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Preface 

This report grew out of expert testimony given by Dr. Florentin Krause before the Joint 
Economic Committee of die U.S. Senate in April, 1992. In the months immediately 
preceding the UN Conference on Environment and Development in Brazil, a number of 
organizations had presented estimates of the likely cost of reducing carbon emissions in 
various countries or regions. For the most part, these studies relied on macroeconomic 
models. Their findings were in stark contrast to the findings of bottom-up analyses, 
including IPSEP's in-depth analysis of carbon reduction costs in Western Europe. The 
hearings before the U.S. Senate were aimed at examining these differences, and 
investigated the economic rationale for the refusal of the Bush administration to commit 
itself to proposed timetables for the stabilization of carbon emissions at base year levels. 

The public policy discussion at this hearing, and the attention the issue received in the 
media, made it clear that most policy-makers, journalists, and other lay participants had 
an insufficient grasp of the paradigmatic differences between the analytic methods 
underlying competing assessments of emission reduction costs. These competing cost 
assessments caused understandable bewilderment and had the effect of making 
lawmakers more hesitant about adopting climate stabilization policies. A clarification 
was thus in order. Decision-makers need a consumer's guide to greenhouse costing 
studies. 

The present report is one of the most comprehensive attempts to date to make sense of the 
top-down/bottom-up debate. Since it includes a detailed summary of the bottom-up 
approach, it also describes the basic analytic methods used in the IPSEP study. 
Furthermore, it puts the results of our case study of carbon reduction costs in Western 
Europe into a larger context by comparing our results with those of other studies. In the 
hope that this comparative review will equip the reader to better appreciate the rest of our 
analysis, we have made it Part 1 of IPSEP's new study. 

The analysis of Part 1 was developed by Dr. Florentin Krause.* He was aided in this task 
by in-depth reviews and enriching comments from Dr. Erik Haites,** and from his 
collegues Dr. Richard Howarth and Dr. Jonathan Koomey.*** The insightful comments of 
Dr. Robert Shakleton and Dr. Arjun K. Sanghi are also gratefully acknowledged. Finally, 
we wish to thank Celina Atkinson, Byron Brown, Holly Hubbell, Mary Orland, and 
Karen Shen for their assistance in producing this report. 

The opinions expressed in this report are not necessarily those of its sponsors. The 
research in this report was made possible by a grant from the Dutch Ministry of 
Environment, its dissemination was also supported by the Energy Foundation. Special 
thanks go to Jacob Swagers and Hal Harvey for their generous support of this work. 

Director, International Project for Sustainable Energy Paths, El Cerrito, California, USA. 
Principal, Barakat & Chamberlin, Toronto, Canada. 

'Staff scientists, Lawrence Berkeley Laboratory, Berkeley, California, USA 
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ABSTRACT 

This report summarizes findings from an in-depth review of top-down and bottom-up 
methodologies used in studies on the cost of reducing carbon emissions in various OECD 
countries. Each of the two methodologies is described in terms of its paradigmatic 
perspective on the functioning of the market for energy services and supplies, its discount 
rate assumptions, its treatment of price feedbacks, its modeling approach and forward-
looking ability, and its empirical basis in technology trends, market research, and 
observed consumer behavior. 

Twelve pertinent top-down and bottom-up studies are summarized in terms of the cost (or 
benefit) of carbon reductions, the carbon taxes needed to achieve emission reductions, the 
application of fiscal and non-fiscal policies, and the specific modeling methods and 
sensitivity analyses used in each. 

The principal findings of this review are as follows: 

• Contrary to a widespread belief, significant cuts in carbon emissions 
are feasible while saving nations and consumers money. 

• Studies showing that reduction goals would require high carbon taxes 
and would unavoidably slow economic growth ignore important 
lower-cost policy options. 

• Programs aimed at cost-effective but unrealized efficiency 
improvements and cogeneration options could cut emissions while 
reducing national energy bills and enhance growth in employment and 
economic output. Targeted recycling of energy or carbon tax revenues 
could further enhance these benefits. 

• Emission reductions can be implemented most effectively by heavily 
relying on instruments other than carbon taxes. A least-cost approach 
will emphasize non-price policies, with carbon taxes playing an 
important supplementary role. 

• Conventional macroeconomic modeling assessments are ill-suited as 
the principal basis for assessing the cost of carbon reduction policies. 
Much greater emphasis should be placed on bottom-up analyses, 
notably market research, program evaluation, and engineering-
economic studies that identify market barriers and unrealized 
efficiency potentials by technology, end-use, and sector. 

• Macroeconomic modeling studies can make unique contributions in 
the investigation of energy tax recycling options, distributional effects, 
and trade effects under non-comprehensive carbon reduction policy 
regimes. 
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EXECUTIVE SUMMARY 

A. BACKGROUND 

A U.N. sanctioned report by the Intergovernmental Panel on Climate Change (IPCC) 
recendy found that global carbon emissions will need to be cut by at least sixty percent 
below present levels in order to stabilize the concentration of carbon dioxide in the Earth's 
atmosphere. Similarly, IPSEP's previous study (Energy Policy in the Greenhouse, 
Volume One) found that a risk-averse interpretation of current climatic knowledge suggests 
progressive OECD carbon emission targets ranging from stabilization at base year levels 
before the turn of the century, to cuts of 20 percent within the first decade of the next 
century, and cuts of about 50 percent within the first quarter of the next century. 

These climate stabilization requirements suggest that it is important to learn the cost of 
cutting emissions by large percentages within the next two to four decades. By contrast, 
the focus in the current policy debate is on only the most modest steps, such as a freezing 
of emissions at current levels by the year 2000. This hesitancy reflects, in part, a 
widespread presumption about the likely cost of carbon reductions to society, i.e., that any 
significant reductions would be expensive, and large reductions prohibitively so. 

A clash of paradigms 

When policy-makers ask for assessments of the cost of carbon reductions, they are 
invariably frustrated by competing answers and competing policy recommendations. Cost 
estimates to date span the full range of possible outcomes, from strongly positive costs to 
strongly negative costs (i.e., net benefits). Moreover, this divergence exists for the full 
range of reduction goals under discussion, from a mere stabilization to cuts of 50 percent or 
more below present emission levels, and for time horizons ranging from ten to 40 years or 
more. 

All estimates of the total costs of carbon reductions to society are strongly influenced by the 
types of policies through which these reductions are to be achieved. Some analysts 
emphasize an energy or carbon tax as the principal policy approach. Proposals for carbon 
taxes focus narrowly on global warming concerns, while proposals for energy taxes take 
into account risks from other energy sources as well. 

Other studies place only secondary importance on such price signals, and emphasize 
instead a range of non-fiscal measures. These non-fiscal measures include legislated 
minimum efficiency standards for energy-using equipment, financial incentives for energy-
saving investments, and a variety of structural reforms in the energy service markets of the 
economy and in utility industry regulation. 

Underlying this lack of agreement on both costs and policies are two competing paradigms 
of energy policy analysis: The top-down approach and the bottom-up approach. Cost 
estimates based on these two approaches diverge along a consistent pattern, irrespective of 
geographic scope, of the size of the reduction target, or of its timing: 

ES.l 



• In studies following the top-down approach, carbon reduction policies push the 
cost of energy services up and lead to losses in economic output. Impacts on 
economic growth are already negative even when only small reductions below 
business-as-usual emissions are implemented. Still larger economic losses 
occur as higher reductions are sought 

• In bottom-up assessments, the total costs of carbon reductions are found to be 
dramatically lower than in the top-down studies. Up to a considerable 
percentage reduction in emissions, the total bill for energy services drops, 
implying enhanced economic output in the economy at large. This negative cost 
regime may include considerable reductions below baseline emission levels, not 
just below projected business-as-usual emissions. Only for large or very rapid 
reductions below baseline emissions do costs turn positive. 

• All else being equal, the cost estimates from bottom-up analyses always remain 
well below those found in top-down studies. 

