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Preface 

In Economic and Social Council resolution 1989/25, the Council requested an analytic study of the 
main sectors of activity that have adverse effects on environmental preservation and the factors that 
determine the allocation of activities between developed and developing countries. The present report, 
entitled Climate Change and Transnational Corporations: Analysis and Trends, is in response to that 
request. 

The problem of global warming and the dangers it presents to global survival are being given high 
priority by the United Nations. Discussions are under way leading to a convention on global climate 
change under the auspices of United Nations intergovernmental bodies. The study was designed as a 
contribution to that process. It focuses on six transnational energy-producing and energy-consuming 
industrial sectors, in which corporate practices have a direct and major impact on the problems associated 
with global climate change. The sectors are fossil fuel production, transportation, electricity-generation, 
energy-intensive metals production, chlorofluorocarbons and other ozone-depleting chemicals, and 
inorganic nitmgen fertilizers. 

The study explores the relative differential impacts between industrialized and developing countries 
of each sector, and asks how each sector would have to be restructured in order to limit global climate 
change and ozone depletion. It concludes that major changes in the technical processes and investment 
patterns of the transnational corporations in those sectors would be necessary if catastrophic 
environmental changes are to be avoided. 

Dr. A rjun Makhjjani, President of the Institute for Energy and Environmental Research in Tacoma 
Park, Maryland, acting as consultant to the Centre, prepared this report. He was assisted by Dr. Ariane 
Van Buren, Amanda Bickel and Scott Saleska. 

New York, December 1991 
Executive Director 

United Nations Centre on Transnational Corporations 
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EXECUTIVE SUMMARY 

Human activities which result in the release of carbon dioxide, chlorofluorocarbons and other 
chemicals to the atmosphere threaten to change dramatically the earth's climate and damage its protective 
stratospheric ozone shield. Many national Governments and international institutions have recognized 
that addressing the problem of human-generated emissions of greenhouse and ozone depleting gases is 
one of the most important challenges the world now faces. 

The present study concentrates on the ways in which the activities of transnational corporations 
contribute to this global environmental h a t .  It identifies concrete steps that transnational corporations 
(TNCs) can adopt to mitigate the damage and prevent future destruction. The overall purpose of the study 
is to contribute to the analysis of environmental restructuring and the requirements for a sustainable 
economy. Environmental restructuring will require the redesigning of economic activities, such as 
investment patterns and technological choices, in ways that inflict the least possible damage to the 
environment and achieve sustainability. The policies and principles recommended in this study comple- 
ment actions that need to be taken by other institutions, such as national Governments, non-governmental 
organizations, the United Nations system, and other interested parties. 

The threat of global climate change caused by anthropogenic emissions is expected to be a far more 
difficult problem to address than stratospheric ozone depletion, which has been addressed through the 
intergovernmental agreement, the Montreal Protocol on Substances that Deplete the Ozone Layer, of 16 
September 1987. The decisions made by Governments, corporations and citizens over the next several 
years will be pivotal as international negotiations on limiting those gases are as yet in an early stage. 

Most of the chemicals involved in ozone depletion and global warming are closely associated with 
industrial activities. The combustion of fossil fuels as a source of energy is the most important cause sf 
the growing accumulation of carbon dioxide in the atmosphere, the source of roughly half of the global 
warming problem. Emissions of the greenhouse gases methane and nitrous oxide also result from the 
production and use of fossil fuels. Additional nitrous oxide emissions are tied to energy-intensive 
practices in agriculture, such as the use of nitrogen fertilizers. Chlorofluorocarbons and their chemical 
relatives would not be present in the atmosphere at all were it not for their development and use by humans 
in the twentieth century. 



In June 1990, the Intergovernmental Panel on Climate Change (IPCC), made the following 
calculations: * 

"Atmospheric concentrations of the long-lived gases (carbon dioxide, nitrous oxide and the 
CFCs) adjust only slowly to change in emissions. Continued emissions of these gases at present 
rates would commit us to increase concentrations for centuries ahead. The longer emissions 
continue to increase at present-day rates, the greater reductions would have to be for concentra- 
tions to stabilise at a given level. 

"The long-lived gases would require immediate reductions in emissions from human activities 
of over 60% to stabilise their concentrations at today's levels; methane would require a 15-20% 
reduction." 

Governments, citizens, international organizations and private industry will all have to participate 
if such reductions are to be realized. The actions which will have to be taken will touch most aspects of 
industrial society. Transnational corporations will play a particularly important role. The influence of 
TNCs extends over roughly 50 per cent of all emissions of greenhouse gases. This includes about half 
of the oil production business, virtually all of the production of road vehicles outside of the centralized 
economies, most ~Norofluorocarbon production, and significant portions of electricity generation and 
use. 

The transnational corporate role in the energy sector and in the release of damaging gases must be 
understood both in its present and historical context. The report uses the case study approach in order to 
provide insight into the complex issues of the global environment and the role of TNCs through concrete 
examples which illustrate the variety of problems faced. Each case study includes discussion of the 
problems and the possibilities of restructuring. 

Case studies 

The case studies look at transnational corporations which are involved in several different stages 
of the energy sector: producers of fossil fuel, vendors of equipment or materials which utilize fossil fuels 
and corporations which use energy-intensive manufacturing processes. The role of TNCs in the produc- 
tion and consumption of CFCs and in the production of nitrogenous fertilizers, which similarly result in 
greenhouse gas emissions, will also be analysed. These case studies are complementary to those which 
deal more directly with the energy sector. The case studies are the following: 

(a) Fossil fie1 production 

Although control of the industry by the largest TNC oil producers has lessened significantly in 
recent decades, TNCs still produce or market roughly 50 per cent of fossil fuels. Direct release of 
damaging emissions from this industry include carbon dioxide from energy consumed in the production 
process approximately 8 per cent of all carbon dioxide emissions and releases of methane (the primary 
component in natural gas) from leaks during natural gas production, leaks from coal mines and from 

* IPCC, "Policy-makers' summary of the scientific assessment of climate change", Report to IPCC from Working Group 
I, p. 1 (June 1990), prepared at the Meteorological Office, Braclmell, United Kingdom. The IPCC is an intergovernmental 
body under the joint auspices of the World Meteorological Organization 0) and the United Natiom Environment 
Programme (UNEP). 
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venting at the oil well-head. This wasteful venting of natural gas released during the oil extraction process 
represents a loss to developing country economies and natural resource base. Transnational corporations 
focusing on producing oil for the industrialized American and European markets generally do not capture 
the natural gas, since it is not profitable for them to do so. 

(b) Transportation 

This sector is responsible for about 20 per cent of the projected global warming; most of this is in 
fossil-fuel-consuming road vehicles. Historically, automobile producers in the United States have 
discouraged both public transportation and non-fossil-fuel-based transportation. In addition, vehicle 
manufacturers continue to produce automobiles which are far less fuel efficient than available prototypes. 
Their unwillingness to change this pattern demonstrates the problems which can occur in the absence of 
effective and consistent regulation and taxation policies. 

(c)  Electricity generation 

Approximately one third of a l l  use of fossil fuels goes to the generation of electricity. Although 
most electric generation facilities are under national or regiond control, TNCs play an important role in 
designing equipment and plants. Plant designs have inappropriately placed priority on size rather than 
efficiency. Cogeneration, the simultaneous generation of electricity and heat, has been vastly underutil- 
ized and the exploitation of renewable energy sources (which are non-carbon based) has been neglected. 

(d) Production of energy-intensive metals 

Worldwide, the production of aluminium, copper and iron consume over 7 per cent of total 
commercial energy use. Aluminium alone, whose production process is the most energy intensive, 
absorbs 7 per cent of all industrial electricity use. The Grande Carajas Programme in Brazil, which 
includes mining and metallurgical projects and a hydro dam, was intended to be apositive force in Brazil's 
economic development, but it is also causing severe environmental and social problems through increased 
deforestation and the ruining of the livelihoods of the indigenous population. In the case of the 
Askosombo dam in Ghana, a Kaiser Aluminum joint-venture contractually required much of Ghana's 
available hydroelectric power, leaving the rest of the country to rely for many years on more expensive 
and less reliable sources of power. 

(e)  CFCs and other ozone-depleting chemicals 

These chemicals contribute at least 15 per cent of the global warming problem. TNCs are the 
primary producers and intermediate consumer of CFCs and related compounds, which are used in 
refrigeration and a variety of other applications. After initial resistance to reducing the use of those 
chemicals, both producers and users of CFCs have responded to the reality of international regulation 
(and the consequent global phase-out of the compounds) by working quickly to develop alternatives. The 
Montreal Protocol, which regulates the use of CFCs and has set up timetables for their elimination, serves 
as an excellent guide to the potential effectiveness of international regulation. 



Cf) Inorganic nitrogen fertilizers 

These chemicals contribute to global warming both because of the use of energy in producing them 
and because of the nitrous oxide which is released through their use. Nitrous oxides contribute roughly 
5 per cent of the global warming problem. Nitrogen fertilizer production is still largely in the hands of 
TNCs, which have historically promoted patterns of over-use, often in conjunction with government 
development schemes. Excessive use of fertilizers has also resulted in other forms of environmental 
degradation. 

The comparative environmental practices of corporations in different parts of the world reveal 
disparities between TNC production processes in countries where there is an absence of regulations or 
conflicting kinds of regulation for a variety of reasons. For example, cars produced for the Brazilian 
market are produced to a lower efficiency and emissions standards than those in countries where 
regulations are in place. Similarly, in the late 1970s, a ban on the use of CFCs in aerosols in Canada, 
Sweden and the United States did not affect other countries, where there was no regulation. 

Regulatory policies and environmental restructuring 

Addressing the problems of greenhouse gas emissions will require cooperative efforts by corpora- 
tions, Governments, intergovernmental organizations and non-governmental organizations. In most 
cases, transnational corporations cannot be expected to change their practices on their own. Even if 
individual corporations were to establish environmental protection as a goal, global competitiongenerally 
would make it difficult for companies that operate internationally to take costly conservation measures 
when their competitors do not. Once a global regulatory trend has been established by Governments, 
however, TNCs can provide a strong base of technical information with which rapid transitions to safer 
practices can be made. 

One of the most promising paths for reducing emissions of carbon dioxide and other damaging 
chemicals will be international guidelines on reductions, such as those established by the Montreal 
Protocol for CFCs and other ozone-depleting chemicals. Governments and local authorities will have to 
take responsibility for other specific steps. International bodies should also be involved because of the 
tmnsboundary implications of climate change and the role of transnational corporations. These steps 
should include specific regulations on energy efficiency and supplementary taxation to discourage 
wasteful practices. Tax revenue should help fund the development of more environmentally sound 
technologies. Taxation and regulation are complementary methods for requiring corporations to inter- 
nalize the costs of the environmental damage caused by their activities and the costs of switching to better 
systems. 

An important step in developing regulations will be requiring corporate environmental impact 
statements. Corporations which are vendors of equipment, the use of which involves release of damaging 
emissions, corporations which produce fossil fuels and corporations which use significant amounts of 
energy from fossil fuels or electricity should provide analyses of the damage their products or processes 
may cause to the environment, and the potential alternatives which are available. Statements should be 
made available to Government, non-governmental organizations, workers and the public at large. Those 
impact statements will provide a bank of information from which international and national regulatory 
standards can be developed. 
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Restructuring the energy sector will also be a vital element in limiting global climate change and 
ozone depletion. In the Bong run, conversion from fossil fuel energy sources to the use of alternative, 
renewable safe energy sources is the key to preventing global warming and the global environmental 
degradation related to industrial pollution. Until that is achieved, transition measures can and should be 
taken by TNCs and other large energy producers. Far-sighted companies should be making new 
invesmenls in alternative sources of energy, such as solar, geothermal, cogeneration, as well as 
environmentally safe exploitation of natural gas. 

The wide range of choices available today have the potential to displace significant amounts of 
greenhouse gas emissions. Evaluations of the emissions and other environmental problems related to 
those methods of generation in comparison to others will be necessary, along with analysis of the energy 
conservation potential. 

There is also significant room for improvement in recycling and reuse of toxic materials which 
would also reduce emissions. Restructuring will require determinations about energy-efficient and 
cost-effective alternatives. 

Improvements in the way vehicles are used and in the vehicles themselves would alleviate the 
present levels of greenhouse gas emissions and other forms of environmental degradation related to the 
transportation sector, such as urban air pollution. For the short term, increased fuel efficiency, fewer 
vehicles and fewer miles driven would reduce carbon emissions. All three of these are possible if industry 
can restructure with those goals in mind. 

The following are some suggestions for action by corporations and Governments that are discussed 
in the case studies. Some suggestions can be implemented fairly easily, while others will require 
significant revision of investment decisions. 

Production of fossil fuels 

(a) Venting from existing gas wells should be stopped immediately. A thorough analysis in areas 
where gas is still vented and flared would, in most cases, reveal the economic desirability, as 
well the environmental benefits, of trapping and utilizing the gas; 

(b) Utilization of natural gas to displace oil and coal in efficient power plants and in cogeneration 
stations should be accelerated. Steps should be taken in advance to investigate and cure the 
leaks of natural gas so as not to aggravate atmospheric methane accumulations; 

(c) Methods to minimize methane emissions from abandoned coal mines should be developed 
and implemented on an urgent basis; 

(hi)  A tax on fossil fuel in the OECD countries on the basis of carbon content would internalize 
some of the costs and could be used to implement various conservation policies. 

(a) Corporations should urgently start developing high efficiency prototypes and put them into 
production; 

(b) 'FNCs should observe minimum universal standards on emissions and fuel efficiency in their 
global production and marketing operations; 



(c) TNCs should do systems analyses, which include economic and environmental costs of poor 
tires, roads, older vehicles etc. Those would provide a basis on which countries could make 
reasonable decisions about the strucme of transportation systems; 

(d) International and national standards need to be mandated for fuel-efficiency requirements. 

Electricity utilities need to take steps to ensure the most efficient use possible of fuels. Producers 
of electric generation equipment must be required to produce generic and specific analyses which 
encourage the best use of energy resources. Those should include the following: 

(a) Comparison of relative greenhouse gas emissions among the various methods of electricity 
generation. Qptions should include other fuels, cogeneration and the same fuel with more 
efficient generation; 

(b) An analysis of energy conservation potential to supplement, complement or replace the 
proposed generation; 

(c) When options are considered, a full array of other costs, such as nuclear waste disposal and 
known accident risks, should be presented; 

(d) Specific attention should be paid to generator size and optimization for the particular grid in 
which the generator is being installed; 

(e) Power planning models in use are not adequate, since many are biased towards supply rather 
than conservation. Models of the "least cost" variety should be used. Contingencies and costs 
in case of shortages and surpluses and the ability of the electricity system to deal with them 
should be presented; 

(f) Renewable energy sources - such as biomass, hydropower, various solar options, wind 
energy and geothermal energy - should be used wherever possible; 

(g) Analyses of the financial risk under various generation and conservation options are needed: 
the factors which must be considered are: (i) lead times of construction and realization of 
capacity; (ii) uncertainty due to national and international regulatory environment; (iii) 
variation in costs introduced by the size of equipment relative to grid size; 

(h) Health risks from the various options, combining various types of generation and conservation 
measures, should be assessed. 

Production of energy-intensive metals 

(a) Comprehensive analysis of all energy conservation options and their costs and benefits, not 
only for the enterprise, but also for the country in which the operation is taking place. Energy 
conservation options which are economical internally should be implemented in co-operation 
with Governments of host countries; 

(b) Analysis of the greenhouse gas emissions and other environmental implications of replace- 
ment materials which could fulfil similar functions; 
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(c) Analysis of the potential for using recycling to produce similar quantities of materials both 
in the country where operations are taking place or proposed, as well as in the countries where 
the product is to be marketed. This should include an analysis of the option of importing scrap 
metals; 

(d) Comprehensive analysis of the environmental and health costs from production, use and 
disposal of the product, and the countries which would be incurring those costs under the 
prevailing marketing plan. 

CFCs and other ozone-depleting chemicals 

(a) Corporations should halt the use of CFCs as quickly as possible - before international 
deadlines if practicable. This is clearly feasible in almost dl industries, with the possible 
exception of the manufacture of refrigerators; 

(b) Corporations should halt the use of other chemicals also known to be highly damaging to the 
ozone layer, such as methyl chloroform or carbon tetrachloride, before international dead- 
lines; 

(c) Corporations which produce materials which store CFCs or even CFC alternatives, such as 
producers of polyurethane foam and refrigerators, should be expected to work on methods to 
recycle and recover those products and, if feasible, they should be held responsible recovering 
them; 

(d) HFCs and HCFCs should be used to replace CFCs as little as possible. They should not be 
used in aerosol spray cans, since other alternatives are available. For other more vital uses, 
they should be viewed strictly as interim substitutes. In general, corporations should seek to 
replace CFCs with materials which are as benign as possible in al l  environmental, health and 
safety respects. 

Inorganic nitrogen fem'lizers 

Since TNCs have been very active in promoting the use of the chemical nitrogen fertilizers, they 
should carry out assessments of the damage that such use has already done, and what might be done to 
repair it. 

TNCs now involved in developing plant varieties which are genetically engineered and which will 
require even more dependence on TNC-manufactumi inputs should perform comprehensive assessments 
of the energy, environmental, social and economic impacts of those new products before they are sold. 

In the context of present chemical fertilizer plants and applications, TNCs should: 

(a) Make estimates on a country-by-country basis of how much the use of chemical fertilizers 
could be reduced by more efficient application and subsritution by organic nitrogen, nitmgen- 
fixing crops etc.; 

(b) Make investments to reduce energy consumption in the manufacture of chemical fertilizers. 
Potential savings are estimated by the World Bank to be as high as 10 to 25 per cent; 



(c) Include information about alternative methods of fertilization and pest control in their 
literature, which is distributed to extension agencies and farmers; 

(d) Conduct systems studies of the different options to determine the relative desirability of 
selective application of commercial fertilizers and substitution of natural sources. Users of 
inorganic nitrogen fertilizer should seek to reduce its consumption and find alternative plant 
nutrients. 

Over the coming years, regulatory activities and international agreements are likely to alter 
considerably the framework within which those TNCs which affect greenhouse emissions function. The 
present study concludes that major changes, such as the ones discussed above, in the technical processes 
and investment patterns of TNCs will be necessary if potentially catastrophic environmental degradations 
are to be avoided. 



PART ONE 

Overview 





CHAPTER I 

INTRODUCTION 

The present study is an outgrowth of one of the projects mandated by the Economic and Social 
Council in its resolution 1989125 of 25 May 1989. The Council requested, among other things, analytic 
studies on the main sectors of activity that have adverse effects on environmental preservation, and the 
elaboration of operational principles for strengthening the participation of TNCs in efforts for environ- 
mental preservation and protection. 

The overall purpose of the study is to contribute to the analysis of environmental restructuring and 
the requirements for a sustainable economy. Restructuring will require the redesigning of economic 
activities, such as investment patterns and choice of technological processes, in ways that inflict the least 
possible damage to the environment and that achieve sustainability. A complete and comprehensive 
blueprint for such environmental restructuring is far beyond the scope of the present study. Instead, the 
study concentrates on ways in which the activities of transnational corporations, and the current 
framework of incentives, which influences how TNCs decide to undertake those activities, contribute to 
the global environmental threat which confronts the world today. Using that analysis as a basis, the study 
discusses the impact of environmental restructuring on TNCs and identifies concrete steps that TNCs 
can adopt in order to help reduce their contribution to that threat. Those policies and principles 
complement actions that need to be taken by other institutions, such as national Governments, non- 
governmental organizations, the United Nations system and other interested parties. 

A host of serious environmental problems face the world today, ranging from the threat of global 
warming owing to the emission of greenhouse gases, to the problems posed by acid rain, deforestation, 
hazardous and nuclear wastes, urban smog and even ordinary garbage disposal. 

The actions which will have to be taken will touch most aspects of industrial society. Most of the 
chemicals involved in ozone depletion and global warming are closely associated with industrial 
activities. The combustion of fossil fuels as a source of energy is the most important cause of the growing 
accumulation of carbon dioxide in the atmosphere, the source of roughly half of the global warming 
problem. Considerable emissions of the greenhouse gases methane and nitrous oxide also result from the 
production and use of fossil fuels. Emissions of nitrous oxide, a damaging chemical, are tied to 
energy-intensive practices in agriculture, such as the use of nitrogen fertilizers. Chlorofluorocarbons and 
their chemical relatives, which are associated with ozone depletion and which are also strong greenhouse 



gases, are anthropogenic chemicals which would not be present in the atmosphere at all were it not for 
their development and use by humans in the twentieth century. 

In June 1990, the Intergovernmental Panel on Climate Change (FCC), made the following 
calculatio~s: ' 

"Atmospheric concentrations of the long-lived gases (carbon dioxide, nitrous oxide and the 
QCs) adjust only slowly to change in emissions. Continued emissions of these gases at present 
rates would commit us to increase concentrations for centuries ahead. The longer emissions 
continue to increase at present-day rates, the greater reduction would have to be for concentra- 
tions to stabilize at a given level. 

"The long-lived gases would require immediate reductions in emission from human activities 
of over 68 per cent to stabilize their concentrations at today's level; methane would require a 
15 to 20 per cent reduction.'' 

By addressing those problems, however, other serious problems will implicitly be addressed. For 
example, the primary greenhouse gas of concern is carbon dioxide, which is emitted as a result of 
energy-producing activities which rely on the combustion of carbon-based materials like coal, oil or gas. 
Burning those materials also releases various amounts of nitrogen and sulfur oxides, which contribute to 
smog and acid rain. Thus, reducing energy dependence on the combustion of carbon-based materials 
(primarily fossil fuels) will not only reduce greenhouse emissions, but will help alleviate problems such 
as acid rain rand urban smog. 

But global environmental problems are unique in that, in order to be fully addressed, solutions must 
ultimately be implemented on a global international scale. Local environmental problems like urban smog 
are theoretically addressable and largely solvable by the local community acting on its own (although 
action on the provincial, state or national level greatly facilitates local community action). This is not the 
case with global problems, which must also be addressed by international institutions and structures as 
an essential complement to local and national action. 

The present state of very high emissions and inefficient use of energy, as well as the relatively 
undeveloped state of alternatives which are environmentally more sound, has complex roots. There are 
many actors in addition to Governments and TNCs which influence energy policy and practices and 
therefore influence the problems associated with global climate change. Within the industrial complex, 
other large-scale energy producers and consumers, institutions such as nationally-owned companies and 
the industrial operators within centrally planned emnomies, also have a major impact. The economic 
policies of the international and multilateral banks and institutions also influence energy policy and 
practices. Of course, the tastes, needs and desires of individual consumers and users, whether of cars, 
high-energy use manufactured goods, or through home consumption in cooking, heating and dr-con- 
ditioning are clearly influential. 

1 IPCC, "Policy-maken' summary of the scientific assessment of climate change", Repoa to LPCC from Working Group 
I, p.1 (June 1990). prepared at the Meteorological Office, Bracknell, United Kingdom. The IPCC is an intergovernmental 
body under the joint auspices of the World Meteorological Organization (WMO) and the United Nations Environment 
Programme (UNEP). 
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A. The global environment and TNCs 

Transnational corporations are key playels in the international arena and they represent some of 
the most powerful economic forces in the modem world. Annual sales of the larger TNCs are on the 
order of $100 billion. Thus, they have a significant portion of the resources that will be needed to address 
environmental problems. 

Given the size and scope of the industrial activities undertaken by TNCs, it is not surprising that 
they play a central role in the generation and accumulation of greenhouse and ozone-depleting gases 
through both the production and consumption of fossil fuels. Transnational corporations are involved as 
extractors, refiners and transporters of fossil fuels and as intermediate and final consumers of the energy. 

Transnational corporations are also intimately involved with implementing and operating the 
technologies which cause the problems that confront us. Although government and private national 
corporations are often engaged in production activities similar to those of TNCs, it is the international 
corporations which manufacture and market on such a large scale that, through their decisions, establish 
industry standards for production technologies, which are then replicated and dominate the industry. 
Initial decisions by TNCs abut  which production technologies should be used are thus crucial in 
establishing what the environmental impacts of a given production process will be. 

Transnational corporations produce the vast majority of fossil fuels in the developed, industrial 
world. They also participate in the production of oil and gas in other regions of the world either directly, 
through a share of the ownership of oil and gas fields or, indirectly, through marketing and export 
agreements and the sale of technology to nationally based corporations. In addition, nationally owned 
transnational corporations in some of the countries of the Organization of Petroleum Exporting Countries 
(OPEC) have moved to acquire downstream operations in refining and marketing of petroleum and its 
products in many countries of the world. Also, most of the oil production of OPEC is exported and 
marketed via TNGs. The portion of fossil fuel not produced by transnational corporations comes mainly 
from the economies of Eastern Europe (including the Soviet Union), China, Mexico and India. Finally, 
in 1985, roughly half of the total production of about 9.5 billion metric tons of coal equivalent of fuels 
was produced by TNCs. 

The role of TNCs in fuel consumption is more complicated, but equally pervasive. Consumption 
of fossil fuels is integrally involved in the everyday life of industrial society. Transnational corporation 
consumers include corporations that utilize electricity or consume fossil fuels directly in manufacturing 
processes, as well as corporations that serve as a conduit for others' use of energy, such as those that 
manufacture electricity-generation equipment (which transforms fossil fuels into electricity) or 
automobiles (which produce vehicles that require fossil fuels to run). Even when the TNC role is not 
dominant, it is difficult to identify any area of manufacturing in which TNCs do not play a significant 
role at some stage in the production-to-consumption process. 

The quantitative aspects of the role of TNCs in greenhouse gas emissions is a little-researched 
subject and, for that reason alone, the estimates presented here should be treated as tentative. However, 
besides the approximate nature of the calculations, there are inherent methodological questions and 
problems of fact and resp~nsibility that make any single calculation in this area a matter of controversy 
and debate. It is important in this context to remember the reason for those calculations: it is to come up 
with policies, procedures and principles which will allow for large reductions in greenhouse gas emissions 
and also pave the way for a transition to safe energy sources and environmentally and economically sound 



energy-consumption practices. Thus, the order-of-magnitude calculations are useful, since they indicate 
broad priorities for the development of public policy. 

Minimalist accounting of the involvement of TNCs in greenhouse gas emissions would ascribe to 
those corporations only the energy used directly in manufacturing processes and the extraction and 
refining of energy supplies, in direct proportion of TNC productive assets to total world productive assets. 
A maximalist accounting would add any greenhouse gases generated by non-TNCs which used the 
technologies or advice from service TNCs. An intermediate position would include emissions from 
activities of TNCs directly and from equipment such as cars and aerosol spray cans, which transnational 
corporations manufacture, but it would exclude emissions from those sources where TNCs have affected 
the design or selection of the technology, arranged financial credits or provided other service functions. 

