental measures, and by offering tax incentives or direct subsidies. 
The environ.mental guidelines should be realistically attainable to avoid 
closing down mills and generating social problems. The tax incentives and 
direct subsidies should preferably support projects with the greatest 
po~ential for minimizing environmental impact. 

Government programmes should adopt a progressive approach for existing 
mills, giving them sufficient time to attain the limits. Furthermore, they 
should support research institutions in their search for appropriate effluent 
disposal technologies. 

International co-operation 

UNIDO and FAO have supported and upgraded research centres and 
institutes in developing countries. These institutes are conducting research 
in environmental protection for example: a black liquor desilication process 
has been developed by the Central Pulp and Paper Research Institute (CPPRI), 
India, through a UNIDO project; alternatives for black liquor utilization are 
also being studied in CPPRI through a UNIDOjUNDP project; and a co-operation 
regional programme (UNIDOjUNDP) is being developed between six Asian Pulp and 
Paper Research Institutes in order to organize joint research projects, to 
facilitate technology transfer and set up a network for continuous on-going 
exchange of i..formation. 

Assistance from UNIDO in the following areas are suggested: development 
of recovery system, adaption of new pulping and bleaching technologies to 
non-wood raw materials; improvement of washing of non-wood pulp; reduction of 
fibre losses in existing mills; establishment and strengthening of R & D 
centres for development of appropriate effluent disposal technologies; energy 
and water savings in existing mills; assistance for the establishment of 
pollution control, programmes for existing and new mills; transference of 
technology between countries through Technical Co-operation between Developing 
Countries (TCDC), North-South co-operation and human resources development. 
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Alumina Industry 

Case study No. 2 

Executive Summary 
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The Alumina lndustn·: Q'l.·En:in: 

R~i"-. m~iterial for the i.:orld1.:i<k-ust:d lhll HFroult aluminium smelt inf proc.::ss 
is alumina. "'·hich is a 1o:hit•c C!"Ystalline. dustlikt' matErial con~isting m<.inh· of 
duminium oxidt:. During, the last 17 H'ars. the annu.:il amount product:d han· 
'l."aried b€t"-"EEn 30 and 37 mill;_o:1 tonnEs. On•r this samE pc::-iod th€ i~1dustn· h<>s 
shifttcd from \orth America and Eur0pe to .-\ustrali<i <ind Litin .-\mtrica .. -\s of 
1989. \.:orld1.:ide then: i..-Ere 69 aluminium plants. 1':ith 32 in de'l.·clopinf, 
countri€s. 

The shift in nroduction capacit~· to countries i.:ith large bJuxite rESEr'l."€S 
\·:ill continue. Prr.r.ticall'I.· no expansion can be t"xpected in \orth .-\merica. Europt 
or Japan <ind some of their prtsent plants may ht closed or conn~rted to producE 
non-metallurgical alumina. The rebions best suited for <'xpansion and nn: pl;;nt s 
an- in South .-\merica (Brazil :md \"enezuela). India <ind .-\ustralia. 11:here l.-;rgtc 
bauxite deposits are accompanied by abundant sources of en..:rg'I.". (h'l.·dropoi..-o:r in 
South .-\merica. coal in India. coal and natural gas in Australia). nquired for 
smelting alum~na to priman· aluminium. 

In the Bayer process. b:mxite is digested 1o:ith hot. strong.alkali solution 
(generalh· sodium iwdroxide) to form a solution of sodium aluminate. and a mud 
nsidue (commonly rf-ferred t.o as "red mud"). The am::..tmt of rEd mud \·aries beti.:ecn 
0.3 and l tonnes dry residue poer tonne of alumina depEnding on the- quality 
(chemical and mineralogical composition) of the processed bauxite. The annual 
;imount of this "'·astE produced i.:orldi..-idE \"<'iriEs bt.'t1o:t=en 30 and 40 mi 11 ion toum·-s 
(calculated as dry material) and constitutes tht: main en'l.·i ronmental hazard of the 
alumina industn·. 

Cl€antr Production Options 

3auxice Processing 

The a'l.·ailable Al,01 content of processed bauxites is 98 ::o 99 per cent and 
of this 93 to 96 per cent is obtained as product. There is verv little scope to 
further impro'l.·e these high ddds. 

l·se of C;wsc ic soda and burnt l iae 

:·lost of the caustic soda us€d bv .1lumina plant.sis bound to the silic;i 
c0ntc-nt of thf: bauxite and left in the: digc•stion nosiduc. This cannot be, san·<l 
bv conw·nt.ional mt·thods. !mpro'l."ed maint.en"1nc€· (bf'tter p.1ckinr,. immediate re-pair 
of lccaking equipment. frequent \.."ashinf, of the floor. t'tc.) can san. I or) p(·r 
cent of the caustic soda consumption. i.'idespn:ad us<· of rt:centlv denlopc~d deep 
thickeners could rr:sult. in bEttcr \·:ashing o[ the: re:d mud. 

Burnt lime can be· bc:ttc:r 11t.ilizecl. if it is of;; better qu.1lit'I.· ai1d if its 
active(;,() contc·nt. is Leached mon· c[ficicnth·. :·lodcrn plants usualh· prod11c( 
r.hc·ir o\o."n burnt limt· (this is also an acf'l.·antay,c from the· environment.al point of 
'l."ic1o:. because the: limf c.:in be- h;i11dlc<l in :i closed s\"•;tcm. 
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:\lumina plants art !hxib!l. ;1s f.:;.r <is \.:<itt.~ consumption is concerned. If 
mn:ssan: the,· c:m optr<itt \..:ith l to 1 m' of \.:atfr p£r tonne of alumina. Such 
lo1r.: consumption fif,Urt.s can onh· be- attainfd at tht c0st of a relath·eh· high 
c;;;-ital inn-stmE:nt (clostd 11.·.:;tu· circuits. etc.) and increased lll<iinteoanc(: and 
1':ork~r a,..arfness. 

The possi bi 1 it it:s for reducin~ thl. harmful E:m.-ironmental emissions 
n°sultin~ from th£- em0 rr,,· use can be founci in t":o main areas: 

(a) tht- alumin:. llktnufacturing process 
(b) the energy suppl,. S\"StEm s£·n·inh the abo\·e process 

Tht: prilll<in· ht<il rt:quiremlnt of ;tlumina plants is for calcining 
pn-cipitated h,·drate to ;;lumina. Connntion;;l rotan· kilns used :> GJ/t or more 
unt i 1 about 1960. RE cent 1 ,. a number c,f thesE han: be En reconstructed bv adding 
cvclonEs at. both ends for betru- utilization of th~· heat content of flue gases 
;;nd calcined alumina. ln this,.. .. , heat dtmand could b€ reduced to about 4 GJ/t. 
. .\t the same timt' \·arious t\·pes of stationan: l".;.;)ciners (fluid bed. fluid flash. 
g;;s suspension) ha,·e been de'l.·c-loped i.:ith heat consumption of 2.9 to 3.3 GJ/t. 
·,Ji.ore-as a number of unmodified and modified rotan· kilns still operate. and it 
ma~· bE: mon° economic to modif\· a com·entional rotary kiln than to replace it by 
a stationar•· one (E\·en though the heat sa\·ing is less in this case). it i::; most 
probable- that the on,ri.:ht:lming part of thf: calciners operating in the year 2010 
,,.-ill be of the stationan· type. This means that a 3 GJ/t primar~- heat requirement 
i s t-- x pt ct"' d in the 1 onr, - t e rm . 

Somt: 50 per cent of thl. e1£:cr de poi.:E-r required b~· the process is consumed 
b,· <:ent-rifugal pumps and about 1.7. peor cent b,· agi tat.ors of \·arious slurry tanks. 
:.\ sign1 ficant saving could bE: achien:d b,· their can:ful maintenance and operation 
cind bv appl\'ing up-to-datE ccntrol s\·stems. It is expected that the average po • .:er 
demand of thE ;;lumin,1 plants lr:o11ld drop to about .200 k·,: h/t from the present 2.JO 
f 0 100 k'~'. h/t . 

3a11xitt> r<-sidue (red mid). Dis:J()sal and F:t>-IJSt:' 

lp to no\..' ;;bout. l billion (dn·) tonnc·s of rc·d mud has b~en impoundc'd and 
this q11antitv increas;s b\· about thn:·l: to four pl.·rct-nt i:·'l.·cr~· ~-l.ar. The main 
constituents of red mu<ls ;,re mosth· in the form of non-toxic oxides and 
'>ii ic:itr.s. Fm·ironmc·nt.al probl,·ms an· c;ius<·d b\' the· large \'Olume of mud. bv thf' 
::ilk.:;li o::ontf·nt: of the liquid ph:isc, of t.hc red mud slurn· and bv thf ~aOH (',1n:.c,nt. 
f.ffort.s for rcducinh tht. nq~ati'.·t cndronment;il £·ffc·cts han" b(:en concentrated 
in t.h1' follo\.:ing arc:as: 
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(a) Rt'd mud dischargE and storaf,t': De\·dopme11t in tht: fit-ld of rtd mud h:rndl inr, 
•-.nd dispos:;l 1'.".'.is rapid ~t,.·een 1480 and 1490. Rtd mud. lt:a\·inf, tht: limits of !:ht 
alumina plant. has t\."o main forms: 

n:d mud slurn· as thE final product of multist.•ge ,.·ashing or of npHmpinr. 
<>fter filtration. Such slurn· is dumpto'd into ri\"Ers. t'Stu<>ri.-s. lar,oow. 
01· into t ht: st..t or stort:d in St-.'.il t:d .:;n;;s most 1 ,. surrounded b\· d.:;ms 
( r,ene ra l h· called •red mud ponds•). in ,·.;ill e,·s dosed b'I." dams. 
red mud filtered on prEss. drum or disc filters or concentrated in dt:Ep 
thickeners is transported to tht storah{ an,a in trucks or pumpt·d aftt-r 
.:;gitatior> (liquef\·inf;) by appropri.tte pumps. 

Storagt of filtered and pumped red mud in ponds (dn· stackinb) is tlH 
tt:chnolor."· of the 1980s. [t is man ad\·.:;ntabt:ous than tht: stor.'.if,€ of 
slurries. Stvra~-,e of filtertd or "dEep·thick£,nEd nd mud" is prt-fernd bec.-.usE 
of the nduct:d i.llOldttrt: contt.nt. 1.-.ck of r<>in.:att:r infiltration. acct-lt:r:-.ted 
a\·ailabilit'I.· for culti\·ation and reduced area n£-eded for storagL :\s compartd to 
\.."t:t disposal. the onrall projectt:d costs for dr\" disposal rem.tin marbinall\" lt:ss 
than projected costs for continued Ifft disposal and the em·ironmental impact is 
ver~ substantial}\" reduced. 

( b) :-lodif icat ions to th" alumina m.anufacturi ng process to di scha rgt: a rt:s idut: 
lt:ss harmful to the €m·ir0nment: Tht- sodium aluminium h\·drosil ic.-.tt: content of 
rt:d mud can be partial},- transformt:d to calcium aluminium h\"drosilicatE b\· the 
addition of lime during ,.;i, ious operations of the Ba\·er process or iis iin t xt r<> 
operation connectEd 1'."it~ it. :\part of thE cht:micall\" bound :\a 10 cont£-nc of tht 
red mud can he rec\·clt:d and an en\·ironmentall"· less h<trmful n°sidut: is formc-d 
,.·ith a lo•.:c-r alkali contE-nt. 

(c) l"tilization of red mud in agricultun: Rc.d mud is alkaline 1'."ith a pH y;-,Jm· 
1'."hich changes aft£or ;-, fe\." '-"e<trs. It can he usc-d for impro\·ing thE f£rtilit\" of 
.-.cidic soils. [t should not ht: appliEd to cl<t\" soils since it could le:.-.d to 
chemical imbalance. 