The clash between these two energy-analytic paradigms predates the current interest in 
energy policy, which is driven by climate change. It fust arose in the wake of the oil price 
shocks of the 1970s. But even though energy policy took center stage for a number of 
years at the time, the profound differences between the two approaches have remained 
unresolved both in the research community and in government policy making. 

This lack of resolution now haunts the greenhouse policy debate not only at the national 
level, but on the global level as well. No rational dialogue on the cost of greenhouse 
policies can be held without explicidy addressing this profound analytic schism. 

In this study, we analyse which approach is most suited for what policy problem. We first 
discuss economic issues for a single economy, and then examine various international trade 
issues under a non-comprehensive policy regime in which some countries adopt emission 
reduction goals while others don't. 

Our exploration has significance far beyond the formulation of global warming policies 
alone. It is relevant to the economic assessment of energy policy options in general. It also 
has direct bearing on the discussion of energy taxes and "green" taxes that has emerged 
from the confluence of fiscal and environmental crises. 

B. CONVENTIONAL WISDOM: TOP-DOWN STUDIES 

Until now, most official thinking on international agreements and policies to reduce carbon 
emissions has been based on top-down analyses. Notably the U.S. position on the 
question of targets has been based on such analysis. They have also played a role in the 
development of European policy proposals. These top-down studies seem to confirm the 
widely held intuitive notion that curtailing the use of fossil fuels will have an economic 
cost, and may be quite expensive. 
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Figure ES.l: Marginal Cost Curve for Emission Reduction Measures, 
Top-Down Policy Framework 
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Method and assumptions 

Top-down studies use macroeconomic models to simulate the interaction between the 
energy sector and the economy. They are based on historic relationships between energy 
consumption and economic output Carbon reduction policies are modeled as changes in 
the price of energy, i.e., as a tax. 

Top-down cost assessments of carbon reduction policies rest on the following core 
assumptions: 

— The private discount rates used in past energy and energy efficiency investment 
decisions are not too different from the social discount rate; 

— Energy supplies and energy efficiency investments compete in well-functioning 
markets; and/or 

— What market failures do exist cannot be remedied. 

In combination, these basic tenets mean that any significant reductions in fossil fuel 
consumption below business-as-usual levels will require higher energy prices and will lead 
to losses in economic output. In other words, reductions of carbon emissions will always 
cost money. 

This feature is graphically illustrated in Figure ES.l, which shows a stylized marginal cost 
curve for emission reductions. The important question in the top-down approach is not 
whether losses will be incurred, but how large these losses will be for a given reduction 
target. 

Key findings 

Tables ES.la, b, and c summarize several recent top-down studies. In broad terms, their 
findings can be summarized as follows: 

— Achieving significant reductions (i.e., cuts of 20 percent below 1990 levels over the 
next 15 to 30 years) will require taxes (or other implementation measures with an 
equivalent impact on the economy) in the range of hundreds of dollars per ton of carbon 
— enough to increase the prices of oil and coal severalfold. 

— The economic impacts of these taxes, and of the increases in energy expenditures that 
they prompt will be significant Even limited constraints on carbon emissions (such as 
a stabilization of emissions by the year 2000 or a 20 percent cut by the year 2010 or 
2020) will reduce annual growth rates in GDP by 0.05-0.10 percentage points. 

— Over twenty to thirty years, this leads to cumulative economic losses in the range of 
about 1-5 percent of GDP. These losses are equivalent to hundreds of billion dollars 
per year, and reach the trillion dollars range on a cumulated basis. 
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Table ES.la: Costs of Carbon Reductions in Top Down Studies 

Authors/ 

Institutions/ 

Sponsors 

Marine and 

Richacls/EPRI 

Bradley, Watts, 

Williams/US DOE 

DRI/USDOC 

Date/Status 

of Report 

1990 

Sept. 1991 

2000 

2000 

Jan. 1992 

Time Horizon/ 

Region Studied 

1990-2100 

USA 

1990-2030 

USA 

2020 OECD 

USA 

Germany 

Japan 

Model(s) Used 

in the Study 

Global 2100 

Fossil 2, 

Edmonds-ReiUy, 

DRI Macro 

DRI Macro 

Tax Level Studiec 

or Required 

(S/tonQ 

<$100 

$149-2430 

$490-

2430 

$720 

$860 

$2,430 

Recycling 

Mechanism for 

Carbon Tax 

Lumpsum 

Lumpsum; 

also revenue 

raising 

Revenue-

neutral, 

personal income 

tax 

Change in Carbon 

Emissions Obtained 

(%rel.to"88or,90) 

0% 

20% 

20% 

Net Cost in 

Target Year 

(billion $) 

17-95 

GDP Change in 

Target Year 

(%ofgdpin'90$) 

-«1%) 

-(1 to 2%) 

-3% 

-2% 

-1.50% 

Comments 

Finds that regulatory 

approaches have more 

favorable macroecon. 

impacts than carbon tax 

Based on low price 

elasticity for electricity 



Table ES.lb: Costs of Carbon Reductions In Top Down Studies (continued) 

Authors/ 

Institutions/ 
Sponsors 

Shakletonetal/ 
US EPA 

Date/Status 
of Report 

16 Dec, 1991 
draft 

Time Horizon/ 
Region Studied 

1990-2010 

USA 

Model(s) Used 

in the Study 

DRI Macro, 

Link Macro, 

JWCGE, 

Goulder 

CGE 

DRIandUNK 
only 

Tax Level Studied 

or Required 

($/ton C) 

$15, rising to 

$40 in 2010 

Recycling 

Mechanism for 
Carbon Tax 

Six alternative 
recycling options 

Lump sum rebate 

or revenue raising 

Employee payroll 
or personal tax 

income tax rebates 
corporate income 

tax rebate 

Employer payroll 

tax 

Investment 

tax credit 

Change in Carbon 

Emissions Obtained 

(%rel.to'88or'90) 

+15% (DRI) 

+53% (LINK) 
-9% (J/W) 

-15% (Goulder) ** 

Net Cost in 

Target Year 
(billion $) 

GDP Change in 

Target Year 

(%ofgdpin'90$) 

- 1 % to+1.6% 

on a 20-year 

NPV basis 

-0.2% to -25% 

-0.5% to -2.5% 

• 1 % (Goulder) 
+0.5% to +1.9% 
(other models) 

+0.20% 

0% (CGE models) 

to +4% (macro 
models) 

Comments 

Only systematic study 

on recycling. Methods 

for recycling found 

critical for macro-

economic impact 

Favors consumption 
investment 

Lower cost of capital 
investments, but 
already in place is 
revenue with macro 
investments. 

Lowers labor cost 

business, offsetting 

energy costs. 

Lowers price of cost 

rewards only macro 

capital investments 

** Macro models assume that energy use is very price inelastic. LINK model projects high (more than 60%) 
emission rise in business-as-usual case, and no significant C reductions from carbon tax. 



Table ES.lc: Costs of Carbon Reductions in Top Down Studies (continued) 

Authors/ 

Institutions/ 
Sponsors 

DGXD 

European 

Economic 

Community 

Sanghietal/NY 

State Energy 

Office 

Date/Status 
of Report 

Jun-91 

Jun-91 

Time Horizon/ 
Region Studied 

France, 

Germany, 

Italy, UK 

1990-95 

1988-2008 

State of New 

York, USA 

Model(s) Used 
in the Study 

Macroeconomic 

country 

models, 

HERMES, 

MIDAS 

NYSEO 
econometric of 

carbon tax model 

Tax Level Studied 

or Required 

($/ton C) 

20% increase 

in oil prices rel. 

to 1991 

$8-450 

$220 

$450 

$8 

$50 

Recycling 

Mechanism for 
Carbon Tax 

Funding of 

reduction measures 

Revenue 

raising or funding 

of emission 

reduction measures 

Revenue raising 

Revenue raising 

Funding of 
reduction measures 

Funding of 
reduction measures 

Change in Carbon 
Emissions Obtained 
(%rel.to*88or,90) 

0% 

-5% to -20% 

-5% 

-20% 

-5% 

-20% 

Net Cost in 
Target Year 
(billion $) 

GDP Change in 

Target Year 

(%ofgdpin'90$) 

0to+l% 

Not calculated. 