On the basis of this intermediate view, a rough idea of the amount of greenhouse gas emissions in 
which TNCs are involved can be derived. The items included in deriving the figures are mentioned in 
parentheses in each of the paragraphs below. Thus, TNCs are involved in the following: 

(a) About half of the carbon dioxide emissions, including emissions from automobiles (OECD 
oil and gas use, plus half of OECD coal use, plus half of third world fossil fuel use); 

(b) Roughly 10 to 20 per cent of the methane emissions, including leaks and vents from natural 
gas pipelines anei Erom oil and coal production (half the venting from oil and gas production 
and use, half the emissions from coal mines); 

(c) Roughly two thirds of CFCs, including aerosol sprays, car air-conditioners, and solvents and 
refrigeration applications in the OECD countries (OECD CFC use); 

(d) Roughly half of the other gases, like nitrous oxides and ozone (greenhouse gas emissions due 
to tropospheric ozone and other pollutants correspond roughly to categories of fossil fuel use 
in item (a) above). This is a very rough assumption which understates the contribution of 
developing country sources, because of the higher emissions per unit of fossil fuel use in the 
developing countries. 

A designation of transnational corporation involvement is not meant to exclude involvement by 
any others in the emissions of greenhouse gases, for instance, in the use of cars or other consumer goods. 
The estimates are designed to indicate an order of magnitude of emissions which could be affected by 
measures taken by TNCs, whether self-initiated or government-mandated. This admittedly approximate 
picture is shown visually in table 1. 

B. Methodology: the case study approach 

The purpose of the case study approach is to provide insight into the complex issues of the global 
environment and the role of TNCs through giving specific concrete examples which illustrate the variety 
of problems faced. Those case studies look at TNCs which are involved in several different stages of the 
energy sector: producers of fossil fuels, vendors of equipment or materials which utilize fossil fuels and 
corporations which use energy-intensive manufacturing processes. In addition, several other areas of 
TNC involvement, which similarly result in greenhouse gas emissions, will be analysed, including the 
TNC role in the production and consumption of CFCs and in the production of nitrogenous fertilizers. 
These case studies are complementary to those which deal more directly with the energy sector. The 
phase out of CFCs serves as a model for some of the steps which will be necessary for reducing other 
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Table 1. Estimated involvement of transnational corporations in the 
generation of man-made greenhouse gases 

of the oil and gas use in OECD countries. 

d Chlomflumrbons. 

k/ Such as nitrogen oxides and tropospheric ozone. 

greenhouse emissions and the use of nitrogen fertilizers exemplifies one of the many ways, beyond fossil 
fuel combustion, that TNCs directly influence greenhouse emissions. Each case study will include some 
discussion of the problems to be faced if restructuring is taken seriously (and it must be taken seriously 
to prevent the dire consequences that are being phedicted as a result of global warming). 

In all, the areas covered in the case studies effect roughly 80 per cent of the greenhouse gas problem: 
fossil fuel production and use accounts for about 60 per cent of the emissions problem, chlorofluorocar- 
bons for about 15 per cent and nitrous oxide for about 5 per cent. TNCs are active in all of those areas 
to some degree. However, a considerable amount of production and use takes place within the centrally 
planned economies, where TNC participation in the energy sector is as yet relatively small. 

Within each case-study sector, four basic steps are taken: an overview of that sector as a whole is 
given; the importance of TNCs in that sector is reviewed; key TNCs in that sector are identified; and the 
activities of those TNCs which have contributed to global environmental problems are examined. Each 
case study will conclude with recommendations and operational principles for changing policies and 
practices to mitigate the problems. The applicability of operational principles developed here is not 
limited to TNCs. Indeed, they may be equally applicable to non-TNCs, joint ventures and governmentally 
owned industries. 

The following six major areas which contribute to global environmental problems are covered by 
case studies: 



(a) Fossilfuelproduction. Fossil fuels, when burned for energy production, emit carbon dioxide, 
the single most important greenhouse gas. Production activities also contribute tothe problem. 
First of all, energy is directly consumed in the production process, accounting for ap- 
proximately 8 per cent of all carbon dioxide emissions. Secondly, methane, another important 
greenhouse gas, is released in the production process owing to the wasteful venting and flaring 
of natural gas at oil wells, and from leaks during coal mining and natural gas production and 
distribution. TNCs produce or market roughly 50 per cent of fossil fuels; 

(b) Transportation. Transportation accounts for about 30 per cent of global energy use. The great 
majority of that energy use takes place in fossil-fuel-consuming road vehicles, which are 
produced largely by TNCs; 

(c) Electricity generation. Approximately one third of all fossil fuels are consumed in the 
generation of electricity. Most electricity-generating plants are under the control of national 
or regional entities, but TNCs play an important role in the design of generating equipment 
and plants; 

(d) Production of energy-intensive metals. The production of aluminium, copper and steel 
accounts for almost 7 per cent of total global commercial energy consumption, a vast amount 
for just one industrial sector. Metal-producing industries thus shape the energy-use patterns 
of large areas. Aluminium is the most energy-intensive of those metals, and is therefore 
examined in greater detail; 

(e) CFCs and other ozone-depleting chemicals. CFCs are anthropogenic chemicals which are 
the primary cause of stratospheric ozone depletion. In addition, they constitute 15 per cent or 
more of greenhouse gas emissions. TNCs are the prin~ary producers and intermediate 
consumers of CFCs and related compounds, which include halons (used primarily in fire 
suppression), methyl chloroform and carbon tetrachloride; 

(f) Inorganic nitrogen fertilizer production. Nitrogen fertilizers contribute to greenhouse gas 
emissions in two primary ways. First, through energy consumption in producing them (which 
accounts for roughly 1 per cent of total commercial energy consumption) and, more impor- 
tantly, through direct emissions of the greenhouse gas nitrous oxide during their use. Nitrogen 
fertilizer is produced largely by TNCs, which have promoted its use to the detriment of 
alternative farming methods, such as organic farming. 

Those six areas were chosen for several reasons. First, those areas together account for the vast 
majority of the world's greenhouse gas emissions and stratospheric ozone depleting chemicals, as well 
as contribute significantly to the more regional and local problems of acid rain and urban smog. 

Second, not only do those particular sectors account for the bulk of the world's global environmental 
problems, but TNCs have an inordinately large influence in those sectors - if not by direct control of 
the market, then by substantial indirect influence. 

Third, despite many structural similarities among those sectors, they also represent an important 
diversity of detail that is necessary to keep in mind when developing encompassing and effective solutions 
to global environmental problems. Solutions that are relatively easily implemented in one sector may not 
be as easily applicable to another. A primary example of that is the contrast between the problems posed 
by the production of ozone-depleting chemicals and the much more complex and difficult problem of 
carbon dioxide emissions associated with fossil fuel production and use. 
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The issue of stratospheric ozone depletion was the subject of the Vienna Convention for the 
Protection of the Ozone Layer, of 22 March 1985, and the Montreal Protocol on Substances that Deplete 
the Ozone Layer, of 16 September 1987. While the example of this process, together with a history of 
the problem, provides a guide for intergovernmental negotiations on environmental problems, it must be 
remembered that this case involves a relatively narrow segment of the economy: a handful of producers, 
whose major business lies elsewhere, producing CFCs and halons worthno more than a few billion dollars 
per year. 

On the other hand, fossil fuel use (the single largest source of greenhouse gas emissions) affects 
every aspect of the world economy and the lives of almost everyone on the planet from the poorest to 
the wealthiest. The energy and electricity production sectors alone involve annual sales on the order of 
$1.5 trillion. The difficulties inherent in addressing the global warming problems are thus much greater 
than the difficulties encountered in addressing the problem of stratospheric ozone depletion. 

C. Developing policies and principles 

An important pattern revealed by these case studies is the way in which past decisions by TNCs 
and policy-making bodies in general become intertwined with and influence social, technological and 
economic structures. Those structures, once established, then tend to limit and constrain current and future 
options for environmental policies. A particularly clear example of this can be seen in the transportation 
sector, in which corporate policies in the 1920s and 1930s in the United States were instnunental in 
undermining the domestic rail transportation option, while bringing about the present structural depend- 
ence on a road transportation system. The present system in the United States now systematically 
encourages mad transport over rail transport and private vehicles over public ones. The consequent 
transportation requirements consume much more energy, cost billions of extra dollars, result in an 
unknown number of additional transportation fatalities, and cause billions of tons more of pollutants to 
be emitted to the atmosphere than would otherwise be the case. All of this is now built into the very 
structure of society in the United States and in other industrialized countries, and will require large 
investments to alter significantly. 

Thus, an important goal of the present study is to suggest ways that TNC policy decisions can be 
made which will minimize the constriction of the range of choices available to both current and future 
decision makers. For example, orie of the primary recommendations of this study is the preparation of 
environmental impact statements which would be available to the public, as a routine part of the TNC 
decision-making process. This is an expansion of the policies already required under limited circumstan- 
ces for government action in a number of industrialized countries. Such a principle would expose the 
decision-making process to a broader range of alternatives than those that would be raised by the narrow 
considerations of the profit motive alone. 

It is, of course, never possible to predict completely all of the ways in which current policy choices 
will affect future options for dealing with a multiplicity of problems, but the possibility of making 
intelligent choices is increased by knowing all the foreseeable options rather than only one or a few. 

Overall, it should be kept in mind that this analysis and these recommendations are offered with 
one major aspiration: to help focus attention and debate on the connection between global economic and 
environmental issues and the role of transnational corporations within the global structure. 



SETTING THE CONTEXT FOR CHANGE 

World-wide efforts to address the issue of greenhouse gas emissions and other environmental issues 
will require concerted action at all levels from local to global. There are a number of actors involved in 
the issue of producing and controlling greenhouse emissions. They include transnational corporations 
and banks; other large-scale energy-producing and energy-using institutions, such as nationally-owned 
companies, and private corporations which are not TNCs; national Governments; the UnitedNations and 
its agencies; and other intergovernmental institutions, such as the General Agreement on Tariffs and 
Trade (GA'IT) and the European Economic Community; non-governmental organizations, communities 
and academia. 

Despite the fact that TNCs are directly responsible for a large portion of emissions and affect the 
remainder substantially, TNCs alone cannot achieve or be expected to achieve environmental protection. 
This is the case even with local problems where issues of responsibility are less difficult. In global issues, 
where authority over resources and liabity for damage are more diffuse, responsibility cannot be easily 
apportioned. Moreover, TNCs inherently lack along-term environmental perspective and the correspond- 
ing appropriate structural goals, because the paramount institutional goal of profit limits institutional 
ability to respond. 

For TNCs to act to protect the environment by making investments in pollution control, efficiency, 
alternative technologies and processes, and so on, it will be generally necessary to have a set of incentives, 
regulations and sanctions which not only target specific problems, but which create a social, economic 
and political environment in which mortgaging the future to provide profits and goods in the present is 
an unacceptable business practice. 

Global atmospheric protection poses special problems. Evenmore than with emissions of pollutants 
which can be cleaned up, prevention is an utter necessity when it comes to global environmental issues. 
There is only one Earth, and individual, corporate, governmental and intergovernmental actions must 
reflect that fact. Undoing the damage from such emissions is a very difficult and costly affair and, under 
many circumstances, it may not be possible at all. Public and corporate policies have not yet been 
adequately adjusted to deal with that risk. 



Moreover, standard legal techniques for holding corporations accountable for their actions are not 
as applicable to global environmental damage. The matters of proof and causation as they relate to the 
activities of a single corporation or even a set of corporations is much more problematic for issues of 
global damage. 

It is clear that global agreements like the Montreal Protocol, combined with local and national 
regulations, are necessary. New mechanisms for global enforcement and recourse for adversely affected 
communities are also necessary. Finally, questions of liability in regard to local and national laws need 
to be addressed. 

A. Cost of reducing greenhouse gas emissions 

There has been considerable speculation on the costs of reducing greenhouse gas emissions to a 
level which will stabilize their concentrations and gradually begin the reduction process. Some prelimi- 
nary calculations of the costs arising from global warming using various models have been made. It is 
quite different, however, to estimate the costs of reducing greenhouse gas emissions compared to the 
costs of not doing it, which would be very useful. 

The costs of inaction of letting greenhouse gas emissions build up are very difficult to calculate. 
Even the relatively simple aspect of the costs of sea level rises are very speculative. More importantly, 
model estimates and corresponding cost estimates do not take into account the possibilities of runaway 
processes which might lead to truly catastrophic levels of pollutant accumulations. Such a build-up risks 
jeopardizing the very composition of the atmosphere, so that any calculation of its costs is essentially 
meaningless. It is for this reason that prevention and action before there is firm evidence of irreversible 
damage are critical. 

Despite the obvious difficulty in calculating the costs of inaction, there are some areas where initid 
estimates might be useful. For example, in the event of rises in sea levels as a result of global warming, 
some TNCs may lose significant investments. Offshore drilling platforms will be at risk. Land-based 
shipping facilities, which include pipelines and storage tanks, might be flooded or made inoperable by 
sea-water contamination. Other sectors with large industrial facilities in coastal areas are also at risk. 

Other phenomena affecting energy companies might be, for example, a decrease in market demand 
for fuel in relation to changes in the relative role of key fossil-energy sources while the world population 
demands greater energy efficiency. Market demand will also affect the demand for fuel in the transpor- 
tation sector, since significant savings to society include higher efficiency cars and expanded public 
transportation systems. 

Global warming will effect the length of the seasons. Over time, the markets for home heating oil 
will shift towards the poles. There will also be significant costs associated with the weather extremes and 
stoms that are predicted, 

2 united States E n ~ e n t a l P m t e c t i o n  Agency,PolicyOptio~orSt~btltzing Global Climate, vols. Iand EandExecutive 
S w n m a ~ ,  Draji Report to Congress (Washington, D.C.) United States En~1'0mental Protection Agency, Office of 
Policy, Planning and Evaluation (February 1989), p. KU-36. Hereafter referred to as P A ,  Global Clvnate (1989). 
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Projection of the costs of prevention also has many speculative aspects, because those costs and 
even the nature of technology depend crucially on public policy and on national and international 
agreements. ?'he history of regulations regarding CFCs is very instructive in that respect. 

Only a few years ago, many industries were warning of immense costs and even the collapse of 
civilization if CFCs were to be phased out entirely. A front-page article in the Washington Post invited 
its readers to imagine life without refrigerators and personal computers. It has now beer. decided that 
CFCs, haZons and two other ozone-depleting chemicals, carbon tetrachloride and methyl chloroform, will 
be phased out by the year 2000. Instead of complaining and issuing dire predictions, corporations have 
bec.ome serious about reducing emissions, using presently available substitutes, searching for new 
substimtes and shifting to processes that do not involve any envixomentay-dmaging chemicals. 
Indeed, many companies are swing money by reducing emissions and by switchhg to processes which 
cost less and are cleaner. Others are facing moderately higher costs. Overall, complaints of unbearably 
high costs are now much rarer, and pronouncements about the end of civilization have practically 
disappeared from respectable circles. 

The reduction of greenhouse gas emissions will be a much more complex process, involving more 
elaborate mixes of regulations, taxes, incentives and international agreements. Therefore, estimates of 
overall costs of reducing emissions of principal greenhouse gases are even more speculative than those 
of CFCs. 

For starters, though, there are a wide variety of measures involving greenhsuse gases whose 
emissions could be reduced by measures which are economical today, or whose seduction is desirable 
from the point of view of environmental and economic policy in other areas. There are many energy 
conservation measures which are not being implemented owing to institutional barriers, failures of market 
hctioning, inadequate regulations and so on. For instance, the construction of buildings with less than 
optimum energy efficiency is often attributable to the problem that builders do not pay the energy bills. 
Another example is the crisis in municipal waste disposal in landfills, which are one of the big sources 
of methane emissions. Recovery of methane from existing landfills is not being practiced because of the 
institutional problem that landfills are generally municipally pun, and are usually separate from energy 
utilities. Various existing means of managing municipal solid waste in more environmentally sound 
manners will conserve energy and reduce emissions of methane. In those areas, reduction of greenhouse 
gas eemissi~ns will not necessarily increase costs. 

Achieving these substantial reductions requires better and more coordinated public policy and more 
responsibility on the part of local governments, as well as companies, so  at environmental considera- 
tions are well integrated into all major aspects of resource management. 

There are other areas where there will be some costs, but where ultimate costs are difficult to 
calculate because of mitigating circumstances. For instance, electric cars are considerably more expen- 
sive than conventional gasoline-powered vehicles today. Yet regulations requiring more efficient cars 
could stimulate inventiveness and could result in new cars or transportation mixes which may not be 
more expensive. Efficient electric cars may in a decade turn out to be less expensive to purchase and run, 
particularly once all the costs of cleaning up urban air pollutants via pollution controls on gasoline cars 
and the adverse health impacts of air pollution are taken into acwunt. 

3 Mchae! Weisskopf, "CFCs: nse md fall of chemical muscle", Washmngfr?zPcr,.r ('10 And 1988). 



The use of inorganic fertilizers is a source of nitrous oxide emissions today. The cost of its 
replacement by organic fertilizers can at one level be calculated, if one restricts costs to additional labour 
requirements and somewhat reduced yields. Yet, the matter is more complex, because organic fertilizers 
build up soil fertility and enable more secure long-term production, while excessive use of chemical 
nitrogen is degrading large areas and reducing long-term fertility and polluting groundwater. 

In some areas, it may be possible to put upper limits on cost. For instance, solar thermal technology 
and wind electric-power generation are commercial in some selected areas. Phiotovoltaic cells are 
commercially available for many applications, though they are not yet competitive for large-scale 
generation. Even for this, costs are within a factor of two or three of coal generation, even without any 
taxes on fossil fuel use. Appropriate cost internalization to include environmental costs would make the 
additional costs of solar energy far lower than they are today. Further, those costs are likely to come down 
substantially within the next decade, though it is difficult to predict the magnitude of such declines. 
Biomass energy, such as wood from plantations for electricity generation with high efficiency is also 
now feasible. It may be possible to impute upper limits on the costs of reductions of carbon dioxide 
emissions in the electricity sector (and through it, sectors where electricity can be used as a substitute for 
direct use of fossil fuels) by assuming that a certain proportion of fossil fuels would be replaced by solar, 
wind or biomass energy. Such additional costs should be imputed only after the presently economical 
measures, such as cogeneration and increased efficiency of energy use, are taken into account. 

Those costs may not be as high as feared, since a great many of the possibilities for increasing 
efficiency are not even under discussion in the context of reduction of greenhouse gas emissions. One 
dramatic example is the common use of charcoal for cooking in many urban areas of the developing 
world. In Kenya, for instance, the amount of charcoal used for cooking per person per year is about 500 
kilograms. With present methods of charcoal production in Kenya, it takes 2.5 tons of fuelwood to 
produce that amount of charcoal. The same amount of wood could be used to generate about 4,000 
kilowatt hours of electricity, which could supply 10 people with cooking energy. Thus, energy efficiency 
would be increased 10-fold. Peri-urban forestry would get a boost. Not only would greenhouse gas 
emissions be reduced, but there could also be a net increase in forested areas, resulting in increased 
absorption of carbon dioxide from the atmosphere. 

The central problem in those examples is not the availability of technology, but how the priorities 
of public policy are to be oriented so that economic needs and environmental protection are in harmony. 
Today, for example, public policy allows the subsidizing of aluminium production and other energy-in- 
tensive production of metals from ore by preferentially allowing companies to use lower-cost sources of 
electricity, thus forcing host developing countries to purchase higher-priced energy for their own needs. 
This discourages recycling and energy conservation, reduces employment and deprives other sectors of 
much needed electricity. Clearly energy production and consumption policies and practices need a basic 
reorientation. Until that is done, the use of human, physical and financial resources will continue to be 
wasteful and environmentally damaging at all levels from the local to the global. 

Those economic problems go far beyond the level of what individual TNCs can do. They belong 
in the realm of general public policy within which TNCs, other economic and governmental institutions, 
individuals and communities must exist and work. Particularly in developing countries, the inefficient 
use of energy resources is resulting not only in high costs in terms of greenhouse gas emissions and other 
pollution, but also in high costs for the purchase of unnecessarily large quantities of fuel, often with 
limited foreign exchange reserves that could be spent on other necessities. 
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In addition to those considerations of direct costs of reducing greenhouse gas emissions, there also 
are many direct costs of continuing along the present course. The case studies which follow provide a 
rich source of examples: 

(a) The cost to a country of venting or flaring natural gas versus installing the infrastructure 
necessary to use it to replace oil has generally not been calculated. While venting is a 
negligible cost to TNCs, it represents a great cost to the host country in the replacement of 
fuel and loss of gas revenue. The costs of replacement fuels and loss of potential income have 
both increased since 1973. 

(b) The cost of obsolete or inefficient equipment, such as equipment which consumes higher 
energy for the production of aluminium, for example, needs to be calculated from the point 
of view of the host country. Extra investments are needed for domestic power production, 
which requires importing oil. Sometimes there can be immense opportunity costs, as in the 
case of Ghana described in the case study on the production sf energy-intensive metals. (see 
chapter VII). There are also health and environmental costs which need to be taken into 
account. 

(c) There are considerable costs for not using the best available technology. For instance, the 
costs of poor tires, poor roads and poor car efficiencies need to be calculated on a systems 
basis both in terms of domestic currency and foreign exchange. Motor vehicles which operate 
inefficiently not only emit larger quantities of greenhouse gases, but also increase oil 
requirements, and the import bill if oil is imported. 

(d) Energy sector investments in production and many energy-intensive consumption areas 
require large investments in tems of infrastructure by Governments. Those include roads, 
ports, dams, schools, and ofteninclude building entire new communities, as well as relocating 
people displaced by projects. TNCs usually do not pay up front for these costs. Costs essential 
to the project are paid for through taxation, which seldom covers the total infrastructure costs. 
Thus, there is little incentive for corporations to minimize those front-end costs. At the same 
time, those energy-intensive sectors are also associated with a high rate of abandonment of 
their facilities when resources are exhausted or when more economical resources are 
discovered elsewhere. That leaves communities with the back-end costs associated with debt, 
unemployment, crime etc. - all the effects of a local depression. 

In order for regulations, taxes and other instruments of economic policy to be used effectively, 
corporate information needs to be complemented by analyses on the national and local levels to reveal 
the costs and benefits to various actors of investments in the energy-producing and energy-consuming 
s e c m .  

To date, however, firms have avoided costing the greenhouse effect perhaps to avoid major changes 
until faced by regulation. It would be hard to argue for expansion of existing product growth if the cost 
is high in tems of global warming. This exposure might, in fact, accelerate a market decline. Alterna- 
tively, sometimes very high corporate estimates are made for either prevention or cure in order to argue 
against regulation or pave the way for a new government subsidy. 



B. Regulation 

Regulation, like taxation, is one way to create rules in which social and economic institutions 
operate. Regulations, like taxes, can translate into alternative products and different prices, channelling 
economic activity along directions which are not likely to be taken by companies acting on their own. In 
some instances, regulation is much more effective than taxation; in other cases, the reverse is true. Thus 
the two tools are complementary. 

W o n t ,  the leading CFC-manufacturer, suspended research on CFC alternatives for several years 
in the early 1980s, despite the fact that the danger of ozone depletion had already been recognized. 
Wont ' s  explanation was that, in "the absence of r e p t i o n ,  there was nothing to drive the search for 
alternatives, because there was no market demand". National and international regulations have now 
created a market for CFC alternatives, and are today driving the search for them. 

Regulations will be a key element of any policy to deal with reducing greenhouse gas emissions. 
International agreements and national legislation which set targets for reductions in emissions of 
greenhouse gases will likely be needed to provide an overall context for global environmental protection. 
This is one of the most direct methods to meet goals for emissions reduction. In addition to a global 
control on greenhouse gas emissions, regulations are needed at the national and local levels in order to 
capture the optimum level of energy efficiency. 

Energy efficiency 

Energy efficiency is an area of controversy because of the vested interests of both energy producers 
and energy processors to sell more of their products. To manufacturers of appliances, as well as other 
manufactures of energy-consuming devices, energy efficiency is generally not a major consideration. 
Energy efficiency is usually not an item of glamour like the style of a car or appliance. Life-cycle costs, 
that is, the costs to the consumer over the life of the product, are not given their due economic value by 
many consumers for reasons that are still a matter of considerable debate. As a result, many of the 
efficiencies which are economically justifiable at a given price of energy go without being captured. 

Considerable changes have occurred in industry and in institutional arrangements to favour energy 
efficiency in the past decade and a half, largely as a result of national regulation. Energy use per unit of 
production or gross national product has gone down to an extent not imagined by almost all analysts as 
recently as the mid-1970s. In the United States, utilities are routinely required to take conservation 
opportunities into account in their planning, in what has come to be known as the "least cost approach". 
That approach requires that energy services be delivered in the most efficient way and that investments 
in efficiency be considered as options either in whole or in part to investments in electricity-generation. 
That approach, with many refinements, needs to be extended to the entire energy-producing sector. 

Energy-producing TNCs, as well as energy-consuming TNCs, which have the theoretical option 
of generating their own electricity or switching fuels, should be required to make such energy efficiency 
evaluations as part of the environmental impact assessment process. The process, which is now required 

4 Kathleen H. Forte, DuPont Company, quoted in A rjun Makhijani, Anne Makhijani and Amanda Bickel, Saving our Skins, 
Technical Potential and Policies for the Elimination of Ozone-Depleting Chlorine Compoiurdr (Washington, D.C., 
Environmental Policy InstitutelInstitute for Energy and Enviraunental Research, 1988). p. 131. 
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for major projects in many parts of the world, results in a government permit to proceed with the project 
as long as certain environmental factors are properly considered. 

While many of those issues will have to be dealt with on a local and national level, it is reasonable 
to monitor some of those issues on the international level when dealing with TNCs operating with 
different standards in different countries. For example, TNC manufacturing processes in general should 
be held to certain standards of energy efficiency, for example, energy-efficient building design, use of 
energy-efficient equipment, use of cogeneration, use of energy-efficient lighting, motors and other 
equipment. 

Given the seriousness of the problem of greenhouse gas emissions and the need to reduce them, 
providing TNCs with a 'level playing field" is important. There should be guidelines, routinely updated, 
for minimum standards for energy efficiency of certain consumes products, commercial and industrial 
equipment, as well as for buildings. 