(d) l"tiliz.-.tion of n:d mud in industn· as .-.n .-.dditin-: :\fr\." t-x.-.mplts for th£ 
use of red mud are: 

in road construction. for incrFasinr, soil str£nr,th. 
or as basic mate.rial. 

f .)r < n1dE :wd f i_ n(; ct: rami cs. 
for m.:snufact.urinb I ir,hr cnnsr.ruc• ion an<l hf';tf insular in1; 

m;-,urials. 
for ct merit product ion. 
as fillc.r Ln the: r11bb£;r ind11strv. 
;.s pif,mu1t and for ma1111f.;-.cturinf, p;;inl s. 
for r.iM111facr11rinf, 1;.1s purif\·inr. (Lux) :n;1ss. 
;;s an ;;dsorh< nt ;;nd for m.:.nuf ;,ct uri flf, ;,dc;nd>< 111 r.. 
for the- m:1n11facturt of c.1r;1)\·sts. 
for m;,n11f.;-,ct 1:r; Hf, \\al fr p1u-i f,·i nf, .:.nd sc I I! 1 llf, <>f,t 111,., . 

. 1s .an .1ddir in to blasr f11rn.1t·cs in !ht st. 1 I 
i ~v:tu st n· . 
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(t) Complc.- \:<tstt'-fr.ct proctSSt'S for nd mud: A 1uunb1.:1· pt·o<:t0 ss~s •ii·.:· 

.:n·:1il:•blt for txtr;;ctinf, ,-:.rious mt't.:ils in the form of s.:1lts from nd mud. 
H:.lo&tn mEt:.llurf.'' h.:;.s b1.0 €n ustd for t.'Xtr<sC'tinf. r;;r·t mct.:-.ls from pn,·io11sl,· dt -
;,lk:-.l iniztd rfd mud. :\ numbtcr 0f processts intt·ndinf_ to util izt. not onh: tht 
iron content but .:•lsa otlwr ust-ful compontents {\;;,O .. .\1 20 1 • TiO,. \·,o,. r·.;c, 
mt·t.'ils) of n°d mud h:i\Y bt-fll dt\"t•lopt."d. Som£ of them m;;,· do this \,;ithout 
produ,·inr 1o.·.:-,stt•. In tta· course: ot tht: proctss. i1·on lumps. liquid iron. st<:-t.l 
:•llo"·s. sL:•f, suit<tblt· for manuf;;ctu1·in& alumin<> or· cEmtnt. ft·rtilizte1- .;nd i-.11·· 
mtt:ils c;m ht- obt;;incd.Tht. complEx 1o.·;-,ste fret proeessts of red mud proct:ssin,-_ 
hc.\·t tht disad\·anl.'.if,t- th;H th.c,· arE \"En· c-xpn1sh·€ and usual}\· rtqui n- much mo1·· 
tmrr,,· th;;n if ;ill products 1':€rt' 1D.'.id£ of tht.ir n;;t:tr.:il r;;\." IU:iterials. Tht: cxtr<i 
tn€rg"· nquind 1o:ould mf<in :.ddt:d pollution (:.cid rain. nc.) and incn;;st tht 
thrt.'.it of r.lob;il 1o.·;;rminE;. ;:ith this in mind the dumpinr, of;; nl:tt i\·c·h· h;;rmltss 
b,·-product (di>~•stion rtsidut•). EspEcial1'· if dom· in an t'm·i1·,1nmtent:d1'· 
sust:•in;;blc· m;;nner. sc-ems to be mon acct:pt;;blt. 

l·:ast<' I icuor control 

·,:;;ste liquors .srisE from o\·€rflo1o.· of tanks and .'.ilkal inE or acidic 
liquors. Elimination of th£- formt:r is lt.chnicalh· possiblt-' throubh bood 
optr.:Hinr, practice. Acidic liquors (most}\· ~astts after acidic dEaninr, ,>f 
di~t'Slt:rs. t"T<tporators) han: to be nt::utr.aliz£-d aftt•r thf' cl£:anin(; proct'ss is 
f inishcd .• 1nd th£- s.:ilt containing solut.ior. has to be pumped to tht rf'd mud pond. 

Dust cone rol 

B.-.uxi tc- dust conct:nt rations should not ~xcetd 2 m&/m'. Dust prot tct ion 
c.-.n bl'. proddt·d b\· ~t-ttinh. con·rinF, belt conn,,·ors <ind exhausting tht dust to 
coll t·ctors . 

. .\lumin:-. dust is formtd in calcininf, kilns from ~hErc- it c.an bt stp<>r.tttd 
b"· tht.' aid of c,·clonf's and Elt0 ctrost<it ic pr€cipi tators. as \-:c-l l :;s dust 
colltctors. 

Sr~ck t•aissio11 f·ontrol 

C:ont.;;rninat ion c;;used b"· stack g.:-.sc-s c<>n bt n-ducc-d b\· usinr, clc.ant r f11t Is 
(natural f,;is instt:i<l of coal and fuel oil). In some pl.1ces this is recl111ic.-dl•· 
impossiblt. in othtrs n.n· t·Xpt·nsin' . .and tht CO, probltm ir:mtld 1101 I)( 
tlimin<itt<l. Th< prop.r clt•;111ini; of th•· st:;ck f,<>s•s is ;ilso ;,n H'onomi<· prohltm. 
:111d somt solutions h;;n, still to ht foimd (t.f,. then is no solution tor 
tliminati1tf, rh, SO, c:onlf'!lt of the fluf: r,as of thl c.alci11t1·s. if "ii fir-.d). 

B;1 rr it rs 

Tccl111ical .1arr i er~ 

Tl11 111iIiz;.ri011 nf rt d m:rd b\· ot ht r i 11d11st ri ts i ~; Ii mi tcd. { t ~; n l:.r in 
hir,h \·:;.t tr cor1t t 11t comp;i1·1 <l to t ht 11;.t ur:.l r •• 1r: m:.t t l"i;,l s for bri•·ks rt<!'ii r• :; t ht 
11•.t of mon cmq·y. Its 111 ilizal ion in bl;1sr f11n1an·s I tads to ;i pnm:llirrt 1r:t;1r-
0111 of t hl i r I i 11 i llf, ht r.;111sc of I hl \;,)() co11t t nt . 
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_-\ltho11rh mn<:t ;tJ111nin•1 pi;;r;ts (-xtr:ict pr;;ctic;ilh· ;;ll tht. ;1\·;;il:;blt .\i -0 

c·,mtull ot pr,w.-ssl<l L:;uxitt. somt oldlT "fits . .-sp•ci:dh· in dtn lnpi11.~. 
r·111mtnts. lt-;1\·t- up to lO·L) ptrct-nt 1111dif.tStt-d. ,\ mon comphtt dir,tstion U•1ild 
nq11in- l)(tttr f;,cilitits (suit<.blt for <ipplicc;tion of c. hif,ht-1· .jj~:,sri1111 
r1mptr:d11n) :;mi ID'•rt sophi~tic:iltd proctss control. Both in\·oh·t hirh c:qJi:;.J 
c-o1sts (rs$ 10 :n 100 million d.cp.-11din!~ 011 tht c<ip:;cit,· of th• pLmt 

Tl1t I ul l sc;d t- ru.I i z:tt ion of ;rn\· ot 
m11<l \·:011ld incr.c:ist tht c.'tpit;;l costs of <>n 
Tht t xi r;,ct ion ,,-j t l d rm ;; i 111ni n;; ( ;,nd th< 

co1nplf·X \."<tStt.-fnt proctsst-s for nd 
:-ii 11mi11a pl;;nt b\· ;; facroc of '• to (, 
;;lumin;; pl:,nt 's c;;p;;cir ... ·) could bt· 

incrt<iStd t}\· somt 10 ro 11 pt-r cu1t ;,nd its caustic sod<1 co11sumptio11 co11ld b~ 
rtd1a·(d In· 10 to /0 pt.r crnt. Hm:t.\·Er. thE \·;1lute of tht 1;.,,·-prod11cts (stet!. 
ct·mc111. etc) \·:ould onh· bt in tht S.'imt· or·dt'r of m:tr.11it11dc :ts th.-11 of thl .'-t)11mir::, 
i<Stll. Tht. t-rnrr.'· consumption of th• co1nplt·x proetsst_s ~:ould ht t)\· ;, f;,ctnc ol 
~ to J hi.r,hcc th;;n th.'tt of tht· Ban,-r process . 

. \s st;;!t·d ;1bon"'. tht:n is considtr<ib)<: poltnti.-d f<>c £m-rry 
consll·\·.-,tion. :-lost of the sa\·ing m£-asun-s. hol:c\·t-r. nq11in );,rf,t c.-~pit;;l 
irnt o;tmtnl. For c.;amplt. ht-<.t t-xchanr;crs cost millions of CS doll.-1rs f;,r mtdium­
sizf <.l11mi.n:-1 pl~illts. F.m-r~ ... - t'fficic:nt processors dl\Tlop.-d b,- sornt m;,jor 
:i111minium p1-oci•_•ctrs ;,n onl...- ;;\·:-,il:tblc- for •:s 1 to 2 million. 

:·-:oc i :d .-md :•rt i l 11d i rw l b2rr i t'r·s 

Sir.nifie;;nt impron,rntnts in '-"itcld c.-.n b<· <>tt<Jimd bv bc!tt:r optr:.tinf. 
ltd111iqu1:s i11voh·inf, morf' frtcquo1t d1tmic.,J a11:,J ... ·sls. Tht \-:orkforcl must h, 
'ncon1-:1f,ld to apph· impr<•Vt-d ~:0rk mu hods t-spl.ci;;lh· Jabor;;ton· pt:rs0nnt-I. 
-,:l1<rt· lhl l;;bor.-.tor"· is no! dirt-cth· 1mdtr plant man<Jgtmt'nt. thtrt- is ottf-11 
i 1:<;11! f i c i c nt q11:1 Ii t ,. e0nt rol . 

SimiLil·h·. !he use of L11rnt lime for nci!lcinr, caustic Sf)d:; losses (mud 
c;,11~.;ticizinf,. complex c;;usticizinf,. ll<.) nqui1·cs spcci;,l optr:.ti11f, :.11d 
.• n:d\·ric;,j :ilttnti1Jn. Tht proccssc·s iir<- 11s11.1lJ,- profir.-,b)( onh· ~.-irhin;; n:.rrn~; 
r:mhl. Jns11fficilnt :1mounts of liml do not h:1\"C th,- cxpcctt·d ffftct. roo mw·h m:1,­
c:i11st 1_x1r:; ;.Jwnin•• losscs. Rtluct;;rn·( to pa'-· thl- r(quind :itltntion t(I !host 
pHictssts (t:;pcci•,Jh· durin,F, the ;;ftt-rnoo11 ••lid nit;ht shifts) <';-;11 r11dlif\· .. JI 
P'•sili\1 n•;11Jt~ of tht c.-.usticizinr.-

()11itt 0!1111 soci:,) f,;,ri-il·rs prn:tnt :.J11min;; pl;;r.t imprrJ\·tmrnts. :lodcrn 
1 i ml b11nii II(~ t ;-,c i Ii Ii f s. t \"l 11 \·:h1.c re t·ronomi c c.on~ i ck r;il i 011s s11ppor: 1 !1t 
i 11\·t sr mt 111 . c:1n1101 bt st I 11p bl c;,11st <• numb< r of i ndc p<·nch nt sm:-.1 I Ii m< - b11rni !If, 
pL;11r:-. \·:011lcl r.o h:rnkr11pt and rhlir tmplo\"Ccs lo~.c tl11ir i'>b~ .. 