Comments 

Study also examines 

carbon tax recycling 

paralleling those of 

Shakleton. 



The significance of these impacts is in the eyes of the beholder. Many analysts and some 
governments characterize the above macroeconomic impacts as probably minor, based on 
die inherent uncertainties in macroeconomic modeling calculations and on the small 
percentage impacts. For example, a loss of one to three percent of gross domestic product 
by the year 2010 would do no more than to postpone the consumption level expected for 
2010 to the year 2011. 

By contrast, industry groups and various governments have emphasized the absolute 
impacts in terms of costs and job losses, which sound much more worrisome when quoted 
out of context. From their reading of the evidence, they arrive at the following 
conclusions: 

— Unilateral action by individual countries to reduce carbon emissions would seriously 
hurt their international competitiveness and should be avoided. 

— Even an international agreement among OECD countries on a uniform set of carbon 
reduction goals and timetables will be problematic, because it will affect some OECD 
countries more negatively than others. 

— The best strategy is to postpone the adoption of emission reduction targets by up to 
several decades, until cheap non-fossil energy sources have been developed. 

These conclusions, widely echoed in the media, have reinforced the belief that carbon 
reduction policies will necessarily be negative for the economy. This belief has achieved 
the status of common dogma among various administration and industry circles, and 
remains a seriously argued position even in those OECD countries that advocate proactive 
reduction policies. Moreover, the claim of unacceptable economic burdens has reinforced 
the perception among the developing countries that they should be on guard and resist 
proposals for international agreements obliging them to meet certain carbon emission 
targets. 

C. AN INSURGENT VIEW: BOTTOM-UP STUDIES 

This dogma collides with an insurgent view articulated in a body of research based on 
bottom-up analysis. Though bottom-up analyses have become the dominant resource 
planning approach in large parts of the U.S. utility industry and are increasingly relied on 
in energy planning elsewhere, this perspective is still less recognized and accepted in 
national energy policy making. 
Nevertheless, a number of governments have commissioned bottom-up studies on the cost 
of carbon reductions, and non-government organizations have undertaken them 
independendy. Recendy, the United Nations Environment Program and other international 
organizations have initiated bottom-up assessments for a variety of countries. Tables 
ES.2a, b and c summarize the findings from IPSEP's bottom-up analysis for Western 
Europe, along with various recent other studies on the cost of carbon reductions. 
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Table ES^a: Cost of Carbon Reductions in Engineering-Economic (Bottom-Up) Studies 

Authors/ 
Institutions/ 

Sponsors 

Krause etaL 1991 
IPSEP/Dutch 

Ministry 
Environment 

ACE,ACEEE, 
NRDC.UCS1991/ 

Foundations 

Time horizon/ 
Region 
Studied 

1985-2020 
EC-5 Region 

2020 

2020 

1988-2030 

2030 

2030 

Scenario/ 
Policy Case 

Societal Least 
Cost, LC plus 
environmental 
externalities. 

Minimum 
Environ. Risk 

LC 

Min. risk 

Private least cost, 
Societal least cost. 

Climate 
Stabilization 

Priv.LC 

Min.C 

Efficiency 

Supply Cuives 
Analyzed 
(sectors) 

All sectors 

All sectors 

Uncertainty Dimensions Studied 

Activity 
Growth 

Yes 

Reference 

Reference 

No 

NESref. 

NESref. 

Fuel Prices 

Yes 

Low/High 

Low/High 

No 

Capital 
costs 

Yes 

Low/Hi gl 

Low/Hi gl 

No 

Potentials 
Utilization 

Yes 

S0%-100% 

50%-100% 

Yes 

moderate 

high 

Changein 

Carbon 
Emissions 
(% re. to 
base year) 

0% to -40% 

-25% to -60* 

-28% 

-71% 

Net extra 

Expenditure or 

Saving, NPV 
or Annual 

(billion S real) 

-$50 to -$75 

-$50to$0 

-S1800NPV 

-$2300NPV 

Percent Change 

in Energy 

Service Bill 
(NPV or target 

year) 

-14% to -23% 

-20% to 0% 

-47% NPV 

-57% NPV 

Comments 

Reference case 
is scenario SI 

ofDGXV 
study. 

Reference case is 
National Energy 
Strategy of U.S. 

DOE 



Table ESJb: Cost of Carbon Reductions in Engineering-Economic (Bottom-Up) Studies (continued) 

Authors/ 
Institutions/ 

Sponsors 

Enquete 

Kommission 1990/ 

FRG Padiament 

Russet al. 1991/ 
DGXHC02 

Cram 
Program/ 
European 

Commission 

Time horizon/ 
Region 
Studied 

1987-2005 FRG 

2005 

1988-2010 
EC-12 and 

Country studies 

Germany 2010 

Germany 2010 

Germany 2010 

Scenario/ 
Policy Case 

Policy Case, Nuclear 

Phase-Out Case 

Policy Case 

Phase-out Case 

Least cost 
(MURE case). 
Carbon target 

LCcase 

Target case 

Target case 

Efficiency 

Supply Curves 
Analyzed 
(sectors) 

All 

All sectors, 
incomplete data 

Uncertainty Dimensions Studied 

Activity 
Growth 

No 

No 

Fuel Prices 

Yes 

Reference 

Reference 

Yes 

Reference 

Reference 

Reference 

Capital 
costs 

No 

No 

Potentials 
Utilization 

Yes 

High 

High 

Yes 

Change in 

Carbon 

Emissions 
(%re.to 
base year) 

-30% 

-30% 

-6% 

-25% 

-32% 

Net extra 

Expenditure or 

Saving, NPV 
or Annual 

(billion S real) 

$15 

S5 

-$12 

•S3 

$6 

Percent Change 

in Energy 

Service Bill 
(NPV or target 

year) 

+0.5% 

1% 

Comments 

Efficiency potential 

costs (MURE is 

incomplete). 

Reference case is 
scenarios of CEC 

Study 



Table E&2c« Cost of Carbon Reductions In Engineering-Economic (Bottom-Up) Studies (continued) 

Authors/ 
Institutions/ 

Sponsors 

Mills etal. 1991/ 
Lund Univ./ 

Swedish govt/ 

SFJ 

DPA 1989/ 

Canadian Ministry 

of Energy 

Tune horizon/ 
Region 
Studied 

Sweden 
1987-2010 

2010 

2010 

Canada 

1988-2005 

2005 

2005 

Scenario/ 
Policy Case 

Least cost. 
Least emissions 

LC 

LE 

Least Cost, 

Technical potential 

LC 

Tech pot 

Efficiency 

Supply Curves 
Analyzed 
(sectors) 

Heat and power 

sector, exd. 

transport, some 

industry 

All sectors 

Uncertainly Dimensions Studied 

Activity 
Growth 

No 

No 

Fuel Prices 

No 

No 

Capital 
costs 

No 

No 

Potentials 
Utilization 

Yes 

Yes 

High 

High 

Change in 
Carbon 

Emissions 
(%re.to 
base year) 

380% 

-35% 

•13% 

-20% 

Net extra 

Expenditure or 

Saving, NPV 
or Annual 

(billion $ real) 

--$76 

$29 

Percent Change 

in Energy 

Service Bill 
(NPV or target 

year) 

-15% 

-8% 

Comments 

Scenarios include 
nuclear phase-out 



Key findings 

The basic message from these assessments is as follows: 

• Contrary to common dogma, significant reductions in carbon emissions below 
business-as-usual projections are feasible at no extra cost or while saving nations and 
consumers money. 

