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Abstract 

ECOllOIUC DCKlttlVES ARD DISllCCElltlVKS FOR 'IDE IIITllODUCTIOR Mm 
APPLICATIOll OF CLEAR TECBIOLOGllS IR DEVELOPIBC COU1"RIES 

This paper is an economic examination of why clean technology is or 
is not for use in developing co1Dltries. The economic and environmental 
problems of developing colDltries are discussed first. An overvi~~ of 
technology transfer problems and issues is the next topic area. How 
technology is chosen 'Jr use by industry is the following topic. The 
"Polluter Pays" is examined as a way of malting the price of a good reflect its 
true environmental cost. Finally, fiscal incentives for the use of clean 
technologies is discussed. 
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ECONOMIC INCENTIVES AND DISINCENTIVES FOR THE INTRODUCTION AND 
APPLICATION OF CLEAN TECHNOLOGIES IN DEVELOPING COUNTRIES 

INTRODUCTION 

Industrial development is essential to the economies of both developed 

and developing ~ations and is the basis of their expansion and growth. 

Economic growth and industrial activity benefit our standards of living in 

terms of material goods but progressively have also contributed to the 

deterioration of environmental resources. The need and urge for rapid 

industrial development is ever greater in developing countries than that 

experienced by developed nations. 

The adjustment pressures on the economies of developing countries to 

pursue their industrialization have increased drastically and so has the 

damage caused to the environment and natucal resource base on which economic 

growth depends. It is evident that damage is being caused to the natu~al 

environment by the technologies and practices employed in industrial 

development and less harmful alternatives must be discovered and applied. For 

both developed and developing countries, the r.hallenge to face is to continue 

their economic and social development in a sustainable way. That is, to 

ensure that they meet the needs of the present without compromising the 

ability of future genera- tions co meet their own needs. 
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Technological innovations have the potential of achieving this 

objective. How to use technology is not always a simple decision, but above 

all is an important one, upon which our survival depends. Technology 

constitutes one of the most important factors of the industrialization 

process, which is a necessary condition for economic development. 

A significant outcome of technological progress is the development of 

clean methods of production which not only na·re major economic and technical, 

hut ecological implications as well. Clean technologies reduce production 

cost through savings in raw material and energy and increase productivity, 

which in turn leads to increased profitability and competitiveness. On the 

other hand, clean tec~1nologies limit discharge, avoid the production of 

by-products and reduce the risks of accidental pollution and transfer of 

pollution betveen physical environments. 

Nevertheless, new and clean technologies are mostly developed by 

industrial countries, and developing nations are highly affected by 

technological developments abroad in one way or another, since for the 

majority of these countries n~w technologies have to be acquired from abroad 

rather than developed domestically. Moreover, the technol~gical feasibility, 

the complexity of economic and environmental problems and the financial 

implications of solutions are different in ihdustrial nations and developing 

countries. Namely, it is economically more difficult for developing 

count~ies to promote economic development and protect the environment at the 

same time. 
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However, measures to assist developing countries to promote both economic 

development and environmental quality, are now needed more urgently than 

ever. In addition, developing countries should be assisted in establishing 

the conditions for developing clean technologies themselves or to build their 

capabilities for technology acquisition. 

The main objective of the present study is to use various economic 

mechanisms in order to induce developing countries to introduce and apply 

clean and low-waste technologies for promoting economic development and 

environmental quality as well. In pursuing this objective, we consider and 

analyze the implications of two types of policies. Policies focussing on the 

identification of pollution generating sources and penalizing the polluter and 

policies focussing on providing economic incentives for users of technologies 

to choose and adopt less or non-polluting technologies. 

A policy may be desirable and/or applicable as far as the economic and 

social gains outweigh the costs to society derived . 1m its implementation. 

One such policy is the polluter pays principle (PPPj based on the assumption 

that the cost of pollution control should be borne by the polluter whenever it 

is feasible and practical. The relevance of this policy when applied strictly 

through direct controls and taxes, is that it provides an incentive to the 

polluter for introducing cleaner technologies. 

Application of the PPP however, as a policy i•istrwnent may or may not b€ 

desirablet depending on a wide variety of factors differing from one case to 

the nc~t. However, if strict application of the FPP is economically and/~r 

politically un~esirable then various types of subsidi~s should be considered 

as th~ appropriate instrumP.nts providing economic incentives for introducing 
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and applying clean technologies. Subsidies as a policy instrument, especially 

in the case of developing countries, are more appropriate and efficient than 

direct control or taxes. 

The present study is divided into six chapters. Chapter I, reviews 

recent developments related to eccnow.ic and environmental problems faced by 

developing countries in general. Chapter II, discusses a number of alter

native ways through which technology is tr&nsferred. In Chapter III, a 

graphical model is developed whicn is used to illustrate the effectiveness of 

the various policy instruments. Chapter IV, analyses the implications of 

implementing the PPP-policy through direct controls and taxes. The effective

ness of subsidies as an alternative policy measure is examined in Chapter V. 

Finally Chapter VI, sUl'llllarises the main conclusions of the paper and discusses 

their implications for future policy makin~ decisions. 
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Chapter I 

ECONOMIC AND ENVIRONMENTAL PROBLEMS IN DEVELOP~~G COUNTRIES 

1. Economic Activities and Policies in Developing Countries 

Following the serious international recession of the early 1980s, growth 

in world output and trade has improved markedly but in developing countries 

was only moderate. As detailed in Table 1, for the developing countries as a 

group, the growth of Gross Domestic Product (GDP) in 1988 was the highest 

since 1980 and amounted to 4.3 percent, reflecting mainly the strong expansion 

in exports by 11.0 percent. 

Among the regions of developing countries, the highest growth was 

demonstrated in Asian countries where the newly industrializing economies -

Hong Kong, Republic of Korea, Singapore and Thailand - are located. In this 

region, output expanded by 9.0 percent in 1988 while per capita GDP and 

exports rose by 8.2 and 18.4 percent respectively. Middle East developing 

countries have also shown a strong performance during 1988 in spite of the 

slowdown in economic activity in the previous year where GDP declined by 1.6 

percent and per capita income by 4.6 percent. As it is shown in Table 1, 

output in that region grew by 3.9 percent owing to the strong expansion of 

exports by 12.2 percent and reduction of imports by 1.6 percent. 

For the European developing countries output expanded by only 2.5 percent 

in 1988 and it was projected to grow by the same rate during 1989 and 1990. 
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This is due to the fact that their exports did not expand as rapidly as those 

of the industrializing economies in Asia, and that rising inflation has led to 

a tightening of financial policies. 

In most of the highly indebted c~untries in the Western Hemisphere, 

economic activity was weak in 1988, in spite of an increase in exports. In 

countries like Mexico, Argentina and Brazil, growth declined while exports 

were increased substantially. On the other hand, in Chile and Colombia growth 

was relatively good while in Bolivia the recovery that started in 1987 

continued further in 1988. In 1989, growth in the Western Hemisphere remained 

also weak owing to high i~flation in some of these countries and to the rise 

in international interest rates.l/ 

Overall economic growth in sub-Saharan Airica declined during most of 

1980's. After a strong performance in 1985, the pace of economic activity 

slowed in 1988, and real per capita GDP continued to decline. According to 

the World Bank, the decline in per capita income since 198J was more than 25 

percent for some countries. Africa's crisis is characterized by a decline in 

industrial output, poor export performance, weak agricultural growth, 

increasing debc, and deteriorating social institutions and environment.~/ 

Inflation in developing countries increased sharply during 1988 due to a 

small number of high-inflation countries (Argentina, Brazil), to a moderate 

increase in inflation in othec countries (Poland, Portuagal and Turkey), and 

International Monetary Fund, World Economic Outlook, Washington D.C. 
April, 1989. 

The World Bank, Sub-Saharan Africa from Crisis to Substantial Growth, 
Washington O.C., November, 1989. 
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to a marked decline in Mexico's inflation rate. The International Monetary 

Fund, has projected that inflation in developing countries will fall in 1990's 

reflecting mainly the continuing impact of Mexico's stabilization progranme 

and the new policies introduced recently by Brazil and Argentina. 2 / 

In relation to the balance of payments, the deficit of the current 

account 0€ the developing countries amounted to ~ 19.l billion in 1988. The 

deficit of the current account, ~as the lowest since 1980 (except in 1987 

which had a surplus of $ 1.4 billion) reflecting moderate export growth on the 

one hand, and strong expanding domestic demand on the other. Due to nigh 

inflation in many developing countries and tc financial difficulties in 

others, the combined current account balance of t1'.~ developing countries 

declined in 1989 and is expected to do so in early l990's. 

In spite of adjustment efforts in many countries, budgetary deficits 

c~ntinue to be a major problem for economic policy in developing countries 

during 198&. These deficits were mainly the result of external debt-service 

obligations which resulted in growth in money supply and inflation. Fiscal 

balances in Middle East countries have deteriorated in the 1980's because of 

the decline ir. oil revenue. To reduce the deficits, these countries have 

implenented various policies directed to reduce government expenditures. 