!lli.'-1.!~ I n· [ 11 i I i ;,r i \"< ~ 

Tr:.d1 :1•.soc i .-.r inns of I h< b:111x i I</;;) 11mi n:;/;;J umi ni 11111 i 11d11s1 ri < ~; 1 i kl I ft\ 
(11111 r11.i1 ion;,] P,;,11-.;itt _.\~;soci .. tio11) :.11<1 11'.-\I (inll n..-.r io11;.J Prim:1f\ _\l11mi11i11m 
fr1•;1 i111r1) t·;;n p);,,· ;, ~;if.nil ic;,nt rcdt in lht txch:1n,r,l of inform;if io11 <1monr. 1111 
prcal11n 1·!-.. i II<" I 11d i llf, t ht fit I <l c.f po I 1111 i 011 ;, h;, 11 mt Ill ;.r1cl c II\' i n111mc 111 ;, I 
p1n11<·1rri11. JP,\'<; ()11;1rt1rl\· \<•:~;quill oflln c;,rri<~; :1rticl1•; df;ilini •:irh 
1 11\-j ro111n1 rir :, I prol>l t ms. 
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TherE is also significant potential for dissemination of infot·m;H ion. 
transfer ot kno,.:-hoi.: .:md tt:chnolog~· from the major aluminum comp<inif.'s to their 
subsidiariEs i.n dE\"Eloping countries. 

Con,rnment intitiatives 

Dt:n;loping countries r<>rely adopt strict limits for industrial pollution 
through lack of information and partlv to attract industrial projt:cts. \>"hi !"h 
11:ould bt mort expensi\·e in dt'\·eloped countrits through meeting en\·ironmental 
recommendations. A number of de'\·eloping countries has al read\· started to considt-r 
tnb1~.tires for reduction of pollution caused by ·.-arious industries and among thtm 
alumina plants •ill also ha\·e to compl\·. 

The full impact of suddtnly introducing n:ry strict rules for e\·ery 
aspect of their operation (bauxite mining. red mud disposal. stack g;,;;es. 
t-ffluents. etc.) could bring these plants to a halt. especially during periods. 
Khen the price of alumina is lm;. This seems to be the case at present :>nd for 
the next j to 6 vears. Such action could lead to the sudden loss of hundreds or 
eYen thousands of jobs. In th·; case of setting up net.: plants (ll:hich 1>:i ! 1 not 
occur too often during this decade) or significant expansion of old ones the 
strateg\· should be to recommend em-irorunental rules pre\·ailing in the dfl·eloped 
countries .. .\ cooapromise for e}:panded 'Jld plants could be an ag,rt:ement that an\'" 
pollutant emissions should not increase. 

Conclusions 

The most prom1s1ng 11:ays of reducing the negati'\-e environmental impact of 
the alumina industry are the folloi.-ing: 

(a) Reduction of the amount of natural resources (prim;irily energv) consumed 
per unit amount of alumina manufactured. 

(b) Reduction cf the residual discharges (effluents. dust. stack gases) per 
unit amount of alumina manufRctured. 

(c) Environmentally sustainable discharge and storage of digestion residue 
(drv stacking of red mud). reculti\·ation of the fill£:d-up storage an-as. 

The abon' can be realized b\· 

(a) bt'f.l(er operational and mainttn:ince· practices (e.g. pre\·enting lE.-.-;kar,c-s. 
proper hf:at insulation. maint<sining the pn·scribc'<I paramceters of tht 
procl·ss. etc.). 

(b) f·conomicallv n'asonablt· me«suru; for cffici('nt nsr,11rn· 
utilization. pollution control <and 11.·;,st.(' disposal (<·.g. incrt'«si11r, th<· 
number and siu· of he:.1t exchanr,ers. t.:ashinr, st;igr·s. c·tc.) . • 1nd 

(c) muisun's necr.ssar,· to mr,t·t H1\·ironi11c11tal rcquin:mn1t.s co11formin1; 
~.-irh th1· f,('nt··ric F.:,ID norms (e.g. installinr, dust collc·ctors. 
scrubbt'rs. dust filt<'rs. red mud filters or ck1p thkk(ntrs. 
re cult ivat.ing minf'd-0111 ;1reas and fillt·d-up mud dispos;il :1n:as. <le.) 

c··vcn if cost.Iv. 
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Biotechnology research 
in Trieste and New Delhi 

The International Centre for Genetic En­
gineering and Biotechnology in Trieste, Italy, 
and in New Delhi, India, carries out ad­
vanced research in biotechnology specially 
directed at the needs of developing countries 
and spreads its competence through fellow­
ships and training programmes. 

The Centre is funded as a special UNIOO 
project but is due to become a separate inter­
national institution very soon, when a suffi­
cient number of member countries have 
ratified its statutt>'5. 

Biotechnology is seen as one of the mainstays 
of the technological innovations necessary in 
order to achieve sustainable development. 
Not only does it offer a huge potential for 
alternative, non-polluting processes, it can 
also supply new and more effective ways to 
combat pollution and environmental 
degradation. Access to such new tech­
nologies for developing countries is vital, 
and the ICGEB programme represents an 
effort to ensure the global dissemination of 
biotechnological tools and knowhow. 

But genetically altered material needs to be 
strictly controlled and competently handled. 
If it escapes into fragile ecosystems, it may 
alter delicate balances. Therefore, UNIDO 
has collaborated with UNEP, WHO and FAO 
in the development of a Voluntary Code of 
Conduct for the Rt'least' of Or~anisms into tire 
£m1ironment. 
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Leather Industry 

Case Study No. 3 

Executive s~ry 
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INTRODUCTION 

The tanning industry is known to be very polluting especially through 
effluents high in organic and inorganic di~sol ved and suspended solids content 
accompanied by propensities for high oxygen demand ~nd containing ptoentially 
toxic metal salt resi1ues. Disagreeable odour emanating from th~ 

decomposition of protein solid waste, prese;nce of hydrogen sulphide, unmonia 
and ~olatile orga~i~ compounds are normally associat~d with tanning 
activities. 

The change of flow of international trade in raw wateriai and the 
substantial relocation of l•:!ather production from the developed ~o the 
deVlLOping countries occurrerl bet~een the 1960s and the 1980s. In effect this 
moved the most highly polluting wet processing away from developed countries 
at a time when environ::ental regulations were beginning to bite in terms of 
cost of effluent treat~ent installations end operation. In many developing 
countries regulations w~re non-ex~stent, or if they did exist, they were not 
strictly imposed. This undesirable situation in developing countries is now 
changing. 

CLEANER P~ODUCTION OPTIONS 

Water conservation 

Water conservation measures lead to lower invest;nent and oper.'tting 
costs. If such a policy is allied to the development of cleaner process 
technology with the recycling and the recharging cf process liquors and the 
reuse of wastewaters where their influence on earlier processes is innocuous 
or even moderately beneficial, then there will also be a reduction in the 
environmental impact of the reduced volumes of liquid, semi-solid and vapour 
wastes that are emitted. 

Modern processing vessels are designed to permit savings in water and 
chemical usage through their design and inter~al structure and through the 
incorporation of controllable drainage and recycling syst~ms and automated 
chemical dosing and injection syscems. Manufacturers of such equipment claim 
that savings in che~ical costs soon cover the cost of these vessels. 

Curing hides and skins 

In developed countries hides and skins are either sprinkled with 30 to 
50 per cent salt on raw (green) weight or they are brine cured by immersion 
in an agitated saturated salt solution which is maintained at a specified 
specific gravity in a raceway. In developing countries salt is often too 
expensive a commodity. Cun trolled shade drying is the usual method of 
preservation. Dried hides and skins a.r-e often dusted with insecticide. 
Derivatives of chlorinated aromdtic hydrocarbons persist in wastes 3nd are 
t0xic to the environment. Th~y are now prohibited in most European countries. 
Arsenic and 1uercury based inse;cc.i..:ides are either banned or severely 
restricted and listed in the Internat.i anal RegL;ter of Potentially Toxic 
Chemicals (IRPTC). 

Where a tannery is closP. to a large abattoir, green hides can be 
transferred to process without the necessit·1 of temporary preservation. 
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Alternatively. it is possible to chill hides and thereby preserve them without 
salt for a few days. It is also pQiSsible to preserve raw material for several 
weeks after irradiation by electron beam or gamma rays. The latter two 
physical methods are not widely practised. 

For developing countries the recommendation is the use of reduced 
qua~tities of salt. An application of 15 per cent will still provide six 
weeks preservation. while 5 p~r cent salt plus biocide can give two months 
preservation. For expor~ing, no long term pr~serv<>tion exists other than 
drying. Therefore the recommendation is shade drying and sprinkling with the 
insecticide pybuthrine. 

The advantages of low waste preservation are the reduction of salt 
entering wast~waters from 150 to ZOO kg/t down to 20 to 80 kg/t of hide and 
the absence of toxic insecticides and biocides. But the improvements are at 
the expense of the reduced tffectiveness of preservation, the higher cost of 
innocuous insecticides and biocides and the need for rapid transportation. 

Beamhouse processes 

Ovtr 80 per cent of the organic pollution load in 8005 terms emanates 
from the beamhcuse; much of it is from degraded hide/skin and hair matter. The 
beamhouse is the source of all non-limed and limed solid wastes such as 
fleshings, trimmings and waste split. 

In order to prevent degraded keratin from entering effluent streams, 
hair-saving mtthods are recommended. This can be done in pits or paddles 
using less sodium sulphide and mending the liquors instead of disposing of 
them. Careful analytical control is essential. Removal of hair is then 
performed by machine. 

A drum or paddle process can be adopted using 100 to 200 per cent water 
and no more than 3.5 g/l sodium sulphide. The hair separates from the stock 
in solution. thereby avoiding a machine process and the hair is then filtered 
out by screening. 

A succession of baths constitutes the 'Sirolime' process; firstly sodium 
hydrosulphide to loosen the hair, then sodium chlorate to oxidize the sulphide 
and finally lime to release the hair into the bath for filtering out. 

Throughfeed systems spraying sodium sulphide and other chemicals have 
not gained wide acceptance, although the repeated ust of solutions prevents 
high COD content in wastewaters. 

Unhairing/liming liquors can be recycled after recharging, but swelling 
tends to reduce with successive cycles and so the fibre structure is 
insufficiently opened up. Measures such as acidification to pH 4, 
precipitation and separation of organic matter, collecting of hydrogen 
sulphide and reabsorption in caustic soda have been tried, but a be~ter method 
is the separation of unhairing and liming. 

In this method the sulphide unhairing liquor is recharged after 
filtration. The pelt is thoroughly wa~hed and the waste wash liquor used for 
soaking hides. The pelt is limed with an addition of 0.1 to 0.3 per cent 
sodium hydroxide to control the swelling. This lime liquor can be reused 
after recharging. Over a 20 day period, sulphide can be reduced by 80 per 
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cent. lime by 93 per cent. COD bv 17 per cent and BOD5 bv 15 per cent in the 
wastewater compared with conventional liiqi.ng. 

Sulphide-free processing is possible but not widely practised. The most 
promising method is enzyme unhairing using proteolytic enzymes. For skins 
this can be accomplished overnight. but for hides it requires 1-2 days and is 
usually only 80 to 90 per cent effective, requiring a liming with sodium 
sulphide for 4 to 6 h afterwards. In any event. liming must follow enzyme 
unhairing in order to swell the pelt. Lime liquors can be recycled and all 
hair is retained. 

The latest development in this field is the pressure injection of enzym~ 
solution. This technology is still at an early stage. 

For develoi:·ing cou1• ~:.:-ies the recommendation for hides is the separation 
of unhairing and liming stages. Both liquors can be recharged and hair 
screened out. The intermediate wash can be reused as a soak liquor. Enzyme 
methods could be developed for skins. The clear advantages are reduced 
pollution loac and reduced use of chemicals. The organic load emanating from 
the beamhouse can be reduced by 60 per cent. The use of enzymes can lead to 
the production of leather with cleaner and finer grains with less grain 
shrinkage. The commercialization of hair as a by-product offers ~ potential 
economic return. But all this has to be balanced with the need for 
recirculation equi.pment. s~reens, unhairing machines. the greater cost of 
specialty chemicals (especially enzymes), the capital, maintenance and 
technical control costs and the longer process times enforcing the capital 
cost of more work in process. 

Tanyard Processes 

Low chrome systems using only 5 to 6 per cent chromium sulphate require 
a pretannage. possibly using an aluminium salt. This approach has the 
advantage of producing a pretanned leather in a wet white condition rather 
than wet blue. In this condition the leather can be split and shaved, thereby 
eliminating chrome from waste split and shavings. The leather can be stored 
in this condition for up to six months and can be traded as a semi-processed 
l~ather. Aluminil.lLI in fffluent and solid wastes. however, is not without its 
problems as aluminium is known to be more poisonous to aquatic life that 
trivalent and even hexavalent chromiums under certain conditions. 

