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Two hundred years after British industry revealed the 
power of coal, humanity's exploitation of fossil fuels has 
brought it material wealth on a scale incomprehensible 
to preceding generations. The standard of lmng enjoyed 
in modem industrial society - the sort of material 
standard that people in most of the world still desrre - 
could not exist without cheap, abundant suppl~es of 
energy. 

This has been evident since the early days of the 
machine age. Lately, however, we have become aware of the hitherto 
neglected costs involved in our exploitation of energy, especially carbon- 
based fossil fuels. By burning coal and oil we improve quality of life by 
improving material standards; on the other hand, we ,degrade it by 
degrading our environment. We know that our use of fossil fuels causes 
numerous local (city smog) and regional (acid rain) environmental 
problems; there is mounting evidence that eventually it may even cause a 
truly global change in climate. 

We are faced with a dilemma: how to maintain high levels of global 
energy service. and indeed increase them in developing countries, whlle 
minimizing our impact on the environment. This question is central to 
IIASA's project on Environmentally Compatible Energy Strategies, which is 
the principal subject of this issue of Options. 

Energy issues have been high on the Institute's research agenda since 
its earliest days. The intermingling of economics with environment, social 
factors with biophysical, local scales with global make them a natural topic 
for international, interdFsciplinaryresearch, The IlASA study entitled Energy 
in a Finife World, published in 1981, is considered a landmark in the 
scientific energy literature. 

Many current and recent IlASA projects are concerned to varying 
degrees with energy use and .& implications: Forest Resources and 
Climate Change, Gbbai Energy and Climate Change, Transboundary Air 
Pollution, and Population and Development, among others. The Environ- 
mentally Compatible Energy Strategies Project mentioned earlier is 
currently one of the major research activities at IIASA. The project 
members have done excellent work on a variety of fronts; among other 
things, they have produced the first fully documented and operational 
inventory of techllologies to reduce emissions of CO, from energy. 

A project on this scale is possible only with significant outside support. 
Of the dozens of institutions and individuals that have contributed their time 
and money, I would like to mention four institutions in Japan desenring of 
special thanks: the Global Industrial and Social Progress Research 
Institute, the Japan Industrial Polioy Research Institute, the Central 
Research Institute of the Electric Power Industry, and the Tokyo Electric 
Power Company, Inc, Without their suppott, the work reported in this 
magazine would not have been possible. n n 1 .  

u 
Peter E. de J4nos1 

Dnedor 
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Decarbonizing Energy 
At the heart of llASA1s energy studies is 

the following question: How in coming decades can global society 
enjoy high levels of energy services while minimizing the amount 

of carbon dioxide that it puts into the atmosphere? 

or 200 years energy from coal, 
011, and gas has driven eco- F . 

nomic growth. Energy from fossil 
fuels heats our homes, runs our 
factories, and powers our cars. But 
the good life comes at a cost Ex- 
haust gases cause urban smog, 
acid rain, and may cause notice 
able changes in the world's climate. 

The link between energy use 
and potential climate change is well 
established. Burning fossil fuels 
release gases, notably carbon diox- 
ide (CO,), to the abnosphere; this 
extra CO, absorbs infra-red radia- 
tion that would otherwise escape 
into space, thereby heating the 
atmosphere - the greenhouse 
effect - and possibly causing 
changes in climate. CO, is not the 
only greenhouse gas produced by 
human activity, but it is the main 
one, accounting for about half of all 
human sources of global warming. 

In 1800, before widespread 
industrialization, atmospheric CO, 
concentrations were around 280 
parts per million. Historically the 
level has fluctuated, but at no time 
in the previous 100,000 years did 
concentrations reach 300 ppm. 
Since industrialization, and espec- 
ially since the economic surge that 
followed the Second World War, 
concentrations have risen steadily. 
The current level is 357 ppm. About 
two-thirds of the increase is attrib- 
uted to the burning of fossil fuels. 

It is increasingly evident that, 
contrary to widespread fears in the 
1960s and 1970s, there is no short- 
age of carbon-based fuels. World- 
wide estimates of oil and gas 
resources continue to grow. The 
ultimate limits appear to be not 
what we take out of Mother Nature, 

but what we return to her. 
The Environmentally Compati- 

ble Energy Strategies Project was 
established at IlASA in 1990 to 
examine the links behnreen energy 
use, development and climate 
change. Broadly speaking, the 
project examines how global sod- 
ety can sustain adequate levels of 
energy use - and indeed increase 
them to support a growing popula- 
tion -while minimizing emissions of 
carbon to the atmosphere. Project 
members study ways to decarbon- 
ize energy sy&& and try to esti- 
mate realistic rates of change 
toward this goal. 

The work entails coordinated 
research on a wide range of issues. 
Project members have. among 
other things: 

compiled the first fully document- 
ed and operational inventory of 
technologies to reduce emissions of 
CO, from energy sources (page 
10); 

examined the availability, cost, 
and timing of the d i i i o n  of new 
technologies to mitigate green- 
house gas emissions (page 9); 

assessed the potential impact on 
emissions of carbon taxes and 
other economic policy insbuments; 

developed detailed baseline CO, 
emission scenarios that incorporate 
technological dynamics beyond the 
static assumptions in "business-as- 
usual" scenarios (page 8); 

assembled a data base of histori- 
cal emissions of greenhouse gases 
and developed a framework that 
lets users speafy emission targets 
and equity criteria, then calculate 
how much each region would need 
to reduce emissions to meet those 
goals; 

examined some social activities 
related to energy use (page 6). 

established formal networks and 
informal contacts with energy re- 
searchers worldwide (page 12-1 3). 

This article is intended to give 
a brief overview of the work. On 
page 6 is a selected list of more 
detailed recent publications. Further 
results will appear in reports, pro- 
ceedings, and journals, including a 
forthcoming special issue of Ener- 
gy, the Internetional Journal. 

Systems Issues 

Energy research in the context of 
global change involves some un- 
usual research problems - the 
difficulty of combining time scales 
that range from months to centu- 
ries, foreseeing changes in human 
behavior, or anticipating technologi- 
cal breakthroughs, to name a few. 
Energy use is pervasive: almost 
everything we do results in carbon 
emissions. The problems and po- 
tential solutions associated with 
energy use cannot be uncoupled 
from others. It is necessary to take 
a systems approach and avoid 
pattial solutions. 

For example, measures to 
decrease acid rain by improving the 
fuel efficiency of cars or power- 
plants would also decrease emis- 
sions of CO,; on the other hand, 
attempts to address the same prob- 
lem by wing catalytic converters or 
equipment to remove sulfur oxides 
would lead to slightly higher CO, 
emissions. 

Energy studies require the 
integration of knowledge and data 
from many disciplines and all parts 
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of the world. In this regard, IlASA is 
well-suited to the task: for 20 years 
the Institute has been assembling 
international, interdisciplinary re- 
search teams to work on global 
problems. 

It is worth noting that IIASA's 
15 member countries, with less 
than 20 percent of the wodd popu- 
lation, account for about 60 percent 
of all energy-related emissions of 
CO,. If everyone consumed as 
much energy as the average per- 
son in IlASA countries, global ener- 
gy use would rise almost 15-fold. 

This calculation underscores 
the difficulty of raising the material 
well-being of developing countries 
while keeping emissions of green- 
house gases to a minimum. Popu- 
lation growth will compound the 
problem: demographers project a 
doubling or even a tripling of global 
population in the next 100 years. 
with most of the increase in devel- 
oping countries. 

Offsetting this dritt to higher 
emissions, at least partially, is a 
long-term trend toward decarbon- 
ization. New data sets developed at 
IlASA indicate clearly that, even 
without a deliberate effort to reduce 
emissions of carbon from energy 
sources, the world has been steadi- 
ly decarbonizing for well over a 
century: for each joule of energy 
we produce, for each dollar worth 
of goods we make, we emit less 
carbon each year to the atmosph- 
ere (figures page 5). 

These improvements in the 
carbon intensity of the world econo- 
my, hiitorically about 1.3 percent 
per year, have been overwhelmed 
by growth in economic output of 
roughly 3.0 percent per year during 
the last century. The difference, 1.7 
percent, parallels the annual in- 
creases in CO, emissions. 

Still, it is important to recognize 
that we are on the right path: fur- 
ther decarbonization requires accel- 
eration down an established track, 
not a whole new direction. The 
question is, how far and how fast 
can we force the trend. Can we 
boost the rate of decarbonization? 
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Assessing the Options 

Researchers at IlASA have exam- 
ined hundreds of options ranging in 
cost from a few dollars to a few 
thousands of dollars for each ton of 
carbon release avoided. Among the 
cheapest and most environmentally 
benign ways are conservation and 
efficiency improvements - efficient 

light bulbs, smaller and more effi- 
cient cars, better home insulation. 
By better managing end-use, we 
avoid emissions altogether. 

Other ways to avoid releases of 
CO, involve the supply of energy, 
particularly switching to more em- 
cient, lower-carbon fuels such as 
natural gas. Some supply-side 
measures could pay for themselves 
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by reducing fuel costs: lower car- 
bon emissions would be a bonus. 