• When all available resource options are evaluated on the basis of a consistent societal 
discount rate, a large unexploited potential for cost-effective demand-side efficiency 
improvements is found. Mobilizing these unexploited efficiency resources leads to 
lower costs of energy services, lower product prices, expanded disposable income, and 
higher economic growth and employment. 

• Current patterns of consumer investments in energy efficiency options reflect high 
implicit discount rates of 30 to more than 100 percent (i.e., short payback time 
requirements of several years to less than a year). 

• The high implicit discount rates used in demand-side investments can largely be traced 
to inefficient energy service and information markets including regulatory and 
institutional barriers. 

• Because private and social discount rates are far apart, macroeconomic modeling 
assessments calculations do not represent a societal discount rate perspective and cannot 
be used for estimating the societal cost of carbon reduction policies. They cannot 
identify societal least-cost outcomes and merely reproduce expected responses under 
existing market barriers and institutional arrangements. 

These bottom-up findings imply that it is the business-as-usual energy policies that may 
have macroeconomic opportunity costs: if carbon emissions can be reduced while saving 
money, then not doing so will cause losses of economic growth and employment. And 
depending on who realizes these money-saving carbon reduction options first, not 
capitalizing on them could also diminish international competitiveness. 

Microeconomic data and discount rates 

Underlying these bottom-up findings are detailed engineering-economic analyses of a large 
number of energy efficiency technologies and energy supply technologies. A second input 
are in-depth studies of utility regulation, energy supply and end-use markets, industry 
structures and wholesale/retail chains, consumer decision-making behavior, and field 
experience with non-price energy policies. These microeconomic data are absent from 
macroeconomic models. 

To illustrate the importance of discount rate assumptions, we show in Figure ES.2 a 
stylized supply curve of energy efficiency improvements. Also shown is a horizontal line 
indicating the price of energy. 

This type of supply curve can be constructed from in-depth microeconomic analysis of 
technical options to improve the energy efficiency of buildings, vehicles, appliances, etc. 
The figure shows the cost of saving a unit of energy as growing fractions of the total 
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Figure ES.2: Influence of discount rate on cost 
effectiveness of efficiency improvements 
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savings from available efficiency technologies are being realized. In this analysis, the 
discount rate is an explicit variable. It can thus be set at a suitably low value to meet 
societal policy-making criteria. 

The lowest curve in Figure ES.2 shows our stylized energy efficiency supply curve for a 
five percent discount rate. This value is a reasonable approximation for the social discount 
rate. It is also close to the discount rates used in long-term electric utility investments. 

For this discount rate, all the efficiency measures are cost-effective, and thus allow 
reductions in carbon emissions while saving money. If these negative-cost options are 
combined with more expensive options such as renewable energy sources, the marginal 
cost curve for carbon reductions would be expected to look as shown in Figure ES.3. 

When the same efficiency measures are evaluated at higher discount rates, progressively 
larger portions of the savings potential become uneconomical. As the discount rate rises to 
35 percent, — still at the lower end of the range of discount rates implicit in consumers' 
observed purchasing choices — all but 10 percent of the societaUy cost-effective potential is 
lost At a roughly sixty percent discount rate, all efficiency investments in our example 
become more expensive than energy supplies. At this rate, the combined marginal cost 
curve for carbon reductions from both efficiency and supply-side measures would look no 
different than in the top-down models (Figure ES.2). 

Policy focus 

Based on this type of analysis, bottom-up studies arrive at a very different policy focus: 

• The key to reducing carbon emissions at negative net cost are market-creating incentive 
policies, institutional reforms, and regulations that establish an effective competition 
between conventional carbon-intensive energy sources and energy efficiency, 
cogeneration, fuel switching, renewables, and other low-carbon options, i.e. a level 
economic playing field for all resource options. 

According to this assessment, carbon reductions can be achieved at least cost through 
targeted incentives or regulatory interventions to improve the functioning of competition 
between energy supplies and energy efficiency in specific end-use markets. 

D. ANOTHER DISCORDANT NOTE: TOP-DOWN TAX RECYCLING 
STUDIES 

Until recendy, top-down studies presented a seemingly solid consensus: because carbon 
constraints will increase energy costs, they will necessarily result in losses of GDP. More 
recently, this consensus in the top-down world has been upset by a number of 
macroeconomic studies that investigate alternative ways of spending carbon tax revenues. 
These alternatives had hitherto not been considered. 

Macroeconomic tax recycling analyses do not, as bottom-up studies do, challenge the 
proposition that carbon emission reductions will lead to higher energy expenditures. Rather 
they start from the fact that the revenue streams associated with carbon tax policies would 
be so large as to significandy alter the tax structure in the economy, notably if net tax 
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Figure ES3: Marginal Cost Curve for Emission Reduction Measures, 
Bottom-Up Policy Framework 
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burdens on the economy are to be kept the same (i.e., under a revenue-neutral carbon tax). 
They thus look upon carbon taxes as an opportunity to displace other kinds of taxes that 
produce "fiscal drag," i.e., inefficiencies in the economy at large that are related to the 
relative taxes on capital, labor, and pollution. 

In particular, these studies investigate the recycling of carbon taxes into tax relief for 
workers (personal income tax, employee-paid payroll tax), businesses (employer-paid 
payroll tax, corporate income tax, investment tax) and governments (deficit reduction, 
revenue enhancement), and combinations thereof (see Table ES.lb and lc above). The 
result 

• Policies based on carbon taxes can offset negative impacts on economic output, or even 
enhance economic growth, if revenues are used to reduce deadweight losses in the tax 
structure, notably if tax recycling stimulates investments. 

Tax relief for capital leads to lower investment costs, and this in turn leads to expanded 
capital stocks and higher productivity. Domestic labor and capital substitute for higher-
priced (and in good part, imported) fossil energy. Within a few years, the deflationary 
effect of higher investments more than offsets the initial inflationary effect of higher energy 
prices. 

Policy implications 

These findings change the policy debate significandy. If policy-makers and the public were 
previously faced with a clear-cut contradiction between two analytic camps with different 
modeling catechisms, the fronts are now redrawn: 

• Even if the money-making opportunities identified in bottom-up assessments were 
insignificant, carbon reduction strategies could still be fashioned in such a way as to 
maintain or even boost economic growth through tax recycling. 

Moreover, if the bottom-up findings do apply, 

• A powerful carbon reduction strategy could be fashioned by reducing market and 
regulatory failures in the energy sector and also reducing tax distortions in the economy 
at large. 

Both policy actions are growth-enhancing, and if carbon taxes finance programs to correct 
market failures, they could become mutually reinforcing. 

E. LEAST COST, ZERO NET COST, AND TARGET-BASED 
REDUCTION LEVELS 

Our analysis of bottom-up and top-down cost assessment methods leads to a deeper 
understanding of the difference between a risk-minimizing target-based approach to climate 
stabilization and a "no regrets" approach aimed at avoiding cost burdens for the present 
generation. Figure ES.l.4, which illustrates how both policy principles can be compared 
in one internally consistent framework. This framework also clarifies the relationship of 
narrowly defined economic least-cost energy policies to climate-oriented energy policies. 
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The figure shows three stylized supply curves for the total cost of carbon reductions for the 
year 2020. On the horizontal axis, carbon emission reductions are expressed in percentage 
terms relative to present levels. On the vertical axis, costs are expressed as percent changes 
in total gross domestic product (GDP) in the year 2020 relative to a business-as-usual 
scenario. 

In our stylized business-as-usual or reference scenario, carbon emissions increase by 30 
percent The reference case is therefore located to the left of the y-axis. By definition, the 
net cost of the reference scenario is zero, so that the reference case is represented by a point 
direcdy on the x-axis. 

The figure illustrates in stylized fashion three alternative relationships between a 
conventional least-cost policy, a zero-net-cost policy and an insurance buying policy 
(assuming for the latter, respectively, a 20 percent and 50 percent emission reduction 
target). Our figure also shows what emission reductions, if any, could be realized by least-
cost strategies dial ignore climate issues. 