In the Western Hemisphere ceveloping countries, fiscal imbalances 

improved in 1988, but they still remain too high. Most developing countries 

in Asia have recently implemented cautious fiscal policies and achieved 

impressive improvements in fiscal balances during 1988. In European 

International Monetary Fund 1989, Op. cit. 
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dev~loping countries, expansionary fiscal policies stimulated domestic demand, 

increased money supply and inflation and deteriorated fiscal balances during 

1987-1988. As a counter measure fiscal policies have recently been tightened 

in order to reduce public expenditures and curtail private domestic demand. 

Among the many economic problems facing developing countries today, 

perhaps the most serio~s of all is that of external debt. As Table l 

illustrates, total external debt of al 1 developing countries combined amounted 

to $ 1,240 billion at the end of 1988 reflecting a $ 9 billion increase (or 

1.0 percent) from the previous year. The most indebted region is the Western 

Hemisphere with 33.4 percent and second in line is As~an with 25.7 percent 

followed by Africa, Europe and Middle East. 

However, strong export growth combintd with slower rise in debt, 

resulting in a decline of the debt-to-export ratio to 142 percent at the end 

of 1988 reflecting a drop of 30 points compared with the level at the end of 

1986. The debt ratio of the 15 heavily indebted countries remained still 

around 300 percent in 1988, and it is expected to fall in 1990.~/ On the 

other hand, the debt ratio of African countries remained almost the same in 

1988, and the sub-Saharan countries' debt ratio is projected to increase 

through 1990.~/ 

International Monetory Fund, 1989, Opt. cit. 

The World Bank, 1989, Opt.cit. 
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2. The State of the Environment in Developing Countries 

The recognition of environmental problems in international society has 

been promoted in various aspects and is treated as a problem coD1DOn to all 

human beings. The relationship between environment and economic development 

has been accepted on a global level, wit~ the result that the concept of 

sustainable development has been emerged. In promoting this idea, developed 

countries bear a special responsibility, but developing countries must also 

take action in order to prevent further deterioratiol. of their resource base 

and natural environment. 

Factors causing environmental problems are the continued growth of the 

population and economic activities neglecting the necessary consideration to 

the environment and lacking sufficient environmental management expertise, as 

well as the increasing interrelationship between population growth, expansion 

of the economy, resources use and the envirorunent. Expansion of population is 

particularly sigificant in the developing countries, where about 90 percent of 

the growth in world population is expected to occur by the year 2000, mainly 

in urban areas. Industrialization is also making progress in the developing 

countries, as we have already discussed. 

Due to the increase of population and economic activities, the pressure 

on the demand for land resources to be used for farmland, industrial sites and 

urban locations has risen substantially in developing countries during the 

last two decades. The conswnption of water resources also increased owing 

both to population growth and industrial and agricultural production. In 

addition, in spite of the progress made in conserving energy since the oil 

crisis, energy conswnption on a worldwide basis increased by 3.7 times between 
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1950 and 1985 due mainly to expansion in production consumption and 

transportation activities. 

Furthermore, the production of pcimary products for export contributes to 

environmental problems of the developing countries. The prices of primary 

products are very low in comparison to manufactured goods and other 

coomodities which constitute the main imports of developing countries. As a 

result, their terms of trade have been worsening since the beginning of 1980, 

causing deterioration of trade balances in most of the regions of the 

developing countries. The deterioration of the trade balance coupled with the 

increase in external debts aggravates poverty by reducing economic growth thus 

causing excessive use and deteriorati~n of environmental resources. 

Domestic as well as external factors therefore force many developing 

countries to overuse and exploit the environment, causing not only 

difficulties in producing food for domestic consumption (in some regions) but 

also causing da'llage to the potential resource base and natural environment on 

which future growth and development depend. 

Having discussed the various factors which in one way or another 

influence the environment, what follows is a brief descripton of the state of 

the environment in developing countries. Although compating deforestation and 

disertif ication in the tr~pical areas in developing countries have become 

apparent, additional air and water pollution problems have emerged in those 

areas where industrialization is making progress and population growth and 

urbanization are taking place. Acccording to a study conducted by the 

Environment Agency of the Government of Japan, the concentrations of sulfur 
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dioxide in many urban cities of developing countries are of the same level or 

higher than those in developed countries and are tending to become worse.~/ 

Emissions of sulfur dioxide as well as of carbon dioxide and nitrogen 

dioxide result from the consumption of fossil fuels in the sectors of 

industry, energy and transportation. Because of the growth in industrial 

activity during the last decade, the consumption ot fossil fuels have 

increased substantially in those sectors and so has air pollution. 

Water pollution is also high in developing countries due to the disposal 

of industrial and untreated household wastes into rivers, lakes and 

waterways. A study conducted by UNEP, found that 47 percent of the urban 

population and 86 percent of the population outside the urban areas in 

developing coutries discharge their household wastes untreated. 2/ 

The quantities of solid wastes have also increased during the last 10 to 

15 years either because of population growth or because of increased 

industrial activity. Although the rate of generating wastes is higher in 

developed countries, it is expected that municipal wastes will increase in 

developing countries along with the rise in population, income and 

urbanization. In addition, installation of systems to treat municipal wastes 

in the developing countries is lagging and this presents serious problems. 

With respect to industrial wastes, on the other hand, the rate of increase in 

p Environment Agency, Government of Japan, Quality of the Environment in 
Japan, Japan, 1988. 

UNEP, "The State of the World Environment", 1987. 
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volume has slowed down due to the progresj of recycling, but the problem has 

become more complicated due to toxic and other hazardous wastes which are 

difficult to treat. 

In conclusion, it is essential that all developing countries actively 

participate in confronting environmental issues and achieving sustainable 

develo~ment at the same time. Assisting developing countries, on the other 

hand, in identifying and managing environmental problems at the level of 

policies and specific progranmes and projects must be a priority task of 

industrial countries and international institutions. Finally, contributing to 

environmentally sound and sustainable development is a central task for 

development co-operation in the 1990s, requiring the mobilization of 

additional financial resources and technological transfers to developing 

countries.~/ 

Or8anization for Economic Co-operation and Development (OECD), 
Development Co-operation in the 1990s, Report of the Development 
Assistance Committee, Paris, 1989. 
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Chapter II 

TECHNOLOGY TRANSFER 

1. General Considerations 

Perhaps the most important contribution to economic development is made 

by technology. Technology coamonly means the stock of knowledge which permits 

the introduction of new or improved machinery and equipment, products, 

processes and services. During the last two decades, technological change has 

accelerated and technological considerations are assuming an increasing 

importance in international trade and competitiveness. 

In relation to environmental considerations, technological change should 

concentrate on developing clean and energy saving technologies. Clean 

technology simply implies low-waste and low-emission technologies covering all 

possible stages of the production process starting with the planning and 

designing of products, through the construction and operation of industr~al 

pro~esses and ending with the rational utilization of products and the 

reclamation of by-products. Energy-saving technology, on the Jther hand, 

means the development of new or improved production methods, which reduce 

energy requirements for each production stage by raising energy efficiency or 

reducing energy loss. 

Development of technologies take place usually in industrial countries 

since theae coutries devote a lot of resources to research and development 

(R&D) either from the public or private sector. Namely, developed countries 

are mostly the owners of know-how and it is up to them to decide where to 
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transfer tnis know-how, i.e., to other developed or developing countries. For 

this reason, developing countries assign particular importance to the transfer 

of technology from industrial countries because their technological 

transformation generally implie5 the adoption, adaptation and diffusion of 

already existing technologies. 

A typical technology transfer is a package consisting of various elements 

whose importance depends on the product and the technology. These elements 

are SWllDilrized in Table 2. This Table reveals that technology is really a 

package and not simply the know-how for producing a conmodity or service. In 

the transfer of technology process, transnational (TNCs) or multinational 

corporations (MNCs) play a major role, since they are the most important 

actors in the generation, application and international transfer of 

technology~/. Perhaps, the most important function of TNCs is the promotion 

of international economic interdependence by transferring goods, productive 

factors and technical knowledge on a global basis. 

The terms TNCs and MNCs are synonymous and refers to those corporations 
that have Foreign Direct Investment (FDI) in more than one foreign 
country. The United Nations use the term TNCs to describe these 
corporations. 
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2. Technology Transfer Mechanisms 

Transnational corporations empioy a variety of mechanisms in the 

transfer of technology process. These include: 

- Foreign Direct Investment (subsidiaries, affiliates, and joint 

ventures with local firms). 

- Licensing agreements for processes, patents and other industrial 

property rights. 

- Management contracts; a contract beteween a TNC and a foreign 

enterprise to provide managerial services to the firms for a fee for a 

certain period of time. It is popular in the hotel industry. 

- Turnkey Contracts; a contract between a TNC and a government or an 

enterprise to construct a project. It is more popular in the 

manufacturing and construction industries. 

- International Sub-contracting; it is widely used in certain labour 

intensive, export-oriented industries, such as textiles, clothing and 

electronics. 

Of these mechanisms, Foreign Direct Investment (FDI) involves equity 

participation by TNCs in foreign enterprises while the rest constitute the 

non-equity forms of technology transfer. FDI is the most important mode of 

technology followed by licensing. When countries impose restrictions on 

wholly or partially owned FDI then licensing is used as the way of technology 
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transfer. Experience has shown that TNCs are unwilling to transfer 

sophisticated technologies through licensing or joint ventures with domestic 

firms because they fear that they may lose control of intangible assets that 

are the basis for their competitiveness. An example is the computer industry 

where TNCs are not willing to make technology available through licensing or 

joint ventures but only by wholly or majority owned affiliates. 