When and if conservation and 
efficiency improvements are not 
deemed sufficient, a more expen- 
sive option would be to remove 
carbon from fossil fuels before 
combustion or scrub CO, from 
chimney exhaust gases. Scrubbing 
typically costs $150 to $200 per ton 
of carbon removed. Each ton of 
carbon in oil costs $150 to $200 at 
current oil prices. The cost of 
scrubbing at an oil-fired powerplant 
would probably increase the cost of 
electricity by 50 to 100 percent. 

Scrubbing, however, raises the 
problem of what to do with tons of 
CO, or powdered carbon. Current 
CO, emissions dwarf any human 
experience in handling masses of 
material. Annual world steel pro- 
duction, for example, is about 700 
million tons; CO, emissions from 
energy are 22 billion tons. 

If, as proposed, we were to 
reinject CO, into depleted natural 
gas or oil fields, we would quickly 
fill them. There have also been 
proposals to inject CO, into the 
deep ocean, which has enormous 
buffering capacity, but the possible 
environmental effects are unknown. 

An alternative is to avoid fossil 
fuel emissions altogether. Biomass 
has been used as a fuel since 

1900 Year 1950 

Trends in industrialized countries to less work time, coupled with longer life spans, 
have led to a dramatic increase in leisure hours over the average life time. Behavior 

; innuences energy consumption: people consume more energy at play than at work. 

antiquity. New technologies allow 
efficient conversion of special crops 
and fast-growing bees into biogas, 
heat, or electricity. The system is 
sustainable: new crops reabsorb 
the CO, emitted from conversion of 
the previous harvest. 

Other types of renewable ener- 
gy -wind, solar, and hydroelectric 
-do not emit any carbon. Electrici- 
ty from wind and solar power sys- 
tems is currenly expensive, but 
costs are steadily decreasing. The 
expectations are that costs will 
decline further as these systems 
mature technically, making them 
more competitive. 

Nuclear power is another car- 
bon-free source of energy, but it 
faces major diiculties worldwide. 
Costs of construction are high in 
developed countries due to compli- 
cated licensing and regulatory pro- 
cedures, and public acceptance is 
low. In some regions, especially in 
the former Soviet Union, there are 
concerns about major safety issues. 

In some developing countries. 
afforestation is the cheapest and 
most attractive option. But there are 
large regional diierences in costs. 
IIASA's Forest Resources Project 
has estimated that the cost of affor- 
estation is as low as $35 per ton of 
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carbon sequestered in parts of the 
South and up to $1700 per ton in 
the North. 

The analyses indicate that a 
massive global afforestation pro- 
gram would sequester at most 
about 1.2 gigatons of carbon per 
year. This is about one-fifth of cur- 
rent energy-related emissions, and 
just one-half to twice the estimated 
carbon releases through land-use 
changes, including tropical defores- 
tation. It makes sense to stop de- 
foresting before we startafforesting. 

Analyses at NASA also indicate 
that taxes on CO, and other pollut- 
ants could have a considerable 
impact, encouraging suppliers and 
users of energy to consewe energy 
and switch to less carbon-intensive 
technologies. A phased-in tax of 
$170 per ton of carbon in OECD 
countries and $85 per ton in other 
countries would by 2020 yield esti- 
mated reductions in CO, emissions 
comparable with an across-the- 
board cut of 30 percent, with 
respect to IIASA's baseline, no- 
controls emission scenario. A tax of 
$85 per ton of carbon is roughly 
equivalent to the carbon-energy tax 
of $10 per barrel of oil or equivalent 
proposed by the Commission of the 
European Communities. 

If all else fails, there are exotic 
proposals to deal with global warm- 
ing. Vast pools of micro-algae could 
absorb masses of carbon. Alterna- 
tively, geo-engineering on a global 
scale could offset the warming 
effect due to greenhouse gases, for 
example by injecting tons of sulfuric 
acid into the stratosphere to reflect 
radiant energy. Simple calculations 
suggest that this would be the 
cheapest of all available ways to 
mitigate warming, but such mea- 
sures involve uncertainties and 
potential side-effects as great as 
global warming itself and are un- 
likely to be implemented. 

Not surprisingly, analyses at 
NASA show that the largest abso- 
lute potential for emission reduction 
is in the developed countries of the 
OECD, because they are the larg- 
est users of energy. But they also 

indicate that short- to medium-term 
mitigation costs are generally lower 
in developing countries and in the 
reforming economies of Central and 
Eastern Europe. 

At a recent energy workshop at 
IIASA, one Russian economist 
described how the inefficiencies of 
Russia's energy systems offer a 
wealth of opportunitiesfor reduction 
of CO, emissions. "Russia," he 
said. "is the Saudi Arabia of energy 
conservation." 

Obstacles to Emission 
Reduction 

Much of the potential for relatively 
cheap mitigation may never be 
realized. The reasons range from 
lack of capital to the inconsistency 
of consumers' responses to price 
signals. 

In developing and reforming 
economies, lack of capital is a 
chronic problem. Even if the politi- 
cal will is there to make changes, 
the money usually is not. Develop- 
ing and developed countries alike 
face the p o l i t i  difficulty of elimi- 
nating energy subsidies and price 
distortions that effectively raise CO, 
emissions -subsidies for coal pro- 
duction, for example, or for primary 
commodities such as steel with low 
prices on the international markets. 

Another common problem is 
the notorious difficulty of changing 
inefficient patterns of energy use by 
individual consumers. Industrial 
end-users are reasonably sensitive 
to price signals: given evidence that 
they can save money by switching 
to a new fuel or a more efficient 
production process, they switch at 
more or less predictable rates. 
Individual consumers, by contrast, 
often will not: given evidence that a 
high-cost, energy-efficient light bulb 
will quickly pay for itself in reduced 
electricity costs, most will continue 
to buy the old, inefficient, but 
cheaper bulbs. 

Private and leisure energy use 
-play, as opposed to work - is the 
fastest-growing part of the energy 
system. It is also probably the most 

inefficient. Major improvements in 
oil refining, powerplant efficiency, 
automobiles, and home heatingcan 
be diluted to insignificance by users 
who cool overheated rooms by 
opening a window rather than clos- 
ing the radiator, or who drive to 
work alone in a five-passenger car. 

High consumption of energy for 
pleasure is hardly a problem in less 
developed countries. Nonetheless. 
there are substantial possibilities of 
improving efficiency and reducing 
CO, emissions by changing lighting, 
cook stoves, or transportation 
systems. But even in commercial 
activities, where operators may 
understand that investing in energy 
efficiency would bring savings, they 
usually have more important prior- 
ities competing for limited capital. 

In the reforming economies of 
Eastern and Central Europe, a 
unique set of circumstances may 
inhibit achievement of reduction 
potential. Most of the individual 
technologies used in the region are 
less efficient than in the West, but 
the overall efficiency of many of the 
systems is higher. For example. 
most Russians bavel with public 
transport; Russian buses are less 
efficient than German buses, but 
they are more efficient movers of 
people than German cars. 

Similarly, Eastern Europe has 
many facilities for district heating 
and cogeneration. If, as expected, 
the reforming economies move 
toward more or less Western pat- 
terns of consumption, efficiency 
gains in individual technologies 
may be offset by the decentraliza- 
tion of energy systems and the shift 
away from collective structures of 
energy end-use. 

Strategies for 
Decarbonization 
One of the key points arising from 
the IlASA analysis is that emission 
avoidance should have a clear 
priority over emission abatement 
and CO, recovery. Slowing the 
current rate of deforestation would 
be preferable to and more effective 

continued on page 1 I 
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tandard baseline soenarios 
used In energy and climate- s .  

change research may over-estimate 
future growth in CO, emissions, 
perhaps by as much as a third in 
just 30 yean. Conventional "busi- 
ness-as-usual" scenarios assume a 
continuation of current trends - in 
essence, more of the same - 
when the historical record shows 
clear and consistent patterns of 
change. The ECS '92 baseline 
scenario developed at NASA is 
designed to take account of current 
knowledge of the ways that technol- 
ogies change and spread. 

Energy and climate&an~e 
researchers usually assess propos- 
als to reduce CO, emissions by 
establishing a baseline scenario, 
then comparing alternative emis- 
sion-reduction scenarios to it The 
ECS '92 scenario, like conventional 
business-as-usual baseline scenari- 
os, includes assumptions about 
changes in key variables, notably 
population (based on UN projec- 
tions), economic output (derived at 
IIASA), sources of energy (also 
derived at IIASA), and energy pric- 
es (stable at US$ 20 per barrel of 
oil or energy equivalent through 
2020). The combination of these 
factors largely determines the types 
and quantities of energy used. 

The ECS '92 scenario is unlike 
other scenarios in two respects. 
First, it incorporates assumptions 
based on a relatively detailed and- 
ysis of the structure of future ener- 
gy systems and patterns of use, 
including estimates of heating 
degree-days, demand for transport, 
tons of steel produced, etc. Sec- 
ond, it factors in assumptions about 
changes in energy intensity - the 
amount of energy needed for each 
unit of economic output - based on 
historical trends. We describe this 
approach as dynmicsas-usual, 
rather than business-as-usual. 