International environment standards 

An important benefit of international environmental regulation would be to help equalize environ- 
mental, health and safety conditions between t.He OECD countries and the developing countries, and even 
among OECD countries. The OECD countries' energy use and greenhouse releases are immense if 
compared with those of the developing countries on a per capita basis. Yet in the developing countries, 
althaugh per capita use is low, the average efficiency of specific plants or appliances is generally worse 
than in OECD. Moreover, TNC activities in the developing countries have often involved working 
conditions and levels of environmental degradation which are seldom paralleled in OECD. 

In developing countries, capital shortage has meant that large and small manufacturers who are 
energy consumers are unable to purchase new equipment when necessary. This has resulted in the 
extended use of older, less efficient equipment. Cars in developing countries tend to be fuel-inefficient, 
in part because they are kept on the road longer and are often poorly maintained. More is paid to purchase 
fuel, and with greater environmental costs, because of a shortage of capital for front-end investment. 
Similar financial constraints have resulted in a clear lag in the use of new technologies. That pattern has 
often been harmful both to economic development and to the environment. 

While the role of TNCs in this situation is only part of a larger problem of economic inequities, 
TNCs have often done little to improve matters, despite the fact that they can usually enter a country with 
more modem equipment than can be purchased locally. Petroleum producers are a good example of this. 
Because of their focus on the export of oil to Europe and the United States, TNC oil producers traditionally 
made little effort to use or develop markets for the natural gas encountered when sinking oil wells. Instead, 
they vented or flared it, wasting valuable energy resources and damaging the environment. An enormous 
quantity of natural gas was flared and vented from Western Asian and other developing country oil fields 
in the several decades after the Second World War. It was only after the rise of OPEC as a relatively 
independent economic contender in the oil arena that many companies collaborated with OPEC 
Governments to make investments in petrochemical and other industries in order to use some of the gas 
that was available for industrial development in those areas. 

Similarly, the transfer of unsuitable technology has been a problem. The electricity generation case 
study (chapter VI) demonstrates how TNCs which produce electricity-generation equipment helped to 



construct plants in developing countries which were on an inappropriate scale, often resulting in increases 
in cost and decreases in reliability. 

In other areas, it is clear that TNCs have merely adjusted their own standards of production 
downwards, instead of helping to improve host country conditions. They have made use of more lax 
environmental laws to produce more cheaply, creating more pollution than they would otherwise. For 
example, German can built in Brazil for Brazilian consumers have lower standards than those built in 
the Federal Republic of Germany for the United States, Similarly, TNCs respected the bans on use of 
ozone-depleting chlorofluorocarbons in aerosol spray cans in the United States, Canada and Sweden from 
1978 onwards, while continuing to produce CFCs for use as aerosol propellants in other industrialized 
and developing countries in which they operated. 

There is some limited evidence that TNCs have sought out m a s  with less stringent regulation for 
their operations, particularly for certain very hazardous industries. Lmser regulations can reduce costs 
and raise profits for %NCs which are producing for export to OECD. Yet it is important to note that 
environmental laws and requirements are likely to be only one of a group of factors which may a m c t  a 
corporation to produce in a host developing country, such as available infrastructure and cost of labour. 

The pressures which have lead TNCs to adjust their standards downward if local laws allow it, and 
to lobby local governments for still weaker regulation, are.deeply embedded in the international economy. 
TNCs argue that they need to remain competitive in the international corporate world in which they 
operate. They often attribute the double standards in their operations to the differences between national 
laws. They note that it can be difficult, if not impossible, to produce materials through cleaner and more 
expensive methods if their competitors are not under the same constraints. 

International regulation could potentially relieve some of those pressures. If environmental regula- 
tions were more equivalent from country-to-country by international law, corporations would feel less 
compelled to produce to low standards in order to be competitive. Likewise, host countries would be 
under less pressure to sacrifice their local enyironments or the safety of their populations in order to retain 
the TNC presence. Such regulations should include health and safety measures. In addition, regulations 
could encourage the transfer of technology by requiring, for example, that production installations be as 
efficient as similar plants in the industrialized countries. 

Finally, regulations designed to reduce environmental damage create demand for new products and 
new markets for existing environmentally sound ones. Thus, well-conceived regulations themselves can 
have the beneficial effect of redirecting environmentally destructive or damaging economic activity into 
more environmentally sound avenues. For instance, coal mines can be designed to recover and use the 
methane which they otherwise would emit into the atmosphere. 

International regulation of TNCs can take the form of minimum standards to which they must 
conform in a l l  their operations, even if local laws do not require them to do so. The better access to, and 
conml of, capital and technology by TNCs would generally even out any competitive problems with 
respect to corporations which are not TNCs. The specific problem of relocation or threats of relocation 
by TNCs can be reduced by requiring corporations to pay the costs of social and economic disruption 
caused by plant closures. When there are funds to cover costs of dislocations and environmental damage 

5 United Natiom Centre on Transnational Corporations, Environmental Aspects of the Activities of Transnational 
Corporations: A Survey (United Nations publication, Sales No. E.85.II.A.11). Hereafter referred to as UNCTC Survey 
(1985). 
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in case of project abandonment, communities and workers will be less fearful of demanding high 
environmental standards of corporations which are economically important to them. 

Getting corporations to internalize the environmental costs of their operations is vital. Yet, in the 
case of greenhouse gas emissions, quantifying those costs is extremely difficult. This is particularly true 
since small increases in greenhouse gas levels could at some point result in dramatic non-linear changes 
in climate, along the lines of "the straw that broke the camel's back". Because of that problem, it is critical 
to act on the basis of risk rather than demonstration of actual damage. This means that taxation should 
serve as a method to promote safe alternatives, rather than the narrower economic definition of cost 
internalization. 

For that purpose, taxation is particularly complementary to regulation. For instance, taxation of 
fossil fuels would generally encourage energy conservation, as well as use of alternative energy sources. 
But, in addition to being regressive, fuel taxes do not enable efficient capture of the possibilities for 
reducing environmental damage and risk of catastrophic greenhouse gas acc'lamulations. 

Environmentally motivated taxes can be used to make corporations more sensitive to the environ- 
mental costs of their activities and to ease the burden to society of the damage they cause. They provide 
similar incentives to non-coprate users of energy. Taxes also provide the economic resources to assist 
those in need and those who would be unjustly penalized by the process; they help to channel windfall 
profits that may arise from regulatory measures into public revenues, which can be used for reducing 
emissions and technological change to new energy sources. 

Deciding upon levels of taxation, like deciding upon specific national regulatory measures, is a 
complex matter. One way to partially internalize in corporations the costs of greenhouse damage is to 
calculate what it will take to phase out fossil fuels in favour of technologies which are environmentally 
sound, like solar energy and wind energy. Those cost estimates can be used as guides to set levels of 
taxation on fossil fuels. One possibility is a "carbon tax", in which every fossil fuel would be weighted 
by its relative contribution to carbon dioxide emissions, that is, natural gas would be less heavily taxed 
than coal or oil. That would encourage a general transition away from fossil fuels, as well as favouring 
the use of those fuels which are less damaging in terms of penhouse emissions. An international COz 
tax would require innovative collection mechanisms and methods to deal with non-compliance. 
Revenues, however, could be used to help improve efficiency, fmance alternative energy sources all over 
the world, finance the transfer of environmentally sound technology to the developing countries and 
finance RBD. As the costs of alternatives vary, the level of taxes could be adjusted downward. Eventually, 
they could be reduced or even eliminated when the transition is complete. 

C. Liability and compensation 

Today, legal liability and compensation in payments are not effective deterrents in the case of global 
warming and ozone depletion. Indeed, there is as yet no clear way in which this liability canbe established. 
Small contributions made by individual corporations to potentially catastrophic global environmental 
damage do not lend themselves to established legal liability codes. 



There are considerable difficulties in using liability for deterrence, even in more routine cases of 
fines for environmental damage: " 

"If the unsuccessful defendant [corporation] can internalize its damages as part of the cost of 
doing business, there will be no specific deterrence. Also, if insurance is generally available at 
moderate rates or risks can be spread through reciprocal arrangements there will be little or no 
financial incentive to reducing or eliminating the problem, and general deterrence will not 
result." 

The situation is further complicated by the many jurisdictions in which TNCs operate. By 1982, 
144 countries had agencies to oversee environmental issues, compared to ordy 26 countries having such 
agencies in 1972, the year of the United Nations Conference on the Human Environment held in 
Stockholm. " The 1985 WmC study entitled Environmental Aspects of the Activities of Transnational 
Corporations: A Survey noted the following regarding purely national policies: 

"A number of fact0 rs... conspire to make purely national control systems variously evadable, 
inefficient, incomplete, unenforceable, exploitable, or negotiable (at the expense of desired 
environmental quality or occupational safety) with respect to transnational corporations". 

Given the general problems in apportioning responsibility with regard to global greenhouse gas 
emissions, it would be more effective to have some overarching global rules and regulations which cover 
all TNC operations and allow national and sub-national Governments the option of imposing more 
stringent environmental protection rules. Once these national and sub-national laws and regulations are 
in place, the Govamments at those levels can hold the TNCs accountable for adherence to these 
regulations, which have the effect of law. 

With regard to direct liability, deterrence can be achieved only if damages are high enough to affect 
competitiveness, in cases where there is effective competition. Deterrence might also be enhanced by 
the prospect of holding individual corporate decision-makers personally and, when appropriate, criminal- 
ly liable for their actions, if these happen to be in contravention of existing law. Such sanctions are being 
used with some effectiveness in Canada. 

Another way to enhance the incentives to corporations to fulfil environmental commitments is to 
require that fines be paid out of profits. This means that fines should not be allowed to be incorporated 
into a corporations' cost structure, passed onto consumers or be tax deductible. Similarly, fines against 
individuals in the top management should be non-reimbursable, directly or indirectly by the corporations. 

6 Harry Poch, "Detening corporate polluters", paper presented at a conference entitled "'Re Company PoUutd So M y  
Did I Get Charged?" Foronto, Canahan Environmental Law Research Foundation, 1988), p. 10. 

7 UN@TC Survey (1985), op. QL* p. 26. 

8 Ibid., para. 51. 

9 See Pwh, op. cia. 
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D, Policies and p~nnciples for TNCs 

No one method, regulation, taxationorliability, will be adequate to respond to aproblem as complex 
as that ~f greenhouse emissions. Governments will have to use all the tools currently at their disposal 
and many more which have yet to be developed and implemented. A new mechanism to regulate pollution 
at the global level is necessary to ensure that global economic activities are compatible with survival, 

The role that the United Nations arid its agencies have played in the Montreal Protocol provides an 
example for other intergovernmental agreements, such as the convention on global climate change, which 
is under discussion. The role and legitimacy of NGOs needs to be strengthened and expanded since NGOs 
are particularly crucial in making any new regulatory mechanisms effective. It should be noted that, in 
a number of countries, notably the United States, the ability of Non-Govementd Organizations to sue 
both corporations and h e  Government to require adherence to the law has been an effective tool for 
environmental protection. 

Certain institutional changes regarding the acquisition and availability of information are also 
essential both from an environmental and economic point of view. TNCs as private profit-making entities, 
and private corporations generally, are not under a general obligation to assess the environmental impact 
of their activities or, indeed, the impact of ~ e i r  activities and decisions upon the communities in which 
they operate. Corporate study and disclosure today is narrow and responsive only to some national laws 
and regulations. There are no laws and regulations which require TNCs to consider the environmental 
impact of their activities on a global level, to take alternatives into account, or to act in a pmdent manner. 
Indeed, acting upon the environmentally best approach on an individual basis may in some cases put 
corporations at a disadvantage with respect to their competitors. However, inmany cases such evaluations 
might well point to k a e r  performance and increased profitability. 

Yet systematic consideration of environmental impact of alternatives before investments are made 
is essential to environmental protection and to economic efficiency withh that context. It is generally 
more expensive and less efficient to try and fix a problem once a poor choice of investment has led to 
environmental problems than to try and avoid it in the first place. 

Avoiding further atmospheric damage will require major changes in the current operations of TNCs 
as well as in their long-term investment strategies. 

The UNCTC has developed Criteria for Smtainable Development Management, which suggest 
some of the ways in which corporate decision-making that affect the environment need to change. The 
Criteria m "aimed at shifting management perspectives from a traditional business-as-usual view 
towards one that stimulates thinking on sustainable development". '' Corporations are asked to evaluate 
actively their current production patterns and future development plans for their impact on the environ- 
ment and on human health and safety. Initial steps include the adoption of a sustainable development 
policy, a review of planning, resource acquisition and operating procedures to make them consistent with 
the policy, as well as modification of corporate structure, lines of responsibility and internal reporting 
mechanisms for the same purpose. The long-term goal of the Criterfa is the restructuring sf corporations 
along environmentally sound lines. 

10 UNCTC, Criteria for Sustainable Development Mfnwgemenb (1990), p. 2. &pared for rhe Cammission m Transnational 
Corporations in response to a request by the Economic and Social Council in resolution 1989/25. 



Certain common policies and principles specific to energy-producing and energy-consuming W C s  
can be adopted in order to systematically incorporate environmental considerations into their planning, 
investments and operations. Moreover, there are no inherent reasons why non-TNC corporations, as well 
as joint-sector and governmental enterprises, cannot also adopt similar policies and operational principles. 

There is some evidence that a portion of the corporate sector has decided that the time has come to 
make environmental considerations integral to their operations. At a conference on the sustainable use 
of energy, sponsored by the Federal Republic of Germany, at which most Governments of OECD member 
States, as well tAe International Chambers of Commerce, were represented, the following resolution was 
adopted by consensus: " 

"Companies are invited.. . 
"To prepare generic environmental impact assessments for public information of their 
products, manufacturing processes and activities, which should include assessments of 
impacts under anticipated conditions of use; 

'To consider significant environmental protection actions in areas where there is potential 
for serious ecological harm based on risk, even if conclusive physical evidence of that damage 
is not yet available. 

To provide voluntarily to Governments and Non-Governmental Organisations sufficient 
information to enable independent analyses of environmental impacts of their activities." 

TNCs should begin comprehensive reviews of their operations and products to understand all 
aspects of their effects on the environment. Many have already begun this process. It is the first step in 
the goal of rearranging production away from the energy-intensive, non-recyclable, environmentally 
damaging structure of production which exists today to one that is compatible with sustainable resource 
use. Those steps are of utmost importance for the TNCs engaged in energy-intensive production, 
particularly energy conversion, and for the TNCs engaged in the production of fossil fuels and CFCs, 
since those products are a h a t  to the very habitability of the Earth. 

Corporations should set standards for themselves on environmental and energy conservation issues 
through industry associations in the same way that they establish quality and production standards that 
are necessary for the functioning of the market. Everything from the size of screws and electrical outlets 
to the number and size of pins on electronic chips to basic equipment characteristics are standardized. 
Some of the standardization is done through national and international governmental groups, but a great 
deal of it is done by industry-sponsored standards associations. There is no reason that industry cannot 
set standards for itself on environmental and energy efficiency issues as well. 

TNCs should develop strategies for limiting resource depletion and should introduce methods of 
production which conserve and enhance the productivity of natural resource systems, rather than deplete 
them. 

For example, there are enormous opportunities for energy conservation in all sectors which have 
not been captured, even though they might be economical in relation to the price of energy. There is often 
a lack of institutional awareness as to the magnitude of the financial and energy savings which could be 

11 Recoaunendatims of the Workshop on Energy and Environment Sustainable Energy Use, held from 11 to 14 December 
1989, in Velen, Westphalia, Federal Republic of Gemany. 
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achieved. All TNCs should make systematic evaluations of their own manufacturing operations, office 
buildings, and vehicle purchase policies in order to assess the potential for energy conservation. Those 
assessments could include consideration of measures such as cogeneration in existing buildings and 
manufacturing operations, redesign of lighting systems, use of recycled materials and use of efficient 
motor drives. Analyses should be done both for existing operations and for proposed new investments. 
Consideration should be given to the use of the best available technology for energy conservation and 
reduction of pollutant emissions. If such technology is not adopted, the reasons should be clearly set 
forth. Corporations should provide life cycle costing information, so that informed consumer decisions 
aegarding appliances and automobiles can be made. Energy efficiency strategies should be part of any 
reporting requirements. 

No strategies to control greenhouse gas emissions, be they international, national or local, can be 
effectively implemented without a far better pool of information about the causes of the emissions, and 
the ways they can be reduced. 

TNCs should routinely collect and disclose information and provide as complete analysis as 
possible regarding the environmental effects, including extent of emission of greenhouse gases, about 
theirproducts, whether these are fossil hels, automobiles or aluminium ingots, and about the production 
processes themselves. 

For products, TNCs should prepare generic environmental impact statements. Such statements 
would not only include evaluations of the impacts of the products under various anticipated conditions 
of use, but would also examine a broad range of alternative technologies and approaches which are 
available to address the same needs. Not building a plant or selling a product should also be considered 
as an option in some circumstances. 

Cost-benefit analyses should also be included to the extent that it is possible to quantify costs and 
benefits. The costs which are not quantifiable in defensible ways should be qualitatively discussed. 

Information about the environmental impact of production processes should be specific to the plant 
bonder consideration. It should include comparative data on other plants manufacturing similar items 
within the operations of the TNC, as well as the environmental impact and costs of using the best available 
technology. 

Generally, corporations shodd make sufficient information public on a routine basis so as to enable 
independent analyses to be made of their products and processes. 

Since TNCs operate in many countries and jurisdictions, they should file disclosures of technical 
information with a central United Nations agency. The resulting database would enhance the ability of 
countries and communities to weigh the costs of proposed new energy development and industrial plants 
in economic and environmental terms. Such information could assist in the development of locally-based 
industries in poorer countries with othemise limited technical resources. Generally speaking, a more 
informed debate about both environmental and economic issues would help increase the range of choices 
for development in an environmentally sound direction. 

For corporations, supplying environmental impact information would promote important introspec- 
tion. The failure of corporations to analyse the alternative forms of their product or alternative production 
strategies in light of their environmental costs is one of the most persistent problems in combating 
environmental damage. Being required to develop this database and analysis of environmental impact 



should move corporations to take a more holistic perspective of their role in the world, including their 
environmental role, than they would otherwise do. 

Other benefits would be assisting Governments to provide corporations with a level regulatory 
playing field. Some of the changes, which will be necessary to reduce greenhouse emissions, may provide 
benefits to certain subsectors, while reducing the competitiveness of other sectors. Conservation 
measures, in particular, may come into conflict with the interests of fossil-fuel-producing TNCs, as well 
as the interests of TNCs that produce many other goods, such as automobiles, because they lower demand 
and require considerable investment, some of which would otherwise be declared as profits. In the long 
run, environmental protection will also require a more complete restructuring of the entire energy 
industry: moving to renewable energy sources, such as solar-derived electricity and hydrogen, and highly 
efficient energy utilization. In the interim, investments in conservation need to be complemented by 
investments in production and transportation structures, which are compatible with a long-run phase-out 
of fossil fuels. With adequate information, Governments can enact regulatory measures which affect 
corporations on an equal basis. 

The following sections outline the kinds of information the three broad classes of corporations 
vendors of equipment, energy-producing corporations and energy-consuming corporations should be 
expected to supply. More specific information will be required from particular corporate sectors. 

Vendors 

Vendors include corporations which produce and sell electricity-generation equipment or cars or 
other operations which play an intermediate role in the use of energy and greenhouse emissions. It also 
includes corporations such as fertilizer manufacturers, which sell a product that contributes directly to 
greenhouse emissions. 

Depending on what they are selling, these corporations should supply andyses which should 
include the following: 

(a) A generic analysis of the extent to which their type of product may be contributing to 
greenhouse gas emissions, as well as other environmental problems; 

(b) A specific analysis of their (indirect or direct) contribution to greenhouse emissions based on 
market share and efficiency of product; 

(c) An analysis of the alternatives they have considered and their contribution to greenhouse 
emissions and other environmental problems, for example, how much more efficient could 
their cars be, 

(d) Analysis of improvements in energy efficiency, reduction of emissions and other environ- 
mentally desirable goals, which could be achieved with investments in the best available 
technology; 

(e) Any environmental problems, and the energy and economic costs of disposal of the product 
expected to be incurred at the end of its useful life. Also, information about alternative designs 
and products as they concern the environmental and economic aspects of waste management; 

(f) An analysis, using energy efficiency, greenhouse gas emissions and other environmental 
criteria of each of production operations, transportation structure, and office buildings. 
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Energy-producing corporations 

This category includes corporations involved in extracting or refining fossil fuels. 

Reports should include the following: 

(a) Calculations of the carbon dioxide, methane and other trace-gas emissions resulting from 
production, flaring, venting and transport activities, as well as from leaks; 

(b) Calculations of the greenhouse gas releases occurring from use of the fuels; 

(c) Analyses of the technical options available for reducing all greenhouse gas emissions from 
production, transportation and leaks. 

Energy-consuming corporations 

This includes all corporations which are involved in the use of energy either through direct 
fossil-fuel consumption or through their use of electricity. They should be required to provide the 
following: 

(a) An analysis of the greenhouse emissions and other environmental problems that result from 
their energy use. Electricity-users need to compute the environmental costs of their energy 
use on the basis of oil-generated electricity, since oil is generally the fuel at the margin. 

(b) An analysis of the potential for energy conservation in their production process both through 
measures such as cogeneration and through measures such as recycling goods in their process 
rather than producing from scratch. 



BACKGROUND ON GLOBAL WARMING AND 
STRATOSPHERIC OZONE DEPLETION 

Within the last decade, the environmental threats of global warming and ozone depletion have 
attracted worldwide concern. It is now widely recognized that the build-up in the atmosphere of gaseous 
pollutants may change the environment of the Earth in ways unimaginable only a few decades ago. 

The first study showing that the burning of fossil fuel might lead to climate change was done by a 
Swede, J. Tyndale, and published in Philadelphia Magazine, Journal of Science in 1861. That study 
foctised on local climatic variations, however. The first study on global climatic changes due to carbon 
dioxide emissions was done by G. Callendar in 1938. l2 Thus, for about half a century, the potential that 
human activities could seriously change the Earth's climate has been known. 

However, awareness and serious study of the global environmental implications of human activity 
on a widespread and politically significant scale dates from the late 1960s. Prior to this, coal production 
and use, oil production and gas-venting and flaring were carried out in substantial ignorance of their 
potential for disrupting the global climate. 

Knowledge about the effects of other gases on global climate change is even more recent. The role 
of chlorine emissions from CFCs-and other sources in ozone depletion was first hypothesized in 1973. l3 
It is only 16 years since V. Ramanathan first hypothesized the role of CFCs in global warming. l4 Since 
then the role of other trace gases like nitrous oxide and methane has also been studied. These investiga- 
tions reveal that the problem of global warming is very complex and a number of trace gases contribute 
to it, and that ozone depletion, global warming and other environmental problems are closely linked 
through various physical, chemical and biological processes which are only now being understood. 

12 G. Callendar, "The artificial production of carbon dioxide and its influence on temperature", Official Journal of the Royal 
Meteorological Sock@, vol. 64 (1938). pp. 223-237. 

13 First published in F. Sherwd Rowland and Mario J. Molina, "Stratospheric rink for chlorofluorornethanes: chlorine 
atom-catalysed destmction of ozone", Nature, vol. 249, No. 5460 (28 June 1974), pp. 810-812. 

14 V. Ramanathan, "Greenhouse effect due to chlorofluorocarbons: climate implications", Science. vol. 190 (1975), 
pp. 50-51. 



A. Greenhouse gases ma% the threat sf global wxming 

Recent predictions suggest that the growing concentrations sf gases which trap heat in the 
atmosphere, such as carbon dioxide, may cause the Earth's temperature to rise by as much as 1.5 to 3K 
by the middle of the next century. Those estimates, which reflect only the apparent (transient) warming, 
were based on moderate "conventional wisdom" scenarios for the five major greenhouse gases (COz, 
N20,  CH4, GFC-I 1, mC-12). l5 

If the amospheric concentration of these greenhouse gases were to remain constant after 2050, an 
additional warming would occur as the oceans equilibrate with the atmosphere. This additional warming 
is reflected in even higher equilibrium warming estimates. 

An early mdysis by the National Academy of Science, which considered only carbon dioxide, 
projected that a doubling of amosp1~a~i.c carbon dioxide levels would result in an equilibrium temperature 
rise of 1.5 to 4.5K. '"ince 1880, the concentration of carbon dioxide already has increased by 25 per 
cent. For the Mghest world energy projections, this much warming would have been locked in by the 
middle of rhe next century. 

While energy projections have been lowered since the 1970s, subsequent estimates of equilibrium 
warming recogrlazed the importa~xe of greenhouse gases other than carbon dioxide. The combined effect 
of carbon dioxide and other trace gases was estimated to result in an equivalent doublin of carbondioxide 

F7 concentrations, committing the Earth ts the same equilibrium warming by 2030-2050. A 2.5K warming 
would make the Earth warmer &an it ever has been in the 2.5 million years since the appearance of 
humans on ~ a r t h .  

Such a warming would have an enormous impact on natural ecosystems, including both cultivated 
crops and forest areas. Projected associated rises in the sealevel by 1.5 to more than two metres would 
flood many heavily populated low-lying coastal areas by the end of the next century. l9 Since 1800, the 
concentration of carbon dioxide alone in the atmosphere has increased about 25 per cent. By 2030, 
accumulations of greenhouse gases may lead to an equivalent doubling of carbon dioxide concentrations, 
if the cumart growth in emissions continues. The full range of potential climatic changes which may 
result from such a dramatic build-up is not yet well undentood. For instance, some possible instabilities 

15 See J. E. Hansen et al., "Global climate changes as forecast by the Goddard Institute for Space Studies thee-dmensional 
madel, Journal of Geophysical Research, vol. 93 (1988), pp. 9341-9364, and Krause, %rentin, et al. Energy Policy in 
the Greenhouse, vol. I ,  "From warming fate to warming limit; benchmarks for a global climate convention", International 
Project for Sustainable Energy Paths (August 1989). For example, Krause et al. based their estimates on implementation 
of the Montreal Protocol and on "low" global energy projections by the World Energy Conference and IIASA. 

16 The Natlonal Academy of Science first projected that a doubling of an atmospheric carbon dioxide level would result in 
an equilibrium temperature rise of 1.5 to 4.5 degrees C WAS, Carbon Dioxide and Climate. A Scientific Assessment 
(Washington, D.C., National Academy Press, 1979). 

17 V. Rmanathan, R. J. Cicerone, H. B. Singh and J. T. Geld, "Trace gas trends and theupotential role in climate change", 
Jourmi of Geophysical Research, vol. 90 (1985). pp. 5557-55W, and Robert E. Dickinson and Ralph J. Cicerone, "Future 
globsll warming from amospheric trace gases", Nature, vol. 319, No. 5049 (9-15 January 1986), pp. 109-1 15, indicate 
that the combined effect of the build-up of a range of greenhouse gases (including but also in addition to carbon &oxide) 
could commit the Earth to an equilibrium temperature rise of appromately this amount by 2030-2050. 