High exhaustion systems or reuse (recovery and recycle) systems are 
probably more realistic that thP- change to alternative tanning materials. 

The principal concern is that, in the environment, trivalent chromium 
will oxidise into it~ hexavalent form. If such oxidation occurs under natural 
conditions it is reversible. 

Alternative mineral salts such as aluminium. zirconium. titanium and 
iron ~re possible substitutes for chromium salts. Basic aluminium chlorides, 
sodium aluminium silicates and zirconium sulphates have definite value as 
retanning materials at the stage, following the main tannage, when different 
tanning materials are applied in order to confer the desired final character 
to the leather. 

High chrome exhaustion systems coupled with a reuse system offers the 
best route t0 reducing the pollution load from the tanyard. 
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The obvious aovantages of these process modifications and reuse svstems 
are increased utilization of chromium and a consequent saving on chemical 
costs and effluent treatment cost. Thoe drawbacks are the expenditure on 
sophisticated chemicals, special equipment for screening. filtering. 
precipitation and c:..:cculation and monitoring equipment for ~recise technical 
control. 

Recommendations concerning chrome tannage for the future could be for 
a replacement of ch=ome at least in the first phase of tanning. 

Alternative vegetable tanning methods are closed systems which ensure 
high utilization of material. The 'Liritan' process developed in South Africa 
consists of a pit pretannage for two days using polyphosphate and sulphuric 
acid until penetrated, followed by a pit pretanncge for two days in weak veg 
liquor, followed by thre~ days in a counter current system at 35°C and then 
finishing off in a drum at 40°C with a 45 per cent tan offer. This process 
takes 12 days and utilizes 97 per cent of the tan applied. 

The advantages of such processes are high chemical uptake. low pollution 
load, uniform penetration of the veg tan and shortened process time with 
consequent financial efficiency. Again, a disadvantage is the necessity of 
careful technical control. 

Finishiug 

Conventional finishing comprises all or a selection of the following: 
colour spray, applying colour to undyed leather or adjustment to the dyed 
colour of leather using dye dissolved in solvent: grain impregnation with a 
polymeric dispersion diluted in sol vent to penetrate and improve the firm.1ess 
and smoothness of the surface - acrylates are most commonly used; base coat. 
consisting of a polyacrylate. polybutadiene or polyurethane binder with 
pigments and auxiliaries to ensure good surface colour and adhesion; if the 
leather is semi-aniline an effect colour is sprayed; final coat, consisting 
of a nitrocellulose or polyurethane lacque~. 

There is a need to eliminate hazardous crosslinking agents used to 
improve abrasion and rub resistances in acrylic and polyurethane dispersions. 

It would be quite feasible for tanneries in developing countries to 
apply aqueo~s finish~s for base and middle finish coats and to apply aqueous 
nitrocellulose with polyurethane or polyacrylate top coats_ Environment­
friendly crosslinking agents or self-crosslinking reactive polymers could also 
be incorporated. Poll coating does not offer insurmountable technical 
problems. Benefits are felt from the reduction of VOCs in the wo~kplace and 
financial savings accrue from the adoption of roll coating. The disadvantages 
are highe~ chemical costs and changes in the physical properties of finishes. 
which can be compensated hy judicious reformulation of finishes. 

BARRIERS 

Economic barriers 

The cost of introducing a cleaner processing method may be prohibitiv~ 
and beyond the reach of a small •cale tanner: the pr~ce of the special drum 
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for hair save unhairing with the necessary auxiliarv equipment may be as much 
as twice that of the conventional drum. Enzvme unhairing needs very accurate 
control and consistency of all parameters (pH. temperature. float. etc.) which 
is possible to achieve only in rather sophisticated tanneries and is 
associated with higher production costs (partly off-set by lower wastewater 
treatment expenses). High chrome exhaustion tanning requires very expensive 
specialty chemicals, normally proprietary products. 

In the industrialized countries the leather industry has had to suffer 
economic constraints but these are not as onerous as in c!Pveloping countries. 
Interest rates on borrowed capital are frequently much higher. As the 
industry has advanced to greater production of finished leather. the amount 
of capital tied up in work-in-progress has increased along with the necessity 
to keep higher inventories of chemicals, machinery spares, etc. Because of 
problems with poor infrastructure in many developing countries, the tanneries 
have always kept higher stocks of chemicals than their counterparts· in 
developed counr- ~ies, against the contingency of d~lays in deli very from 
ports. Anothe· disadvantage is the imposition of import duties on chemic~ls 
and machinery. Few specialty chemicals for tanning are produced in developing 
countries. although basic chemicals such as sal:, lime, sulph•.iric acid, soc:'imn 
sulphate 0r sodium carbonate n.ay be available indigenously. Most tanning 
materials, ~yes, fat liquors, special auxiliaries and finishes need to be 
imported. Duties depend on government policy and they can range from zero 
to over 100 per cent. 

Cost of plant and chemicals for treating effluent can ~e another heavy 
cost. ',Jhile tanners in developing countries may be shielded from raw material 
market fluctuc:tLms through market protection policies and while they may 
benefit from fiscal incentives in thei;· operation. tanners in developed 
countries do not need to carry high inventories nor do t .ey suffer the of ten 
inordinately high cost of capital or the inflation rates of many developing 
co.mtrics. 

Thus relative advantages in the various locii of manufacturing may 
balance out. Tanners in developed countries have either invested in Effluent 
treatment or opted to concentrate on processing semi-processed material 
purchased domestically or from abroad. Translated into dollars per square 
foot the on-cost of efflu~nt treatment in 1987 in the following countries 
was:-

Hungary 2.8 ~.) cents per ft 2 

Italy 7. 7 - 10.3 cents per ft2 
U.K. 8.3 - 10.0 cents per ft2 
Germany 8.1 - 10.0 cents per ft 2 

Initial treatment costs may not result in this level of OP-cost in 
developing countries. but as standards become more stringent they will 
inevitably increase. Such additional cost could tip thG economic balance in 
favour of processing in developed countries. In fact some developing countries 
already import wet blue and crust leathers from specially developed plants in 
developed countries. 

(I ft 
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Inadequate legislation and lack of 11<>nitoring facilities 

Pollutant discharge standards in most developing countries are by nature 
rigid and have a disregard for specific site conditions. Instead of a gradual 
approach as called for which would phase installation of treatment facilitie3 
(fvc example the physico-chemical first followed by the biological treatment 
and appropriate sludge handling) a tanner is under pressure to set up a 
complete treatment system and meet all discharge limitations at once which is 
beyond his financial and technical means. 

In addition to the regular process and quality control, tannery 
laboratories must be able to measure the following specific pollution 
parameters: pH, suspended solids, total dissolved solids, sulphide. ammonia 
nitrogen, chromium, aluminium, phenols, VOCs and CODs; larger plants should 
also be able to measure the biochemical oxygen demand (BOD5 ) and thus 
establish the ratio of COD to BOD5 which can be used as an indicator of 
biodegradability. 

However. very few tanners have the necessary process and effluent 
treacment control facilities and legislation enforcement agencies usually lack 
skilled personnel to monitor performance of the installed treatment plants. 

Social considerations 

Tanning is a traditional industry. In many dev1;loping countries it is 
carried out by a certain sector of society. Sim!='lY tanned leathers are 
produced for local craftsmen to manufacture into leather products for local 
markets. Methods of tanning and fabrication of eoods are far removed from 
modern methods. Such segments of society are difficult to bring within the 
modern framework of production and emission control. Governments often feel 
inhibited in dee-ling with such problems because of the social and even 
political upheaval that would occur. The problem is further exacerbated in 
some countri~s where tanners are traditionally regarded as socially inferior 
because of the nature of their work. These groups, because of traditional 
discrimination, have amassed considerable political privileges. Consequently 
there are difficulties in altering t~e 5tructure of artisan industry. 

The adoption of low wa~te technology often requires a radical alteration 
of most tannery processes while, at the same time, ensuring that the ultimate 
product retains its mar ; able properties. Therefore j f a tanner is producing 
consistent quality of leather which satisfies his customers using a process 
which may be wasteful in water, energy and chemical utilization, he may resist 
altering his operations to romply with environmental demands. 

Industrialized tanners in some developing countries, who face the 
enforcement of emission regulations, are in some instances contracting their 
wet work processing to art:isan tanners who contim•e to operate without 
restrictions. 

Industry initiatives 

Tann~rs in developing countries can begin by adopting good housekeeping 
measures which require little or no capital investment. such as water 
conservation at all stages of wet processing. Savings in chemica:s by 
introducing reuse-recovery-recycle systems can pay for the simple equipme~t 
needed to run them, such as coll~ction pits, pipes and pumps. Tanners in 
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de\·eloping countries c3n reduce the pollution load bv oursuing low waste 
technologies. This will. in effect reduce the amount of capitc>l i:n;estment 
that will be r~quired in the treatment of effluent through a reduction in the 
size of tacility needed_ By limiting pollutants in the streams. the 
quantities of effluent treatment chemicals will be commensurately limited. 
Tanneries should also maximize their returns on residues from sludge and solid 
loastes: im.estigating the feasibility of extracting n:ethane. saving r;air for 
conversion into felt: turning waste split and untanned trimmings into 
gelatine. prot2in powders and collagen for sausage casings an1 medical and 
surgical films: turniug fleshings into glue. animal feed protein and 
fertilizers and tanned waste into leatherboard. filter media. non-wovens and 
other end uses. By commercializing solid wastes. the cost of effluent 
treatment can. to some extent. be covered. 

Conventional tanneries should be expected to tighten-up on the accuracy 
of their operations to prevent wasting resources. chemicals and water and to 
avoid these becoming sources of pollution: introduction of modern production 
control systems should be encouraged_ 

Biogas can be recovered by the a~aerobic digestion of sludge. 
Biomethanization reduces the volume of the sludge and improves its stability 
and thereby yields a material more acceptable to landfill. However. owing to 
the presence of some toxic and corrosive components the biogas produced has 
to be purified before use_ 

Sol id wastes can be a useful source of chemicals and protein_ For 
instance it is possible to recover ch~omium from chrome leather shavings and 
waste by enzymatic hydrolysis. Leatherboard can be produced from vegetable 
tanned shaving and trimmings_ It is also possible to use chrome tanned waste. 
although the quali~y of the leatherjoard is not as high. 

Untanned trimmings have lonr been a traditional source of gelatin and 
untanned fleshings. a source of glue. Tallow and grease can be obtained from 
fleshings by rendering. Perhaps the most interesting developments in recent 
years have been those that ha\·..: highlighted the possibility of proriucing 
protein suitable for aniwal and fish feeds from solic' wastes. They can be 
used alone or in combination with sn)a and/or synthetic amino acids to 
supplement the deficiencies in c0llagen. 

Flesh splits can be converted into collagen sausage casings_ Collagen 
dispersions can be coagulated wi ti natural and synthetic rubber j at ices t0 
~~ve low density rubber shoe soling material. Collagen can be i~~orporated 

in coating materials. in pharmaceutical applications. as an absorbant materi;;.l 
for filtering sulphur dioxide and other air pollutants. Protein 1.ydrolysates 
can be applie<l in the manufacture of cosmetics. They can 1lso revert to the 
leath~r industry. bting incorµorated at the pretanning stage and contributing 
to the ~ubsequent better uptake of tanning m~terial3. 

Work on al~~rnative uses of collagen is being carried nut in several 
countries and points to the serious concern of makinp, practiral aPd c0mmercial 
use of chemicals, fats and protein that would otherwise be wasted through 
dumped trimmings. shavjngs and wE-te split. 

A phased approach to instal I ing effluent treatm~~~ plants, i.e. physico­
chemical (primary) followed hy biolop,ical (sE-:cor1dary) trn?.tment optimizecl on 
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the basis of actJal i;erformance of the primarv svstem is consideced 
advantageous. 