A dynamics-as-usual approach 
assumes that technological and 
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economic structures will continue to 
change in the future at roughly the 
same rates that they have changed 
in the past. This assumption is 
based on extensive research at 
IIASA into the history of technologi- 
cal change and innovation diffusion 
@age 9). The research shows that 
rates of change in global energy 
use are remarkably consistent. 

The figures on page 5 show 
clearly that, even without a deliber- 
ate effort to reduce emissions of 
carbon from energy use, the world 
has been steadily "decarbonizing" 
for more than a century. Standard 
business-as-usual scenarios do not 
take this into account 

The ECS '92 dynamics-as- 
usual scenario assumes that ener- 
gy intensity will decline 1.3 percent 
per year in industrialized countries 
(OECD member states), 1.6 
percent per year in the former cen- 
trally planned economies of Eastern 
and Central Europe, and 0.6 per- 
cent per year in developing coun- 
tries (including China). 

These rates of change are 
consistent with obsewed long-term . . .< !} , > #  - 

Estimates of mture global emissions of carbon, in gfgatons, Yfom the reference (no- 
oonhds) SGenarios of the US Environmental Prot6cth Agency, the Energy and 
Industry Subgroup of the IPCC, and IIASA; the white area shows a range of 
estr'mates derived from forecasts by experts in the International Energy Workshop. 

rates of improvement, even in peri- 
ods of low energy pices, and with- 
out additional policies designed to 
limit carbon emissions. Historically 
such improvements have been due 
mostly to technological change. The 
high rate assumed for the former 
centrally planned economies is 
attributable largely to the region's 
potential for consewation of energy 
- at a recent workshop @age 12) 
economist lgor Bashmakovestimat- 
ed that Russian industry is 2.7 
times more energy intensive than 
industry in the USA, 3.3 times more 
intensive than in Western Europe. 

According to the scenario, 
continuation of these century-long 
trends toward decarbonization and 
improved energy efficiency would 
result by the year 2020 in a 24 
percent reduction in global emis- 
sions of COe per unit of economic 
activity, tom 290 grams of carbon 
per dollar to 220 grams. In OECD 
countries the reduction in energy 
intensity would be 36 percent, in 
reforming economies 42 percent, 
and in developing countries 11 
percent. 
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Erratum 
IlASA Options, September '92 

Page 8: The figure is incorrect. A corrected figure is shown below. 

Original figure 

Corrected figure 

Estimates of global emissions of carbon from energy, in gigatons, from the reference 
(no-controls) scenarios of IIASA, the US EPA, and the IPCC 1990 assessment, as 
well as the range from all scenarios in the IPCC 1992 assessment. The wh~te area 
shows a range derived from expert forecasts in the International Energy WorXshop. 

Page 9: In the second-last paragraph of the article on energy scenarios, 
projections of energy-related carbon emissions in 2020 by the 1990 business- 
as-usual scenario of the IPCC should be 9.8 gigatons, not 11.2 gigatons. 
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shows a range derived from expert forecasts in the International Energy WorXshop. 

Page 9: In the second-last paragraph of the article on energy scenarios, 
projections of energy-related carbon emissions in 2020 by the 1990 business- 
as-usual scenario of the IPCC should be 9.8 gigatons, not 11.2 gigatons. 



These improvements, while 
significant, would not be enough to 
offset the neardoubling in global 
economic activity estimated by ECS 
'92, from US$24 trillion to US$46 
Billion (in constant dollars). Global 
emissions of carbon in the form of 
CO, emissions would rise from 5.5 
gigatons of carbon in 1990 to an 
estimated 8.0 glgalons in 2020. 

Thls growth is well below the 

estimates of some well-known 
business-as-usual scenarios. The 
Rapidly Changing World scenario 
developed by the US Environmen- 
tal Protection Agency (EPA-RCW) 
estimates &on emissions in 2020 
of 10.2 gigatons. The refer- 
scenario of the Intergovernmental 
Panel on Climate Change (IPCC) 
projects emissions of 11.2 gigatons. 

Even if final energy demand is 

Technology Innovation and Diffusion 

A ny attempt to anticipate the 
course of global change must 

rely in part on conceptions of our 
technological future. Yet many 
scenarios fal to take account of 
current knowledge of the ways that 
technologies spread and the dy- 
namics of technolog'ial change. 

Conventional scenarios usually 
rely on econometric analysis and 
on straightforward extrapolations of 
trends in industrialized countries. In 
essence, they assume that if Chil- 
eans or Indonesians ever b e m e  
as wealthy as Americans, each of 
them will buy about the same 
number of refrigerators and air 
conditioners and travel as much. 
The implicit assumption is that 
developing wuntries win always, to 
the extent that they are able, mimic 
earlier patterns of development in 
more indusWized countries, in- 
cluding their patterns of energy 
use. 

This assumption does not 
match the historical record. Exten- 
sive studies at IlASA of the history 
of technological systems indicate 
that where a given technology is 
introduced late in its development, 
it spreads more quickly, but ulti- 
mately not as far. Latecomers do 
not mimic the wunbies that adopt- 
ed the technology first. 

The history of energy systems 
is a good example. From fuelwood 
and work animals to coal and 
steam engines, to oil and automo- 
biles, to natural gas and gas tur- 
bines, energy systems have 
evolved, spread, and been replaced 
in clear and consistent patterns. 

made equal among the three sce- 
narios, the carbon emissions sug- 
gested by ECS '92 are 15 percent 
lower than in the IPCC scenario 
and 24 percent lower than in EPA- 
RCW. The diierences reffect the 
assumptions in the IlASA scenario 
that changes will continue at about 
the same rates as in the past - 
dynamics-as-usual, rather than 
business-as-usual. 

These consecutive transitions drove 
industrialization and brought tre- 
mendous gains in energy efficiency, 
productivity, and deoarbonization. 
Expansion of each system was in- 
variably followed by saturation: all 
booms eventually bust. 

The emergence of coal and the 
steam wewas triggered by afuel- 
wood crisis in Britain. Steam power 
spread relatively slowly in Britain, 
but quicker in countries and regions 
thst adopted it later. 

The oil era, as symbolized by 
the automobile, began in North 
America. Aukmobiles spread slow- 
est in the USA and Canada, some- 
what fa& in Europe. and faster 
yet in Japan. In developing coun- 
tries the adoption rate has been 
even faster. Total levels of car 
ownership remain highest in North 
America. 

Today the fastest-growing field 
of energy use and energy-related 
GO, emissions, in developed and 
developing countries alike, is pas- 
senger transportation. Extensive 
use of the automobile, now a 
mature technology, has led to an 
apparent impasse in urban conges- 
tion and environmental damage. 
The question is, what technology 
will succeed the car. 

New technologies are indeed 
emerging: magneticlevitation trains 
based on superwnductivily, and 
electric and hydrogen-fueled auto- 
mobiles. Mass transportation sys- 
tems have great potential to reduce 
emissions of greenhouse gases. 
Magnetic levitation or other high- 
speed train systems could largely 

replace short-haul flights. Such 
systems would be expensive, but 
the growth of cities, especially in 
the Third World, would provide the 
dense populations needed to sup 
port them. The Bullet Train in Jap 
an's Shimkansen Corridor may polnt 
to the future: other conurbations will 
need comparable infrasttuctures. 

As with all transportation revo- 
lutions, a single breakthrough is not 
enough - technologies advance in 
clusters. The spread of hydrogen- 
fueled automobiles, for example, 
would require better technologies 
and new facilities to produce hydro- 
gen, perhaps based on electrolysis 
or steam reforming of natural gas, 
end new technologies for the disbi- 
bution and storage of hydrogen. 
Massive diffusion of electrically 
powered cars would be possible 
only with analogous developments 
in technologies and infrastructures. 

One of the main obj@ves of 
IIASA's CO2DB inventory is to 
assess the possible timing of the 
development and diffusion of such 
complex, interdependent systems, 
as well as their potential to reduce 
emissions of CO,. 

New technobgical systems 
would reshape the societies that 
adopt them, just as the shi i  b 
automob## and internal combus- 
tion did in this century. Perhaps 
long-range planners should spend 
more time thinking about the oppor- 
tunitjes and implications of a transi- 
tion to new technological regimes. 
rather than assuming continued 
development of well-established 
technologies and infrastructures. 



The C02DB Technology Inventory 

COSTS (US cents '90) 

I n 1991 IIASA began assembling 
data on technologies that could 

reduceenergy-related emissions of 
CO,. The god was to assemble 
information in a consistent, cornput- 
erized format that would allow re- 
searchers to compare technological 
options for redudng emissions of 
greenhouse gases, especially COP 
The result, an interactive data base 
named COZDB, is the first fully 
documented and operational CO, 
mitigation inventory avaifable inter- 
nationally. 

CMDB currenUy has inforrna- 
tion on more than 400 tedmdo- 
gies, most oflhem generic systems 
that are wed or could be used 
anywhere. .(twill be eotpanded dur- 
ing 1993 to cover up to 1000 tech- 
nologies. For each technology it 
provides data on technical factors, 
inwtment and operation costs, 
and environmental characteristics, 
including emissions of COP other 
greenhouse gases, and oxides of 
nitrogen end sulfur. The data base 
includes information on regional 
variations in each of these charac- 
teristics. 