18 See Krause et ale (1989) and W. Bach, J. Pan Garb and J. Wdliams, eds., hzteractiom ofEnergy and Climate (Dordrecht, 
The Netherlands, Reidel Publishing Co., 1980). 

19 J. S. Hoffman, D. Keyes and J. G. Titus, Protecting Future Sea-Level Rise (Washington, D.C., Enthnmental Protection 
Agency, 1983). 
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in atmospheric responses may stimulate runaway effects and changes in atmospheric composition so 
radical that their implications cannot even begin to be modelled. 20 

B. Chlorofluorocarbons and stratospheric ozone depletion 

Damage to the Earth's stratospheric ozone layer has already been recorded. Chlorofluorocarbons 
and other human-made chemicals have significantly depleted the Earth's stratospheric ozone layer, which 
shields the Earth from deadly ultraviolet radiation. Fifty per cent depletion in stratospheric ozone is now 
measured over Antarctica during the Antarctic spring, and significant perturbation has k n  measured 
over the Arctic. Moreover, a cumulative overall depletion of 1.7 per cent to three per cent, and depletiorr. 
of five to six per cent during the winter, has occurred at northern mid-latitudes since 1969. 21  very one 
per cent decline in ozone is associated with a two per cent increase in damaging ultraviolet-B solar 
radiation. Thousmds of additional cases of skin cancer and hundreds of thousands of additional cases of 
cataracts each year, as well as damage to the human immune system, plants, animals and ecosystems are 
the prediced results of a three per cent increase in ultraviolet radiation. 22 Severe world-wide omne 
depletion, which cannot be entirely ruled out given current uncertainties about the depletion process, 
would amount to biological and economic catastrophe. For instance, radiation due to a 28 per cent ozone 
depletion would be so intense that it would cause severe burns in two hours of exposure and make it 
impossible for people to work and animals to graze outside during the daytime. 23 

C. The pollutants 

Industrial society has played a central role in the development of these problems. The increasing 
concentrations of gases, which are responsible for both the threat of global warming and for ozone 
depletion, are the result of human activities, largely from industrial energy use, though also from 
agricultmre. Greenhouse and ozone depleting gases include: 24 

1. Carbon dioxide. Carbon dioxide is naturally present in the atmosphere as part of the Earth's 
biogeochemical carbon cycle. Sources of carbon dioxide include the aerobic respiration of 
humans, plants and animals and the combustion of fossil fuels and biomass. Land use 
alteration can also result in net increases in atmospheric concentrations. Natural sinks sf 
c a w n  dioxide include the oceans, plant life, which fixes atmospheric carbon through 
photosynthesis, and the soils. 

The natural balance of carbon in the atmosphere has been upset by human activities over the 
last century and a half. Human combustion of fossil fuels and the cle&ng of forests appears 

20 See, for example, Wallace S. Broecker, "G~emimuse surprises", in Dean Edwin Abrahamson, d., The Chullemge ofClobal 
Warming (Washington, D.C.. Natural Resources Defense Council, 1989). 

21 Ozone Trends Panel, Executive S m r ) r  of the Ozone Trendr Panel (Washington, D.C., Naoonal Aeronautics and Space 
Administration, March 1988). 

22 Ajun Makhijani, h e  Makhijani and Amanda Bickel, Saving Our Skim: TechrmI Potential and Policies for the 
Eliminatwn of Ozone-Depleting Chlorine Compounds (Washmgton, D.C., Environmental Policy Institutehstimte foe 
Energy and Enwomnental Research, 1988), pp. 9-10. 

23 Ibid.,p.ll. 

24 D. J. Wuebbles and J. Edmlmds. "A primer on greenhouse gases", report No. DOEIUBB0083, United States Depament 
of Energy (Washingtan, D.C., March 1988). 



to be resulting in release of six billion to nine billion metric tom of carbon per year. 
Atmospheric carbon concentrations are increasing at the rate of approximately 0.4 per cent 
annually, which involves the atmospheric retention of three billion metric tons of carbon per 
year on top of the roughly 700 billion metric tons currently present. The four billion to six 
billion metric tons from human emissions which are not being retained in the atmosphere are 
primarily being sequestered in the oceans. 

The combustion of coal, oil and natural gas currently contributes about 5.5 to 6 billion metric 
tons of carbon per year to the atmosphere in the form of carbon dioxide. Coal and oil 
combustion each account for about 40 per cent of the total fossil fuel emission and natural 
gas about 20 per cent. Natural gas yields only 50 per cent as much carbon dioxide as coal and 
70 per cent as much carbon dioxide as oil for the same energy produced. 25 

An additional source of growing carbon concentrations in the atmosphere is the widescale 
destruction of forests and other changes in land use. This is calculated to contribute an 
additional 0.5 to 3 billion metric tom of carbon per year to the atmosphere, and accounts for 
about nine per cent of the current warming effect of anthropomorphic greenhouse gases. 
Between 11 million and 15 million hectares of forest are cleared every year in the tropics. 
Forest-clearing results in the release of carbon to the atmosphere, little of which is recaptured 
in new growth. 

On a weighted basis, carbon dioxide accumulations contribute about 50 per cent of the current 
warming effect of greenhouse gases. 

2. Methane. Molecule for molecule, methane is 25 times more effective as a greenhouse gas 
than carbon dioxide. 

Methane is a product of anaerobic respiration, that is, it is emitted during organic decomposi- 
tion in the absence of oxygen. Methane is released from landfill decomposition, from 
water-logged agricultural fields and rice paddies, from wetlands and in the digestive tracts of 
animals. Methane emissions may be increasing owing to the increase in global temperature 
over the last century, since this leads to faster decomposition. 

About 15 per cent of methane emissions are released from underground reserves during oil 
and coal mining operations and from natural-gas leaks during mining and transport. Methane 
is the primary component of natural gas. There is considerable uncertainty regarding the 
various sources and sinks of methane. 

The atmospheric concentration of methane is about 1.7 parts per million (ppm). This is about 
2.5 times pre-industrial levels, which had been relatively constant at about 0.7 parts per 
million for the previous 100,000 years; the increase is believed to be a result of human changes 
in land use and leaks from fossil-fuel production and landfills. Concentrations are currently 
increasing at the rate of about one per cent per year. Additional contributions to greenhouse 
gas accumulations may arise from chemical reactions of methane in the atmosphere. 

25 Carbon dioxide emissions from fuel use, m millions of tons of carbon per exajoule are, respectively: gas, 13.8; oil, 19.7; 
c d  26.9. J. Edmonds and J. Redly (19831, "Global energy and carbon dioxide to the year 2050", as cited m Irving Minzer, 
A Matter ofDegrees: The Potential for Controlling the Greenhome Effect (Washington. D.C., World Resources Institute, 
1987). p. 48. 
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On a weighted basis, methane accumulations contribute about 20 per cent of the current 
warming effect of greenhouse gases. 

3. Chlorofuorocarbom. (CFCs) and similar compounds, like methyl chloroform and other 
replacements for CFCs including hydrochlorofluorocarbons (HCFCs) and hydrofluorocar- 
bons (PIFCs). The greenhouse effect of these compounds per molecule relative to carbon 
dioxide equals several hundred to 20,000, depending on the compound. CFCs and kindred 
compounds are also the principal contributors to stratospheric ozone depletion. 

CFCs, halons and related chlorinated compounds are human-made chemicals designed for 
use in refrigeration and air conditioning, to propel aerosols and blow foams and to clean 
electronics and metal components, as well as for many miscellaneous applications. In the late 
1980s, more than one billion kilograms of CFCs were being released into the atmosphere 
each year. It will take on the order of 100 years for natural processes to remove many of them 
from the atmosphere. 26 

On a weighted basis, CFC accumulations are estimated to contribute about 15 per cent of the 
current warming effect sf greenhouse gases. Some recent research indicates that CFCs and 
related compounds may play an even larger role. 

Concern about the impact of CFCs and halons on the ozone layer has resulted in international 
agreements to reduce the use of those compounds. Use of the most ozone-damaging 
compounds are likely to be phased out within the next decade, but their effects, and the effects 
of less-damaging replacements which continue to be used, will continue to be felt for many 
decades. 

Current concentrations of ozone-depleting atmospheric chlorine (which has been increasing 
owing to the breakdown of CFCs in the stratosphere are about 3.4 parts per billion by volume 
(ppbv), more than five times pre-industrial levels. Failure to regulate substitutes for CFCs 
and HCFCs could result in the additional build-up of chlorine in the atmosphere and continued 
contributions to greenhouse warming. 

4. Nitrous oxide. The greenhouse effect per molecule of nitrous oxide relative to carbon dioxide 
is about 230. Althoughits annual increase in concentration is around 0.25 per cent, thelifetime 
of this compound is 160 years. The result is that its contribution to global warming has doubled 
in the 1900s alone, and now stands at approximately six per cent of the total. 

26 Atmospheric lifetimes of the major chemicals involved are included below (fmm United Nations Enwonment 
Programme, Scientific Assessment of Stratospheric Ozone, 1989 (July 1989). There are the "e-folding" lifetimes that is, 
the period after which a compound's atmospheric concentration has declined to lle (about 37 per cent) of its original level. 

Compound Lifetime (years) 

CFC-11 60 
CFC-121 20 
CFC-113 90 
Cab tetrachloride 50 
Methyl chlomfonn 6.3 

27 Approximately 0.6ppbvof atmostphericchlorineis due tomethylchlorideemissionsfmmthe ocean and also from biomass 
burning. The remainder of the 3.4 ppbv of chlorine f w d  in the atmosphere is almost exclusively fmm human-made 
chemicals such as CFCs. 



Nitrous oxide also circulates in a biogeochemical cycle through the air, soils, organisms and 
the oceans. Considerable uncertainties exist in the global budget of nitrous oxide and its 
exchanges. Roughly 25 per cent of anthropomorphic emissions seem to be the result of 
fossil-fuel burning. The rest stems from agricultural activities, including the use of nitroge- 
nous fertilizers, which appear to increase the amount of nitrogen which circulates into the air. 

5. Tropospheric (lower atmospheric) ozone and nitrogen oxides ( A Q ) .  Tropospheric ozone is 
a greenhouse gas. Nitrogen oxides do not contribute directly to the greenhouse effect, but are 
important in the formation of tropospheric ozone. Sources of those gases include photochem- 
ical smog, fossil-fuel burning, burning of forests and other organic matter, and lightning. 
Tropospheric ozone concentrations are exacerbated by upper atmospheric (stratospheric) 
ozone depletion. The interactions are complex and difficult to predict, but the contribution to 
the greenhouse effect from those sources is thought to be about 10 per cent. 

D. The causes 

As can be seen in the above descriptions, most greenhouse gases, including carbon dioxide, 
methane, nitrous oxide, water vapor etc. are present naturally and are emitted into the atmosphere, 
transformed chemically there and reabsorbed into soil and water by various physical, chemical and 
biological processes or "biogeochemical cycles". Natural emissions and the corresponding levels of 
greenhouse gases in the atmosphere are essential to the maintenance of the present climate and radiative 
balance of the Earth. Human impacts can thus be both direct, for example, releasing carbon dioxide from 
fossil fuel burning or releasing chlorofluorocarbons, or indirect, through interference with natural 
biogeochemical cycles, for example, through deforestation. Both kinds of effects must be taken into 
account when considering how to alleviate human impacts. 

Figure I shows the relative contribution of various human activities to the warming effect of 
greenhouse gases. Almost 60 per cent can be attributed to energy use. Most of this is the result of carbon 
dioxide released through fossil-fuel combustion. Fossil-fuel production and combustion (and inefficient 
biomass combustion) also result in significant releases of trace gases, such as methane and nitrous oxide, 
which contribute to greenhouse gas accumulations. 

Figure I1 shows the relative contributions of various greenhouse gases to the past and current 
warming effect. Determining the greenhouse gas emissions reductions which will be necessary to 
stabilize or alleviate calculated global temperature increases from this warming effect is an enormously 
difficult matter, because of the complexity of the biogeochemical cycles and climate feedback effects 
involved. Some goals suggested by recent climate stabilization studies are the following: " 

(a) A 50 per cent to 80 per cent reduction in carbon dioxide emissions; 

) A 10 per cent to 20 per cent reduction in methane emissions; 

(c) Complete elimination of CFCs and halons; 

(d) 80 per cent to 85 per cent reduction in N20 emissions. 

28 Krause et al., (1989); J. C. Titus, ed., Effects of Changes in Stratospheric Ozone and Global Climate, vols. I-IV 
(Washington, D.C., United States Environmental Protection A g e n c y N P ,  1986). 
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Figure I. Activities contributions to global warming 

, use and production 
57% 

Source: United States Environmental Protection Agency, 1989. 

Serious action to reduce greenhouse gas emissions has lagged considerably behind analyses 
indicating that the build-up of those gases would affect the Earth's climate. There are a number of 
economic, political and social structural reasons for that lag. Some of the reasons involve corporations 
and their production and marketing policies. 



Figure II. Greenhouse gas contributions to global warming 
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Note: Based on estimates of the increase in the concentration of each gas during the specified period. 



PART TWO 

Case studies 





CHAPTER IV 

FOSSIL FUEL PRODUCTION 

A. Introduction 

Fossil-fuels provide about 85 per cent of the world's total energy use. They provide 95 per cent of 
the energy use in industrialized countries, thou h only about 55 per cent of the energy use in developing 
countries, where biomass is used extensively. ' Combustion of petroleum oil, natural gas and coal are 
the overwhelming source of carbon dioxide in the atmosphere, the source of half of the projected global 
warming resulting from the accumulation of greenhouse gases. Among those fuel types, the contribution 
to greenhouse gas accumulations varies significantly. Natural gas releases 70 per cent as much carbon 
per urnit of energy produced as oil and only half as much as coal. The other major sources of energy in 
the world, which include nuclear and renewable fuels such as hydropower, are not direct sources of 
greenhouse gas emissions. Figure I11 shows world-wide production divided by fuel type for commercial 
energy sources. Figures IV and V show energy production and consumption by region. 

Figure III. Global commercial energy production 
(277,900 Petajoules) 

Electricitv (hvdro. nuclear etc.1 

Source: United Nations, Statistics! Office. 1987. 

29 h m e n t a l  Protection Agency, Global Climate, op. cit., p. IV-13. 



Figure IV. Global commercll energy production 
(277,900 Petajoules) 
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Source: United Nations, Statistical Office, 1987. 

Figure V. Global commercial energy consumption 
(267,600 Petajoules) 
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Source: United Nations. Statistical Office., 19W. 
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Corporations play a role in the complex system of world fuel markets, where at different times 
some fuels are produced and promoted over others. They have had a major impact on choices of fuels as 
well as the efficiency of their use, throughout the world. This has substantially shaped both historic and 
present greenhouse gas emissions. There are, in addition, specific kinds of production methods which 
have historically been employed and which result in substantial greenhouse emissions. Those methods 
involve direct emissions of methane and other greenhouse gases during production and transportation, 
and emissions from the energy which must be used to extract, refine and transport fuels. 

TNCs directly control about 50 per cent of the oil business, the most important area of commercial 
energy production, and have significant interests in the production of other fossil fuels. Some of the key 
corporations involved include Exxon (United States), Mobil (United States), Chevron (United States), 
Texaco (United States), Royal Dutch Shell (Netherlands) and British Petroleum (United Kingdom). 

B. The fuel production industry 

TNCs have played a central role in extraction, refining and marketing of fossil fuels. Their influence 
continues to be considerable, though patterns sf ownership have changed substantially over the last two 
decades. 

That influence has been most profound in the oil industry. Between 1945 and 1970, the industry 
was dominated by the so-called "seven sisters": Exxon, Mobil, Standard Oil of California, Texaco, Gulf 
Oil, Royal Dutch Shell and British Petroleum. Those corporations effectively monopolized the industry 
for a quarter of a century, in part through early concession agreements with oil-producing Governments 
in the Middle East, which gave ownership and exploratory rights. As John Blair would note in his 1976 
review of the industry, control was supplemented in a variety of ways, including a "web of cartel 
arrangements set up in most of the world's consuming countries", and "boycotts, intimidation, and the 
active support of governmental bodies, particularly the U.S. State Department". As a result, they were 
able to shut out most of their competition and determine production levels and world prices to asignificant 
extent. 3Q 

By 1970, these companies controlled virtually all oil in the developing world and all stages of 
refining and distribution outside the centrally planned economies. In addition, they owned 60 per cent of 
the production of crude oil in the industrialized countries. 31 Control was most profound in Western Asia, 
from which operations were focused almost exc~usively on export to the European-North American 
market, since consumption was largely in those countries. Yet with the dramatic assertion of the power 
of OPEC in 1973, that pattern began to change. By 1981, the "big seven" held only 20 per cent of the 
market, while other major corporations held another 20 per cent of production. The remainder was in the 
hands of the oil producers themselves. 

As a result sf that challenge, there is more national ownership in oil-exporting countries, both within 
and outside of OPEC, as well as in oil-importing countries with considerable refining capacity (like Brazil 
and India). Those State-owned enterprises, however, enter into joint ventures and production-sharing 
agreements with TNCs. Onshore exploration and production for oil and gas by national bodies is well 
devel~ped in many countries, including Argentina, Brazil, People's Republic of m a ,  India, Mexico 

30 John Blair, The Conirol of Oil(New Yo*, Vintage Bmks, 19781, p. 28. 

3 1 MichaelTanzer, "Growing instability in the international oilindustry", OCA WReporrer (September-OctobeP 1989), p. 6. 



and the Soviet Union. Yet the control of production within all countries varies considerably. For example, 
petroleum production in Mexico is State-owned. In India, it is mostly State-owned, but sometimes it is 
produced with TNCs in production-sharing agreements. In OPEC, most oil fields are nationally owned, 
but they are operated by TNCs. 

Though oil production within the OECD countries is largely in the hands of TNCs, ownership of 
coal resources in those areas is more diverse. For instance, in the United States, coal is owned mainly by 
TNCs, while in the United Kingdom, coal resources are owned by the State. Some State-owned companies 
of oil-producing third countries have started to take on the character of TNCs, through their growing 
interests in refining and marketing. They have acquired some downstream refining and marketing 
operations abroad and are becoming more horizontally integrated, as, for example, in the production of 
petrochemicals. 

Overall, oil-producing developing countries utilize both national control and joint national-TNC 
ventures to produce fossil fuels, whereas production within OECD countries, as well as from offshore 
sites world-wide, remains largely in the hands of TNCs. The centralized economies are the only countries 
in which TNC involvement is not substantial, though even here there are some joint-production 
agreements. 

TNC control has undergone considerable evolution over the last two decades. One of the most 
significant changes since the 1970s is the consolidation of TNC power within OECD itself. The ten-fold 
rise in oil prices in the 1970s, which came with OPEC, also increased the profits and revenues of TNCs. 
Although they lost most ownership rights within the OPEC countries, they used a portion of the profits 
from the price increases to acquire more oil and gas exploration rights within OECD countries - witness 
the vast expansion of North Sea oil production in the 1970s. Some of the profits were used to develop 
deep-sea-drilling technology, which could be used to exploit resources in the marine commons. Some 
were used to buy up existing fossil-fuel resources from other companies. Within the past two decades, 
oil and gas TNCs have become major owners of coal resources and coal production operations in the 
United States, as well as in other areas. 

Outside of OECD, TNC influence remains most profound in offshore drilling, where their control 
of technology is very great. Even for onshore technology, they have a considerable technological edge 
in sophisticated methods of exploring for oil prior to drilling, which decreases the chance that exploratory 
holes will be dry. They also have great financial advantages by being able to mobilize large quantities 
of capital both from retained earnings and from external sources, such as the bond markets and 
transnational banks. 

Within the OECD countries, TNCs have expanded their roles at various stages in the domestic oil 
production process. Vital pipelines, such as the Alaska l i e ,  are owned by the largest TNCs and are an 
important source of their influence. In addition, in a gradual process since the 1970s, most local gasoline 
outlets, particularly within the United States, have become vertically integrated with their TNC suppliers 
(previously, control of refineries and local marketing arrangements was less concentrated). Downstream 
operations which involve the use of oil and gas for chemical production are also owned by TNCs whether 
outright or in joint ventures. 

In addition, traditional energy TNCs have also become involved in the development of the nuclear 
industry. A considerable portion of uranium resources has also come under the control of oil-producing 
TNCs. For instance, Exxon owns substantial uranium resources through its subsidiary Exxon Nuclear. 
Similarly, Chevron owns and operates uranium mines. In the 1970s a number of companies, such as 
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Mobil Oil and Atlantic Richfield, invested in the areas of solar cell technology and geothermal energy. 
However, the other biggest oil and gas TNCs (that is, BP and Shell) have never owned commanding 
shares in any of the alternative fuel areas. 

The 1980s and early 1990s have been a period of particularly rapid transition for the industry. The 
collapse of OPEC prices in the early 1980s resulted in a substantial drop in profits for both national 
Governments and TNCs. That contributed to a sense of instability within the industry, and the once-un- 
touchable TNCs have become vulnerable to an immense wave of corporate take-overs. 

As can be seen in table 2, within the oil industry alone, major oil producers have acquired each 
other at a phenomenal rate over the last decade. Gulf Oil, a former "seven sister", was acquired by 
Chevron in 1984. In several cases, major TNC energy-users have also acquired oil companies: DuPont, 
aTNC which produces energy intensive chemicals (plastics, synthetic fibers, CFCs etc.), is now also one 
of the largest oil companies in the world, having acquired ownership of Conoco in 198 1. 

Table 2. Concentration of ownership in the United States oil industry 

Sowce: Peter Nulty, "Big oil faces a big squeeze", Fortune (9 October 1989). 



In this era of upheaval, corporations are facing critical questions about their future investmentplans. 
One trend within the United States seems to be a retreat from their diversification into renewable energy 
fields. For example, Atlantic Richiield sold its subsidiary Arco Solar, the largest United States manufac- 
turer of photovoltaic, to a corporation of the Federal Republic of Germany in 1989. Mobil and Amoco 
are the only United States fossil-fuel producers remaining in this field, and their interests are not nearly 
as large. 

At the same time, many companies are looking to expand their oil interests abroad again. As a 
recent article in Fortune magazine noted "with geology and environmental concerns diminishing the 
prospects for exploration and refining in the United States American companies are spreading out even 
farther across the globe in search of new reserves and new customers". 32 PIDducing oil overseas is 
considerably cheaper than domestic production. Charles Blackburn of Maxus Energy estimates that the 
price of discovering new oil overseas is roughly half of what it costs in the United States. Furthermore, 
gmwing industrial markets abroad are offering a rich new source of customers. For example, oil 
consumption in Taiwan Province of China and the Republic of Korea has recently grown at about 20 per 
cent per year. 33 Instead of boking to new energy areas, the United States-based oil producers seem to 
be viewing these new markets for fossil fuel as primary areas of expansion. 

These p1m have important ramifications for future energy use, particularly considering how 
powerful the overall TNC presence remains in this area. Although profits are off, TNC performance in 
the 1980s has been far better than that of the state companies of the oil-producing countries, which seized 
control of resources in the 1970s. OPEC alone saw revenues fall by three quarters from 1980 to 1986; 
the TNC drop was about half that, and cash flow (net profits after taxes plus depreciation an4 
amortization) remained a steady $35 billion between 1980 and 1986, despite the drop in paper-profits. 

The powerful TNC energy producer has become a fixture in the international economy. The 
economic and political influence of those corporations must be taken into account in any efforts to protect 
the global environment, since their investment decisions and the political pressure they can exert are 
likely to have long-term impacts on emissions of greenhouse gases. 

C. Fuel-production practices and greenhouse emissions 

As noted initially, fossil fuels are the primary source of greenhouse gas emissions in the world. The 
impact of energy-producing IZnNCs on those overall emissions has clearly been substantial. This section 
considers some of the ways in which TNC fuel producers contribute more directly to greenhouse 
emissions through the process of fuel production. 

Substantial greenhouse gas emissions occur from: 

(a) Energy use in production, processing, refining and transportation of fossil fuels (carbon 
dioxide); 

(b) Coal mines and abandoned mines (methane); 

32 Berer Nulty, "Big oil faces a big squeeze", Fortune, (9 October 19891, p. 106. 

33 bid.  

34 Tmzer. op. cit., p. 6. 
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(c) Venting of natural gas (primarily methane); 

(d) Leaks of natural gas at the well-head, and from the transmission and distribution system 
(methane); 

(e) Flaring of natural gas (that is burning at the well-head), (carbon dioxide and methane). 

It takes considerable amounts of energy to produce, process and transport fossil fuels. As a rule of 
thumb, processing, transportation and distribution (other than electricity generation) consume about 10 
per cent of the fossil fuels which are produced. Since about 80 per cent of the total carbon dioxide 
emissions come from fossil fuels and 10 per cent of that is associated with production, processing and 
transportation, it can be estimated that about eight per cent of all carbon dioxide emissions are associated 
with various aspects of fossil-fuel production. 

The proportion of methane emissions associated with fossil-fuel production is a matter of consid- 
erable debate. The following rough estimates have been given by the United States Environmental 
Protection Agency: 3s 

(a) Approximately 50 million tons of carbon dioxide are released to the atmosphere from flaring 
of natural gas (this is a minor part of the problem of carbon dioxide emissions); 

(b) Approximately 20million to 50 million tons of methane are released from leaking and venting 
natural gas; 

(c) About 25 million to 45 million tons of methane are released each year from coal mines. 

Emissions of that size could contribute significantly to the build-up of methane in the atmosphere. 
Besides aggravating the problem of global warming directly, the products of the various chemical 
peactions of methane in the atmosphere also contribute to the build-up of yet other greenhouse gases. 
Thus, methane emissions from fossil-fuel production are a serious problem. 

Many of those emissions are preventable. Flaring an8 venting of natural gas (which is principally 
methane) at the well-head remains a problem in the developing countries, despite the obvious waste and 
emissions problem. The primary interest of TNCs in exploiting the large oil and gas fields in the 
developing countries has been tp secure cheap oil for the OECD market. Secondarily, those same 
companies have also marketed oil in the developing countries. That has been more profitable in the short 
run than investing in a complex structure of pipelines and developing uses for natural gas. As a result, 
natural gas has been vented or flared. 

That pattern of wasting natural gas, while producing and marketing oil, also prevailed in the United 
States well into the twentieth century. It was only in the 1950s that markets for natural gas were fully 
developed and the practice of venting and flaring the gas was drastically reduced. That was because, at 
the request of oil companies, the Government interceded to set a minimum price on natural gas, which 
made its initial marketing profitable. Similar inducements have not been available in the developing 
countries, where petroleum-derived kerosene is still generally utilized for cooking instead of natural gas. 
This also continues, though natural gas, under typical conditions of use, is generally cleaner and safer 
and often cheaper than kerosene. 