On the other hand, there is evidence that some of the advanced 

developing countries make substantial use of licensing agreements. For example 

India and the Republic of Korea used licence agreements in the electrical 

power equipment industry and Egypt made much use of licensing agreements 

between TNCs and its state enterprises in the pharmaceuticals industries1
-
2/. 

On the other hand, there are several industries in which TNCs prefer 

wholly or majority owned FDI in order to participate in the transfer of 

technology process. Such cases are the food sector, pharmaceuticals, fashion-

wear, electrical consumer products, computers, electrical power equipment, 

agricultural machinery and automobile production. 

However, an important question that developing countries usually face is 

whether to transfer a particular ~echnology through FDI or a non-equity form. 

This choice heavily depends on the kind of technology a country wishes to 

acquire, since some technologies may not be available for purchase in a 

non-equity form, and the capacity of the country to absorb imported 

technology. Evidence shows that many of the advanced developing countries 

have relied on a mixture of the two methods. A case in point is Brazil whose 

!.!!/ United Nations Centre on Transnational Corporations, Transnational 
Corporation in World Development, New York, 1988. 



- 19 -

firms have made extensive use of FDI as a means of obtaining technology and at 

the same time have engaged in licensing agreements from TNCS. The Republic of 

Korea has also made use of FDI in combination with non-equity forms for 

improving its level of technological development.!..!./. 

Furthermore, the process of technology transfer consists of three stages 

including the acqui£ition of existing technologies relevant to the production 

of specific goods or services, the assimilation and diffusion of these 

technologies in the host countries, and the development of capacities for 

innovation. This implies that a country should develop an active policy for 

technology transfer which will control and manage the transfer process. Such 

a policy should encompass the search and selection of technologies as well as 

measures aiming to facil :ate technology absorption, assimilation, diffusion 

and innovation • 

. !.J/ Transnational Corporation in World Development, 1989, Op. cit. 
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3. World Foreign Direct Investment 

Most importantly, technology may be transferred through foreign direct 

investment which is the mechanism most favoured by TNCs •. L!/ Such investment 

consists of a package including not only the physical plant itself but access 

to foreign markets and sources of imported supplies, new know-h~w, managerial 

knowl~dg~ and continuing access to new developments abroad. FDI involves 

equity participation by TNCs and it cafi be 100 percent o~"ncrship or partial. 

In the latter case, when there are two owners of the investment it is called a 

joint venture and when there are more than two owners it is called a 

consortium. Perhaps the most important reason why developing countries wish to 

attract FDI is the possibility of obtaining modern technology. The issue of 

how developing countries can maximize the contribution of TNCs in upgrading 

the technological level of their economies has become crucial fer many of the 

developing countries. 

Table 3 illustrates some trends of FDI inflows for the period 

1980-1985. Acrording to this table, the share of developing countries 

declined to 23.3 percent in 1985 from 29.3 percent in 1975, owing mostly to 

p~or economic conditions and to heavy external indebtedness of many developing 

countries. Among the regions of developing countries, the importance nf Latin 

America as a recipient of FDI declined sharply to 9.1 percent in 1085 from 

15.3 percent in 1975, while Africa's share increased to 3.~. 

FDI do not represent the total activity of TNCs in technology transfer 
since it does not include the non-equity forms of technology transfer. 
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Table 3 

lnflaws of Foreign Dirett lnVe;tmmt:by Major Regim, 197S-l.CJ85 
(Per antage) 

Quuycm., 1975 198> lCJll 1982 

Developed Countries 10.6 S>.5 73.6 69.8 

United States 12.1 32.4 1¥4.7 31.1 

Western F.umpe 47.0 41.0 '19.1 32.9 
Japan .9 .6 .4 .9 
Other 10.2 6.7 1.2 4.5 

Devielop~ Qutties '19.3 19.3 26.4 :.>.2 

Africa 2.3 .4 3.2 3.8 
latin /aarric.a and 
the Carlbbea 15.3 11.9 13.6 14.4 

Uestem Asia 3.3 .6 - .7 

Other Asia and 
Oceania 7.4 6.1 9.3 10.8 

~Europe .9 .2 .4 .2 

lirld Total 100.0 100.0 100.0 100.0 

Billim of lbllars 21.5 S2.2 56.8 1¥4.5 

Source: l)iitecl Nations Cmtft on Tr.msnatimal Cotponticns, 
Deve 1 opmen t; New York 1988. 

lCJBl 

76.cl 

21.0 

37.0 

.9 

11.6 

23.2 

3.6 

7.7 

.7 

10.7 

,2 

100.0 

1¥4.l 

1• 1985 

78.5 76.7 

51.7 38.9 

19.8 D.7 

- 1.2 

6.7 2.8 

21.3 23.3 

3.1 3.4 

7.0 9.1 

1.2 1.0 

9.6 9.1 

.4 .4 

100.0 100.0 

49.0 49.3 
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In developed countries, the most important development in FDI inflows is 

that the share of the United States increased from 12.l percent in 1975 to 

38.9 percent in 1985, while the share of Western Europe declined constantly. 

The main explanation of this trend is that European and Japanese companies 

were attracted by the brighter prospects of the United States economy in 

comparison to their own economies, the size and homogeneity of the market a .• d 

the prospect of access to United States technology. 

With respect to outflows of FDI, in 1985 total world FDI amounted to $ 

59.9 billion of which 98 percent was supplied by developed economies and only 

2 percent by developing countries (Table 4). In 1975, the United States was 

the source of over half the total capital invested abroad and in 1985 it was 

supplying only 25 percent. Western Europe, on the other hand, had become the 

dominant supplier amounting for 50.4 percent in !985 from only 36.6 percent in 

197j. The United Kingdom, the Federal Republic of Germany, Switzerland and 

the Netherlands continue to be the major suppliers among the European 

countries, while Japan's share in world FDI outflows increased from 6.5 

percent in 1975 to 10.7 percent in 1985. 
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'table 4 

Oltf1Gll5 of Forei8l Oifttt Im [ I 
2 

.,, lkjar fiJE Quuy, 19JS....lCJ85 
(~) 

r.a.oy~ 1975 lCJb tCJSl 1982 lCJlll lCJM 

~Countries CJB.9 CJB.l 99.4 96.6 97.3 CJB.6 

1l!stem F.anipe 36.6 47.2 Sl.6 59.0 60.5 SIJ.2 

Fnnce 4.7 5.4 8.3 8.6 4.7 4.9 

'FR ee.-.y 7.2 7.3 7.6 8.6 8.8 10.0 

lt.aly 1.1 1.2 2.6 3.1 5.8 4.6 

Retberlmds 8.3 10.4 8.7 10.1 10.1 11.6 

Slri.berlmd - - - - 1.4 2.6 

tDitecl ICiqp. 10.9 19.8 22.6 22.0 22.5 18.8 

Jlpml 6.5 4.2 9.1 13.3 9.9 13.7 

tldtal States 5i.4 38.0 22..9 19.0 9.9 13.2 

Dl!uelap~ Cbmtri.es 1.1 1.9 .6 3.4 2.7 1.4 

kid Total 100.0 100.0 loo.o 100.0 100.0 100.0 

lillian of lbllars T/.6 57.6 54.1 32.7 36.5 43.1 

Saua:ie: tDitecl kiaas Centft an Ttaa.Cianal OJrporacians, Tta•oatianal Cog!orattma in Varld 
ne.....-, .. Yolk 1988. 

ltJll5 

CJB.O 

50.4 

3.7 

8.2 

3.0 

5.3 

6.0 

18.7 

10.7 

25.4 

2.0 

100.0 

'9.9 
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4. The United States Foreign Direct Investment 

The U.S. foreign direct investment abroad increased by 6 percent in 1988 

to $ 326.9 billion the slowest rate since 1984, according to Table 5. At the 

end of 1988, 75.1 percent of the total accumulated U.S. investment abroad were 

located in developed countries and 23.5 percent in developing countries. 

Among the developed countries, 62.0 percent were located in Europe of which 

83.1 percent were in the 12 countries of the European Economic Co111DUnity 

(EEC). In addition, the largest increase in 1988 was in the United Kingdom 

($ 6 billion) followed by Canada ($ 2.9 billion), Japan ($ 2.2 billion), and 

Australia ($ 1.9 billion). In all these countries, the increase mostly 

reflected growth in manufacturing affiliates' operating earnings, most of 

which were reinvested • .! .. !/ This increase in the above countries, were off set 

by a substantial decline in Germany ($ 3.1 billion) and in Switzerland ($ .8 

billion) resulting from negative reinvested earnings. 