An important feature of C02DB 

Combined cycle natural 

lnmndescent ligM bulb 
Combined cyde nillural gas 

wahcartmlsaubbhhg 

Compact fluorescent bulb 
Combined cyde natural gas 

wilh m b n  scrubbing 

is that it allows the user to assess 
the practical possibilities of diffusion 
of a given technology or set of 
technologies, including economic 
factors (cost, vintage structure of 
capital stock), technological con- 
straints (links to enabling technolo- 
gies), and cultural factors (rates of 
diision). 

It indudes information on cur- 
rently available technologies and 
potentially significant technologies 
that are under development - for 
example, combined-cycle natural- 
gas plants with advanced CO, 
scrubbing and disposal - and spec- 
Mes the time horizon of their avail- 
ability, as well as estimates of their 
rates of di ision in different pa& 
of the world. 

C02DB also contains data fi les 
on literature sources and assess- 
ments of data validity and concur- 
rent uncertainty ranges. Users can 
update or modify the information 
and enber data on new technolo- 
gies. 

Usingthe inventory researchers 
can combine technologies to as- 
sess the costs, emissions, and 
potential availability of entire energy 

chains, from energy supply through 
end we. The system provides a 
breakdown of costs and makes 
potential tradeoffs clear. 

C02DB may be the tint docu- 
mented and readily available tool of 
its kind, but it will not be the last. 
Efforts to develop other technology 
inventories are being sponsored by 
several national and international 
institutions, induding the intergov- 
ernmental Panel on Climate 
Change (IPCC Energy and Industry 
Subgroup Technology Assess- 
ment), the US Department of Ener- 
gy (Technology Characterization 
Inventory), the Japanese Working 
Group mhnologias for Reducing 
CO, Emissions), the German Minis- 
try for Science and Technology 
(IKARUS), and the International 
Energy Agency (Technology Infor- 
mation Exchange System, TIES). 
Members of the Institute's Environ- 
mentally Compatible Energy Strate- 
gies Project collaborate with each 
of these projects and with other 
individuals and institutions working 
on mitigation inventories. 

In the meantime, C02DB pm- 
vides a weful framework to assess 

PRIMARY ENERGY IkWh) 

A comparison using CO2DB of different systems to provkie lighting. The columns show the primaty energy requirements, CO, 
emissions, andcosts, hdudingcosts forinvestment, opsratmn, and maintenance, for &part of the energy chain in six diflerent 
systems h the USA, per lumen-year. The lowest column compares the shth system with an identical system in Austria. 



the economics and mitigation po- 
tential of various technologies and 
systems. It has been distributed 
informally to more than 40 re- 
searchers and institutions world- 
wide for their use. An additional 20 
copies were given to participants in 
two recent workshops at IlASA that 
brought together leading research- 
ers in the fields of energy and envi- 
ronment @ages 12-13). 

CO2DB was first used at IlASA 
in a study of global CO, potentials 
and their costs. The accompanying 
figures produced using the inven- 
tory illustrate an analysis of the 
cost, CO, emissions, and energy 
requirements of different energy 
chains that provide the same ser- 
vice - lighting - in the USA. Each 
of the first six columns depicts a 
diierent combination of the technol- 
ogies that can now or could in 
future provide lighting: conventional 
incandescent bulbs versus energy- 
efficient compact fluorescent bulbs; 
power generated by aconventional 
powerplant burning hard coal ver- 
sus a more modern combined-cycle 
natural-gas turbine, with or without 
CO, scrubbing. 

The right-hand column com- 
pares one of the energy chains with 
an identical chain used in Austria: 
analyses using C02DB show to 
what extent identical technological 
systems can have diierent costs 
and consequences in diierent situ- 
ations. 

The figure illustrates several 
other features of the COPDB inven- 
tory. First, it depicts all parts of an 
energy chain. Second, it gives a 
breakdown of the costs and emis- 
sions attributable to each step in 
the chain: in these examples costs 
to deliver the same service differ by 
about 30 percent, while CO, emis- 
sions to provide that service differ 
by more than 90 percent. Third, it 
allows analysis of badeoffs: for 
instance, the potential to reduce 
CO, emissions by concentrating on 
energy end-use - in this case, the 
type of bulb - versus energy sup- 
ply, and the approximate costs of 
changing any part of the chain. 

than even the most ambitious affor- 
estation campaign: better to keep 
the carbon out of the atmosphere 
now than try to get it back later. 

Efforts should be made to en- 
courage the use of higher efficiency 
technologies both for end-users 
and suppliers of energy. Cogenera- 
tion or combined-cycle natural-gas 
powerplants should be installed 
wherever practical. Efforts should 
be made to encourage the spread 
of efficient end-use technologies in 
everything from light bulbs and 
stoves to jet aircraft. 

Improving efficiency would yield 
a host of other benefits, both envi- 
ronmental and economic, including 
lower energy costs, reduced materi- 
al inputs, less local air pollution, 
and less acid precipitation. This is 
the basis of the "no-regrets" 
approach to the problem. 

In the short- to medium-term, at 
least, global society will continue to 
rely on fossil fuels. In this case, 
natural gas is the least of all evils. 
Methane is itself a greenhouse gas, 
but savings in CO, emissions far 
outweigh any addition to global 
warming potential by leakage of 
natural gas to the atmosphere. For 
each joule of energy produced, gas 
yields about 20 percent less GO, 
than oil, 40 percent less than coal. 
New infrastructures for the trans- 
portation and distribution of natural 
gas, combined with abandonment 
of regulations that restrict its use. 
would encourage its use. 

In areas where natural gas is 
not a practical option, greenhouse- 
gas emissions can be reduced by 
improving combustion technologies. 
Dirty fossil fuel technologies, such 
as the use of low-grade coal or the 
production of oil from shales or tar 
sands, should be discouraged. In 
some regions, biomass and other 
renewables - wind, solar, hydro- 
electric, tidal, and geothermal -are 
attractive options. Further research 
into these technologies is expected 
to lower their costs, making them 
more competitive. 

In the long term, renewables 
have the potential to contribute 

significantly to global energy sup- 
ply. Still, it appears likely that for 
many decades they will remain 
niche suppliers of energy, useful in 
a limited range of circumstances 
and locations. The other zero- 
carbon energy source currently 
available-nuclear -is highly politi- 
cized. It is difficult to predict what 
role nuclear power will play over 
the long-teml in the global energy 
System. 

Studies at IIASA have identified 
a number of technologies that deliv- 
er carbon-free energy. Combina- 
tions of hydrogen and electricity 
appear to be particularly advanta- 
geous. They can be produced by 
the smallest renewable energy 
source or the largest powerplant. 
They can be applied to almost any 
end use, from factory power to car 
engines to portable radios. They 
are easily convertible into each 
other; one option, electro-chemical 
conversion -fuel cells - offers the 
promise of very high efficiencies in 
converting hydrogen to elecbicity. 

But while both carriers could 
deliver carbon-free energy to end 
users, the problem remains of how 
to produce electricity and hydrogen 
without emitting carbon. The only 
truly carbon-free energy producers 
that we have are nuclear and re- 
newable~. All other options involve 
removing carbon at some point in 
the energy conversion process. 

If societies commit themselves 
to deep cuts in greenhouse gas 
emissions, no single technology or 
system will provide the solution. A 
serious effort to curb emissions 
would require numerous initiatives 
in the fields of policy and technolo- 
gy, and would affect almost all 
aspects of society. The Framework 
Convention on Climate Change is 
the first collective attempt to ad- 
dress the issue. It remains to be 
seen whether the threat of possible 
climate change will encourage 
international policy makers to more 
aggressively pursue the decarbon- 
ization of energy. 

Nebojia Nakidenovid 
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Some 63 economists lrom 19 counfnes anended the workshop on Costs, Impacts, and Possfble Benefils of CO, M~l~gat~on. 

Energy Workshops 
Some of ttm wild's foremost e n q y  
meardmm came to IlASA recently to 
attend two wrkdwps organized in 
associatim with the lntergovemmental 
Panel on Uimate Changa (IPCC). 

Costs, Impacts, and 
Possible Beneflts of 
CO, Mitigation 
28 - 30 September 1992 

Questions of economics are moving 
to the forefront of the global- 
warming debate. IPCC Chairman 
Bert Bolin bqan the workshop by 
stating that in future the IPCC 
would undertake economic 
analyses of climate change with the 
same vigor that it has demonstrat- 
ed in scientific assessments. This 
workshop, W i n  said, marked the 
beginning of that effort. 

The workshop, organized jointly 
by Yoichi Kaya of the University of 
Tokyo, William Nordhaus of Yale 
University, and Nebojh Nakibno- 
viC of IIASA, comprised five ses- 
sions on the economics of climate 
change, its impacts, its costs, policy 
instruments, and modeling issues. 