Joint effluPnt treatment plants are very often the best solution for 
tannery clusters (as a rule consisting of small and medium-scale type units) 
so typical for this region: comb~ned with domestic 'l•aste they offer technical 
ad\·antages with an economy of sca:;.e. However. in \•iew of the lack of 
experience in designing and operating such systems. the installation of 
demonstration plants. preferably on an industrial scale. is very much needed. 

Information and trairing programmes have to facil:tate a better 
understanding of the linkage between production and treatment, monitoring of 
equipment in the case of breakdowns and the changes of effluent composition 
as well as handling of hazardous chemicals and by-products. 

Advanced treatment systems can be tail'.lred to specific circumstances and 
the quality of effluent required. These systems are expensive and require 
expert control. It is advisable to alter processes and chemicals utiiized and 
thereby a\•oid t.he costly sophistication of such methods as: 

high performancP aeration 
nitrification/denitrification 
high efficiency fEtration 
carbon fiitration to remove pesticides 

and other organic materials 
reverse osmosis (to reclaim water). 

Inevitably there must be effluent requiring treatment and this must 
comply with local regulations on emissions. It should also be stressed that 
every tanner's emission problems are individual, there is no standard tannery 
effluent. This reflects both the great diversity of leather production and 
the fact that the raw material itself is not uniform. Thus every tannery's 
effluent treatment requirements need to be evaluated individually. not only 
according to the processes being employed and the type of raw material being 
processed, but al~o according to the location of the tannery, the volumes of 
water being used and emitted and the direction of the emissions (surface 
waters, sewers etc.). 

In the future the search wil 1 proceed for tanning materials that can 
realistically replace chromium, unhairing systems that are efficient and do 
not rely on sulphjdes, deliming methods that do not require ammonium salts and 
vast reductions in emission of voes through elimination of sol vents in 
fishing. 

International Co-operation 

The need for an easily accessible source of information on clean 
technologies i~spired the British Leather Confederation, which provides the 
Secretariat for the International Union of Leather Technologists and Chemists' 
Envircn111ent anc' IJaste Commission to gather information in co-operation with 
six otl!er leatr.1~r rese.-irch institutes. The work i-". dependent upon the 
development of a network of co-operation and support, involving tanners, 
industrial resParch centres. indus·ry s•.Jppliers. the Government and other 
a,>~enci(>S (e.g. the European Commis~:.on und. r the SPRit-:T programme, the United 
Nat ion:-. Environment Programme etc.) and ind•; pendent le.<ither expects. T;mne.~s 



- 254 -

through their trade or R & D associations in de\·eloping countries would be 
wise tn become im·oh·ed with this programme. 

The main objecti\·e is to set up a practically useful system to enable 
the tanner to easily short} ist appropriate technologies for his requirements 
from the database. For the prGctising tanner there is a wor!~ of difference 
between results claimed by ~n R & D centte or a chemical supplier and what 
happens in reality. ~ot only may the technology be suspect. but differences 
in the costs of chemicals and/or energy can have a significant impact on 
process economies in different countries. 1his aspect is particularly 
relevant as regu~atory agencies. or consultants working for them frequently 
scour the technical literature without ascertaining the true status of the 
technology they ma~· be imposing. 

It is considered most important that the database sh~uld not just be a 
bibliographic source cf information but should be of immed~ate practical use. 
quantifying. wherever possible, the reduction in pollution achievable by clean 
technology. listing any disadvantages and, aho-.!e al1. ehring ."In indil'."ation of 
its present level of development and extent of use, since systenas inevitably 
range from those just at the research and dev~lopment stage to well 
established technologies in widespread use. 

Co-operation between government and industry and involvement of R & D 
organisatinr.s from developed countries in environmental projects carried out 
in developing countries could be evolved in many countries. given the 
willingness for co-operation between industry and governments and the 
financial help and incentives from the Government. 

UNIDO's role 

During the last few years pollution control has taken a ve~y prominent 
role in UNI DO' s technical assistance to the leather and leatlter proJ•1cts 
indust:ry so that at present there is virtually no project in the tanning 
f.(.Ctor without an environmental component. 

As a rul2. cleaner and low waste technoi0gy and ~r.d-of-pipe treatment 
; ssues are simultaneously addressed. Advice in defining. monitoring and 
enfor..:ement of emissio11 standards is also given as required. 

Assistance is extended both to i.1dividual industrial plants or 
agglomerations of tanneries and t:o leather R & D establishments. As a matter 
of pol icy, any assistance to leather R & D and training ~entres includes 
installation of a pilot: .nd demonstration plant for treatIOent of tannery 
't.'astes as l'ntil recently none of the centres in dev£-loping countries had such 
L:i'~ilities. They are f,r:.couraged to expaad pollution control component in thei::­
tra1n1ng programmes and strengthen their capabilitie::. in designing tannery 
eff111ent treatment plants. 

Dis!:>emination of information on .:nvironmental protection is another 
important ar£-a of UNTDO activities in the leath~r sector. 
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Phosphate Fertilizers 

Case stµdy No. 4 

Executive Summary 
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I. OVERVIEW 

Todav. the world's phosphate fertilizer industry produces about 41 million 
tonnes of P20 5 annually not including that used for animal feed supplements (about 
1.8 million tonnes P20 5 ) and other industrial purposes (about 2 million tonnes 
P205 ). Almost 40% of the current annual production of approximately 41 million 
tonnes P205 as finished products is in the form of ammonium phosphates (OAP and 
MAP). and a further 13% is p:roduced as TSP. This production accounts for 
approximately 83% of the phosphoric acid used in fertilizer production. These data 
for 1988 are summarized below. 

Percent of 
Product Type P205 Total P205 

(thousand tonnes) 

OAP!jMAP2 

TSP1 

Phosphoric acid-based NPKs' 
Nitric acid-based NPKs 
SSP5 

OL1er phosphate fertilizers 
Lirect application phosphate 

t"ock 
Basic slag 

TOTAL• 

16,235 
5.507 
4.338 
3,879 
7.083 
2,888 

1,310 
205 

41,445 

a. Totals may not add due to rounding. 

(1) Oiammonium Phosphate (OAP) 
(2) Monoammonium Phosphate <MAP) 
(3) Triple Superphosphate (TSP) 
(4) Nitrogen Phosphate Potassiu:: (NPK) 
(5) Single Superphosphate (SSP) 

39.2 
13.3 
10.5 
9.4 

17.1 
7.0 

3.2 
0.5 

100.0 

Percent of 
Total Phosphoric 
Acid Use 

62.2 
21. l 

16.6 

100.0 

Two-thirds of total production occurred in the United States, U.S.S.R .. China, 
and western Europe. Production derived from phosphoric acid varies from around 80% 
or more in North a•1d Central America, North Africa. and West and South Asia to 
a.round 50%-6')% in other regions, except Oceania and China where phosphoric acid 
contributes only about 14% and 1% of the P205 , respectively. 

I I . P..ESOURCES 

Phosphate rock concentrate 

The annual production of 41 million tonnes of fertilizer P205 requires the 
raining of about 650 million tonnes of ore. This ore is processed into about 140 
million tonnes of phosphate rock concentrate having a typical P20s content of about 
31% for the sedimentary material; the P205 content of concentrate derived from some 
igneous ores may exceed 36%. An additional 15-20 million tonnes of phosphate rock 
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concentrate is used annually for nonfertilizer purposes. In 1989, total production 
of phosphate concentrate amounted to about 163 mill ion tonnes. Al though 34 
countries currently produce phosphate concentrate, only four countries (United 
States of America, U.S.S.R., Morocco, and China) account for about 75% of all 
production. 

Sulphur 

The second major raw material required for phosphate fertilizer production is 
sulphur. Annual world production of sulphur in all forms has increased from 52 
million tonnes in 1975 to almost 61 million tonnes today. Almost half (29 ~illion 
tonnes) is used for the manufacture of phosphate fertilizers, and an additional 4.3 
million tonnes is used for the production of other fertilizers such as ammonium 
sulphate. All but 8% of the total production of sulphur/sulphur equivalent is used 
to manufacture sulphuric acid. 

II I. PROCESSES: 

Phosphorf..: acid is the major intermediate used to produce phosphate 
fertilizer. Approximately 70% of all fertilizer P205 is derived directly from 
wet-process phosphoric acid. Host of the balance is derived from phosphate 
concentrate that is usually treated with phosphoric or other acids (sulphuric or 
nitric acid) to increase its solubility. 

The degree of potential environmental impact is very process- and 
site-specific. The main possibilities include the following: 

Disturbance of land used for phosphogypsum and contaminated process water 
storage. 
Contamination of water resources caused by the disposal of phosphogypsum 
and its associated process water, including acidity, dissolved metals, 
and radionuclides. 
Fluoride emissions to the atmosphere from the phosphoric acid process. 
Escape of radionuclides that may be harmful to human health. 
Airborne solid and liquid particulates including those caused by wind 
erosion of p~osphogypsum stacks. 
Release of contaminated cooling water, plant site stormwater drainage, 
and boiler blowdown residue. 
Release of metals and other residues from the regeneration or disposal of 
spent catalyst from sulphuric acid production units. 
Release of solvents, oils, and other contaminants from plant maintenance 
and workshop activities. 

Phosphate mining 

Phosphate concentrate is derived from naturally occurring phosphate-bearing 
ore. Typically, the naturally occurring ore contains 15%-30% P205 comingled with 
sand, clay, and other impurities. Current ~:orld phosphate reserves amount to the 
equivalent of about 12 billion tonnes of marketable concentrate, and the reserve 
base amounts to more than 30 billion tonnes. 
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The great majority of phosphate ore is obtained using surface m1n1ng 
techniques. This requires the removal antl eventual replacement and reshaping of 
as much as 5 tonnes of overburden per tonne of or•. or several times that amoun: 
of material per tonne of recovered P2Q5 because nc:.. all the P205 contained in the 
mined ore is recovered as a marketable phosphate concentrate. Depending upon the 
characteristics of the ore, as much as one-third of the P205 car. be lost in the 
process of separating the phosphate from i..ts parent ore consisting of sand. clay. 
1 imestone. and other materials. The separation (beneficiation) process ranges from 
crude dry-screening to washing. wet screening. magnetic sep~ration. hydraulic 
separation. centrifugation. flotation. calcination. settling/decantation. and 
drying. 

~etallic constituents of phosphate ore. most notably cadmium. have received 
a great deal of attention in recent years. especially regarding international trade 
of phosphate concentrate containing elevated levels of cadmium. Techniques for 
r.:mcving cadiii.i.um fr-om phosphate concentratt::. fut example, n1gn-temperature 
calcination. have been evaluated and used to a limited commercial extent with 
generally unsuccessful and costly results. Removal of cadmium and other metals to 
tolerable levels from phosphoric acid seems to offer more promise. Such removal 
techniques. though currently not practiced commercially in the fertilizer industrv. 
involve ion-exchange or solvent extraction methods. 

Phosphogypst.Jn 

Each tonne of P20 5 , produced as wet-process phosphoric acid, results in the 
production of about 5 tonnes (dry basis) of phosphogypsum and often abc-•t twice 
that amount of process water. 

In some cases. phosphogypsum is slurried with seawater and discharged to the 
sea beyond the low-tide beach. In other ca:;es. it is discharged into rivers or 
intPgrated with mine reclamation projects where it is ~uried in mined-out areas. 

The technology for conversion of rhosphogypsum to sulphuric ar.id. aggregate. 
a~d other useful products has been rela~ively well developed, but its commercial 
adoption is constrained primarily by ,~conomic factors. The integration of 
wet-process phosphoric acid production with coal-fired electric power production 
could result in the almost total util~zation of phosphogypsum in the form of 
recovered sulphur dio?ide for th~ production of sulphucic acid and lime for the 
produc~ion of cement. 

The main technical obstacle to the replacement of natural gypsum by 
phosphygypsum is the impurities contained in the latter which are passed on from 
the phosphate ore during H1PO, production. These are entrained phosphoric acid. 
unreacted phosphate ore. fluoride compounds, cadmium and other heavy metals. and 
naturally occurring radioactive substances. 