In developing countries, U.S. direct investment increased by 9 percent 

($ 6.2 billion) to $ 76.9 billion in 1988. Most of the increase ($4.4 

billion) was in Latin America, particularly in Brazil and in the Netherlands 

Antilles owing to reinvested earnings of manufacturing aff iliates.l.!/ The 

remainder of the increase was in the Asia and Pacific resulting from 

reinvested earnings and reflecting strong economic growth. By contrast, U.S. 

foreign investment grew slightly in Africa and declined in the Middle East. 

l.1/ U.S. Department of Commerce, Survey of Current Business, August, 1989 

Survey of Current Business, 1989, Ibid. 
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Table 5 
U.S. Dina ~ Mxoad by Regim for Selected Years {billion of U.S. $) 

lCJll> lm 1987 19118 
ll!gims 

$ x $ x $ x $ x 

All OJuntries 21.S.6 - m.J - E.9 - 326.9 -

Deveklped O:ultries 158.4 73.S 172.l 74.4 m.1 75.6 245.5 75.1 

c..da 4S.O 28.4 lt6.9 Z7.3 58.4 25.l 61.2 2ft.9 

&mlpe IJ6.5 60.l 105.2 61.t llt6.2 62.8 152.2 62.0 

anpem r,._mty 77.4 S>.2 81.4 77.4 l.Z>.l 82.l 126.5 83.1 

Other famJpe 19.l 19.8 n.6 22.6 26.2 17.9 25.7 16.9 

.r.pm 6.2 3.9 9.2 5.3 14.7 6.3 16.9 6.9 

Otbers 10.6 6.7 10.7 6.2 13.4 5.8 15.2 6.2 

Develcpq <bmtties SJ.3 2ft.7 52.8 22.9 70.7 n.o 76.8 2J.5 

Latin 1-rica 26.5 111.1 Z7.3 51.7 32.3 45.7 34.0 "4.3 

v. e.t'l"-ne 12.4 n.1 1.0 1.9 12.6 17.8 15.2 19.8 

Africa 3.8 7.2 4.5 8.5 4.5 6.4 4.6 4.0 

lllddle ~ 2.1 3.9 4.6 8.7 4.6 6.5 4.1 5.3 

Mia md Pasffic 8.5 15.9 15.4 29.2 16.7 2J.6 18.9 24.6 

llUmlCiaml 3.9 1.8 S.4 2.3 4.5 l.S 4.6 1.4 
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The latest developments in foreign direct investment in the United 

States are shown in table 6. At year end 1988, total foreign investment in 

the United States amounted to $ 328.9 billion reflecting a 21 percent ($ 57.l 

billion) increase from 1987. In relation to ownership, from the total FDI in 

the United States 92.l percent was owned by developed countries and only 7.9 

percent by developing countries. From the total owned by developed countries, 

71.4 percent is owned by various European countries, 17.6 percent by Japan and 

9.1 percent by Canada. 

From the total increase during 1988, the United Kingdom accounted for 

the largest share ( 39 percent) followed by Japan (32 percent) and Germany and 

Canada (6 percent each) • .!..~/ The position of Japanese parent companies 

increased by $ 18.2 billion, to $ 53.4 billion (51.7 percent). The largest 

increases were in manufacturing, real estate acquisitions and wholesale trade. 

Starting in early 1970s, foreign multinational companies have increased 

their investment in the United States as a means of pursuing their strategy of 

global expansion and diversification. By acquiring U.S. companies, foreign 

multinationals can gain access to the large U.S. market, increased manu

facturing capacity, and new technology. 

Survey of Current Business, 1989, Op. cit. 



- 27 -

Table 6 
FGreqPp Direct. ~ in the 1hibd States by Regian far Sel«ted Yems. (tiillim of U.S. $ ) 

1980 1985 1987 1988 
~ 

$ 1. $ 1. $ 1. $ 1. 

All Camtries CX).4 - lllfl..6 - m.a - 329.9 -
Devel.aped Qiuncries 78.0 86.3 161.1 87.3 251.8 92.6 Ja'l.9 92.1 

Cmada 9.9 12.7 17.1 10.6 2fl.O 9.~ n.s 9.1 

EulqJe fi0.5 77.6 121.4 75.4 186.0 n.9 216.4 71.4 

~C.-.nity 54.0 89.3 197.1 88.2 165.4 88.9 19'J.9 89.6 

Other fAIEq>e 6.S 10.7 14.3 11.8 3>.6 11.1, 22.S 10.4 

.Japt 7.0 8.9 19.3 12.0 35.2 14.0 53.4 17.6 

Others .6 .8 3.3 2.0 6.6 2.6 S.6 1.8 

Develapisg Ocamries 12.4 13.7 ZJ.S 12.7 3>.0 7.4 26.0 7.9 

laUn '-rica 1.1 8.9 3.S 14.9 4.4 22.0 s.o 19.2 

v • ..-~ 7.4 59.7 13.3 56.6 8.3 41.S 12.0 46.2 

tlidlle East 3.S 28.2 s.o 21.3 s.o 25.0 S.8 22.3 

Africa - Asia .4 3.2 1.7 7.2 2.3 11.S 3.2 12.3 
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Chapter III 

TECHNOLOGY AND INPUT CHOICE DECISIONS 

1. Production Theory 

Industry is constantly in search of new technologies to improve its 

efficiency in the use of resources because apart from constraints related to 

the availability of inputs, limitations of a firm's production decisions are 

imposed by technology. At each level of output the firm must select the 

technology that best suits the current economic situation. Inputs and 

technology choices provide the basic link between outputs and pricing 

decisions, and therefore new technologies must not be only technologically but 

economically feasible as well. 

In relation to pollution problems, if the firm has to pay the cost of 

pollution control, optimally it would choose a clear. and low-waste 

technology. Deterioration of the environment will continue to increase if the 

firm can pollute without cost. If this cost is not reflected in the prices of 

the co111110dities produced, th~ market fails to reflect the scarcity of 

enviromental resources. On the other hand, if the firm pays for the pollution 

that it generates it will be forced to make a choice for low and non-waste 

technologies. The solution for making the right choice is provided by 

conventional production theory of the firm to which we now turn. 

Figure l illustrates the case of an individual firm whose objective is 

to produce a given level of output at least cost without polluting the 

environment. Given the state of technology, the firm uses two inputs, 
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X and y, to produce its output. Input Y is a high sulfur content fuel, which 

when burned causes serious pollution problems control of which is costly to 

society. Input X, on the other hand, is called pollution control technologies 

(PCT) including any type of pollution control equipment or processes for 

recovering and treating wastes which must be incorporated into the production 

method in order to preserve environmental quality. 

Without environmental regulations, the firm has no incentive to use any 

of the pollution control technologies and generates high pollution without 

cost. On the other hand, with environmental regulations the polluting firm, in 

order to reduce pollution and comply with the regulations, will be forced to 

install some pollution control equipmeat or to employ a pollution cvntrol 

technology the cost of which must be borne by the polluting firm. 

According to Figure 1, there are two processes of production availa~le 

to the firm PR1 and PR2. A process of production is defined as the 

ability of the firm to use the two inputs in different proportions. In this 

example, PR2 process uses inputs in the ratio of 2 units of Y to l unit of X 

and it is represented by a ray starting from the origin whose slope is equal 

to 2. This is the polluting process, since it is more intensive in polluting 

input Y. PR1 process, on the other hand, uses inputs in the ratio of 3 

units of input X to l unit of input Y and its slope is 3. This process is more 

intensive in input X, and it is called the "Clean Process". 

Assume that for process PR2 points K, N, and R are the minimum input 

requirements for producing Qi, Qz and Q1 units of output respectively, 
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and that points L, M, and S are the corresponding minimum input requirements 

for precess PR 2 • A careful examination of these relations between the 

level of output produced and inputs used .reveals an important principle in 

production theory. Namely, that the production surface depicted in Figure 1 

represents a linear production function. This means that if both inputs are 

doubled or increased by the same proportion, then the level of output will be 

doubled or increased exactly by the same proportion. As a result of the 

linearity assumption of the production function, the isoquants in Figur~ l are 

linear, i.e., they are composed of flat segments. In reality, a firm"s input 

choice probleas are described by isoquants with flat segments implying that 

they do not pen:iit continuous substitution of in~uts. This is very important 

in appraising the effects of alternative policies aimed at changing production 

processes in order to reduce pollution.Li/ 

An isoquant is defined as the locus of all combinations of the inputs 

used in the production process which produce the same level of output. 

However, different combinations of inputs means also different processes of 

producing the same output. Since in Figure 1 we deal with only two processes 

the three isoquants cojncide with the line segments joining the two processes, 

i.e., KL, NM, and Rs.l.1/ Moving along a line segment connecting the two 

processes PR1 and PR2, means that the same level of output can be produced 

either with process PR1 or PRz or with a combination of both. For 

example, at point N process PRz is being used 100 percent of the time to 

produce the Qz units of output, and at M process PR1 is being used 100 

.u> Robert A. Mayer, Microeconomic Decisions, Houthon Mifflin Company, Boston 
Mass., 1976. 

If we assume that a third process were available to the firm denoted by 
the doted line PR,,then the isoquants would be KPL, NUM and RVS in 
Figure 1. 
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percent of the time. Along the segment from N to M, PR2 is used for a 

successively smaller percentage of the time and PR1 is used for the rest of 

the time. Regardless of the percentage mix, output remains constant along a 

given isoquant, but the level of pollution generated differs. 