The meeting was opened by 
Akira Yajima, vice-president of the 

Japanese Central Research Insbi- 
M e  of the Electric Power Industry. 
In the first session, psrticipants 
agreed on the need for further 
climatological research; economists 
are working today with the same 
range of uncertainty in projections 
that they had in the 19709, lo- 5" 
C of warming under a doubling of 
atmospheric CO, 

Discussions of impact assess- 
ments led to one of the general 
conclusions of the workshop: that 
conventional business-as-usual 
economic analyses fail to account 
adequately for humanity's capacity 
to adjust to change, perhaps even 
to benefit from it. One speaker said 
that any impact assessment that 
fails to assume substantial adjust- 
ment by food producers to climate 
change is based on a world full of 
"dumb farmers." 

Participants agreed that such 
analyses may over-estimate the 
economic impacts of dimate 
change in developed countries, 
which have the resowces to adjust, 
and may underestimate them in 
developing counwes, which do not. 
This in turn points to the need for 
more and better country studies. 

In the session on costs several 
participants said that cost assess- 
ments are among the best exam- 
ples of empirical economic studies. 

They argued that, because the 
differences in model projections are 
relatively small, we should have 
confidence in their results. One 
speaker pointed out the need to 
incorporate non-market costs in 
economic analyses, but there was 
no agreement on how to empirically 
measure them. 

Presentations and discussions 
on policy instruments focused on 
carbon taxes. There was a consen- 
sus that If the goal of the tax is 
simply to reduce emissions of CO, 
to the atmosphere, then the most 
efficient way would be a stralght tax 
on carbon. EM participants agreed 
that tax structures are seldom 
shaped by one clear goal. 

One speaker noted that a car- 
bon tax woukl amount to a transfer 
of revenues from oil-produang to 
oil-consuming countries. Another 
said that carbon-taw revenues 
shoukl be "recycled", oc used to 
reduce existing taxes that indirectly 
work against a carbon taw. 

Most padidpants agreed that 
economic modeling is a W r e  
field, rich in approaches and tech- 
niques. They also agreed that 
efforts to bridge the gap between 
top-down and bottom-up approach- 
es should be encouraged. 

The conference proceedings 
will be published. 



Options, September '92 

I the potential for extensive and I the ocean, but the environmental -..-.-, ' """ 

Greenhouse Gases relatively low-cost energy consewa- 
tion in indusby. One person 

Reduction and Removal stressed the need to invest more in 

In the second workshop, organized 
jointly by Keiichi Yokobori, =hair 
of the IPCC's Energy and Industry 
Subgroup, and Nebojh N a k i b  
viC of IIASA, the emphasis was on 
technological issues associated 
with energy and climate change. 

In his introductory remarks, 
Yokobori noted that the results, of 
seven of the ten thematic studies 
commissioned by the IPCC would 
be presented for the flrst time at 
this workshop or were presented at 
the pfevious one. The wofishop 
comprised four sessions on energy 
end-use and conservation; ranew- 
ables and zerwat'lmn options; 
clean fossils, c a h  removal and 
storage; and technology assess- 
ment and R&D priorities. 

During the first working session 
several participants commented on 

developing countries, where there 
is great scope to improve effiien- 
cies and reduce CO, emissions at 
relatively low cost Another speaker 
added in the second session that, 
while energy use accounts for most 
CO, emissions in developed coun- 
tries, poverty drives emissions in 
the South -for example, deforesta- 
tion to provide arable land. 

Discussions of renewable ener- 
gy sources centered on biomass. 
One speaker suggested that by the 
middle of the next century biomass 
could produce more than three- 
fifths of the workl's elecbicily - this 
is currently its most economic appli- 
cation - and t w o - f i  of its liquid 
fuels. Others questioned whether it 
was practical on that scale. 

The third session included dis- 
cussions of the disposal of CO, in 
the deep ocean and in oil and natu- 
ral gas fields. Space in oil and gas 
fields is limited; by contrast, there is 
vast potential for storage of CO, in 

International Networks 

Internatlonal Energy 
Workshop 

Energy march- at IIASA &b- 
ode f m W y  and hfmmdt with 
nrssardrcws end imtifubbns around the 
-. llA= and s u p w  
the two nehrwks described below. 

The ION was set up in 1981 by 
IlASA and Stanford University to 
support a regular exchange of infor- 
mation by energy researchers. The 
organizers -Alan Manne of Stan- 
ford and h e  - - regularly poll 
experts in indusby, government, 
and the research community r e  
garding their projections. The 
results are collected, compared, 
and published semi-annually in a 
consistent format 

The median pol responses are 
a good measure of the consensus 

of the energy community regarding 
key bends, including future oil pic- 
es, economic growth, electricity 
consumption, and primary energy 
consumption by fuel types. Annual 
meetings provide omatunities to 
d i s c u s s r k  for similarities and 
dissimilarities in forec%sh and the 
range of variation in the latest polls, 
as well as current energy issues. 

The 1992 IEW meeting was 
held on 23-24 June at Harvard 
University. The next IEW will be 
held at IlASA on 22-24 June 1993. 

CHALLENGE 

This new international network was 
established in 1991 by IlASA and 
the Institute for Energy Economics 
and the Rational Use of Energy at 
Stuttgart University, Germany. 

CHALLENGE represents an 

risks are unknown. There was a 
consensus that ocean disposal 
should be regarded as the o~tion of - 
last resort. 

Participants also discussed 
ways to remove carbon from bio- 
mass and fossil fuels before and 
after combustion. Use of such tech- 
nologies would eliminate CO, emis- 
sions in the generation of energy; 
convertiiig that energy into elec- 
tricity or hydrogen for users would 
result in a zero-emission system. 

The fourth session focused on 
methoddogies and the treatment of 
uncertainty in mitigation assess- 
ments. Presentations were made of 
lwo technology inventories - IKAR- 
US, under development in Germa- 
ny, and IIASA's CO2DB (page 10) 
- and of preliminary studies using 
the New Earth 21 energy model 
under development in Japan. 

One participant stressed that 
research on energy issues must be 
seen as part of a larger problem: 
how to meet demands for economic 
development while minimizing the 
impact on natural ecosystems. 

effort by more than 20 institutions 
and individual researchers - the 
number is growing - in developed 
and developing countries to ana- 
lyze and compare national case 
studies on stratwies to reduce 
greenhouse gas -emissions. To 
date, participants have standard- 
ized some key scenario assump 
tions, such as projections of oil 
prices, and defined classes of sce- 
narios. On 3-4 December they will 
meet to discuss first-round p r o p -  
als for standardized reference or 
baseline scenarios. 

The goal is to standardize 
enough of the inputs so that global 
scenarios can be formulated In a 
consistent way, allowing members 
of the CHALLENGE network to 
analyze global strategies for conbd 
of greenhouse gas emissions. 

Leo Schrattenholzer 



Richard B. Norgaard 

Richard Norgaard is a leading mntribu- 
tor to the emerging field of emIcgical 
economics. A proprofassor in the Energy 
and Resources Group of the University 
of Calrfornia at Berkelev. he is workino 
wnh IIASA's Sten N~ISS& on a study i f  
sustainable development of Siberia's 
forests and forest industries (page 15). 

0: What do you see as the limita- 
tions of neoclassical economics? 
The problem is not so much with 
the limitations of neoclassical eco- 
nomic theory as it is with the econ- 
omists. As neoclassical economists, 
we carry with us certain disciplinary 
and cultural assumptions, historic 
Western ways of thinking, that are 
being challenged by our new envi- 
ronmental understanding. We have 
to put the old assumptions aside if 
we are going to think creatively 
about sustainability. 

0: What sorts of assumptions? 
Mostly cultural. Neodassical econ- 
omists are Westernized people. 
They share Western ideas of pro- 
gress, individualism, and the nature 
of society, ideas that have nothing 
to do with economic theory as such 
but distort economists' chain of 
reasoning. 

We really believed that the best 
thing you could do for the poor and 
for people in the future was to de- 
velop as fast as possible, to make 
the pie grow. We believed that the 
next generation would be better off. 
and so we felt comfortable not 
asking equity questions. We were 
confident that resource scarcity and 
environmental limits would not 
impede development. 

That's a phenomenon of West- 
ern culture, not part of the logic of 
economics. Sustainability, more 
than anything else that resource 
economists think about, is a matter 
of intergenerational equity, a matter 
of transferring assets to the next 
generation, redistributing rights, or 

in some way caring about the 
future. 

Neoclassical economics can 
handle equity issues, although it 
certainly becomes more complex. 
First, people must use the political 
process to decide whether and how 
to make economies sustainable: 
you can't make equity decisions 
through economic reasoning. After 
that, economists can help describe 
the tradoffs between current and 
Mure welfare. 

0: What about the debate over 
resource use? 
For 60 years economists have built 
models describing the optimal allo- 
cation of resources over time. All 
the models implicitly assumed that 
the current generation holds all the 
rights, and it will conserve resourc- 
es i f 4  can sell them to its children 
at a proft. Ninety-nine percent of 
the literature assumes this. 

How can we be concerned 
about the long term if we're using a 
5 or 10 percent or, like the World 
Bank. 15 percent discount rate? 