35 EnviramentalProtection Agency, Global Climate, op. cit., pp. IV-26,27. 



Venting and flaring, together with insufficient attention to leaks from pipelines, improperly capped 
weus etc. are all contributing significantly to the build-up of methane in the atmosphere. This is not only 
dangerous from the point of view of global warming, but increases in methane concentrations can stress 
the capacity of the atmosphere to cleanse itself of pollutants generally. Halting wastage of natural gas 
and drastic reduction in the leaks associated with its use are imperative if such environmental threats are 
to be diminished. Those measures are especially important since they are effective steps which can be 
taken in the short term. 

D. Restructuring in the fossil-fuel production sector 

If, as it appears, energy TNCs remain focused primarily on expanding the marketing for fossil fuels, 
they will have little incentive to contribute to efforts to reduce the massive greenhouse emissions which 
result from the widespread use of fossil fuels. 

But, this continued pattern of market expansion for the fossil fuels that contribute most significantly 
to giobd warming, oil and coal, is in the long run, unacceptable. In the intermediate term, using natural 
gas efficiently may be preferable to using other fossil fuels, if investigation shows that this does not 
substantially increase methane emissions from leaks in the supply system. 

The TNCs which conDol the exploitation, production, transportation and marketing of oil and coal 
need to realize that their future lies in developing a mix of sustainable energy sources. If they do not 
come to that realization, if the companies who control fossil-fuel production and marketing, that is, the 
largest and most powerful TNCs in the world, do not diversify into renewable, safe energy sources, they 
will forever resist attempts to limit the growth of the fossil-fuel market. 

There are good economic reasons, however, why fossil fuel TNCs should be committed to 
developing renewable, safe energy sources. There will be costs associated with the impact that global 
warming will have on the climate and on the rising of the seas. Losses may be incurred at offshore drilling 
platforms, for example. Shipping facilities may be adversely affected by the rising seas. Increases in 
temperature will affect the market for heating oil. Consumer demand for efficient and cleaner cars will 
add costs to the distribution and marketing of fuel. Those dangers could be opportunities for growth and 
market expansion in new investment areas. 

New markets will open up in solar heating and cooling systems. Using more locally-available 
energy sources could positively affect transportation and transmission costs. The potential growth in the 
market size of renewable energy is enormous, since the market is clearly so unsaturated. 

It is clear that only through a level of cooperation among sectors with different self interests that 
has never yet been achieved will it be possible to alter energy production, transport and consumption 
pattern. It is dangerous to wait to see exactly when and the extent to which the dire predictions of 
flooding, cancer, destruction of agriculture, for example, come true. The major and most powerful 
economic institutions in the world today, however, will not just walk away from their economic base. 
To e m r e  the necessary convemion and restructuring, Governments will have to create the necessary 
incentives and controls. 

However, the costs of that conversion will have to be equitably shared. The costs cannot be simply 
passed on to the people in the form of hereased prices, decreased wages and greater debt, Developing 
countries are already suffering too much ta sustain much increased economic burden. Similarly, in 
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industrialized countries, long-term economic growth requires an educated, trained, productive, uncpical 
population, which can exercise its consumer power to improve the daily quality of life. 

Below are some preliminary ideas for guidelines for the TNCs which produce and distribute 
fossil-fuels. These principles are not complete. They are meant as a starting point for discussion among 
the interested parties, to begin to design effective strategies for a revolutionary conversion of the world's 
energy base. The principles are aimed at TNCs, not Govemments. 

E. Transition planning measures 

In order to consider measures aimed at limiting emissions from fossil-fuel production, companies 
need to make a complete and thorough analysis of the source and extent of emissions from extraction, 
processing, refining and transporntion of both oil and coal. Once that internal analysis has been made, 
the company should design a strategy, including the development of new technologies, for decreasing 
emissions as much as possible and for capturing and utilizing otherwise wasted by-products such as heat. 

A thorough analysis of gas venting and flaring in areas where it is still going on would, in most 
cases, reveal the economic desirability, as well as the environmental benefits, of trapping and utilizing 
the gas. Moreover, as nationally-owned companies have taken more of the lead in oil and gas production, 
more attention has been focused on reducing wastage of gas in atmospheric emissior~s, since it is to their 
advantage. Venting from existing gas wells should be stopped immediately. 

F. Transition investment measures 

In the long run, conversion from dedication to fossil-fuel energy sources to the use of alternative, 
renewable safe energy sources is key to preventing global warming and the global environmental 
degradation related to industrial pollution. Therefore, transition measures can and should be taken by 
TNCs and other large energy producers. Future-oriented companies should be making new investments 
in less greenhouse-gas-generating sources of energy, such as solar, geothermal, cogeneration, as well as 
environmentally safe exploitation of natural gas. Although some alternative sources of energy are 
relatively competitive in price with fossil-fuels, demand is still too limited to generate the necessary 
widespread use. Therefore, new investments in alternative renewable energy sources should be geared 
towards making the source economically competitive and marketed for widespread use. Displacing of 
oil and coal with expanded use of natural gas may be a good transition strategy. 

Other transition investment strategies include investing in the necessary R&D, to increase the 
efficiency of energy storage technologies; investing in R&D aimed at increasing the efficiency of energy 
transportation systems (particularly at this time for natural gas and electricity); and investing in the 
necessary R&D to decrease production leakages (for example, from abandoned coal mines, valves, welds, 
pipes etc.). Improved storage and transport efficiency will also be useful for the long-term. 

For the ultimate survival of the planet, however, the commitment of new investments in alternative 
sources of energy must be coupled with a decrease in investments and exploitation for oil. 



CHAPTER V 

TRANSPORTATION: ROAD VEHICLES 

A. Introduction 

Transportation is a major consumer of energy and contributor to environmental degradation, and 
the ways in which energy is consumed are heavily determined by TNCs. Fossil-fuel-burning road vehicles 
are predominant in transportation, and TNC influence over the whole transportation infrastructure is 
apparent given their majority share in the world-wide production of road vehicles. 

Transportation accounts for 27 per cent of global energy use and is responsible for the emission of 
about 1.1 billion metric tons of carbon per year in the form of carbon dioxide, or 20 per cent of all carbon 
emissions from fossil fuels. 36 Industrialized countries are responsible for two thirds of the total carbon 
dioxide emitted from transport world-wide (figure VI). The United States alone emits more than one 
third of the total, while all the developing countries together produce less than one fifth. Within the 
transportation sector, hydrocarbon fuels account for over 90 per cent of energy demand. Almost all of 
this consists of petroleum products, except in China and India, where large quantities of coal are used to 
power trains. 

The extent of TNC activity in the transport sector can be seen from the proportion of commercial 
energy demand met by oil-based fuels for internal combustion engines: over 99 per cent in the OECD 
countries and over 90 per cent in much of the developing world. In the United States, 60 per cent of the 
oil products consumed in hmsportation are used for automobiles and light trucks. 37 

TNCs dominate the automotive industry, which also produces engines for bus transportation and 
for rail. Just 13 corporations supply 80 per cent of the total world market. Five of them (General Motors, 
Ford, Toyota, Nissan and Peugeot) sell half of all vehicles and the two largest (General Motors and Ford) 
control nearly 30 per cent of the world market. Those companies have increasingly internationalized their 
production, both individually and in joint ventures between them, in order to compete in an increasingly 
global market. The largest corporations (General Motors and Ford) are integrating their production 

36 En-end Pmtection Agency, Global C l h t e ,  op. cit.. pp. N-28.32 

37 Deborah Bleviss, The New Oil Crbh and Fuel Economy Technologies (New York, Quorum Bwks, 1988), p. 7. 



Figure VI. Global transport emissions of CO2 

Canada and Western Europe 
23.1% 

Source: Michael Walsh, 1989. 

world-wide, producing different components in different countries. Japanese firms (Toyota, Nissan, and 
Honda) have been selling vehicles abroad for many years and are now producing components or are 
entering joint ventures with foreign firms to overcome restrictions on imports of Japanese cars. European 
firms are merging or are combining with their Japanese or American rivals in order to become competitive 
in size and strength. 

As a result of those combinations and joint ventures, there are now business associations and capital 
participation between most automobile manufacturers. Equity participation ranges from a low per cent 
(Isuzu and Suzuki, for example) to 100 per cent (General Motors and Vauxhall, for example). 

Through the size of their market share of vehicle production and through their design and production 
standards, TNCs determine the fuel economy and emissions standards of those vehicles. In the United 
States, they have influenced pertinent government regulations to obtain an easing of vehicle efficiency 
standards for the cars they produce. They thus cany considerable responsibility for the persistence of 
low fuel efficiency in transportation relative to what could be achieved and for the heavy dependence of 
transportation upon oil. 
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TNC automakers have also had a role in reducing the possibilities of alternative modes of 
transportation. This ranges from extensive automobile advertising to augment market demand, to 
deliberate collusive action among companies to reduce the competition from other modes of transport, 
particularly from rail. 

B. Evolution of dependence on road vehicles 

In the United States, automobile corporations played a major role in the decimation of rail 
transport. 38 In the 1920s, when the United States market for cars showed its first signs of saturation, 
vehicle, oil and tire producers adopted specific strategies to create additional demand for road vehicles 
by diverting rail passengers and freight to buses, cars and trucks. 39 General Motors, in particular, set up 
intercity bus services starting in 1926 and, in 1932, began buying up, operating, and then converting 
electric railway and streetcar systems to diesel buses. General Motors was instrumental in the formation 
of the Greyhound Corporation, which by 1930 had successfully pressured six major railroads to replace 
their trains with buses. 

Success with intercity buses moved General Motors to use similar approaches within cities, 
acquiring and replacing local electric transit systems with buses. When it was censured in 1935 for this 
self-serving action by the American Transit Association, it then shifted to more indirect methods and 
combined with other corporations to achieve this same end. The world's largest electric streetcar system 
in New York City was converted to buses in only 18 months. From 1936 to 1945, a holding company, 
organized by General Motors together with Firestone Tire, Standard Oil and Mack Truck, bought up and 
desm ed streetcar systems in 45 cities in the United States. 40 Congressional anti-trust evidence notes 
that: 4 7  

"To preclude the return of electric vehicles to the dozens of cities it motorized, General Motor 
extracted from the local transit companies contracts which prohibited their purchase of 'any new 
equipment using any fuel or means of propulsion other than gas[oline] '". 

In 1947, the corporations involved wcre brought to trial in the Federal Court in Chicago an8 found 
guilty, but General Motors was fined only $5,000, and its treasurer, who had played a key role in the 
monopoly, was fined $1. 

Despite that ruling, General Motors continued to dieselize electric transport until 1955. Over the 
19 years from 1936, the number of electric streetcars had been reduced from 40,000 to 5,000. As the 
head of the General Motors bus division then stated, "The motor coach has supplanted the interurban 
systems and has for all practical purposes eliminated the trolley". 42 NOW 19 cities are planning to 
reintroduce trolley systems at enormous cost, sometimes along the same routes that were dismantled. 

38 For an overview, see D. I. S t  Claia, The Motorization of American Cities (New York, Praeger, 1986). 

39 Those strategies have been extensively documented by Bradford D. Snell, "American Ground Transport: A Proposal for 
Restructuring the Automobile, Truck, Bus and Rail Ind~~stries", published evidence for the, United States Senate Antitmst 
and Manqx$y Subcommittee hearings on ground transportation industries, (1974), pp. A-1A-103, from which the 
materials are taken. 

40 A. Kimbrell, "Car culture: driving ourselvl?s crazy", The Washington Post (3 September 1989). 

41 Snell, p. A-31, citing United States v. National City Lines, 1951 Trade Cases, para. 62,757 at 64,237 @ID ILL). 

42 Ibid., p. A-35. 



Some of the proposed systems, such as that of Los Angeles, cover only one quarter of the area served by 
the earlier dismantled networks. 

Yet the switch to the motor coach was not in itself enough for the corporations involved. Buses 
were also less profitable than cars: 35 cars can replace a sin le bus and increase the automakers' revenue 
10 times. Several cities sued General Motors for not only: f 3  

"Setting higher-than-competitive prices for its diesel buses, receiving millions of dollars 
annually inmonopoly pro fits... [but also] ... disregarding technological innovations in propul- 
sion, pollution control and coach design, which would help attract patrons out of their 
automobiles." 

Similarly destructive strategies for freight transport were followed by the corporations. From 1939 
to 1972, United States railroads lost not only 50 per cent of their passenger traffic, but also nearly 75 per 
cent of all freight revenue. In addition, the General Motors diesel locomotives were less durable, less 
efficient and more polluting than the electric locomotives they replaced. 

Relative profitability of road or rail transport is also substantially affected by government subsidiz- 
ing of different elements in the total cost, such as in the construction of highways. In 1932, the president 
of General Motors played a leading role in establishing the National Highway Users' Conference with a 
view to channeling state and local gasoline taxes and highway taxes solely for highway purposes, and 
developing a continuing programme of highway construction. 

Whether the near total transfer to automobiles can be justified even in economic terns has been 
the subject of considerable debate. A 1974 Congressional study evidenced an unremitting economic case 
against road vehicles, but it was insufficiently documented. A more thorough study S t  Clair " 
indicated that buses were less economical than stmtcars, at least on heavily-used lines. 

Moving from rail to road transport also incurs external social and environmental costs, which are 
not generally factored into the comparison. These are problems which are associated with the ways in 
which the destruction of public rail transport and the encouragement of road transport and private vehicles 
over it contributed to dispersed suburban living patterns. Some experts argue that the corporate ultimate 
goal was the fundmental structuring of urban areas so as to open them up to the automobile. 46 Spatial 
dispersion causes people to need cars and makes public transport more costly and less efficient to run. 

One attempt to calculate the external costs of moving traffic from rail to road indicated a five-fold 
increase in ener requirements, and a fuel cost increase of 10 per cent of the total spent on motor vehicle 
transportation. 'Dependence on highways has also hindered innovations in high-speed rail transport 
(such asthose being made in Europe and Japan). 

43 bid., p. A-37. 

44 S t  @lair, op. cit. 

45 More recently, a counter-argument has been advanced by D. Lipson, suggesting that buses were more profitable and that 
the intervention of National City Lines of General Motors therefore served to accelerate a demise of mass transit which 
was already in course. (See "General Motors, National City Lines and the Motor Bus: The Motor BUS' Role in the Decline 
of Mass Transit in the United States", B.A. thesis, Harvard). St. Clair disputes those calculations. 

46 S t  Clair, op. cit., p. 172 

47 These costs were reported by Snell, based on information provided by Rice, "System energy and future transportation", 
Technology Review (1972). 
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Most important for this study, the shift towards automobile transit and associated dispersed living 
patterns have contributed significantly to increases in global carbon emissions. In addition, pollution 
control under these circumstances is more difficult and more expensive, since it is harder to install 
emission-control devices on 100 million transient vehicles than on the much smaller number of stationary 
power stations needed for electric transport. Finally, the large portion of the population who cannot drive 
(those disabled, too poor, young or old to drive) have their mobility reduced by the sparseness of public 
transport facilities. 

Finding ways to reverse those historical shifts in modes of transporntion is of major importance. 
h the meantime, it is also crucial to accelerate improvement in the fuel efficiency of road vehicles. 

(3. Vehicle fuel efficiency 

Even without shifting to rail, transportationby road could be operating with fuel efficiencies several 
times greater than those common today. Although the major motor manufacturers have all developed 
prototypes (table 3), which get about two to four litres/"lOB km., they have resisted targets of only 7.6 to 
8.8 litres/100 krn. for the vehicles they currently produce (table 4). One analyst estimates total fuel savings 
of up to two thirds over the next 30 years if the top end of that range is widely adopted. 48 

Vehicle manufacturers made improvements in fuel consumption immediately following the oil 
price rises in the 1970s, because consumer desire for greater fuel efficiency was evident and regulations 
were imposed. Improvements decreased, however, once ~ i l  prices levelled and fell in the 1980s. The 
largest motor manufacturers have generally not seen it as in their interest to increase fuel efficiency in 
these circumstances, particularly in the absence of regulation. 

The United States-based TNCs, in particular, have been notoriously slow to incorporate improve- 
ments into their production lines. With the oil price slump in the mid-1980s, they saw no consumer 
demand to do so. Trade unions also played a role, in their attempt to retain employment for their 

Table 3. Automobile fuel economies: historic and present passenger vehkks 
(Litres1100 km.) 

Source: Environmental Pmtecticm Agency, Global Climate, 1989, p. MP-40. 

48 Walslh, "Global trends in motor vehicles and their use implications for c h a t e  m&c8tion"", an assessment prepared for 
the World Resource Institute's Climate, Energy and Pollution Programme (Wathingtm, D.C., 1988), p. 37. 



Table 4. Automobile fuel economies: high-eficieney prototype passenger vehides 
(Litres/lOO km.) 

Source: Adopted from Debrah Bleviss. The New Oil Criris and Fuel Economy Techno?logies (New York, Quonun Books, 1988). 
p. 96. 

membership. Other causes of low pursuit of fuel efficiency by United States automobile manufacturers 
have been: low perception of benefits, low degree of competition, low means of capitalization, low 
commitment to research an8 development, views of the future availability and price of energy and pmduct 
liability concerns. They even moved to reduce government regulatory pressure on fuel economy. Their 
lack of interest caused small companies innovating in fuel technology to sell out to Eur~pean and Japanese 
producers. 

TN&'s have also directly contributed to differences in emission levels between countries. For 
example, Ford Motors (United Kingdom) recently refused to install catalytic converters to reduce nitrous 
oxide emissions fiom cars made in the United Kingdom, 49 although those are mandatory on their cars 
in the United States. Similarly, Volkswagen in Brazil does not produce the same advanced model as they 
do in ~urope or the ~ n i t e d  States. 

The largest improvements in fuel efficiency were brought about by regulation, rather than by 
increases in oil prices. Various kinds of regulation have been instituted around the world, including fuel 
taxes, fuel economy standards, speed limits, and taxes on vehicles with high fuel consumption. In the 
United States and Japan, vehicle fuel eff~cienc standards have been enforced by legislation. The vehicle 
fuel efficiency changes which occurred in the United States in the mid-1970s reflect the efficacy of the 
legislative approach there. In the United States, corporate average fuel efficiency (CAFE) standards 
legislated in 1975 set progressively higher targets for manufacturers' new lines of vehicles, with financial 
penalties for failure to meet the targets. The CAFE programme is considered one of the most successful 
world-wide and is credited with 20 per cent of the oil reduction achieved by International Energy Agency 
signatories between 1979 and 1983. 

Despite the success of the CAFE programme in the United States, corporate pressure and 
urnsympathetic United States administrations helped to limit its subsequent impact. The CWE goal for 
1985 was 27.5 mpg (or 8.55 litewf 00 krn) for passenger cars. Yet, after General Motors and Ford failed 
to meet the 1984 and 1985 targets, they were able to get the standards reduced (to 26 mpg) for 1986- 1988, 

49 P. Stevenson, op. cit., description of results of Greenpeace Air Toxics Campaign in the United Kingdom. 

50 United Nations Centre on Transnational Corporations, TM?LIMI~oM~ Corporations in the Inler?kaiio~i Auto !nduslt'y 
(United Nations pblicatim, Sales No. E.83.II.A.6), p. 93. 
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and .also succeeded in reducing their fines for the previous years. The Reagan Administration even 
requested Congress to eliminate the CAFE programme altogether. 5' 

In addition, the CAFE standards have structural flaws which have made them less effective in 
increasing fuel efficiency overall. One of the problems with the standards is that they set a single average 
for the entire carfleet, This favoured producers of smaller cars who could, based on averaged figures, 
avoid making improvements. It also has permitted manufacturers to use a single highly efficient prototype 
in one case, imported from Japan specifically for this purpose to offset the inefficiency of other models 
kept in production. Targets for percentage improvements wodd therefore be more effective. Such targets 
are used in Japan, differing for each weight category of vehicle. 

A different kind of regulatory strategy includes increases in fuel prices or taxation, which may 
reduce the amount that people drive or increase their preference for more fuel efficient cars. Cars have 
tended to be smaller and more efficient in countries where gasoline prices are higher. In Italy, for example, 
where fuel prices have been more than twice as high as those in the United States, fuel efficiencies are 
about 25 per cent higher. 52 The impact of fuel taxes, however, is reduced as cars become mare efficient 
andl q u i r e  less fuel. Moreover, this tends to be a highly regressive form of taxation. 

Global regulation of car and light-truck fuel efficiencies could have an enormous impact on 
greenhouse emissions. The lack of globally consistent standards or targets for fuel economy impedes the 
implementation of the best available technology. In the developing countries, b w  fuel economy is 
exacerbated by the greater age of vehicles, lower levels of vehicle maintenance, poorer tires or the 
recourse to bias-ply instead of radial tires, an8 lower quality and maintenance of roads. 

Requiring manufacturers to maintain certain minimum emission standards and fuel efficiency 
world-wide would not only aeduce global warming. It would also help to reduce air pollution, which has 
become particdarly severe in urban areas of the developing countries, like Mexico City. The largest 
increases in numbers of automobiles are expected to occur in developing countries, where vehicle 
ownership is cramntly the lowest. In 1985, for example, there were only six cars per 1,008 people in 
Asia, 12 in Africa, 56 in Latin America, and 43 in the Middle East, as compared to 573 in the United 
States. 

D. Restructuring the automotive sector 

Improvements in the way vehicles are used and in the vehicles themselves are vital to alleviating 
the present levels of greenhouse gas emissions and the contribution to other forms of environmental 
degradation, such as urban air pollution. For the short term, increased fuel efficiency, less total numbers 
of vehicles and fewer miles driven will be vital to reducing carbon emissions. It can be generally stated 
that all three of these are possible, whether by improvements in vehicle efficiency or in the development 
of rail anet other alternatives to road-based or fossil-fuel-dependent vehicles. 

Corporate action to promote those changes will probably need to be supported by government 
action, which has proved to be one of the most effective ways of achieving dramatic changes in fuel 
efficiency. Similarly, if past experience is any model, the long-term potential for switching to better forms 

51 Bleviss, op. cit., p. 229; and Wdsh, op. tit., p. 32. 

52 Bleviss, op. cit., p. 162. 



of transportation and more efficient urban setdement patterns will also depend to a large extent an what 
actions and guidance are provided by national and international political bodies. 

While the first line of attack is greater efficiency, more miles to the gallon, this is not the long-term 
solution. 

Major TNCs manufacturing road vehicles have generally resisted legislation regarding safety 
standads, as well as fuel efficiency. This has beenespecially true in the United States. Instead of resisting 
efficiency standards, TNCs should be promoting their more vigorous application so that a transition can 
be made to vehicles which are many times more energy efficient than those on the road today. The 
transpaation sector has the potential to provide major reductions in carbon dioxide emissions, both 
though efficiency improvements, and also through the use of energy efficient electric vehicles, particular- 
ly if those are partly solar-powered. Corporations must urgently start developing high efficiency 
prototypes and putting them into production. 

Like the energy-producing sector, the automotive sector will ultimately and necessarily have to 
diversify fmm reliance on carbon emitting fossil fuels to cleaner energy sources, and it will need to 
convert away from reliance on growth of the individual car market to the development of low-mst and 
cleanmass transport systems. Therefore, new investment in cars with low fuel efficiency needs to decline, 
while expanded investments in mass transit systems need to increase significantly. In order to support 
that transformation, Governments need to remove hidden subsidies and biased regulations which support 
and strengthenmad and individual transport, and provide fmancial resources to strengthen the alternative. 
That is especially critical for developing countries, where urban areas, as a result of the lack of mass 
transportation systems and an aging polluting automotive fleet, have become increasingly toxic for the 
local ppulation. 

TNCs which operate in developing c~untries and which stand to benefit from the masket growth 
potential in developing countries for private cars have a particular responsibility, first, to ensure that 
fuel-efficiency standards and pollution-control devices are applied globally, and second, to make 
pollution-control technology for application to an older fleet available at low cost. TNCs should provide 
pollution-control technologies and equipment for older cars in developing countries through their existing 
marketing and distribution channels. This would be possible through existing distributorships and gas 
stations. In addition, TNCs should conduct systems analyses which include economic and environmental 
costs of poor tires, poor roads, older vehicles etc. These would provide a basis for developing countries 
to make reasonable decisions about the structure of transportation systems. 

It would be wise for TNC automotive manufacturers to act now to lower the impact of this sector 
on global warming. International regulation may be imminent through a possible global climate change 
convention. Like the Monmal Protocol, greenhouse gas emissions may be reduced by intergovernmental 
agreement. The current long R&B lead times for basic models may be a liability in the face of possible 
C82 taxes and the international targets for limiting greenhouse and ozone depleting gases. 

Mandatory car recycling may occur, particularly for vehicles with air conditioners. National and 
international regulation could create inducements for increasing the fleet of efficient and comfortable 
vans and buses as part of expanded mass transportation systems. 

Global w m i n g  md the related ocean rise could generate unexpected costs if road transportation 
is disrupted or if manufacturing and distribution facilities in coastal areas are affected. 
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What happens in Eastern Europe is particularly important, since it has been predicted that car sales 
in Eastern Europe will double within five years. Some automobile executives predict that, by the end of 
the decade, the market will grow to seven million cars a year. "  hat could mean increased urban pollution 
and increased danger to the global warming problem. Or, companies could use this as an opportunity to 
make the investments necessary to initiate practices that will be inline with the emerging global standards. 

Finally, transportation TNCs benefit from operation in a global market. Tkis should give them 
greater flexibility in terms of investment decisions which impact greenhouse gas emissions. Investments 
in environmentally sound buses, subways and mins could offset diminished investment in individual 
automobiles. And for all forms of transportation, TNCs should observe minimum universal standards on 
emissions and fuel efficiency in their global production and market operations. 

53 S t e m  Greenhouse. "Fiat's thrust into Eastern Europe", New York Times (5 August 1990) sect. D, p. 1. 



CHAPTER VI 

ELECTRICITY GENERATION 

A. Introduction 

Electricity generation is an intermediate sector which converts fuel into a mobile, and highly 
versatile form of energy. It is an energy-consuming industry in that it uses large quantities of various 
fuels to produce electricity, and an energy-producing industry in that its output is a form of energy. 