Where naturally occurring gypsum is available or where pure gypsum is 
available~ trom other manufacturing sources, it is improbable that crude 
pliosphogypsum can ever be competitive for any useful purpose. Ir is clear that. 
notwithstanding possible processes for the re-use of phosphogypsum, by far the 
greater part ol production will continue to be stored on land or disposed of tc the 
sE~a in the foreseeable futun .. 
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Possible areas of phosphog'"psum use are: product:.on of cement and lime. 
production of sulphuric acid. constr~..:t ion materials. in agriculture anci as a 
pigment for the paper industry. Although the quantities used for these purposes 
an: relati'\·el v small and usuall~· ac..:ount for only a minor pr~portion of 
phosphogypsum production. there may be some room for their further development. 
Phosphogypsu:n is used in the manufacture cf cement in Bu] zaria. Czechoslo•·akia. 
Greece. Indonesia. S•ecien and Turkey. It is used in the production of H2SO,. 
cement and lime in Austria and Pol<"nd. It is used ir,. the production of 
construction materials in Franc~. the Federal Republic of Germany. Japan. Spain and 
Sweden. It is us~d in agriculture in France. Greece, Spain. the linited Kingdom and 
the United States. It is used as a paper pigment in Fin~and. 

Vnder specific soil and climatic conditions. it may be possible tc use more 
phosphogypsum in agriculture and in the production of construction materials in 
those countries •hich do not possess natural gvpsum dep0sits. 

Further small quantities of phosphogypsum may be usf.3 as a pigment in the 
paper industry. The production method of such a pigment has been developed in 
Finla!ld, based on high quality phosphogypsum produced from magmatic phosphate orE-s. 

Recirculated process water 

Recirculated process water is u~~d to slurry phosphogypsum and transport it 
to the disposal site. It is also used to remon: heat and gaseous anci particulate 
effluents from the wet-process phosphoric acid con..:e~t.ration unit and the finished 
product processing uni ts. The acidic process water. referred to as process 
wastewater by the C.S.-EFA. dissolves and holds in solution a number of metallic 
elements originally contained in the phosphate ro::k. Also, slippage of phosphoric 
acid to the phosphogypsum during filtration. and the collection of particulate from 
other processing units, adds to the water sn:all quantities of solubilized metallic 
ions in addition to phosphorus. sulphur, and fluorides. Fuahermore. because thf: 
process water is recirculated on a closed-ioop in an effort to obtain a 
zero-discharge mode of operation, the concentration of these dissolved species 
increases quite markedly with time. 

IV. ALTERNATIVE PRODUCTS 

Many factors affect the r-esponse of a crop to water-soluble phosphorus; 
however. minimu~ levels of water-soluble phosphorus needed for certain crops can 
be estimated. Altho~gh this is a subjective judgement. the water-solubility seldom 
needs to be as ;1igh as currently found in most commercial phosphate fertilizers. 
For most crups, 40%-60% of the total phosphorus in the water-soluble form is 
considered adequate provided that most of the remainder i~ •available" as measured 
by conventional laboratory test methods. For short-s~ason v~getable c~ops. the 
water solubility should be higher; for loneer seaso;i c.·ops. it can be lower. Most 
vegetable crops are grown over a fairly short period of tin.e with root systems that 
arc not well developed, whereas long-season crops are characterized by 
well-developed root systems. BecausL the phosphorus is quite immobile in the soil. 
a large and vigorous root system is more likely to intercept and absorb phosphorus 
from the soil. 
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Irrigated agriculture. which accounts for about 25% (about 240 million ha) of 
the current world total harvested crop area may require special fertilizer 
materials to facilitate application. Flooding and overhead sprinkling account for 
the majority of irrigated agriculture, with flooding and furrow water application 
techniques being the most common, representing about 90% of the total. Currently. 
drip-type irrigation systems account for less than 1% of the total. but the 
application of such systems is increasing. In general. if the fertilizer is not 
applied with the irrigation water. phosphate fertilizer products and application 
methods usGd for u~land agriculture are appropriate for irrigated agriculture. 

In summary. from an agronomic point of view. the production of highly 
water-soluble phosphate fertilizers is not necessary for the majority of ~ropping 
systems. A more moderately water-soluble family of phosphate fertilizers with less 
dependence upon wet-process phosphoric acid would be appropriate in most cases. 

V. POLLUTION ABATEMENT 

Comparative Cost of Phosphate Product~ Including Estimated Incremental 
Cost of Environmental Compliance 

Except for lir.iited opportunities for industrial integrati< . .n designed to 
utilize process wastes, technological innovations in the phosphate industry seem 
to offer little scope for significantly decreasing the quantity of basic pro~ess 
wastes encountered, e.g .. phosphatic clay material, phosphogypsum, and process 
water. Thus. the costs for pollution abitement ~.rere estimated according to a 
scenario which assumes current available technology and relatively stringent 
regulatory requirements currently u.nder examination in the United States of 
America. The following range of industry average incremental costs for 
environmental compliance is indicated: 

Cost Compouent Estimated Cost 

phosphate mi~~ng and land reclamation 
phosphogypsum management 

active stacks 
closed stacks 

process water management 
finished product processing 

Total: 

US $ 1-5/tonne* 

US $ 5-8/tonne* 
US $ 5-20/tonne* 

US $ 22-70/tonne* 
no change 

US$ 34-175/tonrie* 

* US $/tonne P205 as wet-process phosphatic acid produced over assumed project 
life at an annual production of J.O million tonnes P20s. 

The larg~ variability in estimated costs is due to a number of site-specific 
technicd a!1d regulatory factors, variations in the assumed c·~ri tal recovery 
period. and the lack of a broad base of actual cost experience relative to the 
scenario examined. 
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Estimated Impact of Product Choices on the Delivered Cost of Phosphate 
Fertilizer 

The estimated and incremental environmental compliance costs for phosphogypsum 
disposal described for the United States scenario were adjusted downward by US 
$20/tonne P205 for non-U.S. phosphoric acid producers. This was done to correct 
for the cost of closing inactive phosphogypsum stacks which is more likely to be 
the case in the United States than elsewhere. 

The cost of international and domestic transport and marketing was estimated. 
Also. because some phosphate products contain nitrogen and/or sulphur, these 
nutrients were credited on a farm-level cost basis of US $520/tonne for nitrogen 
and US $135/tonne for sulphur to arrive at a net delivered cost for P205 at the 
farm level. For compound NPK products, all calculations were made on a net P205 

basis to avoid the complexity of determining credits for other nutrients commonly 
contained in NPKs. 

Using the upper end of the estimated compliance cost range, the estimated 
incremental cost of environmental compliance (world weighted-average basis) at the 
farm level varies from US $4/tonne P20 5 (direct application phosphate rock and SSP) 
to US $169/tonne P20 5 (OAP) as shown in the following table. The net cost of P20 5 

delivered at the farm level, including the environmental compliance cost, varies 
from US $376/tonnc P205 for direct application phosphate rock to US $720/tonne P205 
for OAP and US $?57/tonne P20 5 for TSP. These costs not only r~flect the est1ma~e~ 
cost of environmental compliance, but also the higher cost of production in new 
facilities, which is caused by higher capital charges than currently experienc·::;d 
by the established industry. The favorable position of the existing industry with 
its relatively low capital charges is clearly illustrated. 

ESTIMATED WORLD AVERAGE DELIVERED COST OF P205 AT THE FARM LEVEL INCLUDING lNCRfMENTl.L COST OF ENV!f;ONMENTl.L 

CCHPLIANCE - NEW AND EXISTING PRODUCTIQ. FACILITIES 

NF.W PRODUCTION FACILITIES 

PRoour.T 

l o;CRfMENTAL Cost OF 

ENV . CCMPL. b 

(US $/T P20s) 

DIRECT APPLICATION 

PHOSPHATE ROCK 4 
Cct-'.POUND NPKsc 83 

SSP 4 
OAP 169 
TSP 127 

DELIVE:U:D Cost 

AT FARM LEVEL 

(US $/T P20s) 

376 

656 
686 

720 
757 

EXISTING PRODUCTION FACILI'!"IES 

DELIVERED Cost AT 

FARM LEVEL USING AVERAGE 1990 

WITH 

ENV • CCMPL • 

(US $/T P205) 

492 
560 

F. 0. B . PRICESA 

WI'!"HOUT 

ENV. CCMPL. 

(US $/r P20 5 ) 

323 

433 

A. BASED ON AVERAGE 1990 U.S. GULF COAST F.O.B. PRICES PLUS US$ 70/TONNE PRODUCT TO COVER TRANSPORTATION, 

BAGGING, AND MARKETING COSTS. OAP IS GI'JEN CREDIT FOR ITS NITROGEN CONTENT AT US $ 520/TONNE NITROGEN 

DELIVERED AT FARM LEVEL. 

B. ENVIRONMENTAL r .:.HPLIANCE 

c. NPKs ASSUMED TO CONTAIN 15 % p 20s 
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The agronomic suitability of phosphate fertilizer products containing lower 
levels of water-soluble P.05 , for example, 40%-60%, may offer significant economic 
advant~ges other than those related directly to mitigating the cost of 
environmental compliance, including the following: 
1. The use of lo~er grade phosphate rock to produce conventional prod~cts. 

such as DAP. TSP. and SSP. containing lower levels of water-soluble P
2
0

5
• 

wou:d extend the useful life of existing mines and production 
facilities. 

2. Less soluble products would help to expand th€ regional and global 
phosphate resource base to include phosphate ores containing higher 
levels of impurities. 

3. Less soluble products would tend to decrease the environmental impact at 
the production site because less inten~ive beneficiatior, would be 
.~eauired. 

4. Under some soil/c1op/climatic conditions the use 
products would improve the agronomic performance 
phosphate fertilizer. 

of 
of 

less 
the 

soluble 
applied 

Relating Delivered Cost of Phosphate Fertilizer to Agronomic 
(Solubility) Needs 

DAP, even with its relatively high estimated cost for environmental compliance 
compared with alternative products, ranks very favorc;.bly among the phosphate 
product choices from the point of view of delivered cost. Although SSP ~~d some 
NPKs may effectively deliver P20 5 to the farm level at a net cost slightly below 
that of DAP (in the order of 5%-10%), it would not be ?ractical or cost effactive 
in many cases to assume that the total P205 requirements could be effectively 
s~pplied in the form of SSP or NPKs that usually contain only about 15%-20% P205 • 

It is interesting to note that TSP. with an estimated environmental compliance 
cost of about 70% that of OAP, still remains less attraccive on a delivered P205 

basis than DAP. This, of course, is du~ to the extra value placed on OAP (US 
$94/tonne DAP) for its nitrogen content. 

Din:ct application phosphate rock is, of course, the least-cost form of P205 • 

Its delivered cost (P205 basis) at the farm level is about 52% th<t of P,~5 derived 
from OAP, according to the assumptions used for this evaluation. The widespread 
use of direct application phosphate rock as a source of P205 is severely limited 
for agronomic reasons as well as by the lack of general availability of suitably 
reactive material. 

VI. BARRIERS TO CHANGE AND INITIATIVES REQUIRED TO BRING ABOUT CHANGE 

Lack of Definition of Acceptable Environmental Standards 

There is currently no universal definition or criteria for objectively judging 
the "environmental acceptability" of a fertilizer production or use practice. The 
criteria for an "acceptable standard" may vary widely depending upon climatic. 
geological. arid other technical and nontechnical factors including population 
density and public pressures. 
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It seems desirable for the global industry to agree upon scientifically 
established minimum environmental standards appropriate to given locations. It is 
therefore appropriate that international and national industry agencies. together 
with national environmental regulatory agenci~s. convene to establish and agree 
upon minimal standards for environmental compliance in the phosphate industry. 
Additional compliance standards for national industries, where deemed necessary or 
desirable. could be resolved on a national or local level. 