Suppose now that the firm, in our example, wants to produce Q2 units of 

output at least cost. If there are no regulations about pollution, what input 

mix should be chosen? To answer this question we must also know the total 

cost of production. Given the prices of the two inputs Py and P. for 

inputs Y and X respectively, then the total cost of production is defined as: 

TC = Py.Y + P •• X (3) 

This is the definition of an isocost curve which graphically is 

represented by a straight line with a slope equal to the negative ratio of the 

prices of the two inputs. According to production theory, optimal production 

will take place at a point of tangency between an isoquant and an isocost 

curve, like points N and M in Figure 2. At these points the relevant isocost 

curves are FF and RH for N and M respectively which have been constructed 

under the assumption that the two inputs have a positive price. But do they 

really deserve a price if we assume no regulations about pollution? Certainly 

input Y has a positive price and co has input X when it is used. But in the 

absence of regulations the firm does not employ any of the pollution control 

technologies (input X) and does not incur any cost for this input. 

Assuming then a zero cost to the firm for input X, the isocost curve will 

be parallel to the vertical axis and any input combination at N or M is an 
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optimal production choice with DD and EE as the relevant isocost curves for N 

and M respectively. Without environmental regulations however, the firm will 

limit the use of X input and make the greatest possible use of the polluting 

input Y. 

Under these circumstances the firm will choose the polluting process 

PR2 and the optimal input combination at point N generating large quantities 

of pollutants. These pollutants will be dispersed into the environment 

without cost to the producer since he will not use any pollution control 

technologies. On the other hand, with environmental restrictions, the firm 

will be forced to adapt the "clean" process PR1 and select the optimal input 

cor.bination at M. 

Based on the above observations the question arises: what measures should 

a government undertake or what economic er other incentives should be given to 

the firm to induce the adoption of cleaner processes ? We deal with this 

question in the following chapter. 
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2. Pollution and Market Prices 

The most important feature of the price mechanism in a free mark.et 

economic system is that it indicates to consumers what the cost of a 

particular coomodity is, and to producers what consumers preferences are. In 

a mark.et system, consumers express their preferences for coD1DOdities by their 

willingness to pay the price attached to them. However, payment of the price 

is not always a necessary condition for obtaining commodities • .!.!/ Namely, 

some commodities, although serving economic functions, are not represented in 

the price mechanism and can be obtained without paying a price, such as public 

goods and environmental products. 

In this report we are concerned with environmental goods an~ the 

mechanisms that could upgrade their quality. When an environmental effect is 

not automatically taken into account by the price mechanism, it is called an 

external effect. Economists always treat environmental problems caused by 

economic activities as externalities, i.e., the impact of economic activities 

by one or more economic unit\s) on the welfare of others. 

Environmental externalities result from both production and consumption 

and are developed rapidly as an economy grows with a substantial impact on the 

society at large. They are generally considered as the major reason for the 

difference between private cost and social cost, since environmental products 

or services are ~reated as free goods or have zero prices.l..!/ 

l!' Robert A. Mayer, Op. cit. 

D. Pearce, A. Markadya, and E. Barbeir, Blueprint for a Green Economy, 
Earthsan Publications Ltd., London 1989. 



- 36 -

Moreover, economic goods and services themselves use up some of the 

environment so that the cost of producing any good or service consists of 

priced inputs (labor, capital, etc.) and unpriced or free inputs 

(environmental services). When environmental goods are considered fre~. 

externali~ies are not priced; and this implies that market prices do not 

reflect the total cost of production. This underpricing of economic products 

causes a discrepancy between the private cost of the products in question and 

the corresponding social cost. Misallocation of economic resources results 

from the existence of such discrepancies. 

The only way to correct the misallocation of resources is that 

environmental externalities have to be integrated with the economic mechanismc 

so that natural resources can be efficiently managed by allocating costs 

rationally. That is, externalities can be corrected partially or wholly, 

through the price mechanism if a price is placed on environmental resources so 

as to narrow the gap between private and social cost. 

In this c~nnection, the task of public policy related to environmental 

issues should be to use the available instrwnents - including direct controls, 

taxation, and subsidies - to find solutions consistent with social welfare 

regarding environmental quality. Namely, free market prices must be 

determined in such a way as to reflect the true cost of production including 

the value of environmental damage caused by any economic activity. The 

correct prices then sho'. 1 ld be: 

P = MC + MEC = MSC ( 1 ) 
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~ere, MEC is the marginal environmental or marginal external cost expressed 

in money terms. For a non-polluting product there is no difference between 

private and social costs of production and therefore the marginal external 

cost is zero and the proper price becomes: 

P = MC = MSC (2) 

On the other hand, the proper price for a polluting ~roduct or service should 

reflect the environmental damage as it has been expressed in formula (1) 

Thus, there is a need to correct the market prices of these products by making 

the polluter pay the differential amount. This is the process of interna

lization of externalities which we discuss in the following chapter. 
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Chapter IV 

THE POLLUTER PAYS PRINCIPLE .AND ITS IMPLEMENTATION 

1. Definition of the Polluter Pays Principle 

Economic activity in general tends to cause environmental deterioration, 

which in a way affect~ the resultant economic gains and may change their 

distribution quite drastically. Similarly, improvement of environmental 

quality may require altering the scope and pattern of economic activity. 

Society, however, faces serious problems which can only be resolved through 

collective decision processes. 

I3 short, the question of environmental management is mainly a problem of 

public policy, because no matter what the economic system, whether 

market-oriented or centrally-planned, there is no inherent mechanism that 

automatically corrects the environmental damage caused by production or 

consumption and internalizes the associated social costs. 

Indeed, the necessary decisi<ins have to be taken in a public-policy 

context, considering the existing environmental conditions and employing the 

most effective policy instruments to bring about the most relevant costs and 

benefits to society. It is reasonable to assume then that environmental 

policief differ among nations. Nations with different political systems and 

different levels of economic development do not apply uniform environmental 

policies, or adopt identical ways of implementing these policies. 
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In spite of the above differences, a coamon environmental policy on 

pollution prevention has been accepted and implemented by many nations and in 

particular among the members of the Organization for Economic Co-operation and 

Development (OECD). This policy aims at allocating the pollution control cost 

to polluters and it is called the Polluter Pays Principle (PPP). The Polluter 

Pays Principle implies that it is the responsibility of the polluter to meet 

the costs of pollution control and prevention measures, irrespective of 

whether these costs are incurred as the result of the imposition of some 

charge on pollution or in response to some direct regulation. It is also 

irrelevant whether the polluter passes on some or all of the costs to 

consumers in the form of higher prices or absorbs them. 

To achieve an efficient allocation of resources, on the other hand, the 

prices of goods and services (as we discussed before) should reflect social 

rat~er than private costs by making the polluter pays the difference, i.e., 

the marginal external cost for using up environmenal resources (MEC in Formula 

1). The Polluter Pays Principle is a means of moving towards this end. In 

other words, the Polluter Pays Principle is an efficiency principle for 

allocating pollution control costs and it does not contribute to distortions 

. . . 1 d d . i·f . l l" d ?O/ in 1nternat1ona tra e an investment, strict y app ie .~ 

OECD, Tha Polluter Pays Principle: Definition, Analysis, Implementation, 
Paris, 1975. 
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2. Direct Controls 

There are various mechanisms making the polluter pay for pollution 

control costs. One such mechanism is to force him to pay the cost of 

cleaning-up the environment or to order him to utilize the clean process PR1 

in order to produce his Qi units of output, as illustrated in Figure 2, 

where the polluter with the absence of environmental ~egulations has chosen 

the polluting process PR2. Optimal production takes place at point N with 

minimum cost Cn represented by the isocost curve DD parallel to the vertical 

axis Y indicating that input Y costs nothing to the firm without environmental 

regulations. At this point the firm has generated an undesirable level of 

pollution which must be reduced to pre-setting standards. The solution, 

however, is to force the polluter to employ the clean process PR1 and 

produce at point M by making him pay a lump-sum equal to the clean-up cost 

Cn-C.. This simply implies that the firm must use pollution control 

technologies (input X) so that its cost rises to c. denoted by the new 

isocost curve EE through point M. 

The impact of the above policy in improving environmental quality is an 

increase in the total cost of production borne by the polluting firm. But as 

with any increased cost, the producer may be able to pass some or all of the 

pollution control cost on to consumers (through higher prices ) depending on 

the elasticity of the demand and supply curves. Namely, the more elastic is 

the demand curve (the higher the competition), the more of the increased costs 

will be borne by the producer and not by consumers. In reality, the 

environmental control cost is shared between the firm through reduced prof its 

and the consumers through higher co111110dity prices. This point is clea ·ly 

demonstrated in Figure 3 showing a conventional demand-supply model. 
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reduced profits and the consumers through higher comaodity prices. This point 

is clearly deaonstrated in Figure 3 shoving a conventional deaand-supply aodel. 
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According to Figure 3, before any pollution clean-up cost is imposed on 

the producer, the price paid by the consumer or received by the producer is 

P*. Assuming now that the producer pays a pollution charge, the production 

cost will increase causing a parallel shift of the supply curve to s·s·. The 

new market price is P1 which reflects also the cost of pollution control. 