Possibility One: major clash 

The first cost curve represents the conventional, macroeconomic modeling view, which 
was already captured in Figure ES. 1. Because energy service markets function in a near-
perfect manner, the reduction potential from measures that pay for themselves is very 
small. As larger emission reductions are implemented, the costs to society rise steadily. 
Even a freezing of emissions leads to significandy higher energy bills and thus to losses in 
economic output Both a twenty percent target and a 50 percent target result in major 
economic losses. The target-based policy and the zero-net-cost policy are far apart in this 
case. 

Possibility Two: Easy compromise 

In the example represented by the second curve, status quo market and institutional barriers 
are significant In response, bottom-up policies are used to substantially reduce them. 
Here, a narrowly defined least-cost energy strategy based on market-creating and market-
correcting regulations and incentives would reduce society's energy bill significandy while 
at the same time slowing down the growth in emissions (from 30 percent in the business-
as-usual case to about 10 percent). 

The stabilization of emissions at base year levels costs more than the least-cost strategy, but 
still allows a saving relative to the business-as-usual case. Here, the money saved from 
least-cost policies is used to buy low-carbon resources that are somewhat more expensive 
than the resources that would have been used under business as usual. 

A more far-reaching "no regrets" or zero-net-cost policy allows a substantial absolute 
reduction in emissions (close to 20 percent) without a change in society's energy bill or 
economic output 

For a 20 percent reduction target the net cost to society is now only slightly positive. 
Given that the mitigation of climate risks has a non-zero economic value, a twenty percent 
target could thus be adopted as an easy compromise between a zero-net-cost policy and a 
target-based policy. However, costs still rise steeply for a 50 percent reduction target 
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Figure ES.4: Total costs of emission reductions under least-cost, zero net cost, 
and target-based policies 
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Possibility Three: A Greenhouse dividend 

In the example presented by the third curve, market barriers in the status quo economy are 
pervasive. Also, the existing tax structure contains a lot of fiscal drag, presenting 
opportunities for growth-enhancing reforms in the tax system. Both are addressed through 
a combination of bottom-up and top-down policy measures (see below). 

As a result opportunities to pursue bottom-up carbon reduction measures that pay for 
themselves are so pervasive that the cost of implementing a 20 percent reduction is robusdy 
negative. A narrowly defined least-cost strategy alone is sufficient to reach this target 
Even the realization of the full 50 percent reduction target does not increase costs to society. 

In this case, the difference between a "no regrets" policy and a target-based insurance 
buying policy vanishes for all practical purposes. The economic impacts of climate 
stabilization measures translate into a greenhouse dividend. 

F. LINKING BOTTOM-UP AND ENERGY TAX POLICHSS: AN 
INTEGRATED APPROACH 

Both bottom-up studies and top-down studies on carbon tax recycling assert that there are 
opportunities to piggy-back carbon reductions on policies that aim to do no more than 
correct welfare-robbing distortions in the economy. Because energy service market 
enhancements and tax system changes are by themselves found to be economically 
advantageous, they each offer independent opportunities to reduce carbon emissions at zero 
or negative net cost This parallel impact of the two policy frameworks suggests an 
integrated carbon reduction strategy. 

Key elements 

An integrated policy approach could be fashioned by combining the following elements into 
one strategy: 

1) Legally binding reduction targets and timetables, coupled where feasible 
and advantageous with mechanisms for carbon emission rights trading; 

2) Reducing market and regulatory failures in the energy sector 

• Strict energy efficiency standards for buildings, appliances, lighting 
systems, vehicles, and other suitable end-uses. 

• Incentive programs and information, audit and extension services to 
help industries and consumers invest in equipment vehicles, 
homes, appliances, etc. whose efficiencies exceed standards but still 
save money. 

• Financial incentives (golden carrots) for manufacturers of energy-
using devices that increase the energy efficiency of their products 
beyond best commercially available levels. 
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• Accelerated and greatly expanded research, development, and 
commercialization efforts for energy efficiency and renewables. 

• Commercialization programs including transitional niche markets for 
renewable resource and other low emission technology options. 

3) Increasing energy prices through taxes that better reflect the externalized 
costs of energy use; and also 

4) Recycling energy tax revenues into measures that assure political 
support for climate stabilization through a balanced approach 

• Transitional conversion incentives (golden parachutes) for industries 
and regions that will lose assets and jobs as a result of reduced fossil 
fuel consumption. 

• Investment funding for the above bottom-up programs 
• Deficit reductions and/or desirable revenue-neutral shifts in the tax 

structure. 
The proposed combination of energy taxes, tax system restructuring, and bottom-up 
measures offers advantages over tax recycling proposals that are based only on the top-
down framework. Because positive impacts on economic growth and employment can be 
secured by bottom-up policies alone, more maneuvering room is obtained for the task of 
fashioning a politically balanced tax reform when an integrated approach is used. For 
example, energy tax revenues could be recycled into several desirable uses that combine 
reductions in fiscal drag with politically popular personal income tax relief for the middle 
class. 

G. TRADE, COMPETITIVENESS, AND LEAKAGE 

Under a non-comprehensive policy regime, changed differentials in energy prices between 
countries with and without carbon reduction policies could lead to industrial relocations and 
shifts in trade. A number of top-down studies suggest that these might be disadvantageous 
to countries or regions that unilaterally adopt these policies, and could result in a loss of 
economic competitiveness. 

Similarly, such studies find that the adoption of carbon reduction goals in OECD countries 
could lead to feedback effects that accelerate growth and increase fossil fuel shares in Third 
World energy use. This "leakage" effect could undermine the emission reductions achieved 
by OECD countries. 

These issues warrant closer study, and macroeconomic models are well-suited for some of 
that task. However, a closer look at the conceptual limitations of macroeconomic modeling 
studies suggests that concerns over these issues may be exaggerated. 

Minimizing trade shifts: a bottom-up approach to setting energy taxes 

Trade shifts and problems of industrial relocation can be expected to be greatest if OECD 
countries rely on high carbon taxes to achieve emission reductions. Such high carbon taxes 
(in the range of one hundred to several hundred dollars) would increase fuel prices for 
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industrial consumers up to severalfold. To avoid these effects, it is desirable to keep 
energy or carbon taxes to low levels. 

The need for high carbon taxes is the standard finding of most top-down studies. In these 
studies, funds are recycled as a lump sum rebate to taxpayers. They then spend this rebate 
according to prevailing expenditure patterns, and subject to existing market and institutional 
barriers. As a result of these patterns and market failures, only a fraction of the rebate ends 
up being invested in carbon-substituting energy efficiency measures. The carbon tax is 
ineffective in bringing about the desired substitution investments. 

This inefficiency of conventional energy tax policies is graphically illustrated in Figure 
ES.5a. It shows a marginal cost curve for emission reductions. In the macroeconomic 
modeling paradigm, the level of carbon tax required to bring about a specified reduction 
goal is indicated by the marginal cost of achieving that reduction. This level is indicated by 
die horizontal line in the figure. 

The total revenue from applying this tax is indicated by the shaded area under this 
horizontal line, which extends across all fossil fuel use. By contrast the total cost of the 
carbon reduction measures is indicated by the cross-hatched triangle under the marginal 
cost curve, which extends only to the reduction target As can be seen from a comparison 
of the two areas, total tax revenues are an order of magnitude greater than the amount of 
money actually needed to implement the desired carbon-substituting investments. 

The bottom-up alternative 

To make the carbon tax more efficient it is necessary to ensure that revenues end up being 
used directly for carbon substitutions. An obvious approach would be to use bottom-up 
assessments to calculate the total capital needed for undertaking a specified range of 
emission-reducing investments. One can then set the carbon tax at a level that is just 
sufficient to collect this total cost, i.e., at the implied average cost of carbon reductions. 
Revenues could be recycled through a special budgetary arrangement that functions like a 
trust fund. They would finance the already identified abatement measures through various 
energy efficiency incentives programs. 