Cost Required to Implement Available Technology 

The widespread implementation of the available technology required to mitigate 
certain environ.~ental concerns is. however. severely constrained by cost-related 
market factors. If. for instance some the proposed envircnmental standards were 
adopted globally, the annual total industry cost fer ccmpiiance might be in the 
ordP.r of US$4.0 billion. Because of the industry structure, environmental benefits 
will accrue to a limited number of countries where strict compliance is observed, 
but the costs will be incurred globally. 

Lack of profitability in the private sector, and inertia in the public sector 
in many countries, will preclude or delay enforcement of any agreed-upon minimum 
standards. It is therefore appropriate that acceptance of minimum industry 
standards should be coupled with international agreement on an implementation 
timetable for compliance. With the concentration of production in only a few 
countries and the preponderance of public-sector ownership of the production 
resources. a significant level of international cooperation may be an achievable 
goal. 

Major Investments Required to Change Product Mix 

The farm-level cost of P205 derived from airect application phosphate rock, 
SSP, and some NPKs would be least affected by increas~d environmental compliance 
costs at the production site. Ho1r.ever, the industry would have to undergo a major 
restructuring to meet the world's P205 demand with these products. Not only would 
such a restructuring to change the product mix require large investments in new and 
modified production and distribution facilities, but the increased cost of 
distribution would offset most of the environmentally related production cost 
advantages. 

In some r.ountries, the current viability of existin~ or proposed SSP. NPK, and 
direct ~pplication phosphate rock production units is questionable because the more 
concentrated DAP and TSP p: ,ducts offer economic advantages even though they are 
i~ported. Given adoption of increased environmental compliance costs for the more 
concentrated phosphoric acid-based products, the viability of produ-:tion units that 
do not depend upon phosphoric acid will be improved. Under certain conditions, 
such pla;1ts will be more cost effective in supplying local markets when compared 
with OAP or TSP. This would provide increased opportunities for exploiting 
indigenous phosphate resources for serving selected local markets. 

Limited Availability of Foreign Exchange 

Compliance with many of the proposed environmental standards will require 
large investments at the production facili.ties and thus increase the cost of 
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phosphate fertilizer at all levels. In many cases. the foreign exchangF required 
to finance che necessary investments and/or fertilizer raw material and finished 
product imports is expected to be lacking. This constraint will be especially 
critical in those resource-poor countries that depend heavily upon imported raw 
materials and finished Fhosphate fertilizers. 

Marginal Competitive Status Within the Phosphate Fertilizer IndusLry 

The generally depressed state 0f the phosphate fertilizer industry, with its 
overcapacity. high capital investment, low returns. and intense competition between 
the major phosphate-surplus countries, is not conducive to increases in investments 
and production costs related to compliance. This dictates that least-cost 
approaches be taken. 

Lack of Significant Farm-Level Cost Differences 

The farm-level P205 cost differential between low (some NPKs and SSP) - and 
high OAP, MAP and TSP) - analysis phosphate fertilizers will decline with the 
application of the incremental cost of environmental compliance on the 
high-analysis phosphoric acid-based products. This will increase the break-even 
distribution distance for the lower analysis products. Many developing countries 
still adhere to pan-territorial (uniform) delivered pricing policies for 
fertilizers regardless of distance from supply. This distorts the real farm-gate 
cost and inhibits the marketing of low-analysis products in markets located close 
to the source of supply. The natural market areas for low-analysis products such 
as SSP and some NPKs will be increased if pricing policies reflect the true cost 
of distribution. 

Restrictive Fertilizer Product Legislation 

Legislation designed to encourage or protect local or regional production and 
marketing initiatives can result in product mixes that may actually be detrimental 
to meeting the agronomic needs of the crop in addition to having an adverse impact 
on the environment at the level of production and use. Tc encourage. wher-e 
economically appropriate, changes in product mix towards less soluble phosphate 
forms (less dependency upon phsphoric acid), there is a need for fertilizer 
legislation in many countries t1 be amended so that all agronomically suitable 
sour-ces of phosphate can be used by farmers without penalty. Many developing 
countries providing production or end-user subsidies for phosphate fertilizers 
restrict eligibility for such subsidies by specifying the product type, nutrient 
source, and water-soluble P20~ content. Unless such restrictions are removed, the 
use of less water-soluble products, even though they may be Agronomically effective 
and less costly. will be constrained. 

Difficulty in Changing F~rmers' Practices 

When considering a change fro.11 one fertilizer product type or use practice to 
another, it is most importnnt to evaluate the results of such change in the context 
of farm-level benefit/cost criteria under actual farming conditions. Becaus£· 
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reliable benefit/cost data are often lacking. it is difficult to develop a 
convincing case for using any type of fertilizer let alone changing or tRiloring 
the product type to reflect a more environmentally optimum mix of products. 

An environmentally sustainable phosphate industry can only be achieved at an 
additional cost. This cost will undoubtedly be initially borne by the farmer, but 
it will ultimately be transferred to the consumer of agricultural products if 
fertilizer use and crop production are to be maintained or increased. In developed 
economies this does not pose a major problem; however, in the: developing countries, 
characterized by resource-poor farmers and large and poor urban populations. 
considerable problems arise. In those developing countries where farm prices have 
been kept below international parity prices, there is a need to progressively 
increase farm prices to parity in order to provide sufficient incentives for 
farmers to ensure and promote the use of th,,; more costly. but environment3.ll.y 
sustainable, fertilizers. Unless developing co:mtries with low-cost food policies 
increase crop prices to maintain farmer benefits. food crop production will 
decline, adding to the problem of food security. 

Partial resolution for the problem of increased phosphate fertilizer costs at 
the farm level lies in improving phosphate fertilizer use effic~ency. It is 
therefore essential that Q high priority be given to programs that will assist 
developing countries in improving u5e efficiency of phosphate fertilize's through 
improved application methods and the use of integrated nutrient manag~ment systEms. 
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I.Yi~~. 
UNIDO 
'~8 ~ 

Plastics Recycling 
in Shanghai 

The Xing Guang plastics factory in 
Shanghai recycles 2,000 tons of 
plastics waste every year - PVC, 
PMMA, nylon and plastics film 
from agriculture. 

The plant was established with 
UNIDO assistance for the Shan­
ghai Resource Recovery and 
Utilization Company, funded from 
the Belgian Government and with 
technology from Fabrique Nati~n­
ale Herstel S.A. in Belgium. 

Plastic.s are very durable and there­
fore useful. For the same reason, 
they pose serious environmental 
problems. Originally the plant was 
intended to address urban waste 
problems, particularly polluted 
PVC pipes. New technology is now 
being installed to recycle black 
polyethylene foil. In China, 
agricultural fields are covered with 
such foil during the growing 
season in order to trap the sunshine 
heat. 
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Plastics and Plastics Waste Recycling 

Case Study No 5 

Executive SUllm8.ry 



ABS 
APP 
HDPE 
LDPE 
LLD PE 
PET 
pp 
PS 
PVC 
SAN 
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EXPLANATORY w.rrES 

acrylonitrile butadiene styrene 
atactic polypropylene 
high density polyethylene 
low density polyethylene 
linear low density pvlyethylene 
polyethylene terephthalate 
polypropylene 
polystyrene 
polyvinylchloride 
styrtne acrylonitrile 

In August 1991, $US 1 - DM 1.75 
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INTRODUCTION - THE PLASTICS INDUSTRY 

The development of synthetic plastic materials undoubtedly has been one 
of the major technical achievements of the twentieth centurv. 

The production of plastics has enjoyed a tremendous growth in 
industrialized countries. mainly because plastics are light. easy to process 
and convenient to use. Their consumption is still expanding (albeit at a more 
reasonable growth rate)and becoming an environmental problem. 

Bulk plastics are generally produced by large international or local 
state-held companies which have their main activity in oil refining and/or 
petrochemicals. Companies of this size are highly structured with separate 
administrative. financial. marketing and R & D divisions and production 
facilities. The typical capacity of production for bulk plastics is in the 
range of 40,000 to 400.000 t/a per production plant. Engineering plastics are 
manufactured in plants whose size is typically one order of magnitude smaller. 
Industrialized countries have much higher per capita production and 
cor.sumptiun figures than others. 

Plastics can be converted according to different techniques. The most 
important are injection and olow moulding, extrusion and thermoforming. In 
most developing countries there is little conversion capacity available. so 
that many plastic products ~re imported. either as a part of various kinds of 
equipment or as packaging. Local production is generally less diversified from 
the viewpoint of both the plastics and the conversion methods used. 

Some conversion methods, such as extrusion and calendering, are mainly 
directed to the production of semi-finished goods (sheets. plates. profiles. 
tubes, etc.). others are mainly used for producing machine parts (injection) 
or packaging (blow moulding. thermoforming. injection). The unit investment 
required is highly variable depending on the following factors: 

type of processing; 
size and capacity of the unit; 
new or second-hand equipment: 
level of automation: 
presence of peripheric equipment (automatic feeding of granulate, 
collection, grouping and packaging of products). 

The conversion of plastics !."equires a sizeable amount of electric power. 
The availability of adequate amounts of cooling water is also an important 
factor i11 selecting a site for the production faciliti~s. 

The production of plastics is accompanied by the formation of some by­
products, such as low molecular weight polymer. atactic polypropylene, reactor 
crusts. wastewater polymer sludge. Most production waste can readily br, 
recycled. 

The per capita consumption of plastics in developing countries is much 
lower than elsewhere and mainly directed towards products of first nece~sity. 
However, both the local pr'iduction and the avail.able inventory can b.:: expected 
to grow considerably in the future. In the context of sustaim!d growth. 
attention should he given to: 
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proper use of the raw materials and energy; 
stimulation of reuse. recycling and, as a last resort. waste as a 
source of fuel; 
environmental aspects. including the proper management of production 
residues and post consumer plastics waste. 

Recycling options 

It would seem that all thermoplastics materials are predestinated to be 
recycled as they are valuable and can be remoulded innumerable times. However, 
little progress has been achieved in recycling consumer waste in 
indu•trialized countries. 

steps: 
Plastics reclamation and recycling can be subdivided into the following 

source separation of plastics waste possibly supplemented by curbside 
and dumpsite retrieval: 
identification, grouping anG sorting; 
shredding, washing, drying; 
regranulation, possibly after preliminary densification; 
conversion to new proJucts. 

The most critical steps in the process are: 

a correct identification of the plastics in hand. Mixing different 
resins leads to a catastrophic loss in quality and to the manufacturing 
of useless products; 
regranulation of contaminated materials requires experience and good 
strainers. Light materials have to be fed by means of a special auger 
feeder. 

Plastics waste generated by polymer manufacturers consists of: 

production waste. such as the deposits formed on the walls of a 
polymeri~ation vessel or the driers. or sludges separated from process 
waters; 
off grade products; 
extrusion purgings and lumps; 
floor f:\;~epings; 

waste arising during quality control and laboratory testing. 

Manufacturers are large multinational petrochemical companies, which 
normally will not commercialize off-grade products under their own trade 
names. or indulge in relatively small-scale reclamation. Their waste is taken 
O'Jer by specialized recycling fir.ms which classify it according to homogeneity 
and condition. 

Off-f,rade products are directed towards non-critical applications. Floor 
sweeping,; are careful! y purified by means of mechaiiized sorting methods. which 
should completely eliminate dust. dirt and occasional foreign objects. 
Sweepings are composed of various grad£.s of the same polymer; which cannot be 
separated by simple means. Suitable outl~ts should be found, which take into 
account the unusual rheological properties of such a mixture. 
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Atactic polypropylene (APP), which for a long time has been a useless 
by-product of propylene polymerization. is no longer a problem: 

improvements in the catalyst system. the reactor configuration and 
operatir.g conditicns have considerably reduced the generation of APP: 

all available APP is recovered and blended into roofing or road asphalt 
bitumen to i~prove its elasticity and mechanical properties. 

Low molecular weight polyethylene polymer can also be reused to a 
certain extent. 