Richard Howalth and I have 
built overlapping generation models 

where we redistribute rights to 
resources from the current genera- 
tion to future generations, without 
discounting. The models show that 
if we care about the future, then 
interest rates go down. 

0: Is that the key to sustahability? 
The idea of changing discount rates 
is a cute resolution of the problem 
of worrying about the future, but we 
can't reach our objective by chang- 
ing interest rates any more than we 
can reach it by changing any other 
prices. 

Today's prices reflect an 
unsustainable economy. In a sus- 
tainable economy, all of the prices 
would be different. What we want 
are prices that make our economy 
work the way we want it to work. 
But you can't just change a few 
prices. We must get all of the pric- 
es right Redistributing rights to 
Mure generations would do this. 

We're going to have to be c r e  
ative. Sustainable development 
means lots of shifts In the econo- 
my, lots of adjustments. Those 
adjustments are going to come 
about through very strong signals 
that run across the economy, not 
just fine-tuning. 

Our models are entirely hypo- 
thetical. The question is, How do 
we do it in practice? I don't know 
the answer. We have very F i e  
experience advising the policy pro- 
cess using general equilibrium 
analyses that give multiple options. 
That's something that I want to 
work on with Sten plilsson]. 

What we can say is that we 
know the direction we need to go. 
As we move in that direction, we 
may be able to track the changes 
and extrapolate some of them. But 
as economists we need to move 
away from the partial equilibrium 
approaches that we have used 
historically. 
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Q: Is the will there to make the 
necessary changes? 
Politicians have never been averse 
to pushing the "invisible hand" of 
the market. The problem has been 
neoclassical economists. In the last 
decade economists have become 
wedded to the invisible hand, to 
getting rid of all distortions and any 
guidance. I believe very strongly in 
the invisible hand and its ability to 

help us to get places efficiently. But 
we still need to decide where we 
want to go. That's what economists 
have not addressed. 

Q: How can economists do that? 
We have to become much more 
comfortable delivering alternative 
scenarios for the performance of 
whole economies. 

Sustainability of Siberian Forests 

Q: Do you mean central planning? 
No. In central planning the assump- 
tion was that economists could 
allocate resources better than mar- 
kets. That proved to be a tall order. 
But it is similar to central planning 
in the sense that we need to public- 
ly decide what our objectives are. 
Economists need to show what 
options are possible and to encour- 
age debate. We need to generate 

habitat and recreation to local and 
global climate amelioration. 

The last stages of work will be 
integrated analyses of the subsid- 
iary studies leading to policy rec- 
ommendations for sustainable 
development. Current practices are 
anything but sustainable. Research 
by IIASA's Forest Resources Pro- 
ject indicates that some of Siberia's 
forests could be mined out in 40 to 
50 years. 

Historically Siberia's forest 
industry has been characterized by 
massive industrial developments. In 
setting up the Ust-llimsk combine 
some 20 years ago authorities built 
a new town and airport, a railway 
line connecting the development to 
the BaikaCAmur railroad, and one 
of the largest hydroelectric power 
plants in Russia, with a capacity of 
four million kilowatts and a reser- 
voir of 2000 square kilometers. The 
combine was assigned a wood 
catchment area of 36,000 square 
kilometers, almost the size of 
Switzerland. 

Resbucturing the Siberian for- 
est industry will be difficult and- 
expensive. The industry is char- 
acterized by obsolete technology, 
low productivity, and products of 
low quality. In addition, much of it is 
far from the major world markets. 

Any recommendations regard- 
ing possible industrial strategies - 
what to produce, how, and for 
whom -will be consistent with the 
broader goal of environmental and 
socio-economic sustainability. 

~ber~a's vast forests are not 
only one of the world's last S' ' 

great frontiers: they are a natural 
heritage of truly global importance. 
For Russia, they are a potential 
cornerstone of the economy; for the 
world as a whole, they are a key 
tool in the maintenance of a stable 
climate and a healthy biosphere. 

On March 9 IlASA signed an 
agreement with the Russian Acad- 
emy of Sciences and the Ministry of 
Ecology and Natural Resources for 
a major, multi-year project on For- 
est Resources, Environment, and 
Socio-Economic Development of 
Siberia. The project's goals are: to 
analyze the state of Siberia's for- 
ests and develop data bases on 
forest ecosystems from the Urals to 
the Pacific; to assess their bio- 
spheric role, especially with regard 
to global warming and biodiversity; 
to identify strategies that will in- 
crease their contribution to sustain- 
able socio-economic development; 
and to carry out a detailed case 
study of the Ustllimsk region. 

Siberia has 19 percent of the 
world's forested area - five million 
square kilometers, an area roughly 
two-thirds the size of the continen- 
tal USA - and 17 percent of the 
world's standing timber. Within that 
timber is an estimated 40,000 mil- 
lion tons of carbon, nearly half the 
amount sequestered by the forests 
of the Amazon Basin. 

The changes in the former 
Soviet Union offer unprecedented 
opportunities and risks for devel- 

opment of Siberia's environment, 
forest resources, and forest indus- 
tries. In spite of its timber and min- 
era1 wealth, the region suffers from 
weaker economic development 
than other parts of Russia and a 
high incidence of social problems. 
Healthy forests and forest industries 
could improve the economic and 
social vitality of Siberia and the 
environmental well-being af the 
entire world. 

Considerable effort has gone 
into setting up an elaborate project 
network. The study will involve 
dozens of researchers throughout 
Russia as well as collaborators in 
the USA, Canada, Japan, Finland, 
Sweden, and other countries. Two 
core research teams will be set up, 
one at NASA led by Sten Nilsson, 
the Leader of the Institute's Forest 
Resources Project, and the other in 
Moscow under Alexander Isaev, 
Director of the Center for Ecological 
and Forest Productivity Problems of 
the Russian Academy of Sciences. 

Following initial set-up work 
and a preliminary analysis of avail- 
able data, work began this fall to 
develop two sets of data bases, 
one on resources and ecology, the 
other on industry, infrastructure, 
and socio-economic factors. In 
1993 work will begin on studies of 
forest resources, markets, industry 
and infrastructure, regional and 
global ecological factors, and socio- 
economic aspects. Some of the 
studies will focus on the non-wood 
benefits of forests, from wildlife 
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models of economies and say to 
politicians, 'Each of these scenarios 
is efficient, but we could go this 
way or this way, we could have a 
world with a lot of forests or a little, 
more biodiversity or less. If you 
want to move that way, then here's 
what the economy might look like, 
here are the implications for future 
generations, and here are the cho- 
ices and the saciiices needed to 
reach those objectives.' 

That's very different from what 
we have been doing. In my five 
months in the World Bank I repeat- 
edly watched economists trying to 
determine. What are the right an- 
swers for Brazil or India, what is the 
right thing to tell them to do.' As 
economists we're used to saying to 
politicians, This is where you want 
to go to be efficient' -without ever 
telling them that our answer as- 
sumes the current generation holds 
all the rights. In the political sphere 
the debate is not about whether 
this generation is efficiently exploit- 
ing resources, but about the rights 
of future generations or the rights 
of the poor. 

Q: How did you get involved in 
environmental economics? 
I was an environmentalist before I 
was an economist. I've been strug- 
gling with these two secular reli- 
gions - I think that's the best way 
to describe them -for 25 years. 

In the late '70s I spent a lot of 
time in Brazil, working in the Ama- 
zon, reading a lot of ecology and 
anthropology. I began to realize 
that neither the neoclassical para- 
digm nor the Marxist paradigm was 
explaining things. 

Why is it that when Western 
societies moved into the Amazon, 
the social systems that they tried to 
implant would collapse and destroy 
the ecosystem also - a devolution 
of both systems? I concluded that 
development is a process of co- 
evolution between social systems 
and environmental systems. 

I read a lot about the sociology 
and philosophy of Western science 
and started thinking about how it 

relates to environmental debates. 
The basic question is, Why is it 

that when we come to complex 
issues, perfectly good scientists 
start contradicting each other and 
then start accusing the other of 
being wrong? How do we come to 
an environmental consensus? 

Knowledge is a social construc- 
tion. I think we need to recognize 
some of the myths maintained 
within disciplinary patterns of think- 
ing, to distinguish between differ- 
ences in assumptions between 
disciplines and between old and 
new environmental understandings. 

I believe strongly in the 
'invisible hand' of the 
market and its ability 
to help us get places 
efficiently. But we 
still have to decide 
where we want to go. 

Q: What sori of myths? 
For 300 or 400 years Westerners 
have believed that knowledge is 
converging into a coherent whole. 
We saw the sciences as islands of 
knowledge, gradually growing and 
pushing back the sea of ignorance. 
All we needed to do was to study 
harder, to push back the sea, and 
a coherent truth would emerge. In 
fact, the sea seems to be growing 
faster than our islands of disciplin- 
ary knowledge. We seem to be 
asking questions faster than 
science can answer them. 

If our sciences were truly merg- 
ing, any incoherence between sci- 
entists would indicate that at least 
one of them was wrong. Econo- 
mists, and scientists generally, 
dismiss understandings which do 
not fit their own. Economists have 

favored delaying action in the midst 
of incoherence. 