This is the real price paid by consumers, but producers receive only price 

P2 since they have borne part of the charge. The loss to producers and 

consumers is measured by the area P*EAP2 and P*EE'Pr respectively, in 

Figure 3. Thus, the environmental control cost is paid partially by consumers 

and producers, and the exact amount depends on the degree of competition faced 

by the firm (as we mentioned before). 
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3. Pollution Charges or Taxes 

Another 111echanism through which the polluter pays principle can be 

implementd is by imposing a per unit tax or charge on the product itself, 

resulting in raising the cost of producing the product. The effect of a tax 

is that it adjusts market prices to reflect the use of environmental goods, 

which otherwise would be treated as being free. The aJDOunt of the tax must be 

equal to the marginal external cost so that private and social costs become 

equal (Formula 2). More specifically, the tax must be equal to the amount at 

which the marginal social costs of pollution abatement equal the marginal 

social damage from pollution. If this tax is imposed, the polluter will 

reduce the polluting input Y up to the point where a further reduction in this 

input (further reduction in pollution) will cost him more per unit than paying 

b 1 f b d h
. . 21 / the tax, ecause he wou d pre er to pay the tax eyon t is point. 

The amount of the tax should also have some relationship to the value of 

environmental services used in the production of a given product. For 

example, the value of a carbon tax should be according to the carbon content 

of fuels, so that a higher tax must be charged for coal than oil which in turn 

would be charged a higher tax than natural gas. Soft coal with high sulfur 

content should be charged a higher tax than hard coal with low sulfur 

content. This differential in imposed taxes may create an incentive, for 

instance, for the electricity industry to alter its input mix to a less 

polluting form. 

1.l/ OECD, Pollution Charges: An Assessment, Paris, 1976. 
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Furthermore, a higher tax on leaded than unleaded gasoline may induce 

consumers to use unleaded gasoline so as to improve air quality standards. 

The impact of this policy in abating polluti~n is also shown in Fig4re 

2. Assuming again that without environmental regulations the firm has chosen 

the optimal combination of production at point N employing the polluting 

technology PR2 and confronted with a low cost indicated by the isocost curve 

DD. To make the producer adopt the clean technology PR 1 , a tax per unit of 

input Y or output produced equal to the marginal exterr.al cost should be 

IP.vied so as to make prices reflect social rather than private cost. This 

will increase the production cost and make the producer select the optimal 

combination at point M with HH as the relevant isocost curve implying that 

both inputs have now po:;tive prices. 

The two policies we have discussed so far have different effects on 

product prices. With direct controls, the firm was forced to pay a lump-sum 

environmental control cost, and nothing was done to alter the initial prices 

created by the market. Input 'k had a positive price wh~.le input X had zero 

price. This implies that the polluter will pay the same cost regardless of 

the amount of the polluting input Y employed in the production process, unless 

environmental quality standards change. 

On the other hand, imposing ta::es on polluting inputs or products raises 

the prices of these products and make them less attractive to consumers. 

Market prices determined that way reflect both the use of economic resources 

as well as of environmental services and achieve a more efficient allocation 

of scarce resources. The effectiveness of such a policy to consumers is 
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illustrated by the oil crisis of 1973 and 1979. The abnormal increase in oil 

prices - although not intended to abate pollution - relative to other types of 

energy, forced many American households, for example, to substitute the more 

expensive and more polluting oil-heating system for the less expensive and 

less polluting gas-heating system. The oil crisis also forced many Americans 

to switch to smaller and more energy-efficient cars and put pressure on 

auto-makers to produce these cars. Both of these examples indicate that the 

oil crisis resulted in energy conservation and reduced air pollution, in spite 

of the fact that energy conservation by oil-intensive industries around the 

wo~ld caused a worldwide recession. 

According to Baumol and Oates, the difference between direct controls and 

taxes or fees :s that direct controls are enforced through fines or other 

penalties and involve a directive to individual producers requiring them to 

satisfy some predetermined environmental quality standards. If their 

activity satisfies these requirements, they are legal and no penalty is 

imposed, but if the standards are violated they must be subject to 

punishment. With taxes or fees on the other hand, even if they are based on 

stadards, the producer is not told what level of economic acitivity to 

select. The amount of payment will vary with his activity level, with no 

imputation of illegality to the activity level he chooses. l .. ~/ 

Moreover, pollution charges or taxes are generally considered more 

effective and should be u~ed to internalize pollution abating costs. According 

to D. Pearce, the basic reason why pollution charges are likely to be better 

lJ/ W.J. Baumol, W.E. Oates, The Theory of Environmental Policy, Prentice
Hall, Inc., Englewood Cliffs, New Jersey, 1975 
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than direct controls is that, "charges enable a polluter to choose hov to 

adjust to the environmental quality standards. Polluters with high costs of 

abating pollution will prefer to pay.the charge. Polluters vith lov cost of 

abatement vill prefer to install abatement equipment. By making abatement 

something that lov cost polluters do rather than high cost ones, charges tend 

to cut dovn the total cost of compliance" _!_l_/. 

In conclusion, in implementing the PPP (regardless of the mechanism 

chosen), the cost of internalising environmental externalities is borne by 

consumers and producers depending largerly on the degree of competition fac~d 

by the producer. In turn, the international competitive implications of the 

PPP depend on whether the environmental control costs are variable or fixed. 

If they are variable, they will influence the pricing and output decisions of 

the firm passing part of the cost to consumers in the form of higher vrices. 

But, if we assume that industries which are involved in international trade 

are characterised by more competitive market structures, the effect of 

PPP-induced cost increases may be in the form of reducing production rather 

than price increases. In the case of fixed costs, the burden of pollution

control costs will be most probably borne by the producer in the form of 

reduced profitability, rather than in price changes. 

D. Pearce, A Markadya, and E. Barbier, Op. cit. 
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Chapter V 

FISCAL INCENTIVES 

1. Subsidies 

As national environmental policies are applied, it-seems that strict 

enforcement of the Polluter Pays Principle may create economic difficulties 

for certain enterprises, industrial sectors, regions or countries. In such 

cases, making the pclluter pay is wholly unjustified and a transitional policy 

can be adopted to facilitate adjus~ment. This being so, exceptions can be made 

to the PPP when there are special circumstances which the authorities regard 

as justifyin~ them. Such situations could arise when application of the PPP 

would hinder the achievement of one or more regional or national economic 

objectives. 

This would be the case, for example, when the additional environmental 

control cost incurred by polluting industries in developing countries would 

result in holding back regional development or adversely affecting the labour 

market. In addition, to abate pollution, changes in production technology are 

required in many cases, which may cause distortions in the operations of an 

enterprise or ind~stry. Production lines may have to shut down, economies of 

scale may have to be sacrificed temporarily, and workers may have to be laid 

off. Another situation may arise when an enterpsise or industry in a 

developing country, in order to abate pollution must apply a new cieaner 

technology which has not yet b~en introduced in the country in question. Then 

this techology must be transferred from abroad which in many cases is very 

costly. 
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Under these circumstances, a case can be made for public assistance to 

help a firm or an industry to meet transitional adaptation costs, so that the 

public as a whole will benefit from the process of maintaining a viable 

balance between environmental and other economic or social goals. Although 

the sharing of transitional adjustment cost, through public or international 

assistance, constitutes a departure from the spirit of the PPP, it seems that 

the general problems of adjustment and palicy implementation require 

exceptions to be made in the aforementioned special cases. Furthermore, 

exceptions from the PPP have been widely accepted in the form of "adjustment 

assistance" under a wide variety of circumstances, ranging from import 

competition to the effects of rapid technological change •. !.!/ 

The major goal of implementing efficient environmental policy then should 

be to minimize adjustment costs and nationally or internationally financed 

progrrumnes shoulJ be provided aiming at reducing the overall adaptation cost 

to society. This is possible through the use of "subsidies" which eventually 

allow adjustment to occur with reduced cost to the firm or the industry. A 

subsidy is an aid to a polluter of all or part of the cost of the 

anti-pollution measures with which he is obliged to comply. In fact, 

subsidies may be of advantage in facilitating and speeding up the 

implementation of an environmental policy during a transitional period of 

adaptation •. !.V. 

Graphically, the case of subsidies is illustrated in Figure 2. If the 

firm, without envi.ronmental regulations, produces at point N using the 

1..!/ 

.!l/ 

Ingo Walter, 1978, International Economics of Pollutio~, John Wiley and 
Sons, New York, 1978 . 

OECD, 1975, Op.cit. 
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polluting process PR 2 , at the prevailing set of prices its total cost would 

be Cn, while producing at M its total cost would be Cm. Having a public 

body willing to pay a subsidy, its size must be equal to the difference Cn-

c. (full subsidization) or lesr rtial subsidization) in order to induce 

the firm to voluntarily choose the clean process PR1 and produce at M 

instead of N. Any subsidy greater than Cn - c. will generate a total cost 

of producing at point M which is less than that at point N.l..!/ 

A comparison between subsidies and the enforcement of the PPP policies 

reveal that the two policies have different distributional effects. In the 

case of the PPP, the cost is borne by the producer and the consumer of the 

coanodity in question; while in the case of subsidies, the cost is paid either 

by public authorities, or it is shared by the polluter and the authorities. 