As indicated in Figure ES.5b, this carbon tax based on average abatement costs is an order 
of magnitude lower than the carbon taxes derived from macroeconomic assessments. 

Desired emission reductions could be achieved at still lower tax levels. A major portion of 
carbon-reducing investments could be direcdy financed with money consumers already 
have. The options for bringing about such shifts in expenditures include: 

• Mandatory efficiency standards that focus manufacturers' and 
consumers' own capital on previously overlooked or inaccessible 
efficiency opportunities that save them money. 

• Least-cost planning reforms in the utility sector, in which incentive 
programs for demand-side efficiency investments are financed by all 
customers through electricity rates. 

• Fee/rebate (feebate) programs in which rebates on purchases of energy-
efficient vehicles or other products are paid for by fees on inefficient 
ones. 

Such policy measures would reduce the revenue requirements of the energy tax trust fund. 
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Figure ES.Sa: Reducing Emissions through a Tax Mechanism (General 
Revenue Tax Approach) 
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Energy versus carbon taxes 

Because of concern over the risks and impacts associated with nuclear power and other low 
carbon resources, many countries are considering energy taxes based on heat content or 
combined energy/carbon taxes. These tax formulations will be somewhat less effective in 
bringing about carbon reductions. Thus, somewhat higher tax levels will have to be 
applied than under a pure carbon tax to achieve a given reduction goal. In this case, the 
above options for keeping tax levels to a minimum is of additional benefit 

More generally, the trust fund concept for recycling energy taxes could be integrated with 
deficit reduction and tax restructuring policies by setting tax levels somewhat higher than 
needed for trust fund purposes alone. The excess revenue could be used to fund other 
objectives identified under our integrated policy approach (Section F above) while still 
keeping tax levels far below the high values suggested in conventional top-down studies. 

Third World growth and leakage effects 

A number of top-down studies have attempted to quantify anticipated leakage effects under 
a non-comprehensive carbon policy regime. Macroeconomic models suggest that a 
significant fraction of the emission reductions from such policies would be offset by 
accelerated growth in non-participant countries in the developing world. 

Several considerations make this outcome less likely than it appears to be. The leverage of 
OECD countries over technological developments in the developing world is arguably 
large, and may be sufficient to bring about global outcomes in line with carbon reduction 
principles. 

Because OECD technology trends define what it means to be technologically competitive 
over the long-run, accelerated economic growth based on cheaper oil could be a trap for 
developing countries. It would saddle them with more fossil-intensive, less efficient 
infrastructures and capital stocks than desirable. 

An alternative scenario 

A more plausible scenario is that any effort by the OECD countries to contain and reduce 
their carbon emissions will spill over into the capital stocks of developing countries. At a 
minimum, this spill-over will dampen the increase in fossil fuel intensity predicted by the 
price effect and more so if the OECD countries adopt policies to foster it. 

For example, the technological spill-over of energy-efficient and other low-carbon 
technologies from trade with developing countries could be gready reinforced if OECD 
countries and in the international financing institutions dominated by them were to adopt 
new export financing and lending policies. The newly created Global Environmental 
Facility may point in this direction. 

Technological spill-over and redefined development assistence could turn conventional 
predictions of leakage upside down. Even the unavoidable initial spurt of low-efficiency 
growth from lower oil prices could take on an entirely different significance, and might turn 
out to actually be helpful in achieving a low-carbon development path. It could bring the 
much-needed initial relief developing countries need to restart their economic engines. 
Only once the growth process has been rekindled and stabilized will developing countries 
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be in a position to shift to energy-efficient technologies quickly. And in fact they might 
now do so more quickly than under business-as-usual scenarios. 

Thus, while lower fossil fuel prices would allow economic growth in Third World 
countries to be higher, their energy consumption and/or carbon emissions could well end 
up being lower on a cumulative basis than under business-as-usual conditions. In this kind 
of scenario, significant economic benefits would accrue to developing countries from lower 
world energy prices, without undermining the goal of lowering global carbon emissions. 
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CHAPTER H.1 

BACKGROUND: 

BUYING INSURANCE VERSUS "NO REGRETS" 

A. INTRODUCTION 

With growing acceptance of the need for preventative action, the international debate on 
greenhouse policies has shifted from scientific issues to economic questions. However, 
even as issues of costs are moving to center stage, divergent interpretations of the scientific 
evidence continue to shape proposed prevention policies. 

On one side, there are the proponents of policies based on specific reduction targets. Here, 
some economic cost premium is considered principally acceptable as the price of lower 
climatic risks. On the other side, the notion of "no regrets" policies has appeared in which 
preventative measures would be limited to those measures that involve no net costs. Here, 
the scientific uncertainties surrounding the global warming issue are interpreted in such a 
way as to effectively assign a zero value to the risks of climate change. 

This debate over policy principles is of direct importance for the topic of our report, which 
is the economic assessment of climate stabilization policies. To make such an assessment 
meaningful, it is necessary to identify types of policies and abatement measures that can 
reduce emissions in an economically efficient least-cost manner. The meaning of least cost 
differs under the two policy approaches, and our first task is to clarify this difference. 

We begin by briefly summarizing the scientific basis for global warming prevention 
measures and recommended reduction targets for greenhouse gas emissions. We next 
explore whether and how the no-regrets proposal and the insurance buying approach are 
compatible with the goal of reducing emissions in an economically efficient, least-cost 
manner. Finally, we examine under what practical conditions the two policy principles 
would lead to policy recommendations that clash with each other, and under what 
conditions they could be easily reconciled. 

B. THE GLOBAL WARMING THREAT 

The large majority of the international community of climatologists considers global 
warming a certain outcome should current trends of greenhouse gas emissions continue. 
What is still uncertain is the degree of warming, and the damages that such warming would 
cause in each region of the world. 
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Summary of current scientific assessments 

In 1988, the World Meteorological Organization (WMO) and the United Nations 
Environment Program (UNEP) convened an Intergovernmental Panel on Climate Change 
(IPCC). The panel, which consisted of leading scientists and experts from twenty nations, 
including the U.S., the Soviet Union, and China, was charged with 

— providing a scientific assessment of the greenhouse effect; 

— reporting on potential impacts of climate change; and 

— identifying policy options to mitigate or adapt to climate change. 

The panel's Scientific Assessment Report (IPCC 1990) was adopted at the Second World 
Conference in Geneva. It is an authoritative summary of the threat of global warming as 
currendy seen by the international scientific community. The report states in its executive 
summary: 

"We are certain of the following: emissions resulting from human activities [...] will 
result [...] on the average in a warming of the Earth's surface." 

These conclusions echo the assessments of several other major scientific and policy reports 
on the global warming threat notably studies by the U.S. Environmental Protection 
Agency (Lashof and Tirpak 1989), the Enquete Commission on Climate Protection of the 
FRG Parliament (Enquete Kommission 1990), and IPSEP's previous report (Krause et al. 
1989). 

Based on the findings of the IPCC report these other studies, and the large body of 
research literature from which they draw, the scientific basis of the global warming threat 
can be summarized below. 

Physical basis of the greenhouse effect 

The greenhouse effect (the trapping of heat radiation by certain gases in a manner that is 
analogous to the effect of the window panes of a greenhouse) is one of the oldest and most 
well-established experimental findings of modern science, its discovery dating back some 
150 years. 

There is an already existing greenhouse effect based on the natural occurrence of 
greenhouse gases in the Earth's atmosphere, such as water vapor, carbon dioxide, and 
methane. This natural greenhouse effect keeps the earth warmer than it would be otherwise 
and supports the living environment as we know it 

Various natural phenomena can lead to changes in this natural greenhouse effect For 
example, particulates from volcanic eruptions can make the upper atmosphere less 
transparent to solar radiation and induce a cooling. Such cooling effects will, however, 
typically last only for a few years. 