Most philosophers of science 
now recognize that there are differ- 
ent patterns of thinking. The New- 
tonian pattern divides the world up 
atomistically, and then assumes 
that everything is connected mech- 
anistically; this is very different from 
an evolutionary pattern, where the 
parts keep changing. In a mechan- 
istic world, you can reverse all the 
processes; in an evolutionary world, 
nothing ever reverses. These are 
different patterns of thinking, and 
they will never merge. 

Even when disciplines share 
patterns of thinking, they might 
work on totally diierent time scales, 
or totally different levels of aggre- 
gation across parts, or simply deal 
with diierent parts. 

Coherence comes through 
discourse. Environmental know- 
ledge is not inherently coherent: 
understanding is reached through a 
process of discourse coming to a 
consensus. 

Global climate change is a 
case in point. All kinds of know- 
ledge are being brought together, 
from oceanography to silviculture. 
There are scientists working with 
different patterns of thinking, and 
totally diierent time scales. They 
don't cohere. Economists must 
work with the understanding that is 
emerging through discourse. 

Q: Are there other assumptions that 
hinder economists? 
There is an assumption that all 
cultures would merge to one 
correct, Western way of thinking: 
differences might continue with re- 
spect to art, food, and music, but 
technologies and social organiza- 
tion would merge to one best way. 
Development economists typically 
projected a convergence to West- 
ern ways. I think the reculturaliza- 
tion of the republics of the old 
USSR and the general disillusion 
with development in Third World 
countries suggest that this view is 
false. Economists need to learn to 
address cultural diversity. 



Beyond Interdependence 

Review by Norman Myers 

rltten as a publication for the w '  run-up to the Rio Earth 
Summit in June 1992, this book de- 
serves to be read, marked, and 
inwardly digested long after the 
dust of Rio has settled. It is one of 
the best books I have encountered 
on that prime topic of our times, 
global interdependence. Actually 
the title proposes otherwise, but 
that is only because the authors 
look way beyond the conventional 
(economic and environmental) 
forms of interdependence and con- 
sider a much loftier form, that of 
both economic and environmental 
types taken together. This new 
synthesis is not merely additive in 
its repercussions, it is often multi- 
plicative, acting with compounded 
impact as in the case of internation- 
al debt and tropical deforestation. 

More important still, this phe- 
nomenon, little recognized though it 
may be by the world's leaders, has 
become an unavoidable fact of life: 
'The interlocking of the world's 
economy and the Earth's ecology is 
the new reality of the century, with 
profound implications for the shape 
of our institutions and governance, 
national and international - until 
death do them part." 

Much of the first part of the 
book reiterates and updates the 
arguments of the Brundtland Report 
-not so remarkable, given that the 
lead author, Jim MacNeill, was a 
member of the Brundtland Commis- 
sion. It points out that in the late 
1980s there was a net flow of funds 
from South to North of over $50 
billion per year; so much for pious 
assertions by Northerners that 
Southerners seem to be forever 
wasting the largesse the North 
sends them with sustained gener- 
osity. At a time when industrialized 
nations should be wing to get off 

the fossil-fuel hook, the United 
States subsidizes conventional 
energy forms several times more 
than new, renewable, and non- 
polluting forms. Similarly perverse 
subsidies that foster over-use of 
soils, water, timber, pesticides, and 
land resources generally may now 
total $1 trillion a year or almost a 
twentieth of the global economy. 
Lots of people talk about the need 
to devise more sophisticated and 
sensitive indicators of a nation's 
welfare than GNP, notably through 
natural resource accounting. Lots 

Beyond interdependence 

J. MacNeill, P. Winsemius, 
and T. Yakushiji 

Oxford University Press, 1991 

more people talk about that great 
grail of the future, sustainable de- 
velopment, but few have a clear 
idea of what it means, let alone 
how to put it into practice. 

A middle section, "Global Envi- 
ronmental and Geopolitical 
Change," posits the imperative of 
change. We shall encounter 
change either because we pursue 
~t or we find it is imposed upon us 
by force of environmental circum- 
stance (as through global warming) 
3r through seismic political shifts 
(as through the growing political 
muscle of the South). Change, 
umultuous change, is now as cer- 
ain as death and taxes. 

There is much opportunity for 
JS to select the types of change we 
)refer. The option we do not have 
s to avoid or even defer change of 
nomentous scale. President Bush 
ieclared at Rio that the American 
way of life is not up for negotiation, 
hat it would be "business as usual" 

no matter what upstart Southerners 
may want. Yet the American way of 
life is headed for changes so radi- 
cal (again, i f  only because of global 
warming) that it may become hardly 
recognizable within just a few de- 
cades - and the longer American 
leaders postpone their choices, the 
more radical will be the changes. 

The book's most innovative 
section comprises the last two 
chapters, "Toward Global Action" 
and "Challenges and Prospects for 
a Sustainable Future." Here we 
read of the agonizing processes of 
negotiations that must be undertak- 
en if we are ever to arrive at 
substantive global treaties on cli- 
mate, biodiversity, and forests. 
True, preliminary versions of the 
first two were signed at Rio; but 
they are little more than paper 
Droposals, with few specifics in the 
uay of verifiable actions plus target 
dates and the like. If the way ahead 
s to be long and rocky, that is 
argely because all other avenues 
lave been closed off thanks to our 
nyopic misuse of environmental 
.esources and cowboy economics. 
'ortunately, we can still choose to 
:hoose. If we don't, we shall have 
:o follow the self-same road, albeit 
ticking and screaming. 

It is in this last perspective that 
he book is powerful aplenty. It 
;pells out the step-by-step strate- 
lies that will be most productive, 
and it details the positive payoffs 
available once we get going with 
alk-turkey negotiations. I got to the 
tnd of the book with a distinctly 
~pbeat spirit The book demon- 
strates beyond doubt that we can 
;till squeeze through the bottleneck 
imes ahead. An exciting era to 
?xperience! 

Jorman Myers, PhD., is a nmsultant in 
Bnvfronment anddevelopment based in 
Mord, England He was a Special 
\dwser to Maunce Strong for UNCED. 



Local Environmental 
Information System 
IIASA has signed a contract with the 
City of Ostrava and the institute of 
Economics of the Czechoslovak Acad- 
emy of Sciences to develop a compu- 
terized urbanlindustrial environmental 
information system tor Ostrava. The 
system will provide interactive tools to 
display and analyze environmental 
information on a regioml scale and to 
simulate and evaluate environmental 
control measures. It will be used to 
address selected environmental man- 
agement problems, such as inveshnent 
requirements to meet specific environ- 
mental standards in Ostrava, especially 
air and water pollution problems. 
(Contact: Kurt Fedra) 

or failure of international environmental 
agreements, based on an empirical 
analysis of 150 environmental agree- 
ments and several illustrative case 
studies. (Contact: Bertram Spectot) 

GIs Extensions 
IlASA has been awarded a contract by 
the Netherlands Minisby of Housing, 
Physical Planning and Environment to 
extend the spatial display features of 
GSAFETI, an environmental information 
system developed for the minisby by 
IIASA. (Contact: Kurt Fedra) 

Target Loads for 
Sulfur Deposition 
The German Federal Environmental 
Agency has given IlASA a contract to 

IMAGE Model Display explwe various scenarios of sulfur 
The Netherlands Institute for Public 
Health and Environmental Protection 
(RiVM) has contracted with NASA to 
develop a prototype of a user support 
system for RIVM's climate change 
model, IMAGE (Integrated Model for 
Assessing the Greenhouse Effect). The 
system allows ineverienced users to 
run IMAGE easily and to access its 
results. (Contact: Kurt Fedra) 

Effectiveness of 
International Agreements 
The United States institute tor Peace 
has awarded IlASA a contract to ana- 
lyze the factors that determine success 

emissions in Europe. The scenarios will 
be used as a basis for the determina- 
tion of target loads of sulfur deposition 
in Germany. (Cantact Markus Amann) 

Eastern European 
Emissions 
NASA has been awarded a contract by 
the Netherlands Institute for Public 
Healm and Environmental Protection to 
investigate historic and projected emis- 
sion factom for particulates, volatile 
organic compounds, and sulfur diodde 
tor various industrial activities in East- 
em Europe. (Contact: Markus Amann) 

nu-. cuu ,,,- ,..,, ,,,-nbers, alumni, and supporters anended a and 
mncert October 4 to mark the 20th annivwsaty of the signing of the IIASA Charter. 