Worldwide, almost 10 trillion kilowatt hours of electricity were produced in 1985 (not including 
electricity generated by biomass-fired plants). Of this total, 64 per cent was produced by conventional 
fossil-fueled thermal-generating plants, 20 per cent by hydroelectric plants, and 15 per cent by nuclear 
power plants. About 0.3 per cent was genemted by geothe~mal and wind-energy stations. 54 

Electricity generation accounts for about 1.7 billion metric tons (or 30 per cent) of carbon emissions 
from the consumption of fossil fuels. The principal fossil fuels used are coal and oil. Hydropower does 
not involve direct emissions of greenhouse gases. However, hydropower causes other kinds of environ- 
mental damage. Large dams submerge large areas of land, often forested areas. The concerns about loss 
of species, loss of agricultural land, associated loss of jobs and flooding of villages and towns are well 
known. In addition, creation of lakes without cutting forests can result in increases in emissions of 
methane, a powerful greenhouse gas. 

TNCs are not generally involved directly in the production of electricity, which is usually the 
province of nationally-owned or privately-owned enterprises not controlled by TNCs. While there may 
be considerable foreign ownership of the stock of privately-owned utilities, as for example in the case 
of United States electric utilities, the control over which is still exercised primarily at the national or state 
level, TNCs are involved in it in two different ways: through the production of fossil fuels, discussed 
above, and through the manufacture of electricity generation, transmission and distribution equipment. 
Increasingly, some service TNCs, such as Bechtel, undertake the complete design and construction of 
power plants. TNCs also influence electricity demand through influencing the structure of electricity 

54 United Nations, Energy Statistics Yearbook, 1985 (United Nations publication, Sales No. E.86.XW.13). 



consumption. That is the subject of a separate case study on energy-intensive metals production (see 
chapter VII below). 

Among the major TNC manufacturers of electrical generation equipment are the following: 

(a) United States-based companies: General Electric, Westinghouse, Babcock and Wilcox, 
Bechtel; 

(b) European companies: Siemens, ASEA Brown Boveri, Alsthom- Atlantique, General Electric 
(United Kingdom); 

(c) Japanese companies: Mitsubishi. 

A number of other countries possess small to medium-size corporations, which export electrical- 
generation equipment. Those, however, usually operate under licence to larger TNCs or have technology 
that is essentially similar. Some of those are TNCs, while others are based in one country. An example 
of the latter would be India's Bharat Heavy Electrical Limited (BHEL). 

B. Structural issues 

A number of factors influence the world-wide dependence on fossil-fired electricity sources. 
Several major negative tendencies historically encouraged by the current energy infrastructure include 
a lack of emphasis on developing the full potential of energy-efficiency improvements, such as 
cogeneration; an emphasis on large centralized generating stations; and an emphasis on fossil fuels as 
opposed to non-carbon-based energy sources like solar and other renewable energy sources. These 
tendencies are discussed below. 

Energy efficiency, cogeneration and generating station size 

Although energy efficiency is usually considered an issue relevant to energy consumers rather than 
energy producers, issues of efficiency also merit some discussion in relation to the generation of 
electricity. Since energy consumers are generally not interested in energyper se, but in the services which 
energy provides, the form in which energy is delivered is highly influenced by decisions made by 
energy-providers. Since the overall efficiency of the energy system is dependent on the efficiency of 
energy production as well as energy consumption, it is important to consider the role of the production 
side. 

It has generally been more profitable, other things being equal, for both TNC manufacturers of 
generating equipment and utilities to encourage consumers to use more rather than less energy. For 
instance, in the United States, public utility revenues and profits were set as a percentage of investments. 
The greater the energy demand, the greater the need for investments in energy-producing equipment, the 
larger the profits. Also, since a number of the manufacturers of electricity-consuming applianqs are 
TNCs, which also produce and sell electrical-generating equipment (for example, General Electric, 
Westinghouse), improving the energy efficiency of appliances would only tend to reduce the demand for 
the generating equipment those TNCs also sell. Thus, many TNCs have had little internal interest 
historically in making the appliances they produce more energy-efficient. 

TNCs sell inefficient electrical appliances and lighting technologies that bloat electricity use 
without economic benefit. Efficiency standards for electrical end-use equipment, fuel switching from 
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electricity to gas in water heating, space heating, and other end-uses, and the use of insulation to reduce 
air-conditioning needs are very important technical options directly involving what large electrical TNCs 
produce and sell. 

Since United States based TNCs were the dominant ones in the years immediately after the Second 
World War, the pattern of production and demand within the United States came to play a very large role 
world-wide. This happened both directly through sales of products by transnational corporations, as well 
as through policy institutions, such as the World Power Conferences, at which the United States methods 
of utility planning and design became influential all over the world. 

An important way to increase the efficiency with which energy is produced is the use of 
cogenerating technologies. Cogeneration involves the simultaneous production of both usable heat and 
electricity. At an electric generating station, for example, a cogenerator makes productive use of the waste 
heat energy (which would otherwise be lost) by using it to heat water or indoor living space. Combining 
the production of both electric and thermal energy in one unit creates substantial energy savings. For 
example, replacing a diesel electric generator and an oil-fired furnace by a single diesel cogenerator can 
reduce total fuel use by at least 25 per cent. 5S 

Unfortunately, the industry has barely begun to tap the energy savings potential of cogeneration. 
Even as recently as 1986 in the United States, for example (anumber of years after the passage of modest 
federal legislation designed to encourage cogeneration), only 18,000 megawatts of electric capacity was 
provided by cogenerators. Although that amount represented 73 per cent of United States capacity of 
non-utility-power, it represented only about 3.3 per cent of the total United States electricity supply. 56 

Although the potential for expanding cogeneration is large internationally, the actual potential is 
less than it would be in principle because of the pervasive tendency towards the use of large-scale, 
centralized generating stations, which make the productive use of the waste heat less practical. 

That tendency towards large plants has been profitable both for TNC manufacturers of generator 
equipment, as well as for public utilities. This is true for the same reason that electricity generators have 
usually had a positive incentive to increase the supply of energy rather than to encourage a reduction in 
demand, because profits are set as a percentage of investments. Thus, the larger and more capital-intensive 
the plants, the larger the profits. 

Large-scale electricity-only power plants were installed in preference to more efficient and 
smaller-scale site-specific schemes based on cogeneration technology. Electric utilities in the United 
States and elsewhere generally did not look favourably upon such schemes and saw them as competitors 
in an arena where the "natural monopoly" had been granted to them. As a result, natural gas and oil were 
used to raise steam in industry and to provide heat in large commercial and residential buildings and 
complexes (but not to generate electricity), while coal was emphasized as the primary fuel for the central 
station electricity-generating plants. 

55 United States Office of Technology Assessment, Industrial and Commercial Technology Assessment Cogeneration 
(Washington, D.C., United States Government Printing Office, Februq 1983), pp. 222-223, as cited in Nancy Rader, 
Ken Bossong, Alex Antypas and Scott Denman, Turning Down the Heat: Solutions to Global Warming (Washington, 
D.C., Public Citizen, September 1988), p. 57. 

56 Based on "EEI: Over 25.000 MW of non-utility capacity was in service as of 1986", Electric Utility Week (New York, 
McGraw-Hill, 15 August 1988), p. 13; and analysis in Rader, et al., op. cit., p. 57. 



Because separate energy sources were used to raise steam heat and to produce electricity, when a 
single cogeneration plant might have been sufficient to provide both, far more energy was consumed 
than necessary. The generation of electricity along with heat in a vast section of the commercial and 
industrial sector, as well as a substantial portion of the residential sector, can be done using cogeneration 
technology. 

Historical TNC investments in large-scale generation have thus resulted in much higher carbon 
dioxide emissions, and much greater fossil fuel production, than would otherwise have been necessary. 
The same approach, emphasizing large-scale generation, was also adopted in the nuclear arena. In many 
cases, particularly in the United States, that has involved considerable financial losses for the owners of 
utilities, as well as electricity consumers, as nuclear-power plants have proved to be far more expensive 
than originally anticipated. 

The problems of large-scale generation, in preference to cogeneration with supplementary power- 
exchange with the electric grid, are compounded in developing countries. That is because electric grids 
in developing countries are much smaller, and reliable operation requires that single generators be a small 
fraction of total grid capacity. One rule of thumb is that generator size should not exceed 5 per cent of 
the grid size. Yet because the sizes of generators being used in the major markets of the OECD countries 
were large, the TNCs tended to market those same sizes in developing countries. An illustration of the 
extreme problems that this can cause is provided by the four generators that were installed at the 
Akosombo dam by the Volta River Auth~lity in Ghana. The firm (uninterrupted) power supply 
requirements contract for a nearby aluminium production plant meant that, for many years, most of the 
power supply to the rest of Ghana came essentially from one or two generators. Any interruption of power 
to the aluminium potlines involved contractual penalties, so that, in effect, the whole country was on 
interruptible power when one or two generators were down in order to ensure continuous power to the 
aluminium facility. Had the generator size been much smaller, considerable losses to the Ghanaian 
economy over several decades could have been avoided. (See Chapter VII below, for a more detailed 
discussion of the problems associated with the Akosombo dam project and the aluminium production 
plant.) 

Even in the OECD countries, generator size should have been much smaller. A 1977 study by Ed 
Kahn of the Pennsylvania-New Jersey-Maryland grid, argued that the optimal generator size for the grid 
was not 1,000 megawatts, the typical size being installed during the 1970s for central station case-load 
plants, but only 408 megawatts. !57 At this smallergeneratorsize,tl~e reservemargin(the standardmeasure 
of surplus capacity for a grid) required for a given reliability (loss-of-load-probability) would be the 
smallest possible. 

Energy sources: fossil vs. non-carbon fuels 

Historically, both utilities and vendors of electric-generating equipment have relied extensively on 
non-renewable carbon-based fossil-fuel sources, a practice which has resulted in extensive greenhouse 
gas emissions. 

This has been true despite the fact that, in the long run, the resource base (that is, the amount of 
economically recoverable energy reserves) for non-carbon based renewable energy sources (such as 

57 Testimony before rhe New Jersey Board of Public Utilities, Docket No. 762-194 (1977). 
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hydropower, various solar technologies, including wind energy, biomass energy and geothermal energy) 
is enormous. The annual renewable resource base in the United States alone exceeds 80,000 quads. That 
compares with an estimated United States coal resource base of 10,000 to 15,080 quads total, and an oil 
and gas resource base of 123 quads total. 58 (By comparison, the total world consumption of energy in 
1985 was equal to approximately 270 quads.) 

Although some of those technologies are very mature and have been in existence for many years 
(particularly hydropower), it has only been in recent years that some energy companies have begun to 
take significant steps to implement the range of other, less developed renewable technologies, whose 
potential, for the most part, had been largely ignored. 

In the United States, for example, non-hydro renewable electric capacity has experienced tremen- 
dous growth, expanding almost nine-fold from a capacity of 1,109 megawatts in 1980, to over 9,500 
megawatts in 1989. 59 As those technologies have begun to slide down the learning curve, costs have 
dropped dramatically, and many technologies once considered "exotic" are now competitive or near- 
competitive with conventional electric supplies. Wind-electricity prices have fallen by more than a factor 
of three since 1980, and now stand at seven to nine cents per kWh; solar thermal electric power now 
costs eight to 12 cents per kWh in the most favourable locations. Comparable conventional gas or oil 
pealdoad electricity costs between 6.4 and 9.1 cents per kWh. Photovoltaic electricity, while not yet cost 
competitive, has dropped precipitously from the 1980 cost levels of $1 -50 per kWh to 20 to 40 cents per 
kWh today, and has the potential to become cost competitive by the late 1990s. 

A large part of the reason for the phenomenal growth in United States renewable electricity supplies 
is legislation passed in the United States in 1978, which was designed to encourage the implementation 
of cogeneration and renewable energy technologies. That stimulated the formation of dozens of 
renewable energy companies in the United States and persuaded several energy-sector TNCs (for 
example, Atlantic Richfield, Mobil) to devote some resources to that area. This legislation and the (mostly 
small) companies it helped create achieved in a few short years what the utilities and huge energy-sector 
TNCs clearly had the resources to do, but, for the most part, chose not to do until federal legislation 
showed the way. 

Unfortunately, United States renewable energy sources are once again facing a hostile environment 
that may undercut their potential at just the time when interest in non-polluting energy sources is growing 
rapidly. United States government investments in renewable energy R&D have declined by 90 per cent 
since 1980. Many of the United States federal incentives put in place in the late 1970s have also lapsed. 
As a ~ s u l t ,  some of the smaller companies may have difficulty surviving. Some of the large TNCs, which 
should take a long-term view and stay in the market, are instead getting out of the renewable business. 
For example, the Atlantic Richfield Company was the world's leading manufacturer of photovoltaic cells 
until 1989, when it sold its Arco Solar division to Siemens, a TNC in the Federal Republic of Germany. 

58 United States Department of Energy, Renewable Energy Research and Development Ouflook (Washington, D.C., United 
States Department of Energy, Office of Conservation and Renewable Energy, February 1985), vol. 1, p 33. 

59 Nancy Rader, et al., Power Surge: The S f a t f  (Washington, 
D.C., Public CiW, 1989). p. 11-3. 

60 lbid., pp. n-7, II-8. 

61 The Public Utility Regulatory Policies Act of 1978, known as PURPA. The law, passed as paxt of the National Energy 
Act, required utilities to purchase power from qualifying independent renewable and cogeneration facilities at premium 
rates. 



A recent survey of United States renewable energy companies found that, unless the United States 
situation changes, construction of renewable p l a  for a significant decline in the early 1990s. " 
Thus, whether the momentum developed over the last decade in United States renewable electricity 
supplies is translated into a powerful tool for combating greenhouse emissions may depend on govern- 
ment or regulatory action to preserve an option that has been given inadequate emphasis by TNCs alone. 

United States utilities have recently engaged in demand-side management programmes that sponsor 
end-use equipment with higher than average efficiency. As a rule, those programmes involve interactions 
with manufacturers, a number of them TNCs. For example, utilities have recruited the co-operation of 
Phillips Lighting Company in compact fluorescent lamp retrofit. That co-operation is a very positive 
example of how TNCs could become part of the solution of environmental problems. 

Some technologies in the turbine industry are not being commercialized, though they offer a small 
cost advantage over existing technology and significant greenhouse benefits. For example, General 
Electric has testified before the California Energy Commission that it is willing to develop the highly 
efficient (52 per cent or more) highly modular (110 MW) intercooled steam injection gas turbine 
technology. That technology is an example of how cold war military spending could be turned, at least 
in this instance, into environmental benefit. The technology would use mass-produced high-performance 
aircraft turbines, which have benefited from military research and now outperform steam turbines by a 
growing margin. 

From the United States example, it is clear that the question of whether the world's energy and 
environmental needs can be satisfied by these non-carbon-emitting renewable energy sources depends 
not so much on whether the energy resources are there, but whether the world's political and economic 
institutions will take the steps necessary to further develop and implement the technologies which will 
extract those resources. Experience so far suggests that, although TNCs have the capability to help 
implement those solutions, they are unlikely to do so unless intergovernmental and governmental policies 
are enacted which provide incentives for action. 

C. Restructuring the electricity-generating sector 

Although the generation of electricity contributes a substantial portion sf the world's emissions of 
greenhouse gases, there is a wide range of alternatives, many of which are already available today, that 
have the potential to displace significant amounts of those emissions. 

Global warming will impact costs in the electricity-generation sector. Patterns of electricity demand 
may change as climate changes. Predictions about the severity of storms and generally more climate 
extremes would particularly affect the distribution and transmission networks of this sector. Investments 
in locally-based energy-generating units would be among the protective measures to take. Diversification 
of investment into a variety of generation modes may be the wisest economic course. 

Cogeneration is one clear strategy for limiting greenhouse gas emissions and promoting energy 
efficiency. Therefore, a major effort should be made to expand the cogeneration capacity. However, to 
vastly expand the cogeneration capacity will require investment in small-scale and site-specific 
electricity-generation schemes. A thorough analysis of plants and facilities should be made to determine 

62 Williams and Porter. op cit., p. 3. 
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where investments in cogeneration could be most profitable and efficient. The development of cogenera- 
tion may be most effectively promoted by instituting a proper structure of prices and contracts. 

At the same time, investment is required in alternative energy-generating capacity, such as wind, 
solar cell, thermal and photovoltaic systems. Equipment is needed for those systems as well. TNCs which 
produce electricity-generating equipment should plan their entry into these new markets. They should 
invest in R&D technologies and the equipment necessary for developing renewable energy sources - 
such as biomass, small hydropower, various solar options, wind energy and geothermal energy. 

Moreover, it is clear that the kinds of equipment that are developed and available to utilities, other 
industries which generate electricity and the institutions which regulate them, determine, in large part, 
the electricity-generation option. TN@s which manufacture, design and build power plants have a large 
responsibility not only to design and manufacture the kinds of equipment necessary for producing 
efficient and clean energy, but to develop the market for such equipment. Particularly for developing 
countries, TNCs should provide information and analysis about those choices, focusing on the fact that 
generators should be designed and built in relation to the particular grid in which the generator is being 
installed, in order to optimize energy efficiency and production capacity. 

The information needed includes evaluations of the greenhouse gas emissions and other environ- 
mental problems related to the proposed method of generation in comparison to others. The evaluation 
should include other fuels, cogeneration, and an analysis of the energy conservation potential to 
supplement, complement or replace the proposed generation. 

Every manufacturer of generating equipment, as well as corporations like Bechtel, which design 
and build generating stations, should provide information and costbenefit analysis of a particular 
approach. That should include the full array of related costs, such as nuclear waste disposal and known 
accident risk in the case of nuclear power, for example. In addition, companies need to analyse the 
financial risk under various generation and conservation options. Factors which must be considered are: 
(a) lead times of construction and realization of capacity, (b) uncertainty due to national and international 
regulatory environment, (c) variation in costs introduced by the size of equipment relative to grid size. 

In the final analysis Governments, development agencies and public utilities have a critical role in 
generation choices. Contingencies and costs in case of shortage and surpluses and the ability of the 
electricity system to deal with them should be included in the decision process. Those actors should 
mandate the development of power-planning models of the "least cost" variety, which are biased towards 
conservation rather than supply. These can be effective, as shown, for example, in the state regulatory 
level least-cost planning initiatives in the United States. Examples include profit incentives to utilities 
promoting electrical efficiency, and specific regulatory surcharges for emissions and other uncontrolled 
environmental impacts. Those mechanisms for incorporating environmental externalities improve the 
relative competitiveness of "clean technologies". 



CHAPTER VII 

PRODUCTION OF ENERGY-INTENSIVE METALS 

A. Introduction 

The production of metals is a highly energy-intensive industry and therefore should be of great 
interest to environmental policy makers concerned about reducing carbon emissions. Since TNCs control 
a large portion of the metals-production industry, this sector is well-suited for study. 

World-wide, the production of aluminium, copper, and iron alone account for about 20,500 
petajoules of energy consumption annually, or over 7 per cent of total global commercial energy use. 
Thus, metal production, as a single industrial sector, is responsible for an exceptionally large fraction of 
carbon dioxide emissions. Table 5 lists the levels of production and total energy consumption associated 
with all stages of production (that is, including mining, smelting, and other processing) for these three 
important metals. Although steel production consumes the most energy overall due its high levels of 
production, the aluminium production industry is the most energy-intensive. For this reason, a case study 
is conducted on the effects of aluminium production. First, however, a brief overview is provided for 
copper production and iron and steel production. 

B. Copper producti~n 

Total world production of refined copper grew an average of 3.2 per cent per year, from 4.5 million 
metric tons in 1960, to 8.5 million metric tons in 1980. Growth of production in developing countries 
during this same period (4.3 per cent) was over twice as fast as in the OECD countries. By 1980, 
developing countries were producing over 22 per cent of the world's copper, the bulk of it from Chile, 
Peru and Zambia. In addition, over half of the world's copper reserves are in developing countries. The 
United States and Canada, among the gdususfrialized countries, hold large shares of copper reselves (1 8 
per cent and 6 per cent, respectively). 

63 United Nations, MineralProcessing in Developing Countries (United Nations publication, Sales No. E.80.II.B.5), pp. 27, 
28. 



Table 5. Production of world metals and energy consumption 

ai United States, Department of the Interior, Bureau of Mines, Minerals Yearbook, 1986 (1988), vol. I, pp. 91,303,539. 

k/ 1979 figure, assuming a conversion factor of 11 million joules per kwh for electricity use (which accounts for 45 per cent of mer- 
gy consumed in a l d u m  production). The best available technology as of 1979 was estimated to consume about 224 gigajdes per metric 
ton of aluminium produced. From the Aluminum Association Inc., Energy and the Alwniniun Industry (Apnl1980), as cited in United Na- 
tions, Mineral Processing inDeveloping Countries (United Nations publication, Sales No. E.80.II.B.5). p. 24. 

d Battele Columbus Laboratories. Energy Use Patterns in Metallurgical andNon-Metallic Mineral Processing (June l975), as cited 
in United Nations, Mineral Processing in Developing Countries, op. cit., p. 35. 

d/ The amount of energy used in producing steel varies widely with the process used, from 10 gigajwbs per metric ton at an efficient 
modem scrap-based plant to an average of over 42 gigajdes per metric ton for primarily ore-based integrated plants in Clhina. The figure 
21.1 gigajoules is taken from the energy-intensity of United States scrap-bsed steel mines in 1988. (Marc Ross and Liu Fmg, "The energy 
efficiency d t h e  steel industry in &a", unpublished draft submitted to Energy: The IttternatimI J o m l  (1990), table 10, p. 21. 

It takes 0.3 kilograms of fuel oil and 1.65 kwh of electricity to produce a kilogram of copper. With 
electricity selling at about eight cents per kilowatt hour and the cost of fuel oil ranging from 22 to 34 
cents per kilogram, the energy costs of copper production are in the range of 19.8 to 23.4 cents per 
kilogram. With total smelter and refmery operating costs (not including capital costs) of about 50 
per kilogram, it appears that the basic variable costs in copper smelting and refining are energy costs. 

Smelting and refining account for about 4 1 per cent of the total energy consumed in the production 
of copper, while the reminder is consumed primarily by mining and ore concentration. The energy use 
in each of the various stages of copper production is shown in table 6. 

Some of the principal TNCs involved in copper production include Nippon Mining, Japan; Phelps 
Dodge, United States; Atlantic Richfield Corporation (the parent company of Anaconda), United States; 
British Petroleum (the parent company of Kennecott), United Kingdom; and Mitsubishi Metals, Japan. 

C. Iron and steel production 

In the 20 years between 1960 and 1980, world production of iron ores and concentrates more than 
doubled, from 223 million metric tons to 452 million metric tons (by iron content). Total world raw steel 
production in 1980 was over 650 million metric tons. 

64 bid, pp. 33-34. 
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Table 6. Energy use in copper production in the United States 

d United Nations, MineralProcessing in Developing Countries (United Nations publication, Sales No. E.80.II.B.5). p. 35, citing 
Batelle Columbus Laboratcwies, Energy Use Patterns in Metallurgical andNon-Metollic Mineral Processing (June 1975). 

Iron ore reserves are vast, and at the present rate of extraction, are sufficient to cover world needs 
for at least 200 years. Approximately 31 per cent of these reserves can be found in developing countries. 
The greatest developing country reserves are in Brazil (17.5 per cent of the world total), followed by 
India (6 per cent) and Liberia (2.2 per cent). Of the OECD and CMEA countries, the USSR has the largest 
reserves (30 per cent) followed by Canada (1 1.7 per cent), Australia (1 1.5 per cent) and the United States 
(3.9 per cent). 

Steel production in developing countries in 1980 accounted for about 47 million metric tons, or 
about 7.2 per cent of the total. This amount has increased since then, however, especially owing to 
expansion of capacity in Brazil and Venezuela. During the 1980s, Brazil began operating a new 
mine-steelworks complex at Carajas, and by 1986, had essentially doubled its steel production from levels 
in the early 1980s to some 20 million metric tons. Brazil's steel plan calls for another doubling of Brazilian 
steel production by the year 2000. 

A few of the major TNCs involved in steel production include USX (formerly US Steel), United 
States; LTV Corporation, United States; British Steel Corp., United Kingdom; and Nippon Steel 
Company, Japan (the largest in the world). 

The amount of energy consumed in steel production varies widely, and depends on the process 
used and on the mix of scrap metal and iron ore in the feed material (the use of scrap metal reduces energy 
intensity). The best-practice classical technologies for reduction of iron oxides already approach the 

65 bid.. pp. 37-38. 

66 United States Department of the Interior, Bureau of Mines, Minerals Yearbook 1986, vol. IU, table 1, p. 135; see also 
p. 148. 



theoretical thermodynamic limit of 7.6 gigajoules per metric ton of iron, so achievement of much lower 
energy intensities than the lowest already achieved is not likely. 

Many iron and steel plants in operation do not achieve performance comparable to best-practice, 
however, and there is considerable room for improvement. The energy-intensity of United States 
scrap-based steel plants in 1988 averaged 21.1 gigajoules per metric ton, for example, while Japanese 
steel plants consumed about 25 per cent less. By comparison, the International Iron and Steel Institute 
scrapbased plant required only 10.1 gigajoules per metric ton. m e  problem has been that high levels 
of performance sequire very Mgh capital costs. New reduction technology is being developed, however, 
which would allow the industry to achieve energy intensities comparable to best-practice classical 
technologies at substantially lower cost and with fewer of the environmental problems associated with 
standard processes. 

D. Alumhiurn production: general overview 

Aluminium is one of the most energy-intensive industries in the world. It takes 12 to 20 kilowatt 
hours of electricity to produce one kilogram of aluminium from alumina (aluminium oxide) during the 
smelting process. Much smaller, but still considerable amounts of energy are required to mine and then 
process the ore (usually bauxite) into alumina. The energy used in each of the various stages of the 
production of aluminium is shown in table 7. 

Tabb 7. Energy use in aluminium production 
(Percentage) 

J United Nations, Mineral Processing in Developing Countries (United Nations publication, Sales No. E.80.II.B.5), p. 24, 
citing the Aluminum Association, Inc. Energy and ahe Aluminum Industry (1980). 

b/ Ibid., citing H.W. Lownie, et al., Battelle Columbus Laboratories, Development andEstablishnt qfEnergy Eficiency 
Targets for Primary Metal Industry (1976). 

67 Ross and Feng, '"be energy efficiency of the steel industry in China'', unpublished draft submitted to Energy: The 
Internat io~~Journal(~9~0) ,  table 10, p. 21. 
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At three cents per kilowatt hour, it takes between 36 and 60 cents of electricity to produce a kilogram 
of aluminium metal from alumina. The price for aluminium metal varies a great deal, of course, but about 
$2 per kilogram was a typical price in the 1980s. The average price of electricity for medium-scale 
industrial users in the United States in the mid-1980s was about five cents per kilowatt hour, but 
aluminium companies generally have been consmen of much higher volume and have been located in 
lower-cost areas, with significantly lower prices of electricity. 