Impacts of human activity on global climate 

Human activity has led to growing emissions of several major greenhouse gases, namely 
carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), and certain 
chlorofluorocarbons (notably CFC-11 and CFC-12). The atmospheric concentrations of 
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these gases have been rising steadily and continue to grow, as shown by measurements 
from a global network of monitoring stations. 

These concentration increases will enhance the natural greenhouse effect, and will, on 
average, lead to warmer global temperatures. This warming effect is considered certain on 
the basis of geophysical climate modeling analyses, and is further supported by empirical 
data from trapped air samples in ancient ice cores. These air samples have revealed that for 
the last 160,000 years, interglacial warm periods were very closely correlated with rising 
atmospheric carbon dioxide concentrations (see Figure ILL 1). 

Carbon dioxide emissions from the combustion of fossil fuels contribute more than half of 
the potential warming from greenhouse gas emissions. They thus represent the single most 
important driving force behind the threat of greenhouse warming. 

There remains significant uncertainty in the exact quantitative relationship between 
increases in atmospheric greenhouse gas concentrations and the degree of global warming. 

Under its business-as-usual forecast, and on the basis of central estimates of the climate 
system's sensitivity to greenhouse gas emissions, the IPCC predicts a temperature rise 
relative to the present of 1 °C by 2025, and of 3°C by the end of the next century. 

Expected delays in temperature rises 

Known geophysical factors, notably the large heat storage capacity of the oceans, lead to 
delays in the warming effect of greenhouse gases. The fact that major greenhouse gas 
emissions have already occurred but measured global warming trends over the last century 
have not yet exceeded natural climatic variability does not disprove the threat of global 
warming. 

Once global wanning has been set in motion, even a complete cut-off of all greenhouse gas 
emissions will not stop or reverse it The atmospheric residence times of carbon dioxide 
and several other long-lived greenhouse gases are of the order of a hundred years. 

Potential environmental impacts 

Based on the historic climate record of the Earth, global warming of 1-3 degrees C would 
be accompanied by significant changes in sea levels, forest cover, precipitation, and 
regional climates. 

The regional and local distribution of these impacts remains highly uncertain: climate 
models cannot reliably predict whether impacts would be negative everywhere or only in 
some regions, or whether some regions might benefit from climate change, and if so, 
which ones. 

For the same reason, observed climate changes in specific regions may not be the same as 
observed or predicted warming trends overall. For example, a string of cold years or a 
cooling trend in some local region is compatible with an overall global warming trend. 

There is a clear risk that changes caused by greenhouse wanning could prove catastrophic. 
If changes should occur suddenly or discontinuously, major breakdowns in forests and 
other ecosystems could occur. The ability of human civilization to plan and complete 
timely adjustments would be gready impaired. 
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Figure I I . l . l : Historic correlation of atmospheric carbon dioxide 
concentrations and global average surface temperature 
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Source: Lorius, C , Jouzel, J., Reynaud, D., Hansen, J. and Le Treut, H. "Greenhouse 
Warming, Climate Sensitivity and Ice Core Data," Nature, June 1990. 
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More scientific research may be able to narrow, over the next decade or two, the range of 
uncertainty in global warming predictions. But short of subjecting the entire planet to a 
full-scale greenhouse experiment substantial uncertainties will always remain. 

The most reliable data society will ever have may well be those from the climatic 
fluctuations imprinted in the geological record of the earth. New findings from analyses of 
this record suggest that the climate sensitivity for a doubling of carbon dioxided 
concentrations is 1.4-3.2 °C, in good agreement with the IPCC estimate of 1.4-4.5 °C 
(Hoffert and Covey 1992). 

Uniqueness of global warming as a policy issue 

It is this last feature, combined with the delay in the appearance of warming, that 
distinguishes the threat of greenhouse warming from "classical" air pollution problems 
such as acid rain or photochemical smog. Because classical air pollution impacts are local 
or regional in nature and have been manifest for quite some time, it has been possible to 
measure and observe their effects on human health, agriculture, and natural biota by 
studying the "sacrifice areas" where major damages were inadvertently incurred. 

In the case of the greenhouse effect, the entire globe would have to be converted into a 
laboratory to obtain a similar empirical basis for policy decisions. Such an experiment 
would incur the very consequences that research aims to prevent In fact the continued 
emission of greenhouse gases constitutes an undeclared experiment of this kind. 

C. CLIMATE STABILIZATION AND EMISSION REDUCTION TARGETS 

Faced with this situation, the safest course of action would be to limit future warming risks 
to the already unavoidable (but still latent) warming impact of past emissions. Relative to 
average global surface temperatures in 1980, this already existing (but still latent) wanning 
is in the neighborhood of 1-1.5°C when central climate model sensitivities are used. To 
limit warming to this range would require an immediate reduction in emissions sufficient to 
stabilize atmospheric concentrations at present levels. 

Because there are some natural sinks that remove greenhouse gases from the atmosphere, 
emissions would not have to be cut all the way to zero. Emission rates of carbon dioxide 
would have to be cut by about 60 percent or more according to the IPCC study (IPCC 
1990). The schedule for these reductions depends on the degree of warming risk that is 
considered acceptable. 

Practical reduction targets and timetables 

Such large reductions in carbon dioxide emissions could not be practically achieved 
overnight A risk-averse public policy, however, would still seek large reductions as early 
as practically feasible. The required cuts in emissions are a function of the amount of 
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additional1 warming risk that is considered tolerable. Various warming limits have been 
proposed or recommended based on the adaptive capacity of forests, or based on the 
Earth's maximum temperatures during human evolution. These fall in the range of a 1-2°C 
limit relative to 1980. 

This development of practical wanning limits and reduction targets was the topic of Volume 
One of the IPSEP study (Krause et al. 1989). Specifically, this report suggested that the 
risks from global warming, already large at the level of current wanning commitments, 
would rise steeply once warming exceeds a threshold of about 2°C relative to present 
levels. It then analyzed the reductions in fossil carbon dioxide emissions that would have 
to be achieved if global warming were to be limited to 2°C or less. 

Volume One established that 

• To limit the risk of global warming to about 2°C relative to present levels, the world 
community will need to stabilize carbon dioxide emissions over the next 40-60 years, 
i.e., reduce fossil carbon emissions by 50-80 percent below present levels in that 
timeframe. 

Volume One further found: 

• For reasons of international equity and for practical reasons of technical know-how, 
industrialized countries will need to achieve larger reductions more quickly as emissions 
in developing countries continue to rise for a transitional period. 

• Industrialized countries should aim to reduce their fossil carbon emissions by 20 
percent below present levels by about 2005, and by 50 percent by about 2015-2020. 

Similar recommendations were adopted by the FRG parliament which conducted perhaps 
the single most comprehensive public policy development to date through its multi-year 
Enquete-Kommission on the Protection of the Earth's Atmosphere (Enquete-Kommission 
1990, 1992). 

Volume One also identified the differences in historic cumulative fossil carbon emissions 
that exist among industrialized countries. Between 1950 and 1986, the years when the 
bulk of total fossil fuel consumption to date occurred, population-normalized cumulative 
emissions in the U.S. were twice as high as those of Western Europe, 2.5 times as high as 
those of Eastern Europe, and three times as high as those of Japan. These figures suggest 
that strong leadership from the U.S. in achieving international carbon reduction goals 
would be appropriate and desirable. 

1 This warming is additional in the sense that it would add to the unrealized wanning from emissions to 
date, which is currenUy hidden by the thermal inertia of the oceans. 
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D. ADOPTION OF REDUCTION TARGETS AND IMPLEMENTATION 
POLICIES IN THE INTERNATIONAL REALM 

In the international realm, a call for an initial 20 percent reduction in fossil carbon dioxide 
emissions by the year 2005 was made by the 1988 Toronto World Conference. The 
conference also initiated the scientific assessment process of the IPCC, and the negotiations 
of a framework convention for an international treaty on protecting the global climate 
through the UN-sponsored International Negotiating Committee (INC). 