In the latter case however, the cost of abating pollution is subsidized by a 

public body from revenue drawn not only from the consumers of the connnodity in 

question, but from all taxpayers. In this respect, the subsidies policy may 

be preferred to the PPP because its indirect influence makes it difficult to 

determine who is paying and how much •. !1/ 

1.!/ 

. 11/ 

If for example, Cm = $ 60 and Cn = $ 20, in the case of full 
subsidization the size of the subsidy must be $ 40 (Cm-Cn). If it is 
greater than $ 40 (i.e. $ SO), then the actual cost at M will be only $ 
10 which is less than that at point N ($20) . 

Robert A. Mayer, 1976, Op. cit. 
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2. The Technological and Eccnomic Impact of a 
New Process of Production 

It has been recognized that a significant outcome of technical progress is 

the development of clean processes of production which have not only 

ecological, but also major economic and technical implications. Namely, clean 

technologies limit discharge, avoid the production of undesirable by-products 

and reduce the risks of accidental pollution and transfer of pollution between 

physical environments. With respect to economic impact, clean technologies 

lead to a reduction in production cost through savings in raw material and 

energy, and increase productivity, which in turn increases profitablity and 

competi- tiveness. 

The case is illustrated in Figure 4 where, as before, there are two 

processes of production available to tt. firm PR i and PR2. Assuming that 

the firm produces 200 units of output with the cleaner process PR1 and given 

the prices of the two inputs, optimal production will take place at point M 

with ~otal cost represented by the isocost curve FF through point M. Now 

assume that a new, cleaner, process PRJ becomes available to the firm which 

is using less of both inputs X and Y. This process is technologically more 

advanced than either PR1 ro PR2. It is also more economical, because in 

order to produce 200 units of output with the same set of prices, optimal 

production will occur at point K with total cost indicated by the isocost 

curve EE which is parallel and to the left of the isocost curve FF. 7his 

means that with the same set of prices, it costs less to the firm to produce 

200 units of Ol•.tput by the new cleaner process than either PR1 or PR2. 

However, clea~ processes are not only ecologically feasible but economically 

efficient as well. 
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Figure 4 
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For example, in order to manufacture a ton of panel board it was necessary 

to use 30,000 liters of water which was disposed of in water ways at the end 

of the production chain. Now, with a cleaner process, the required quantity 

of water has been reduced to 100 liters per ton. In order to produce a ton of 

hydrazine hydrate, the quantity of thermal and electrical power was 4.7 and 

9.0 TOE respectively. Implementing a cleaner process, it was possible to 

reduce these needs by 83 percent for electricity and 50 percent for gas. 

These energy savings significantly reduced production costs. In addition, it 

has been estimated that the cost of environmental damage in France amounted to 

100 billion FF per year, whereas investments in clean technologies were only 

55 billion FF for the same period. 

In conclusion, since developing countries today are confronted with 

various economic difficulties, in order to promote economic development and 

protect the environment at the same time, they need to introduce and apply 

clean technologies. Since usually these technologies are developed by 

industrial countries, the policy makers in developing countries should provide 

effective instruments for assessing the impact of these technologies and 

stimulate their development domestically or transfer them from abroad. But as 

many developing countries have pointed out, the high acquisition cost is the 

crucial bottleneck for acquiring and adapting these new technologies. What is 

needed however is a close co-operation between developed and developing 

countries and international organizations to intensify their efforts in 

promoting the early diffusion of clean technologies among developing 

countries. At the national level, on the other hand, governments should 

provide any financial or regulatory assistance to enterprises or industries in 
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order to facilitate the acquisition and adaptation of clean technologies. 

That is exactly where subsidies can be an effective mechanism for pursuing 

this objective. 

2. Types of Subsidies 

In this paper, we define subsidies as the various instruments or 

techniques actually employed in order to make a public body or international 

organization (or in general somebody else) to bear wholly or partially the 

environmental-control costs rather than the polluter himself. That is, the 

polluter pays nothing or a part of the total pollution abatement costs. All 

these instruments are considered departures from the polluter pays principle, 

out some have less distortive impact on international competitiveness than 

others. The following section describP,s the economic instruments available 

for pollution control and reduction. 

1. Government Capital Grants. They represent the most important and most 

effective form of subsidization by governments of productive enterprises 

and consist of direct financial assistance to the firm in order to reduce 

the capital cost required for pollution control facilities. As a result, 

the firm's average cost per unit of output is lower than would otherwise 

be the case, and its national and international competitiveness is raised. 

In terms of international competitive implications, government grants are 

the most objectionable since they reduce the firm's per unit cost and lead 

to unfair competition. They are also prohibitP.d by the General Agreement 

of Trade and Tarrifs (GATT) in international trade relations. 
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Rega~dless of the objections, capital grants should be provided to 

individual firms or industries of developing countries to induce t~em to 

introduce clean and low-waste technologies in the process of implementing 

their environmental policy without sacrificing economic growth or other 

social or coamercial priorities. 

2. Tax Abatement. Tax relief of any kind constitutes an impl~cit 

21/ 

subsidization by governments of capital or operating expenditures related 

to pollution control, reduces the firm's overall tax liability, and 

affects positively its profitability. Tax concessions may be granted 

either in the form of lower corporate tax-rate or as credits against tax 

liability of a certain percentage or of the entire capital investment 

associated with pollution control 

Taxes employed under these two schemes may be direct (lower profi~ 

tax-rate) or indirect (i.e., tax credit against property taxes). In 

either case, tax abatement affects either fixed costs, variable costs or 

the profits of the enterprise and strengthens its competitiveness in 

domestic as well as in international markets. 

In addition, tax concessions are granted as economic incentives by all 

developing and many developed countries in order to attract foreign 

direct investment. If this is the case, then taxes should be also used 

for pollution control investment as well. 

Lower profit tax-rates should be granted for a limited time period. 
Usually it should not exceed the number of years required to recover the 
original cost of the capital investment. 
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3. Accelerated Depreciation. By writing off capital investment for 

enviro11111ental purposes more rapidly than otherwise, the firm effectively 

reduces its current tax liability and can employ the resultant savings 

for other productive purposes. This method is different from tax 

abatement because it influences the firm's fixed costs with long-term 

competitive implications. 

On the other hand, accelerated depreciation raises the firm's 

profitability - at least for the depreciation period - by allowing the 

firm to recover the capital investment costs faster. For this reason, 

accelerated depreciation is one of the many economic incentives offered 

by developing nations to multinational corporations to increase the 

inflow of foreign investment in their economies. It is also used as a 

fiscal instrument to stimulate investments and economic growth in periods 

of recession. 

Accelarated ~epreciation works as follows: Assuming that anti-pollution 

control equipment costs $ 10,000, and its aormal life is five years. If 

we employ the straight-line method for estimating depreciation 

allowances, the firm is allowed to reduce its tax burden by $2,000 for 

the next five years. In other words, the firm's profits increase by $ 

2,000 for this period, and it recaptures the original cost of the 

f 2' / investment within ive years~ • 

The annual depreciation charges are estimated by dividing the original 
cost of the investment by the number of years of its life. 



To use accelerated depreciation as an incentive to introduce clean 

technologies for pollution purposes, the government should allow the 

entrepreneur to depreciate the equipment in a shorter period, i.e., in 

two year period. This means that the producer recovers the cost of the 

investment in two years and at the same time his profits increase by $ 

5,000 for the next two years. Accelerated depreciation is very effective 

and should be provided as an economic incentive to abate pollution either 

alone or in combination with other instruments. 

4. Concessionary Loans. This is another way of reducing capital costs 

associated with pollution control. Loans may be provided to a firm 

either directly by public authorities or indirectly by international 

institutions, at rates of interest and amortisation terms more favourable 

than those available from financial institutions. Alternatively, 

government credit guarantees may be extended to the firm, allowing it to 

borrow from other financial institutions at more favourable rates. 

Both such methods lower the cost of capital to the firm and increase 

its profitablity. Concessionary loans have long-term rather than 

short-term competitive implications since they influence the firm's 

average fixed cost. Because, many developing and developed countries 

provide concessionary loans as incentives to attract foreign investment, 

they should also be provided for pollution control purposes. 

5. Tariff and Non-tariff Restrictions. These instrwnents may be employed in 

cases where an industry is highly trade-oriented and its competitiveness 

is threatened by ~apital investment costs for environmental purposes. 
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Then a case can be made for the government to protect the industry in 

question through raising tariffs or other trade barriers for a certain 

time period. 

Although such restrictions are inconsistent with existing GATf 

rules, excemptions should be made to facilitate the implementation of 

efficient environmental policies by the industry and secure at the same 

time its competitive position. In this case the full cost of capital 

ii.vestment is paid by the industry, but the restrictions imposed may 

offset the negative impact on its profitability and do not affect its 

pricing and output decisions. It is therefore necessary that a 

comparative study should be conducted to assess the benefits and costs -

to the industry and to society at large - associated with trade 

restrictions imposed for pollution control purposes. 