Technical improvements in both equipment and polymer quality have 
considerably reduced the occurrence of production losses. Sprues from 
injection moulding have been eliminated by the use of hot runners. A better 
mould design, suitable injection cycle and polymer quality control reduce the 
occurrence of incompletely formed objects. Also the ejection and the 
collection of the products has been markedly improved, so that less injected 
parts are inadvertently caught by the closing of the mould. 

Even smaller firms can no longer afford to waste these raw materials. 
Waste is carefully segregated at the scurce, according to its nature, colour, 
and additives. Contamination by dust, oil or burned (i.e. thermally 
decomposed) material is avoided. In general the waste is ground and recycled. 
either direc~ly in the same or a similar production, or in a less critical 
application. 

The mo:;t important potenti<>.l source of plastics waste is to be fc.und in 
consumer waste, arising in trade and industry and in private households. 
Municipal refuse in industrialized countries typically contains about 7 wt.% 
of plastics. 

Consumer waste forms a largely ur.tapped source of recyclable plastics. 
Some well defined industrial waste has been recycled after use, e.g. plastic 
containers, fertilizer ba5s, agricultural film, shrinking film, shockproof 
packaging, etc. Outside developing countries plastics present in municipal 
refuse have never been recycled on a long-term consistent commercial basis. 

A major difficulty lies in the logistic problem of collecting suitable 
amounts of plastics, which are reasonably free from putrescibles and 
contaminants and can be transported economically to the cleaning, grading and 
reprocessing plant. 

BARRIERS 

Tectmical barriers 

PlasLics waste is available in a wide variety of types, forms, kinds and 
levels of contaminatioTl. A substantial ra·1ge of recycling technologies are 
required. Some are mature, others developmental. 

Currently, no mechanical system is proven or available to separate 
plastics waste into its different constituents and meet the requirements of 
ti.e recycling industry. 
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Economic barriers 

The largest tonnage of plastics waste available for recycling is post 
consumer consisting of mixed and/or contaminated products. 

The collection of plastic materials may assume different forms. such as: 

door to door collection of source separated plastics: 
separate collection by civic associations: 
collection at schools: 
manual sorting of household waste at a sorting belt: 
source separated waste delivered by an individual to a container park. 
civic centre shop. etc. 

Dumpsite collection is unsanitary and dangerous to public health. 

Processing costs for plastics waste can be subdivided into: 

Manual sorting or cleaning costs. These are inversely proportional to 
productivity. which in turn is related to the type of operation. e.g.: 

* picking plasti~ bottles from a refuse ~tream: 
* splitting a plastics stream into a number of categories; 
* skimming a plastics stream for recognizable objects: 
* manually clean plastic products by eliminating PVC from 

polyolefin film. removing caps from bottles. etc. 

(n.e productivity of such operations is very ooorly documented). 

In developing countries the investment cost of recycling equipment 
including mill, additive blending and regranulation may be prohibitive. On the 
other hand labour for collecti0n is usually available and cheap. The manuai. 
washing of contaminated agricultural film poses no problem provided that 
suitable feeding or sintering equipment is available. 

Social issues 

Plastics waste is being actively recycled in most developing countries. 
Collection takes place at several levels: 

(1) Waste may be collected at source (in homes or in shops. etc.). This 
system is only feasible when there is a well organized collection 
circuit so that everyone can supply the material. 
Some major cities hav"' -n organized network of shops buying source­
segregated waste materials; 

(2) More frequentlv. recyclable waste materials are scavenged from 
household dust bins. Re-cvclabl e materials can be set aside bv the­
rubbish collection cre.,,.s and marketed on their way to the disposal 
site. The latter system operatf.:s for plastics materials. Finallv. tri(­

scavenging of recvclable waste materials at the tipping site is an 
essential activity for a number cf trad~s ~hat depend on this supply. 
However, the conditions can \ary, oepe11din,11, on the degree of 
organization. 
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Many of the people active in the recycling circuit are regarded as 
unskilled labourers operating under harsh conditions both financially and in 
terms of the wor'<ing envirorutar..:. 

Sca\·enging on the dumpsite may be officially forbidden but frequently 
is tolerated. Under these conditions the scavengers enjoy no protection and 
even operate immediately in the tracks of compacting equipment. Organization 
of this activity is well establi~hed with individuals financing the operation 
and allocating territory and fixing pay scales. 

A more just regular organization of scavenging. sorting and cleaning 
would be more beneficial to all parties concerned. This could assume the form 
of sorting from a belt in a partly mechanized plant. 

It is difficult to assess collection cost. because it may either be on 
a voluntary basis, with the selling of the material as a reward, or on a basis 
of cheap labour. Sorting normally is entirely manual. Washing often also 
proceeds by hand with the drying of shredded plastics by solar heat. 

INITIATIVES 

Government incP.ntives to pro1110te plastics recycling 

For a number of years individual European Economic Community (EEC) 
countries as well as the EEC as an entity have taken measures to reduce the 
generation of refuse. 

Curre~t legislation in several EEC countries provides for banning non­
recyclable or even non-reusable packaging and the compulsory recycling of 
(pla-tics) packaging. 

Government incentives such as deposit schemes are required to promote 
recycling PET bottles and HOPE containers. 

1he requirements of some European countries can be summarized as 
followsi: 

Italy: 

Holland: 

40 per cent uf packaging to be recycled by 1992, with 50/)0 
material/energy. 
All shopping bags must be biodegradable or pay 
100 lire/bag, tax. 

Different targets for packaging and the rest hut the 
overall trend is for a 10 per cent reduction in wast2, 10 
per cent minjmum re-use/recycling, 30 per cent incinerati~n 
with enerv,y recovery and 10 per cent maximum to landfill by 
year 2000, with i~termediate 19~4 targets. 

Thf! complete text 13 ~""'n in a reoer.t publlca•,,.on Ant.tied "Th<! Plast1cs W.istP. Is3uA - A 

Ei;ropean View", Shell Jnternat10nal C:hem1cal Company Limited CM. T. Denn1sc,n). based nn a 5f>f!Ach del1w1rf!d 
r,,, th11 Dew<t.t. Petrnchem1cal R"v'""'· Hou5ton, T•ncas, M .. rch lcJCll. 



Belgium: 

UK: 

France: 
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30 per cent recycling by 1995; balance for incineration. 
with landfill last resort. 

50 per cent of recyclable to be recycled bv vear 2000; i.e. 
25 per cent of total. 

50 per cent ultimate recycling target. either as material 
or energy. 

Recent packaging proposals for Germany are extremely demanding where a 
64 per cent recycle rate is required by 1995. with energy recycling 
essentiallv excluded. There are also mandatory take-back requirements 
throughout the supply chain which can only be replaced by industry 
establishing separate waste collection and recovery outside the normal 
municipal system. This is called the "Dual System". which will be financed bv 
a "Green Spot" approval system, where verification and approval of a package's 
recyclabil i ty will have to be obtained. with payment of some 0. 02DM per 
package. depending on size. to cover the cost of collection and crude 
separation. A further fee to support a recycling subsidy is also beinE 
considered. The necessary industry structures required to operate the Dual 
System are currently being established. and no doubt other European countries 
will be following progress closely. 

In contrast, initial proposals from the EEC were more flexible, seeking 
a recuperation rate of 80 per cent for packaging, but i.1cluding energy 
recovery. 

It is the role cf both government and industry to provide a reliable 
source of information with respect to the hazards, as well as the economic 
potential related to plastics, including their production life cycle and waste 
aspects. The relative importance of the latter is particularly evident in 
non-industrialized countries because: 

the cost for collection, manual cleaning and sorting is more ea£ily 
borne; 
the limited variety of plastic types eases their retrieval. 
identification and reclamation. 

Industry initiatives 

~ajor plastics users, including the automotive and appliance indus:ries, 
are starting to view the use of plastics in their products from the standpoint 
of desip,n for disassembly, where part-structure and composition take easE of 
separation a!ld reuse into account. This would favour thermoplastics ovc:r 
thermosets and composites. 

Opportunities exist for upp,radinp, recyclinp, technology. Tn Europf: the 
major product is LDPE film retrieved from commi::rcial packaginp, waste. Th<· 
n,cycl inp, operation has been mf!Chanized by means of a suction duct. The 
washing of agricultural film is a well established operMion. Som<· probl(·ms 
an, the large ;imount of f~;irth and abrasive sand, the r:xposure to ultraviolet 
lip,ht and the ;iccidr:ntril prf'SOlCf· of pV(; film, which rr·nd£:rs thE: rc,clairn 
unusable. 
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Priority R & D areas include development of coextrusion techniques, 
processing of plastic materials recovered from other recycling operations such 
as shredded cars and electronic components. 

Plastics waste is usually recycled by specialized firms, which either 
upgrade the materi3.l and bring it up to specifications. or convert it to non­
critical products, such as: 

garden hoses. drainage pipes. buckets, refuse bags, or toys in 
polyethylene (LOPE); 
plastic 'lumber' 
flooring, shoe soles, bicycle saddles, drainage pipes, protective cover 
plates in polyvinylchloride (PVC); 
foam products in polystyrene (PS); 
carpet underlayers in insulating packaging in polyamides (PA). 

For a number of years in the USA PET bottles have been turned into fibre 
batting for pillows and comforters. 

Several systems, based on sink/float principles or on hydrocyclone 
cascades, are being demonstrated and holc:l. the promise of separating at least 
an olefinic fraction. Se .·eral recycling ventures are working on X-ray 
detectors which could then be connected to automated sorting systems to 
separate polyvinylchloride (PVC). 

In developing countries factory techniques may be employed cleaning 
impact-proof polystyrene yoghurt beakers by means of shredding. washing in a 
conventional (laundry) washing machine, dewatering and thermal drying with hot 
air, generated by mixing flue gas and air. 

Regranulation is often conducted using second-hand or even locally made 
equipment. An essential part is the strainer. taking out non-melting 
impurities, and degassing, to evacuate volatiles and residual moisture. 
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A better life for all 
in Pleven 

The aluminium casting plant in 
Pleven is being extensively upgraded 
to reduce the serious environmental 
pollution at the plant and in the com­
munity. 

UNIDO developed the comprehen­
sive plant rehabilitation programme 
now under implementation by the 
Bulgarian authorities. Funding is 
being sought for further improve­
ments. 

The Pleven aluminium casting plant 
generates foreign currency and 
employment - as well as occupation­
al hazards and environmental pollu­
tion. The initial UNIDO study 
indicated that the aluminium 
production, as it was, did not return 
a net profit to the community when 
all the financial, occupational and en­
vironmental cost factors were ac­
counted for. The changes already 
implemented - new management, 
noise walls, better ventilation and 
electric trucks instead of diesel ones 
- total a domestic investment of $1.5 
million. Another $::LS million is 
needed to complc>te the programme. 



lJtilization of Brown Mud 
in Shandong 

In Shandong in the People's Republic of 
China, the traditional local brickmaking fac­
tories are able to use a mixture of brown mud 
from theShandongalumina plant and fly ash 
from the neighbouring coal-fired power sia­
tion to n:iake bricks and tiles. 

UNIDO has undertaken a number of techno­
economic studies on industrial use of red 
mud waste. These studies have been used to 
develop the technology used in China and 
for similar projects in India and Jamaica. 

The raw material for production of aluminium 
is bauxite. When bauxite is refined, it yields 
alumina, which in turn is smelted into 
aluminium. The red or brown mud is a wastt> 
product from alumina production and con­
stit:.Jtesa considerable environmental problem 
because there is so much of it - 30-40 millinn 
tonnes per year worldwide. Unless disposed 
of properly, it can contaminate the ground 
water and spread red dust over wide <lfeds. 
Even when correctly managed, the unilesthetic 
effect and the mere space requirement of the 
vast mud ponds motivatet:1econtinued search 
for economic US(>S. 

Other possible uses of red Clnd brown mud 
include road construction and ceramics, ce­
ment, rubber and ;iaint production. How­
ever, each of those sectors dC'mand 0n ly 
fairly srnilll quantities <1nd the economl{'S Me 

uncertain. One promising rww fit>ld is 
ilgriculturC', where r(•d mud c<1n be> used as a 
Sl)il tldditive or subr;;titutC' for cert<1in cror<; 
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