Options, September 92 

International Energy Workshop, 
Cambrldge, MA, USA, 23-24 June. 
(page 13) (Contact: Leo Schratten- 
hdz6f) 

Tralnlng for Negotlatlon Trainers, 
Laxenburg, Austria, 2+26 June. 
Experts in the theory and practice of 
negotiation met to design a program for 
training negotiation trainers. Different 
teaching approaches were demonstrat- 
ed and discussed with a view to mining 
government officials, diplomats, and 
academics. The goal is to prepare par- 
ticipants fmm Central and Eastern 
E u m p  to develop negotiation training 
courses adapted to their own cultural, 
social, and organizational settings. The 
flrst training session is to be held this 
November. (Contact: Bemm Spectot) 

Smsll-rcale Prlvrtlzatlon: Experl- 
ences In Eastern Europe, Laxenburg, 
Ausiria, 26-28 June. 
This worltshop was organized at the re- 
quest of Anably Chubai, Deputy Prime 
Minister of the Russian Federation and 
Chairman of the State Committee for 
the Management of State Property, to 
assess experiences in the privatization 
of small enterprises, particularly small 
retail and consumer service outlets - 
Russia is behind most Central Europe- 
an counties in such reforms. Officials 
and researchers from the CSFR, Ger- 
many, Hungary, Poland, Russia, and 
liASA discussed the elaboration of 
privatization programs; principles and 
techniques of small-scale privatization; 
implementation of privatization plans; 
the current state of the small-scale 
sectw; and the behavior of privatized 
f ' i s .  A worltshop summary is available 
from IlASA (Contact: &nos GB@ 

Justice and Fairness in Negotlatlon, 
Laxenburg, Austria, 1 July. 
An informal workshop was held to ex- 
plore how international agreements are 
achieved when nations have different 
criteria of justice and faimess. The 
workshop specifically addressed justice 
and faimess under uncertainty, fairness 
in distributive and nondivisible 
outcomes, and faimess principles in 
environmental negotiations. (Contact: 
Bertram spec to^) 

Analytical Perspectives on UNCED, 
Laxenburg, Austria, 2 July. 
At this ow-day workshop participants 
applied various analytical approaches to 
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the UNCED process, from the pie- 
negotiation to the negotiation phase, 
and discussed progress on a book on 
the subject (Contact: B&m Sped00 

Modeling Uncertain Systems. Sop  
ron, Hungary, 6-10 July. 
At this w o w ,  organized jointly with 
IIASA's Hungarian National Member 
Organization, 37 scientisls from 11 
muntries ouUined recent developments 
in modeling approaches, methods, and 
computational techniques for uncertain 
dynamic systems. The main areas of 
discussion were estimation and identifi- 
cation. evolution and control of uncer- 
tain systems, and robust stabilization 
under uncertsjnty. The proceedings will 
be published. (Contact: Yladimir Veliov) 

Rueslan Economy Study Group, 
Moscow, 13-15 July. 
This series of meetings, part of IIASA's 
ongoing work with Russian officials on 
the problems of economic transition, 
brought together leading Western econ- 
omists and senior Russian officials, 
including Deputy Prime Ministers Ana- 
tolv Chubai and Aleksander Shokhin 

supply responses, and the behavior of 
enterprises during tansition (restrictions 
on production, privatization, competition 
policy, regulation, industrial policy). 
(Contact: Jgnos Gdcs) 

Delayed Effects of Chemicals In 
Solls and Sediments, Veldhoven, the 
Netherlands, 2 4  September. 
As part of the Chemical 5me Bombs 
Project initiated in 1990 by IlASA and 
the Netherlands Ministry of Housing, 
Physical Planning, and the Environ- 
ment 70 scientists met to assess 
current knowledge of the delayed ef- 
fects of lona-term dewsition of chem- 
icals. participants discussed Factors that 
affect natural capacities to store chemi- 
cals, ways to model and sludy chemical 
fbws, problems of landfills, measures to 
anticipate and control chemical time 
bombs, and IIASA's Rhine Basin Sludy 
(Optbrw Sept '91). They also dis- 
cussed proposals lor a European 
Research Program on Chemical 5me 
Bombs. (Contact: William Stigliani) 

Casts. Im~acts, and Posslble Bene- 

Forthcoming Meetings 

llASA will sponsor or cospcnsof the 
fdlowing scientific meetings: 

November 1 S21 :  International Trade 
and Resmturing in Eastern Europe, 
Laxenburg, Austria. (Contact: J h  
GBcs) 

November -24: Nuclear Contamina- 
tion and Waste Disposal. Laxenburg. 
Austria (Contact: Peter de JBnosi, Yun 
Emliev. Joanne Linnerwth-Bayer or 
Ahadii Mattsev) 

November 26-27: Appliitions of Deci- 
sion Support Systems. Tokyo. Japan. 
(Contact: Marek Makowski) 

November 26-27: Climate Change and 
Forest Resources, Laxenburg. Austria. 
(Contact: Sten Nilson) 

December 3 4 :  CHALLENGE (page 
13), Laxenbrrg, Austria (Contact: Leo 
Schranenhokerj 

anb four ~usslan m~nlsters It included fits of CO, YIUgstfon, Laxenburg, 
diswsslons of monetary policy (money Austrlq *30 September. (page 12) 
supply, credit policy, banking; i n t i -  
republic issues, exchange rate policy), 
f& policy budget deficit, taxation, 
spending pol'!, fiscal relations be- 
tween levels of government), inter- 
national economic relations (trade 
pdicy, inter-republic issues, trade cred- 
its. World Bank and IMF policies), 

(Contact: Nebom Nalci&noviC) 

IPCCIEIS--IIASA Workshop on 
Energy-celated Greenhouse Gas 
Reduction and Removal, Laxenburg, 
Austria, 1-2 October. (page 13) 
(Contact: Nebojh NakiCenoviC) 

Appointments Alumni Appointments 

Zblgnlew Kllmont (Pdand) of the 
Polish Academy of Sciences has joined 
the Transboundary Air Pollution Project 

John Rohrbaugh (USA) of the Gradu- 
ate School of Public Affairs of Me State 
University of New York at Albany has 
joined the Methodology of Decision 
Analysis Project. 

AndfzeJ Ruszczyhakl (Pdand), from 
the Warsaw University of Techndogy, 
has joined the Optimization Under Un- 
certainty Project. 

Hany Swain (Canada), leader of the 
Urban Project 1974--75. has been ap- 
pointed Canada's Deputy Minister of 
Indusby, Science, and Technology. 

Awards 

Andrzel Wlerzblckl of IIASA's System 
and Decision Sciences Project has 
been given the Georg Cantor Award, 
the highest honor bestowed by the 
International Societyon Multiple Criteria 
Decision Maldng for scholarly contribu- 
tions to the field. 

IIASA Reports 

The following reports an, available trom 
Robert Mdnnes, llASA Publications 
Deparlment, for the amounts indicated. 

Macroeconomic Impacts of an EEC 
Policy to Control Alr Pdlutlon. G. 
Klaassen, A Nenljes. Reprinted from 
JournaJ of Policy Modeling (1991) 
13(3):347-366. RR-92007. US $1 0. 

The 1991 lnternatlonal Energy Work- 
shop: The Poll Results and a Revlew 
of Papers. A.S. Manne. L Schranen- 
hdzer, K Marchant. Reprinted from 
Review, Winter 1991, 389411. RR-92- 
-008. us $10. 

Leaklng Methane from Natural Gas 
Vehlcler: lmpllcatlons for Transpor- 
tatlon Pollcy in the Greenhouse Em. 
D.G. Victor. Reprinted from Climatic 
Change (I 992) 20: 11 3-1 41. RR-92-009. 
us $10. 

Some Environmental Pollcy Impllca- 
dons of Recycling Paper Products In 
Western Europe. S. Nilsson, Y. Virtan- 
en. ER-92-022. US $10. 



Ell IIASA 
l n t e r n a t ~ o n a i  I n s t i t u t e  
for Applied Systems Analysis 

IIASA's ROLE 
The International Institute for 
Applied Systems Analysisisan inter- 
national, nongovernmental research 
institution sponsored by scientific 
organizations from 15 countries. 
IIASA's objective is to bring together 
scientistsfromvariouscountriesand 
disciplines to conduct research in 
a setting that is non-political and 
scientifically rigorous. It aims to pro- 
vide policy-oriented research results 
that deal with issues transcending 
national boundaries. Resident 
scientists at IlASA coordinate re- 
search projects, working in collabo- 
ration with worldwide networks of 
researchers, policymakers, and re- 
search organizations. 

. . . .. 
Climate 

,lion 
ENVIRONMENT 

RESEARCH 
Recent projects include studies on 
global climate change, computer 
modelling of global vegetation, 
heavy metal pollution, acid rain, 
forest decline, economic transitions 
from central planning to open mar- 
kets, the social and economic im- 
plications of population change, 

MEMBERSHIP 
llASA was founded in 1972 on the 
initiative of the USA and the USSR, 
and now also includes eleven Euro- 
pean countries, Canada and Japan. 
llASA has member organizations in 
the following countries: Austria, Bul- 
garia, Canada, the Czech and Slovak 
Federal Republic, Finland, France, 
Germany, Hungary, Italy, Japan, the 
Netherlands, Poland, the Russian 
Federation, Sweden, and the United 
States of America 

FURTHER INFORMATION 
processes of international negotia- 
tions, and the theory and methods of 
systems analysis. IlASA applies the 
tools and techniques of systems 
analysis to these and other issues of 
global importance. 

Further information about NASA and 
its work is available fmm: The Office 
of Communications, International 
lnstitute for Applied Systems Analy- 
sis, A-2361 Laxenburg, Austria, Tele- 
phone (02236) 71 521 -0. 