World production of aluminium in the 1980s has been in the vicinity of 15 million metric tons. 
Thus, m u d  electricity use due to the production of aluminium is a b u t  250 billion kilowatt hours. World 
generation of electricity in 1985 was 9,675 billion kilowatt hours. Of this, about 3,500 billion kilowatt 
hours was industrial electricity use. Thus aluminium ingot production constitutes about 7 per cent of 
industrial electricity use, which is a very large fraction for a single industry. Of course, additional energy, 
including electricity, is required to process further the aluminium ingot into finished products. 

Since much of the electricity used world-wide in the production of aluminium comes from 
hydropower (about 40 per cent), it appears at first glance that, despite the high energy intensity of 
alumiPlium pmduction, the impact on greenhouse emissions is disproportionately low. That is misleading, 
however, since the use of hydropower for the production of aluminium often means that it cannot be used 
for other energy consumption needs, which then must be met by greenhouse emitling fuel sources, Thus, 
based on the fact that aluminium smdting consumes about 1 per cent of the world's energy, it can 
appropriately be considered to be responsible for an equivalent fraction of the world's carbon emissions, 
or about 55 to 60 million metPic tons of carbon. 68 

The principal producers of aluminium are the United States, the Soviet Union and Canada. 69 

However, the principal producers of bauxite, the primary ore, are Australia, Brazil, Guinea, Jamaica, the 
Soviet Union and Suriname. 70 

Outside of the centrally planned economies, the production of aluminium is controlled by TNCs. 
The principal TNCs involved include: Aluminum Company of America (Alcoa), United States; Kaiser 
Aluminum and Chemical Corp, United States; Aluminium Limited, Canada (Alcan); Reynolds Metals 
Company, United States; Pechiney Ugine Kuhhnm (PUK), France; and Swiss Aluminum (Alusuisse), 
Switzerland. Together, these six W C s  control 63 per cent of mine capacity, 66 per cent of alumina 
refining capacity and 54 per cent of aluminium smelting capacity. 71 

The division of aluminium mining and manufacturing generally falls into the classic pattern of 
primary products production in developing countries and processing and production operations in the 
industrialized countries. However, in the last three decades manufacturing has also shifted to developing 
countries for a variety of reasons. In the case of the production of aluminium, the prospect of cheap 
electricity has been the principal attraction. But, despite the positive expectations of economic growth 
of a shift to the high "value-added operation" of aluminium refining, unexpected (although not entirely 
ungre8ictable) environmental, social and economic costs have tempered the optimism. 

68 Based on the fact that total annual c a h  emissions due to energy pmdrlction are approximately 5.5 to 6 billion metric 
tons per year. Here, as throughout the text, it is assumed that m e  kilowatt hour of electricity requim 11 million joules of 
thermal energy input. 

69 Minerals Yearbook 1986, op. cit., table 14, p. 11 1. 
70 bid., table 18, p. 154. 

71 United Nations, Tronsnationol Corporations in the BauxitelAlwnini~un Industry (United Naticas publication, Sales No. 
B.Bl.II.A.5) p. 1. 



Two different examples of the impact of aluminium production in developing countries are 
considered below. While not comprehensive surveys, these two cases illustrate the common features of 
some of the problems encountered in disparate places and times with the aluminium production practices 
of transnational corporations. 

E. The Grande Carajas Programme in Brazil 

The Grande Carajas Programme is a Brazilian development programme, with investments totaling 
$28.1 billion. It has significant investments in mining and metallurgical components, including the 
aluminium production plant in Sao Luis, undertaken by Consorcio Alumar, a consortium which includes 
-a. 72 

The 6240 MW Tucurui hydroelectric dam, the fourth largest in the world, is the first of a series of 
eight large dams planned by Electronorte, the state-mn power company, to supply electric power for 
those projects. Unfortunately, poor attention to environmental concerns during dam construction is 
leading to a number of problems. The construction of the Tucurui dam flooded 243,000 hectares and 
displaced 20,000 of Brazil's indigenous population. Since the construction of the dam, malaria in the 
area has increasd, and decomposition of the uncleared forests in the reservoir threatens to acidify the 
waters to the point where they will affect the turbines. In addition, the decline sf fishstocks downstream 
because of the dam is ruining the livelihood of many fishing villages, and unprotected watershed forests 
in the catchment area are also being rapidly deforested. 73 

Energy-intensive metallurgical production facilities like the Alurnar aluminium plant will receive 
electricity at heavily discounted rates, while other domestic consumers will pay market rates. Further, 
even though as of 1985 the Tucurui dam was providing a 25 per cent surplus, the electricity is not going 
to native industries in the south. Instead, it is being sold to the foreign aluminium-smelting companies 
in the north at 85 per cent of the cost price, a subsidy estimated at $230 million which is being paid by 
the Brazilian consumers. 74 

One of the undesirable consequences of this plan is that, of 11 local iron- and cement-producing 
plants being built in the region, only two will depend on electricity from the Tucurui dam. The remainder 
are to be powered by charcoal produced directly from timber cut from the local forests, and will consume 
at least 1.1 million metric tons per year, or fully 16 per cent of national production. According to a 
document issued in 1986 by the Planning Secretariat of Brazil, the then-cumnt annual output (90,000 
metric tons) of charcoal of the Greater Carajas region alone would have to be increased by 1,300 per 
cent. 75 Not only does that means an increase in direct carbon emissions due to the burning of charcoal, 
but also the destruction of 1.5 million hectares of forest. That will further exacerbate the large and growing 
problem of global deforestation, a trend which, among its many ecological impacts, contributes indirectly 
to atmospheric carbon dioxide build-up by reducing the capacity to remove carbon from the atmosphere. 

72 Dave T m ,  B o d  in Misery and Iron: The Inipact of the Grande Carajas P r o g r a m  on the Indians of Brazil (London, 
Survival International, 1987), pp. 14-17. 

73 Ibid. pp. 6,8143. 

74 lbid..~. 17. 

75 Secretaria de PlanejamentoICODEBAR (1986). Problem6tia do cawa6 vegetal na area do Programma Grande Camjas: 
versa0 p h i n a r .  Cited in footnote 74. 
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F. The Valco project in Ghana 

Another perspective on the effects of the operation of an energy-intensive industry in developing 
countries is provided by the case of the Volta Aluminium Company (Valco), which produces aluminium 
ingots in Ghana. Much of this analysis is based on the situation as of 1982. Since that time, a number of 
changes have occurred which have resulted in improvements in the Ghanaian aluminium production 
situation. Those figures, however, illustrate the kinds of problems which can persist for prolonged periods 
and still exist in many places and, as the Grande Carajas Programme in Brazil Illustrates, continue to be 
introduced in new areas. 

The Akosombo dam in Ghana was built with a World Bank loan soon after the country's 
independence. It was to be Ghana's central project of modernization and independence. Two transnational 
aluminium companies became interested in the possibility of cheap electricity. As a result, almost dl the 
electricity produced by the dam was to be dedicated to the production of aluminium by the Volta 
Aluminium Company (Valco), 90 per cent owned by Kaiser Aluminum and Chemical Company and 10 
per cent owned by Reynolds Metals Company. 

The dam flooded roughly two million acres of Ghanaian land, much of it forested, c~at ing Volta 
Lake. The flooding displaced large numbers of people, many of whom were not properly resettled. The 
huge lake divided the country north-to-south, which made transportation difficult and costly. Soon 
schistosomiasis, a debilitating parasitic disease which had not been much in evidence before, and river 
blindness, became endemic around Volta Lake. 

Valco was able to negotiate some of the cheapest electricity in the world in a guaranteed 
requirements contract where the price could not be changed. The electricity had to be delivered or else 
there would be stiff financial penalties. As a result, when Ghana's own electricity needs grew, it was 
unable to take more electricity from the dam. It had to build far more costly hydroelectric and 
fossil-fuel-generating stations. The situationbecame stark in energy terms in the early 1980s, when Ghana 
was selling a huge amount of electricity on a firm basis, as required by the contract with Valco, for only 
$14 million, while needing to import the oil equivalent of the same amount of energy for $180 million. 
(The oil was used mainly for transport and not for the generation of electricity.) While Valco paid only 
half a cent per kilowatt hour for firm power, the other industries and people of Ghana paid 4 to 16 times 
as much for unreliable and interruptible power. Normally firm power is much more expensive than 
interruptible power. Moreover, in the same period, Kaiser, Reynolds and other TNes were paying much 
higher and rising prices for electricity in Europe, Japan and United States. 

But Ghana could not change the terms of the contract, remove the immense subsidy and get a better 
price for its electricity. Based on 1982 prevailing prices of aluminium, and operation of the plant at 80 
per cent capacity (four potlines out of five), approximate estimates of Valco's operations in Ghana for 
1982 weE as set forth in table 8 (each figure is rounded to the nearest five million). 

This is not the profit actually reported by Valco. The profit reported was based on the legal artifact 
that Valco never owned the alumina or the aluminium, but was only paid a fee for processing by its 
shareholders, Kaiser and Reynolds. This allows for manipulation of the reporting of profits. In addition, 



Table 8. Estimated Vdco balance sheet, 1982 
(Millions of dollars) 

Ingot sales at $1,700 per metric ton 

management fees and charges paid by a subsidiary to its princi al shareholder, Kaiser Aluminum and 
Chemical, were deducted by Valco, which are not shown here. 8 

Ghana received wages, taxes and electricity charges amounting to about $50 million. Yet in the 
same year, 1981, Ghana spent $1 80 million to import oil, which contained the equivalent amount of 
energy, to replace the electricity sold to Valco for about $14 million. Loans taken to build the dam had 
to be repaid (on the order of $10 million per year). Further, the cost to Ghanaians of electric power was 
higher than the cost to Valco. Table 9 shows the electricity tariffs in Ghana in 1982. 

The; revenue which Ghana lost owing to underpriced electricity sales was roughly $50 million per 
year. Additional losses to the economy arose from the necessity of supplying uninterrupted power to 
Valco, and disrupting domestic production instead. 

Along the way, Ghana, short of foreign exchange, fell into debt. Cocoa was cultivated on an even 
wider scale, taking up large amounts ofland. Gold, bauxite and other extractive export-oriented industries 
were built or expanded and they consumed more electricity. Thus, oil consumption was increased, as 
were foreign exchange bills, debts, pollution and greenhouse gas emissions. 

If one included all the quantifiable costs, including bss of production, the costs of diseases, 
underpricing of electricity etc., but excluded the indirect costs from indebtedness and skewed economic 
and industrial structure and skewed import-export structure (Valco's aluminium is exported, and Ghana 

76 Fui S. Tsikata (ed.), Essaysjiom the Ghana-Valco Renegotiations, 1982-1 985 (Accra, Ghana. Victoriaborg Press, 1986). 
The post-1982 data on Valco are drawn from this source, unless otherwise stated. 

77 Based on the thermal input it would take to generate the same amount of energy at the rate of 11 million joules per kilowatt 
hour. The energy in a baml of oil costs about $32 per barrel. 
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Table 9. Approximate electricity tariffs in Ghana, 1982 

has had to import aluminium to meet its needs), the losses to Ghana annually might well amount to several 
hundred million dollars. 

At the same time, as was set forth in table 8, Valco's annual profits in 1982 were approximately 
$125 million (Annual profits vary, of course, depending on production and the price of aluminium.) 

That situation persisted for about two decades. Since 1985, after three years of hard negotiations, 
a considerable improvement in the terms was achieved, including an increase in the power tariff to about 
two cents a kilowatt hour. 

Even so, given Ghana's difficult situation with respect to foreign exchange and the heavy drain 
caused by oil imports and borrowing to build new power-generating stations, modernization of the 
production of aluminium so as to reduce per unit energy consumption would save Ghana enormous 
amounts of additional money and energy. For instance, the technology installed at Tema uses about 17.5 
kilowatt hours per kilogram. Technology that has been available for over a decade can reduce this to 13 
kilowatt hours per kilogram. Even further improvements may be available in the future; for example, a 
new smelting rocess developed by Alcoa is expected to consume slightly less than 10 kilowatt hours 
per kilogram. " Such improvements would allow for a direct reduction in the use of oil for electricity- 
generation, which is Ghana's most expensive source of energy. 

G. Restructuring in the energy-intensive metals production sector 

It is clear that, in many cases, action taken to reduce the level of greenhouse gas emissions will 
help alleviate the other associated environmental problems, such as deforestation, increases in the spread 
of disease and subsidization of TNC operations at the expense of local populations and Governments of 
host countries. Thus, if, in the future, metal producers were to invest in more energy-efficient production 
facilities and increased recycling of existing scrap, the need for huge, environmentally destructive dams, 
for example, would be reduced. A number of smaller, less destructive dams, for example, could suffice 

78 David Williams, Resident, IlT Research Institute., Chicago, Illinois, private communication of 5 March 1990. 



for both the remaining metal production and other local energy needs. The need to import expensive 
fossil fuels or to deforest the local countryside to meet energy needs could be reduced, and the suffering 
from a higher incidence of tropical diseases and from dispossession of land would be mitigated. 

Further, if development policies required that full environmental impacts be assessed and factored 
into the cost-benefit analysis beforehand, shortsighted projects whichincur long-term heavy hidden social 
and environmental costs in exchange for lesser but more easily predictable short-term financial gain could 
be avoided altogether. As part of the environmental assessment, an analysis should be made of all energy 
conservation options and their costs and benefits, not only for the enterprise, but also for the country in 
which the operation is taking place. Thus, the opportunity costs to Ghana, for example, of not investing 
in more efficient production of aluminium would be calculated by Valco. 

Another important question for the energy-intensive metals and chemical industries is the extent 
to which those industries need to manufacture new materials at all. The manufacture of new chemicals 
and metals is typically very energy-intensive, causing substantial greenhouse gas emissions. Further, a 
great deal of destruction of land, considerable emissions of toxic chemicals and water pollution have also 
been characteristic of those industries. 

Internall recycling and reuse of toxic materials, motivated by pollution-control regulations, have 
reduced emissions in many industrial plants in recent years. This shows that the potential for recycling 
is great. Recycling aluminium, steel, copper and plastics takes far less energy than making new products 
and, therefore, has the potential for substantially reducing greenhouse gas emissions. Companies need 
to analyse the potential for production of similar quantities of materials by recycling (using local andfor 
imported scrap metal) both in the cowtry where operations have been proposed or are taking place as 
well as in the countries where it has been proposed to market the product. In order to determine the most 
energy efficient and cost effective alternative, companies would also need to analyse the greenhouse gas 
emissions and other environmental implications of each metal and of the other materials which could 
fulfil similar functions. 

Finally, if direct electricity subsidies were removed from the production of aluminium, alternative 
products such as high-strength plastics might become more price competitive with aluminium-related 
products and reduce projected future demand for aluminium. In general, TNC investments in energy-in- 
tensive metals may need to decrease, while additional investments in high-strength alternatives and in 
aluminium recycling factories may be more constructive. 



CHAPTER VIII 

OZONE DEPLETION AND CHLOROFLUOROCARBONS 

A. Introduction 

Chlorofluorocarbons (CFCs) are anthropogenic chemicals which are highly stable and non-flam- 
mable. They are used in refrigeration and air-conditioning, as aerosol propellants, for blowing foams and 
as solvents for electronics and metal-cleaning. Use has expanded over the last half century to more than 
a billion kilograms a year in the late 1980s. World uses are shown in figure VII. CFCs, halons, carbon 
tetrachloride, methyl chloroform and some of the CFC substitutes are the source of virtually all 
stratospheric ozone depletion. They are also responsible for 15 per cent of the global warming problem 
(figure 11) and perhaps more, according to some researchers. 

CFCs are produced almost exclusively by large chemical corporations, most of which qualify as 
transnationals. One chemical company alone, E. I. DuPont de Nemours and Company accounts for 25 
per cent of world production; it produces CFCs in six countries in addition to the United States. Yet CFCs 
are only 2 per cent of DuPont's business; the company's overall sales in 1988 were $32.9 billion. A list 
of producers in non-centralized economies is found in table 10. 79 TNCS are l o  heavily involved in the 
intermediate consumption of CFCs. CFC use in refrigeration systems means that they are primarily used 
by a few large corporations such as General Electric in the United States, that produce electrical 
appliances. Roughly one quarter of CFC use in the United States is in automobile air-conditioning, again 
a market controlled by a few transnational corporations. Many CFC solvent-users are major transnational 
electronics firms. 

CFCs are of particular interest to the present study because the international movement to phase 
out CFCs provides an important example for future efforts to phase out other greenhouse gases. More 
intemational progress has been made on reducing the danger from those compounds than on any other 
effort to protect the global environment. In 1987, the major consuming countries agreed to drastically 
reduce their use of ozone-depleting chemicals through the Montreal Protocol, an intemational agreement 
sponsored by the United Nations Environment Programme. The following section considers the ways in 

79 Douglas Cogan, Stones in a Glars Home (Washington, D.C., Investor Responsibility Research Center, 1988), p. 82. 



Figure VLI. World uses of regulated CFCs, 1985 
World uses of regulated CFCs, 1985 

Total use 1,036 million kg. 

Fire extinguisher 1% 
Home refrigerator 3% 

Non-PU foam 3% 

ircellaneous 4% 

Comml. refrigerator 8% 

Uses of regulated CFCs outside the United States 
Toaal use 736 million kg. 

Fire extinguisher 1% 
LUllcellaneous 9% 

Non-PtJ foam 3% 
PU foam 14% 

Home refrigerator 4% 

Comml. refrigerator WC 
Mobile A/C QX 

Uses of regulated CFCs in the United States, 1985 
Total use 300 million kg. 

PU foam 

Miscellaneous 7% 

Home refrigerator 1% 
Fire extinguisher 2% 

Aerolal 4% 

k n - P U  foam 4% 

Comml. refrigerator 5% 

Flax foam 6% 

Source: A jun Makhijani, et al., Saving Ow Sk'm: Technical Potential and Policiesfor the Elimination of Ozone-Depleting 
Chlorine Compounds (Washington, D.C., Environmental Policy hstimte/Tnstitute for Energy and Environmental Research, 1985). 
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Table 10. Producers of CFCs 
(Market economies) 

u Pont Wtsui Fluorochemicds Go. Ltd. (Japan 

Source: Douglas Cogan, Stones b a Glass House (Washington, D.C., Investor Responsibility Research Center, 1988). 

Member of International Toxicity Testing Consortium. 



which international bodies, corporations, private citizens and non-governmental organizations have 
interacted in the development of the Protocol, which, in addition to protecting the ozone layer, will be 
the world's first major step towards a reduction of greenhouse gas accumulations. 

B. The CFC phase-out 

h the United States, concern about CFCs began in the early 1970s, when two researchers at the 
University of California, Sherwood Rowland and Mario Molina, suggested that the widely-used "wonder 
chemicals", though benign to the immediate user, could be damaging the ozone layer. 

The news captured the public's imagination. The extensive publicity which surrounded the problem 
led to the widescale boycotting of aerosol grooming products, which seemed a frivolous use of dangerous 
chemicals. Although DuPont and other producers responded with full-page advertisements questioning 
the scientific evidence supporting the ozone-CFC connection, they were unable to stem the concern, 
which eventually permeated legislative circles. In 1978, the use of CFCs in most aerosol spray cans was 
banned in Canada, Sweden and United States. 

The aerosol bans had a significant impact on ozone-depleting emissions from the three industmi al- 
ized countries that instituted them. However, the ban did not spread beyond those countries for about a 
decade, and use of CFCs as aerosol propellant has remained the single greatest use of CFCs to-date. 
Moreover, new uses for the CFCs, particularly for blowing foams, soon pushed CFC use back up above 
1977 levels, even in countries participating in the aerosol ban. 

In the meantime, waning regulatory interest in limiting ozone depleting chemicals in the United 
States in the early 1980s reduced the pressure on corporations to look for substitutes for CFCs. Research 
by chemical companies on alternatives to CFCs stopped abruptly in 1980. As a DuPont spokeswoman 
would note: 

"In the absence of regulations, there was nothing to drive the search for alternatives because 
there was no market demand. Given that nothing was drawing customers to buy them, research 
was scaled back." 

Thenin the mid-1980s, the situationbegan to change again. In 1984, the Natural Resources Defense 
Council, a United States non-governmental organization, filed a law suit against the Government of the 
United States for not conforming to the regulatory process which the Carter Administration had published 
in the Federal Register a few months before the 1980 elections. The success of that suit caused a renewal 
of regulatory pressure within the United States. At the same time, new scientific findings were suggesting 
that the problem was not merely hypothetical. In 1985, an article appeared in the British journal Nature 
on the work of the British Antarctic Survey describing the discovery of an enormous in the ozone 
layer over Antarctica, a 50 per cent depletion over an area greater in size than China. Scientific and public 
concern intensified. In the following year or two, most major CFC producers revitalized their programmes 
for research on alternatives. 

The same pressures which were leading corporations to reinvigorate their research efforts in the 
mid-1980s were also building a movement for international regulation. In the wake of a changing 

80 Kathleen H. Forte, Senior Public Affairs Specialist, DuPont External Affairs Division, telephone communicatim, 
26 May 1988. Quoted in Makhijani et al., op. cit., pp. 12-15. 
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scientific and political atmosphere, the Vienna Convention for the Protection of the Ozone Layer, of 22 
March 1985, and the Montreal Protocol on Substances that Deplete the Ozone Layer, of 16 September 
1987, were adopted. The Montreal Protocol promises international reductions in the use of CFCs and 
halons. It initially required a 50 per cent cut in CFC use by 1998 and a freeze in the use of halons by 
industrialized countries, It went into effect on 1 January 1989, after having been ratified by the major 
CFC using and producing countries. It was subsequently renegotiated to move up reduction target dates, 
include additional compounds, and to provide financial relief to developing countries to meet the goals 
of the Protocol. 

The Protocol is the first agreement of its kind, and it has highlighted important issues for the 
corporate community. From their initial position of strenuous opposition to any regulation, some 
corporations found themselves nominally supporting international measures. United States-based cor- 
porations which felt they had been adversely affected by the 1978 aerosol ban tended to see international 
regulation as preferable to a United States ban, since it could provide a "level playing field" in which to 
operate. Indeed, a major issue on the United States agenda for the 1987 Montreal discussions was that 
countries representing 90 per cent of the world-wide CFC consumption ratify the Protocol before it took 
effect, thus equalizing the costs to world companies of a CFC phase-down and equalizing the oppor- 
tunities for substitutes. Countries representing two thirds of the CFC market was the number finally 
agreed upon. 

More recently, the DuPont corporation has gained enormous goodwill by agreeing to changes in 
its operations prior to international regulation. In response to the dramatic evidence in March 1988 that 
ozone depletion had already occurred over inhabited latitudes, W o n t  announced that it would support 
a complete phase-out of CFCs- before either the United States ortheEEC announced a similar intention. 
Many other major corporate participants have followed this lead, though it has not been universal. The 
corporations which are more reluctant to change are those for which CFC production represents a large 
proportion of their sales and where research on alternatives has lagged behind that of W o n t .  

In any case, the movement has gained a momentum of its own which promises to result in even 
more rapid reductions in CFC use than those mandated by the Montreal Protocol. With the possibility of 
a complete phase out of CFCs imminent, not only the producing chemical corporations, but many of the 
using industries have become involved in the phase-out process. For instance, a number of large 
electronics corporations that use CFCs as a solvent, including AT&T and Northern Telecom, have 
announced that they will be phasing out the use of CFCs on their own by 1994. Automobile manufacturers, 
such as General Motors and Nissan, have also announced that they expect to be marketing auto 
air-conditioning systems which do not use CFCs by 1994. 

Almost all major user groups have announced joint research and development efforts on alterna- 
tives. Since a complete phase-out of most ozone-depleting chemicals through international regulation 
now seems inevitable, there is a concerted effort within the transnational corporations to find alternatives, 
and their large financial bases allow considerable exploration. Thus, corporations have shown that, in 
the face of impending regulation, they can effectively fill the technical void and quickly develop new 
technologies. 

81 Sharon L. Roan, Ozone Crisis: The Fifteen-Year Evolution of Sudden Global Emergency (New Yo&, Wiley, 1989), 
pp. 208-209. 
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Figure Vm. World distribution of CFC use, 1985 
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Source: Makhijani et al., Saving O w  Skins: Technical Potential and Policies for the Elhination of Ozone-Depleting Chlorine Corn- 
poundr (Washington, D.C., Environmental Policy Institute/Institute for Energy and Environmental Research, 1988). 

In June 1990, the Montreal Protocol was formally amended and strengthened. CFCs and halons 
will now be phased out by the year 2000. Carbon tetrachloride, a chemical not included in the original 
Protocol, will be phased out by 2005. A new financial mechanism has been agreed to which will provide 
between $160 million and $240 million over an initial three-year period to support efforts to reduce the 
use of ozone-depleting substances in developing countries. As a result, India and China, developing 
countries which were reluctant to participate in the original Protocol because of the lack of funding for 
a technology transfer plan, recommended ratification of the Protocol. 82 

82 United States Environmental Protection Agency, "Agreements reached in London to strengthen the M m d  Protocol" 
(July 1990). 
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C. Restructuring in the CFC sector 

The Montreal Protocol provides an important blueprint for future measures to protect the global 
environment and suggests some of the key interactions which need to occur between citizens, scientists, 
policy makers and corporations to make such a global agreement effective. It has generally proved a 
flexible instrument of international policy. 

Responsible corporate behaviour will involve going beyond the measures which are included in 
the Montreal Protocol, probably even beyond its revised format. In addition, the way in which issues of 
technology transfer to developing countries are addressed will send important messages about the ability 
of the world community to answer the energy needs of developing countries. 

Many of the necessary steps on this issue have already been taken, particularly at the international 
level and also within corporations. Four issues, however, should be acted on by CFC user industries. 

(a) Corporations should halt the use of CFCs as rapidly as possible, long before any international 
deadlines if possible. This is clearly feasible in almost all industries with the possible 
exception of refrigerator manufacturers; 

(b) Corporations should halt the use of other chemicals also known to be highly damaging to the 
ozone layer, such as methyl chloroform or carbon tetrachloride, before international dead- 
lines; 

(c) Corporations which produce materials that store CFCs or even CFC alternatives, such as 
producers of polyurethane foam and refrigerators, should be expected to work on methods to 
recycle and recover those products and, if feasible, they should be held responsible for 
recovering them; 

(d) HFCs and HCFCs should be used to replace CFCs as little as possible. They should not be 
used in aerosol spray cans, since other alternatives are clearly available. For other more vital 
uses, they should be viewed strictly as interim substitutes. In general, corporations should 
seek to replace CFCs with materials which are as benign as possible in all environmental, 
health and safety respects. 