6. Export Premiums. Levying trade restrictions for environmental purposes, 

as we just discussed, concerned a whole industry. On the other hand, 

export premiums should be granted to an export-oriented individual firm 

whose competitivenss may be jeopardised by the incremental cost of 

capital investment for implementing specific environmental policies. 

In this specific case, the governments may provide export premiums 

or increase the ones already in existence to the affected firm in order 

to subsidise - partially or wholly - its resultant cost increase from its 

capital investment. The size of the premiwn must be equal to or a 

certain percentage of the incremental cost so as to minimize the negative 

impact of the firm's international competitive position. 
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7. Research and Development E..xpenditures. Government sponsored research and 

development activity associated with environmental control may generate 

the necessary technical advances more rapidly and more effectively than 

resarch undertaken by individual enterprises. Once innovations have been 

generated, they are diffused very quickly nationally and inter-

nationally. That is, research and development Lenefit both domestic and 

foreign enterprises, in meeting environmental objectives with relatively 

low cost especially when they are tax-financed. 

As a departure from the PPP, tax-financed research and development 

has been recognised as an exception and appears to be non-controversial 

in nature, since governments have implicitly concluded that its benefits 

. h . lO/ outweig its costs~ • Therefore, international competitive 

distortions may be minimal, because government sponsored research and 

development generates innovations which become available abroad and lead 

to the development of industries producing pollution control products for 

export. 

8. Concessionary Leasing. This is another method of reducing capital costs 

related to pollution control investment. The required equipment may be 

purchased by public authorities and then leased in individual firms on 

more favourable terms than they would obtain if the firm had to acquire 

them itself. This is an implicit subsidisation which reduces the 

enterprise's capital investment costs due to cheaper credit available to 

government agencies. Leasing of capital equipment is growing rapidly in 

importance and may grow in significance in the future as well. 

Ingo Walter, 1978, Op. cit. 
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Chapter VI 

CONCLUSIONS 

Concern about the future quality of the environment is not limited to a 

particular country or region but it is a global concern. This concern was the 

central theme of the report "Our CoDIDOn Future" or "Brundtland Report" issued 

by a special United Nations Comnission consisting of representatives from 

industrial and developing countries. The report concludes that the most 

significant threat facing humanity and development is characterized by 

increasing poverty and simultaneous deterioration in environmental quality. 

In order to promote both global justice and environmental protection, the 

developing countries must be granted the opportunity to grow economically in 

an environmentally responsible manner. 

At present, developing countries are confronting with two important 

issues. Deterioration of their environment and natural resource base and 

achieving sustainable economic growth. The two are totally interdependent and 

policies to promote both are ~rgently needed. These policies should be 

designed in such a way as to provide better linkage between economy and 

environment and between government and industry in reaching the goals of 

sustainable development. 

The problems faced by developing countries must be solved now through 

maximum utilization of the existing clean technologies which increase both 

economic efficiency and environmental quality. Nevertheless, these 

technologies are mostly developed in industrialized countries and affordable 
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instruments and measures should be provided ~o enterprises or industries in 

developing countries in order to enable them to transfer and apply these 

technologies. 

In this study, we considered two sets of such instrwnents, the polluter 

plays principle and subsidies. In implementing the PPP, we discussed and 

analysed the implications of two mechanisms: direct controls and charges or 

taxes. Direct controls are the safest means of preventing irreversible 

effects or unacceptable pollution levels, and their effectiveness depends 

mainly on good administrative organization, on which efficient environmental 

mana&ement also depend (OECD 1975). It should also be noted that direct 

controls are mainly preferred by industrialists, because controls are open to 

bargaining and compromising over the fixing of standards; and once the 

polluter has complied with the regulations, he has no further charges to pay. 

In addition, direct controls are flexible since they can induce changes in 

polluting activities, and this is another reason for their popularity among 

regulators (Bawnol and Oates, 197)). Moreover, direct controls are consistent 

with the PPP if each polluter affected by the controls has to bear the cost 

necessary for complying with the standards (OECD, 1976). 

Pollution charges or taxes, on the other hand, play an important role in 

the process of internalizing environmental externalities. First, unit taxes 

represent a very attractive method for achieving specified standards of 

environmental quality, and they automatically lead to the least-cost pattern 

of modification of externality-generating activities (Baurnol and Oates, 

1975). Second, pollution charges or taxes oblige the polluter to include in 

his production cost the pollution control cost; and by doing so, he 

re-establishes correct pricing, so that the gap is bridged between private and 
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social cost (OECD, 1975). Third, a charging policy may achieve the objective 

of abating pollution at least cost to society and it can provide a continuing 

incentive for improved pollution abatement (OECD, 1976). Finally, the 

application of charges in promoting clean technologies make the cost of 

pollution visible to manufacturers and the revenues from the charges can be 

used for environmental investments (Economic Conmission for Europe, 1989) • .!.!/ 

In SUJ1111ary, in spite of the difficulties encountered in estimating 

appropriate fee levels and administering the system. controls ~nd taxes can be 

effective in promoting the use of clean technologies, if technology options 

are available and they are implemented in conjunction with other policy 

instruments, including legal requirements. It seems, however, that in most 

developing countries not only there are no technology options, but the 

existing clean technologies have not yet been introduced. What is neederl 

therefore is a system of such instruments which will assist individual firms 

or industries in developing countries in transfering these technologies from 

abroad. 

It is suggested that the various subsidies we have discussed in this 

paper are relevant and appropriate instruments to fulfil this objective. 

Besides, most of these subsidies - including tax consessi~"=· a~celerated 

depreciation, consessionary loans, and trade restricticns - are part of the 

package offered to TNCs by the governments of developing cuuntries in order to 

attract foreign direct investment, which as we have seen is the most important 

Economic Co11111ission for Europe, Seminar on Economic Implications of 
Low-Waste Technology, Report of the Seminar, The Hague, Netherlands, 
October 1989. 
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form of technology transfer. The same instruments must become available to 

individual enterprises or industries in order to assist them in the process of 

transferring and adopting these technologies. Despite their drawbacks, 

subsidies must be employed in environment policy for reasons of social policy 

or regional developement, and they can prove useful as complements in cases of 

recognised exceptions to the PPP, as during transitional periods of policy 

implementation in developing countries. 

Among the various types of subsidies, capital grants for pollution 

control investment must be provided in cases where enterprises cannot 

otherwise make the necessary investment themselves without financial support. 

Investment grants do not simply lower investment costs, but also reduce 

production costs. For that reason, they should be granted to overcome 

temporary uncertainties and disadvantages of integrating clean technologies 

within enterprices. In general, grants may have a stimulating effect on the 

development and application of clean technologies, if the conditions in which 

they are to be applied are known and taken into account. 

Research and development funds have stimulating effects on innovation and 

diffusion of clean technologies and should be directed towards long-term, 

internationally co-ordinated programmes. In this respect, many developing 

countries have ex~ressed the need for improving the utilization of existing 

R&D centres by allocating more funds into their research and development 

activities. For example, Thailand has provided tax incentives for small and 

mediwn sized enterprises for the acquisition of new technologies and the 

establishment of science-based Parks (Expert Group Meeting, 1989) • .!.l/ 

UNIDO, Regional and Country Studies Branch, Expert Group Meeting for 
Industrialization Policies in Developing Countries, Vienna, April 1989. 
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Furthermore, many industrialized countries have set up two types of 

financial aid mechanisms for pollution control: direct aid for investment 

expenditure and anti-pollution operation and aid for research and development 

expenditure.l..l/ Direct aid is granted subject to conditions which encourage 

the introduction of new and clean technologies. This policy, for instance, 

has been applied in Norway in the paper and pulp industry and in Germany in 

the metal-plating industry. In relation to the second category, the 

government finances programnes for research and development on new processes 

either by funding research institutes or by assisting given industrial 

projects. In France, for example, the Ministry of the Environment provides 

financial aid to industries for R and D in non-polluting, more efficient, and 

energy and raw-material-saving technologies. The Netherlands set up a special 

aid progra11111e for clean technologies in 1975. In France and Germany, the 

government provides 50 percent or more of the financing for research 

progrannes on pollution control and energy conservation. 

In conclusion, the developing countries should reassess, upgrade and make 

more efficient the existing research and development facilities in order to 

strengthen their capabilities to develop and/or acqu~re and absorb new and 

clean technologies and analyze the impact on their industrialization process. 

To obtain access to information and know-how in new technologies, 

international collaboration is required more than ever before. To this end, 

UNIDO's role and potential contribution becomes even more crucial and 

significant. It should intensify its efforts in establishing information 

OECD, Environment Policy and Technical Cha_!!g~, Paris, 1985 
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centres for the production, availability and exports of clean technologies. 

In ad~ition, it should initiate the development of progranmes which would 

assist developing countries in their efforts to develop new and clean 

technologies.1..~/ Such progranmes would include assistance in promoting 

research and development activities, training of human resources, creation of 

appropriate institutional infrastructure etc. The implementation of these 

programnes would strengthen the positions of developing countries in the 

international system. 

l.!/ A. Biswas, "Environmental Aspects of Hazardous Waste Management for 
Developing Countries", in Hazardous Waste Management, edited by S.P. 
Maltezou, A. Biswas and H. Sutter, Tycooly Publishing, London, 1989. 
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