CHAPTER IX 

INORGANIC NITROGEN FERTILIZERS 

Nitrogen fertilizers are a growing source of greenhouse gases. Like transport, this is an area in 
which a structural dependence has been created on a product which is produced by a restricted number 
of TNGs and which has profound environmental and social costs. In addition to contributing to global 
warming, the use of nitrogen fertilizers results in excess nitration and contamination of water supplies. 

Nitrogen fertilizers contribute to global warming by augmenting the natural flux of nitrous oxide 
from the soil into the air. Fertilizing land increases its nitrous oxide emissions by at least two and 
sometimes as much as 10 times the namral rate. 83 Accumulations of nitrous oxide will only decline 
slowly even if emissions are curtailed because of its long life (150 years). Nitrogen fertilizers also add 
to the emission of methane by reducing the capacity of micro-organisms in the soil to absorb methane. 84 

In addition, the production of nitrogen fertilizers is energy intensive and adds to global warming 
through the emission of carbon dioxide. The fertilizer industry accounted for 1.5 per cent of total 
commercial energy consumption (or 4.9 exajoules) by the late 1970s. It can be presumed that the amount 
of commercial energy consumed has increased since the late 1970s, because nitrogen fertilizer output is 
now two thirds higher. Of the total amount of energy currently used by the industry, 73 per cent was used 
for nitrogen fertilizer production, 5 per cent for phosphate production, 3 per cent for potash production, 
and 19 per cent for packaging, transportation and application. The World Bank estimates that a savings 
of 10 to 25 per cent in energy consumption is possible in the fertilizer industry. 85 

World production of inorganic nitrogen fertilizers has been rising steadily, increasing five times 
since the 1960s (table 1 1). A third of this is used in Asia, where China is the largest consumer world-wide. 
Another 20 per cent is used in the Soviet Union and Eastern Europe, 14 per cent in Western Europe, 13 
per cent in North America, and 5 per cent in Africa and Latin America together. Future increases are 

83 J. N. Preay and G. R. Conway, "Agriculture as a global polluter" (London, International Institute for Environment and 
Development. Sustainable Agriculture Programme, 1989). Briefing paper. 

84 A. Steudler, R. D. Bowden, I. M. Mello and J. D. Aber,"Influence of nitrogen fedimtion on methane uptake in temperate 
forest soils", Nature, vol. 341, No. 6240 (28 September 1989), pp. 314-315. 

85 R Heath. J. Mulckhuyse and S. Venkataraman, The Potential for Energy Efficiency in the Fertilizerl&try (Washington, 
D.C., World Bank, 1985), p. 2. 



Table 11. World consumption of nitrogen fertilizer 
fFhousands of metric tons) 

Source: FAO, Fertilizer Yearbook, 1988. 

expected to occur largely in developing countries, at a projected growth rate of 5 per cent per year as 
compared with 1 per cent per year in the developed market economies. 86 

The technology for producing nitrogen fertilizers and much of their international trade and 
marketing are controlled by a small number of TNCs, including Badische Aniline and Soda Fabrik 
(BASF) (based in the Federal Republic of Germany), Imperial Chemicals Industries Ltd. (ICI) (United 
Kingdom), DSM (Netherlands), Exxon and W. R. Grace (United States of America). In ammonia 
production, the concentration of TNCs is lower than in other types of fertilizer production, but it is also 
increasing the fastest. Other transnational corporations have major interests in fertilizer plant design and 
engineering, such as Kellogg, Fluor, Braun and Foster Wheeler (United States); Uhde, owned by Hoechst 
(Federal Republic of Germany); Stamicarbon, owned by DSM, and Technimont, a subsidiary of 
Montedison (Italy). Kellogg is a leading designer and contractor for ammonia plants. Kellogg technology 
is used in many large-capacity plants. Other TNC producers of fertilizers include Mitsubishi (Japan), 
No&-Hydro (Norway), which is 51 per cent state-owned, and controls a major share of the European 
market and is expanding into the United States. 87 

Control over the industry is concentrated among those TNCs. Even whese a growing trend towards 
minority equity has decreased their ownership of the facilities, those corporations maintain a particularly 
significant role in the development and application of technology and specialized engineering. 88 That is 

86 W. F. Sheldrick, World Nitrogen Survey (Washington, D.C., World Bank, 1983). p. xvi. 

87 United Naticms Centre on Transnational Corporations, Transmtioml Corporations in the Fertilizer Industry (United 
Nations publication, Sales No. E.82.II.A.10). 

88 Ibid., p. 41. 
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particularly the case in ammonia and urea production, which uses the most complex technology in the 
fertilizer industry. A small number of TNCs control the technology for producing catalysts, and the 
techniques they use are closdy guarded secrets. Thus, even in countries like India, where the growth in 
domestic demand in the 1960s and 1970s stimulated expansion of productive capacity and state ownership 
and the activities of TNCs were reduced, their role nevertheless remained crucial, since they controlled 
pre-investment studies, plant design and engineering, and had responsibility for plant construction and 
the initialoperations. Corporations involved in this industry have generally retained knowledge of critical 
technology and have licensed only those aspects necessary to W11 their contracts. 89 

A. The role of TNC in the growth sf fertilizer use 

TNCs, together with Governments and development agencies, were instrumental in creating a 
demand for commercial nitrogen fertilizer. This began in the United States after the Second World War, 
with the development of a nitrogen fertilizer industry to make use of capacity for producing nitrogen for 
explosives. Before the Second World War, the application of agrochemicals was negligible. In 1942, 
well before the end of the War, a huge surplus of nitrogen production capacity was anticipated. The 
President of the American Society of Agronomy, in his address to the annual meeting, said that: 

"As a direct result of the war, the capacity of our synthetic ammonia plants has been enormously 
increased. There seems little question but that after the war there will be available for use as fertilizer at 
least twice as much nitrogen as we have ever used and at a price much less than we have ever paid ... The 
possible industrial and agricultural implications of this development are considered by some industrial 
leaders large enough to have an effect on our post-war economy, 'comparable to the discovery of a sixth 
continent9 ." 

In the 25 years after the war, United States output of nitrogen fertilizer increased by 1,050 per 
cent. 9' The number of firms producing ammonia in the United States increased from seven in 1940, to 
65 in 1966. 

Increased use spurred dramatic increases in yields of corn-grain, and a reduction in acreage 
harvested. 92 

"Mechanization and chemical technology.,. accelerated the vicious cycle of innovation, in- 
creased production, depressed prices, further innovation. While farmers on the treadmill's 
leading edge survived and even prospered, attrition rates were high. Between 1935 and 1960, 
the nwnber of farms in [the Corn Belt] declined by 35 per cent. Tenants, in particular, were 
hard Mt, and over that period the number of tenant operations was reduced by 62 per cent." 

89 Ibid., p. 49. 

90 R. Bradfield, "Our job ahead", Jownol of the American Society of Agronomy, vol. 34, No, 12, p. 1070. 

91 B. Commoner, The Closing Circle (New York, Alfred A. Knopf, 1971). p. 143. 

92 J. R. Kloppenburg, First the Seed: The Polifiml Eco~romy of Plant Biotechnoiogy (Cambridge, Cambridge University 
Press, 1988), pp. 118-121. 



As the harvested acreage declined, "the intensive use of nitrogen fertilizer allowed 
'agribusiness' to just about meet the pulation's need for food, and at the same time to reduce 
the acreage used for that purpose". 8' 

Nitrogen fertilizers were subsequently promoted in the mid-1960s in developing countries as the 
'Green Revolution'. This was implemented largely by American scientists working in the Rockefeller 
Foundation- and Ford Foundation-funded International Agricultural Research Centers. In their structures, 
those Centers resembled the public agricultural research agencies in the United States and followed 
similar strategies for agricultural modernization, including the use of fertilizer. 

Nitrogen fertilizers rose from 28 per cent of the world fertilizer market in 1950, to 64 per cent in 
1981. Statistics show that, after 1965, the growth in fertilizer consumption slowed in the United States 
and accelerated in Asia (table 11). There it reached 34 per cent annual growth in 1966167, with another 
upsurge in the period from 1977 to 1979. The Green Revolution greatly raised the energy intensity of 
cultivation, not only in fuels for machinery, but also in hydrocarbon feedstocks for agricultural fertilizers. 
Energy inputs went from 0.5 calories to produce a calorie sf food in traditional food systems, to nine 
calories in modem techn010gical systems. 94 

The results were remarkable. Many Asian countries were able to eliminate rice and wheat imports 
within a few years. Yet they also incurred huge economic, social and environmental costs. Tke 
high-yielding varieties depended on expensive irrigation, intensive fertilizer use, monoculture, 
mechanization, and chemical pesticides. Poorer farmers who had less access to inputs, extension services 
and credit frequently could not compete and fell into debt. Many had to give up their farms. 95 Roblems 
for both poorer farmers and parer countries became severe when prices increased: % 

"The 'energy crisis' ... resulted in greatly increased fertilizer prices and sevepe shortages 
occurred in many areas. Many poor countries with foreign exchange difficulties had to cut 
back on imports." 

Those problems were accompanied by negative environmental impacts. Deleterious effects in- 
cluded health hazards from excessive nitration and from pesticides, and deterioration in water quality. 
More ~ecently, it is understood that environmental damage included greenhouse gas build-up, both from 
vast quantities of nitrogen emitted from the soil, and from the increases in the energy intensity of 
production. 

The 'Green Revolution' was exported by the home country Governments of TNCs through 
development assistance institutions and financing arrangements, using TNC technologies, expertise, 
marketing and production facilities. In that way, foreign markets quickly developed. In India, the Ford 
Foundation financed and promoted intensive agricultural development by means of packages of seeds, 
implements, fertilizers and pesticides. 97 After the 1966167 drought, the United States Secretary of 
Agriculture was sent to India to try to open up its market to United States fertilizers, based on prior 

93 Commoner, op. cit., p. 150. 

94 A. Pearee. Seeds of Plenty, Seeds of Want: Social andEconomic Implications of the Green Revolution (Oxford, Clarendon 
Press. 1980). p. 227. 

95 B. Glaeser, The Green Revolution Revisited: Critique and Altemtives (London, Allen & Unwin, 1987), p. 2. 

96 Pearse, op. cit, p. 227. 

97 Ibid., pp. 80-81. 



Climate Chanae and TNCs: Analysis and Trends 95 

Bechtel studies of the Indian fertilizer industry. 98 The United States Agency for International Develop- 
ment gave large loans to finance the import of fertilizer. The United States and the World Bank: " 

"Put a great deal of pressure on the... Indian Government to encourage multinational corporations 
to invest in local production capacity [of fertilizer]. The Indian Government changed its policy abruptly 
in December 1965 to permit these firms to price and distribute their products in India." 

Similarly, in Indonesia in 1967, technical expertise was provided by the Ford Foundation and 
USAID, and much of the agricultural development programme was contracted out to large commercial 
agribusiness corporations. The programme, like a number of others, resulted in practices which benefited 
the participating corporations at the expense of groups who were supposed to benefit. According to one 
researcher: Irn 

"By the end of 1969, opposition to this programme was widespread amongst the more 
enlightened officials and intellectuals, and there was active resistance by the peasantry.. .. The 
cultivator was drafted into the programme without choice, delivered a standard 'package' 
without consideration of local soil/climate specifications and given a subsistence loan in cash. 
His crops were indiscriminately submitted to aerial spraying of pesticides and a share of his 
crop was requisitioned, equal to one sixth of a standard anticipated harvest, in repayment of 
the loan he had not requested ... Complaints fiom cultivators revealed that supplies were 
frequently 'diverted', that the subsistence loan was not always paid, that the aerial spraying 
killed animals and fish, and that the one sixth crop repayment frequently bore no just relation 
to what had been received." 

A similar programme in the Philippines was more effective at recruiting participants. Yet here too, 
the programme was clearly focused by its World Bank sponsom on increasing the use of fertilizers in 
absolute terms, with little concern for the resulting economic or environmental costs. The programme: lo' 

"Hooked thousands of tenant farmers into an allegedly more productive and clearly more 
expensive rice-growing technology dependent on escalating inputs of inorganic fertilizers, 
pesticides, and herbicides ... [increasing indebtedness of farmers did] 'not reduce the use of 
cash inputs such as fertilizer and pesticides. Between 1975 and 1977 new ... credit declined by 
$0 per cent while fertilizer consumption increased by 12 per cent.' This, the [World] Bank 
noted with approval, was the main virtue [of the programme]: Increases in rice production 
and fertilizer consumption are notable successes (emphasis added). The new rice technol- 
ogy ... created severe problems for Philippine agriculture, including loss of fertility through 
the massive application of petroleumbased fertilizers, such as urea... resulting in sulphur 
deficiency ... and zinc loses." 

In both developing and industrialized countries, degradation of the soil has been followed by even 
greater uses of fertilizer to counteract the decline in soil productivity. For both environmental and social 
reasons, the cycle of indiscriminate dependence on inorganic fertilizer needs to be broken. 

98 H. Cleaver (Department of Economics, University of Texas, 1989), personal communicatia. 

99 L R. Brown, Seeds of Change (New York, Praeger, 1970), p. 58. 
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101 W. Bello, D. Kinky and E. Elinson, Development Debacle: The W o r w ,  
Institute for Food and Development Policy, 1982), pp. 80-81 (citing The World Bank, "Sector survey of agricultural 
support services" (23 January 1980), pp. 5-8). 



B. Restructuring in the inorganic nitrogen fertilizer sector 

Active investigation of ways of reducing nitrogen fertilizer use is under way in many parts of the 
world. The European Community, for example, is moving to low-input farming, and calling for a tax on 
farm chemicals and on nitrogen, whose use has quadrupled over the last 30 years. lrn The United States 
Department of Agriculture issued areport in 1980 favouring organic farming, in whichnitrogen fertilizers 
replace organic sources of nitrogen through crop rotation with leguminous plants lm Major TNCs, such 
as Shell, are moving into biotechnology research, investigating other plant means of nitrogen fixation. 
Other possible means of fertilization include the use of composed municipal waste. 104 

Alternative farming methods will take time and money to develop, and the transition to them will 
involve costs in the short term before longer-term benefits are reaped. It is difficult to generalize what 
those costs are going to be across the variety of types of farms, productionmethods, crops grown, climates, 
soils and other local conditions. Nevertheless, it has been estimated for cash grain farms in the midwestern 
part of the United States, organic farming may give slightly reduced yields of up to 10 per cent, but 
possibly less. lo5 The reduction in output would occur mostly on monocrop cash-grain farms, because 
rotating crops to ensure regular alternation with nitrogen-fixing plants would result in less cash grain for 
export. Farms producing multiple vegetables would probably be only minimally compromised, if at all. 
On the positive side, it has been found that organic farms do bemr in dry years, and this could be especially 
important given the climate impact of global warming. Other benefits are soil improvement and greater 
system stability. A recent report by the United States National Research Council has reached similar 
conclusions. 

Although the development of fertilizers and energy-intensive agriculture has helped the world to 
meet its need for food, this pattern of promotion by the suppliers of inputs and the Governments of both 
producing and consuming countries has often led to excessive, inefficient and inappropriate use of the 
chemicals. One result has been the increase in greenhouse gas emissions. Other environmental and social 
consequences include pollution of local and urban drinking water supplies owing to excess nitration, and 
rare anaemia in babies, which the World Health Organization has linked to nitrogen contamination. lo6 

That kind of capital-intensive agriculture has resulted in indebtedness of farmers owing to dependence 
on commercial inputs, including fertilizers. Measures that can reduce the need for commercial inorganic 
fertilizer may thus mitigate not only global warming, but also other negative environmental and social 
effects. 

Increased technology transfer, which would result in more local control of the fertilizer tech- 
nologies, may help to change that dependence. Moreover, pursuing alternative organic methods of plant 
nutrition can hwe important benefits for community health and the environment, including reducing 
greenhouse emissions. It could also reduce TNC control over agricultural production, increase competi- 

- - 
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tion in the agricultural sector and reduce the costs of inputs to farmers in both developed and developing 
countries. 

In the OECD countries, conversion to less fertilizer and pesticide-intensive programmes may be 
eased by the fact that there is currently excess food production capacity in many of those countries. It 
will be harder in much of the third world, where the financial situation is more difficult and where food 
supplies are already tight and production increases must be maintained. Significant reductions in use can, 
however, be obtained in many cases without undue effects on yields. Corporations could help, for 
example, by including information about alternative methods of fertilization and pest control in their 
literature, which is distributed to extension agencies and farmers. 

A great many of the specific actions which need to be taken to reduce the use of nitrogen fertilizers 
while increasing organic fanning need to be taken by institutions otherthanTNCs. These generally belong 
in the realm of governmental initiatives to promote organic fanning, regulate the use of chemicals in 
farming, taxation of chemicals etc. 

Since TNCs have been very active in promoting the use of chemical nitrogen fertilizers, they should 
undertake to carry out assessments of the damage that such use has already done, and what might be done 
to repair it. Such assessments should be in addition to any environmental assessments they undertake for 
new projects. 

TNCs are now involved in developing plant varieties which are genetically engineered, many of 
which will be patented and will require even more dependence on inputs manufactured by TNCs. TNCs 
should perform comprehensive assessments of the energy, environmental and economic impacts of their 
new products. Those assessments should take due account of the seriously adverse long-term effects on 
soil and water of the previous generation of corporate-produced chemicals, as well the adverse impacts 
on income distribution and rural inequalities in the developing countries of much of the "Green 
Revolution". 

In the context of present chemical fertilizer plants and applications, TNCs should make estimates 
on a country-by-country basis of how much the use of chemical fertilizers can be reduced by more 
efficient application and substitution by organic nitrogen and by the use of nitrogen-fixing crops. TNCs 
should also be making investments to reduce energy consumption in the manufacture of chemical 
fertilizers. Potential savings are estimated by the World Bank to be as high as 10 to 25 per cent. 



CHAPTER X 

PUBLIC POLICY AND THE ROLE OF CORPORATIONS: 
LESSONS FROM THE CASE STUDIES 

The relative roles of governments and corporations in environmental stewardship are the subject 
of extensive literature and debate. The case studies presented above demonstrate a wide range of 
relationships between them, both in the creation of environmental problems and in the crafting of 
solutions. 

The complexity of the relationship between Governments and corporations stands out particularly 
clearly. Corporations often wand less government regulation in areas where such decreases will allow for 
larger profits. Yet the attitudes of Governments vary a great deal and within countries are subject to 
evolution, especially with changes in regimes or parties in power. 

The case study of Valco in Ghana shows the evolving nature of government-corporate relations. 
At first, the Government and the TNCs agreed on the sale of cheap power for aluminium production in 
Ghana. Later, as losses to Ghana mounted and other problems became manifest, the Government wanted 
to increase electricity rates, but could not readily d~ so. Only after many years, and considerable economic 
and other losses, United Nations-assisted negotiations successfully changed the electricity rate. 

The CFC example illustrates that as long as there was the threat of regulation of ozone depleting 
compounds in the United States, until about the middle of 1980, even non-United States based TNCs 
engaged in research into alternative chemicals. When the threat of regulation in the United States was 
lifted in early 198 1, and they were similarly not under pressure from European Governments all major 
CFC-producing corporations, both in and outside of the United States, drastically reduced research and 
development of alternatives. That change in corporate policy coincided approximately with the change 
of administrations in the United States. 

It was only after a non-governmental organization initiated legal action and the ominous warning 
of the Antarctic ozone hole in the mid-1980s that the Government of the United States again acted on 
this issue, followed by other Governments and by corporations. By 1987-1988, not only chemical 
producers, but user corporations began actively to research alternatives. Almost all the latter group of 
companies had previously been absent from the search for solutions, despite the fact that the loss of 
business to the users of CFCs in the event of a quick phase-out would be much greater than the losses to 



the CFC-producing corporations. In the face of the Montreal Protocol, however, many of those companies 
have embarked on vigorous programmes of research and development. 

Contrasted with this success story is the automobile case study. Privatization of public transport 
and sale of private transport based on trolleys and railroads to motor vehicle manufacturers has imposed 
great economic and environmental burdens upon communities and upon the globe. Road transportation 
was encouraged by Govements, which built extensive networks of roads, but did not commit com- 
parable resources to public transport or to railways, especially in the United States. As a result, the 
physical stmcture of transport today is geared to inefficient road vehicles and to petroleum, and it will 
take a great deal of time and expense to change rn non-polluting and efficient systems. That pattern is 
partly the result of the general ignorance of environmental problems which existed earlier in the century, 
but it is also a product of the relative laxity sf Government in the face of evidence that TNCs with a 
vested interest in oil-based road transport were destroying public transport systems. More recently, 
although Governments have made significant inroads in many countries in increasing the safety and 
reducing emissions fmm vehicles, they have failed adequately to encourage high-efficiency vehicles 
through efficiency standards. The case study suggests that Governments continue to treat powerful 
automotive companies too leniently, leaving considerable room for corporations to manufacture products 
which are far more polluting than the best available technology. 

The fertilizer case study highlights a different kind of govemment-corporate interaction, which has 
been productive in some respects and detrimental in others. The study is an example of govemment-in- 
dustry collaboration in the development and propagation of food-production technology, first in the 
OECD countries and then its dissemination in developing countries. While the greenhouse gas emissions 
aspect of the problem was remote and ill-understood until recently, other economic and environmental 
problems, such as salinization of land, excessive use of pesticides and consequent water pollution and 
injury to workers, as well as regressive income distribution, were largely ignored while Governments 
and corporations pursued increases in food production and rapid expansion of fertilizer and pesticide 
sales. Govemment collaboration with industry on the green-revolution project has done little to combat 
and, in some cases, has exacerbated those problems. 

As with the structure of transport, the structure of food production today is so intimately connected 
with the use of chemicals that it will be difficult and costly to change it. In both cases, even if political 
bodies decide to make changes a priority, they are likely to be met with substantial corporate resistance 
and the transition may be extremely painful. The net result has been to narrow social choice in those vital 
areas. 

In sum, there is no fixed relationship between Government and TNCs on any one issue, even when 
the same country and the same corporation are being analysed over time. The relationship evolves, due 
to various economic, social, political and legal factors. 

Some general conclusions can none the less be drawn from the case studies: 

1. Corporations have so far insisted on demonstration of significant environmental damage 
before they will commit to large environmental corrective expenditures; 

2. Governments have, with some exceptions (notably the United States, Canadian, Swedish 
CFC-aerosol bans), been reluctant to act and have gone along with corporate insistence of 
proof of damage prior to resource commitments. In some cases government-corporate 
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collaboration has been close, and that has contributed to the creation or aggravation of 
greenhouse gas emissions (as with fertilizer and automobile use). 

3. Without government regulation, it is difficult to get rid of products and processes which are 
producing significant pollution. 

4. Citizen pressure and non-governmental organisation pressure, as well as analyses from the 
scientific community, have played a vital role in calling attention to the problems and creating 
an atmosphere in which Governments and corporations can find the necessary resolve to act. 

5. Regulations at an international level are needed for global problems. While national regula- 
tions have reduced the scope of the problem, especially when large consuming countries like 
the United States restrain use, success cannot be achieved without near universal participation. 
Even in the relatively inexpensive case of CFC-use in aerosols, a failure of most heavy-use 
countries to promulgate regulations resulted in 2.5 billion kilograms of needless emissions 
of CFCs within the last decade. 107 

A restructuring of corporate policy with respect to the environment is clearly needed. These case 
studies suggest that success will require a combination of efforts taken by corporations and Governments 
at the national and international levels, as well as pressures from non-governmental organisations. 

107 Ajun Makhijani, et al., op. cit. 
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Vol. I Reports of the Panel of Eminent Persons 

and of the Secretary-General. 242p. Sales No. E.86.II.A.6. $65. 
Vol. I1 * VerbatimRecords. 400P. Sales No. E-86.11.A.7. 
Vol. 111 Statements and Submissions. 5 18p. Sales No. E.86.II.A.8. $54. 
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Background Documentation. 162p. Sales No. E.90.II.A.6. $19. 
Vol. 11 Statements and Submission. 209p. Sales No. E.90.II.A.20. $21. 

Transnational Corporations (formerly The CTC Reporter). Published three times a year. Individual 
issues $10. Annual subscription, which includes three issues and the report of the annual meetings of the 
Commission on Transnational Corporations - $30. 

Transnationals, a quarterly newsletter, is available free of charge. 



108 Select list of UNCTC publications 

United Nations publications may be obtained from bookstores and distributors throughout the world. 
Please consult your bookstore or write to: 

United Nations Publications 

Sales Section OR Sales Section 
Room D(12-0853 United Nations Off~ce at Geneva 
United Nations Secretariat Palais des Nations 
New Yo*, N.Y. 10017 CH-1211 Geneva 10 
U.S.A. Switzerland 

All prices are quoted in United States dollars. 

For further information on the work of the Centre, please address inquiries to: 

United Nations Centre on Transnational Corporations 
Room DC2-1322 
United Nations 
New Yo*, N.Y. 10017, U.S.A. 

Telephone: (212) 963-3 176 
Telefax: (212) 963-2146 
Telex: UNCTNC 661062 



QUESTIONNAIRE 

Climate Change and Transnational Corporations: 
Analysis and Trends 

(ST/CTC/112) 

In order to improve the quality and relevance of the work of the United Nations Centre on 
Transnational Corporations (UNCTC), it would be useful to receive the views of readers on this and otber 
similar publications. It would therefore be greatly appreciated if you could complete the following 
questionnaire and return it to: 

Readership Survey 
Centre on Transnational Corporations 

Wted  Nations, Room DC2-1322 
New York, N.Y. 10017, USA 

1. Name and address of respondent (optional): 

2. Which of the following best describes your area of work? 

Government • Public enterprise 

Private enterprise Academic or research 
institution 

International organization Media 

Non-profit organization Other (specify) 

3. In which country do you work? 

4. What is your assessment of the contents of this publication? 

Excellent El Adequate 

Good E l  Poor 
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5. How useful is this publication to your work? 

Very useful Of some use Irrelevant 

6. Please indicate the three things you liked best about this publication: 

7. Please indicate the three things you liked least about this publication: 

8. If you have read more than the present UNCTC publication, what is your overall 
assessment of them? 

Consistently good Usually good, but with some exceptions 

Generally mediocre Poor 

9. On the average, how useful are these publications to you in your work? 

Very useful Of some use Irrelevant 

10. Are you a regular recipient of Transnational Corporations (formerly The CTC Reporter), 
the Centre's tri-annual publication which reports on the Centre's and related work? 

Yes No 

If not, please check here if you would like to receive a sample copy 
sent to the name and address you have given above 