The UNCED process 

During the negotiations leading up to the 1992 UN Conference on Environment and 
Development (UNCED), a number of leading industrialized countries committed 
themselves to various emission reduction targets. The government of the Federal Republic 
of Germany announced that it will reduce FRG emissions of carbon dioxide by 25 percent 
relative to 1986 by the year 2005. Other European countries have committed themselves to 
various reduction goals, ranging from freezing to cuts of up to 20 percent by dates ranging 
from 1995 to 2005. The Japanese government has committed itself to freeze carbon 
dioxide emissions on a per capita basis. Australia has agreed to cuts in principle, but has 
made implementation dependent on an international agreement, while New Zealand has 
established an unconditional reduction goal of 20 percent from 1990 levels. Similarly, 
Canada has undertaken to stabilize emissions of greenhouse gases (other than CFCs) at 
1990 levels, independent of action by other countries. 

In stark contrast to these initiatives, the Bush administration in the U.S. opposed all targets 
and timetables for carbon dioxide reductions in the negotiations leading up to UNEFs June 
1992 World Conference on Environment and Development in Brazil. In order to achieve 
some form of international agreement other nations proposed a more modest compromise 
goal for industrialized countries of freezing carbon emissions at 1990 levels by 2000. 
Under considerable international pressure, the U.S. announced a series of policies that 
could come close to implementing this target and timetable, but it continued its opposition 
to a formal commitment This led to non-committal climate treaty language that lacks any 
timetable, though it affirms the goal of stabilizing emissions. 

Meanwhile, an agreement to stabilize carbon dioxide emissions by 2000 was reached 
among the environment ministers of the twelve member nations of the European Economic 
Community (EC), and was announced at the Second World Climate Conference in Geneva 
in 1990. The International Negotiating Committee (INC) that prepared the Global Climate 
Treaty of 1992 will be addressing these issues as it works with signatories to propose 
specific carbon reduction protocols. 

Carbon taxes and other policy measures adopted to date 

One might expect that the discussion on limits to future carbon emissions would have led 
by now to manifold action plans and policies for reducing carbon emissions, including 
R&D, fiscal, and non-fiscal measures. As pointed out in a summary of policy actions by 
the International Energy Agency (TEA 1992), this is, however, not yet the case. Most 
OECD countries are as yet lacking funded action plans and have so far failed to impose 
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carbon or similar taxes. Outside the OECD, most governments are awaiting action by the 
richest nations and have shied away from making any public commitments to curtail or 
reduce emissions. 

Table II. 1.1 gives an overview of carbon taxes implemented as of 1992, as indicated in 
IEA (1992). 

The European Community has proposed a moderate energy/carbon tax as part of a 
combined fiscal and non-fiscal action program (see also Chapter JJ.3), but its plan is in 
limbo as of early 1993. In the U.S., the Clinton administration has proposed a calorific tax 
instead of a carbon tax. The proposed tax, which is mainly motivated by budgetary needs, 
is seen as having a more balanced economic impact on the various regions of the U.S. than 
a carbon tax, which would hit coal regions hardest It also reaches no more than a third of 
the proposed year 2000 energy/carbon tax in the European proposal. 

These developments point to the central importance of the economic issue in formulating 
climate stabilization policies, a topic to which we turn in the remainder of this report 

E. DEFINING ECONOMICALLY EFFICIENT GREENHOUSE POLICIES 

In view of the unique and global nature of the greenhouse warming threat the international 
science and policy making community has moved toward a consensus that precautionary 
measures should be pursued as a risk-minimizing public policy (IPCC 1990), even before 
human-induced global temperature rises become evident What role could and should 
economic considerations play in implementing this scientific mandate? 

Basic alternatives 

Two competing answers have emerged on this question. One is the so-called "no 
(economic) regrets" approach, the other is the so-called insurance buying approach (Krause 
et al. 1989). The "no regrets" approach has shaped the official policy of the current U.S. 
administration, while the insurance buying approach is implicit in proposals by various 
Western European countries and other nations. 

"No regrets" 

In the "no regrets" approach, the damage costs from global warming are assumed to be 
zero. Preventative action would be limited to those measures that are entirely justified by 
economic benefits other than reduced risks of climate change. Reductions in carbon 
emissions are an incidental outcome of non-climatic policies. 

Buying insurance 

The insurance-buying approach is based on emission reduction targets and milestones. In 
the analogy of buying insurance, these targets and milestones are equivalent to an upper 
warming limit, and thus to the amount of insurance coverage bought. The cost of 
insurance against climate risks is the cost of changing cunent investment plans and 
business-as-usual emission trends. 
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Table I I . 1.1: Overview of carbon taxes in OECD countries 

Country Tax In $ per 
metric ton 
of carbon 

Fuels 
Covered 

Effective 
Date 

Exceptions Effects on Fuel Prices Comments 

Denmark 
Private: 

Industry: 

15.6 

7.9 

Coal, oil but 
not gasoline. 
electricity 

15 May 1992 

1Jan1993 

For energy-intensive 
industry, refunds up 
to 100% if reasonable 
conservation pros
pects have been 
carried through. 

Coal up 5%, electricity 
up 3%. 

Coal up 16%, 
electricity up 12%, 
fuel oil up 18%. 

CO2 taxes shown are 
part of an integrated 
CO2 and energy tax 
system. 

Finland 
6.4 Fossil fuels 1 Jan 1991 Products used as 

raw materials in 
industrial 
production. Fuels in 
overseas planes 
and vessels. 

+1 %-2% for electricity, 
light fuel oil, and 
natural gas. -t-5%-8% 
for coal, gasoline, and 
heavy fuel oil. +10% 
for diesel. 

Tax rate for motor fuels 
is larger than if it were 
proportional to carbon 
content Carbon tax 
was first instituted 1 
Jan 1990. In 1991 all 
fuel taxes increased by 
5%, except those on 
motor fuel, which 
increased 20% 

The Netherlands 
125 for carbon 
+ 026/Gigga-
joule for ener
gy content. 

Fossil fuels. 
including 
industrial fuel 
gas 

1992 None except non-
energy uses and 
international sea/air 
traffic. 

Modest for transport; 
otherwise 10%-15% 
increase. 

Previous general 
environmental tax 
restructured to 50% 
CO2 and 50% energy-
based and raised in 
1992. 

Norway 
196 (gasoline), 
66 (diesel). 
196 (natural 
gas), 47-70 
(coal) 

Oil products, 
natural gas. 
and coal 

1 Jan 1991 
Revised 1 
Jan 1992, 
except coal 
1 Jul 1992 

Fuels in all air and 
sea transport. Coal 
used as input to 
industrial processes. 

+10%-14%for 
gasoline, diesel, and 
light fuel oil. +15% for 
heavy fuel oil. 

Diesel and fuel oil tax 
not increased in 1992. 

Sweden 

Residential: 

Industry: 

166 

212 

53 

Fossil fuels 

Fossil fuels 

Fossil fuels 

Source: International Energy Agency, dim. 

1 Jan 1991 

1 Jan 1993 

ate Change Pc 

Cap on total energy-
intensive industrial 
CO? and energy 
taxes paid. 
Electricity sector, 
international sea 
and air traffic, 
Biofuels. 
Same as above plus 
ethanol. 

ilicy Initiatives (Paris, 

With accompanying 
tax changes and 
simultaneous drop in 
crude oil prices, 
gasoline and diesel 
remained roughly the 
same. 

Depends on base 
market price in 1993. 
Assuming same 
prices at the 
beginning of 1992, 
prices plus taxes 
could rise S%-13% for 
residential. Industrial 
prices plus taxes 
could drop 25%-40%. 
France: International En< 

Major tax reform in 
January 1991. 
Energy, sulfur, and 
nitrogen taxes are 
also in effect. 

For 1993, energy tax 
canceled for industry 
sector and for 
ethanol. 

argy Agency 1992). 



The two proposals are special forms of the basic paradigms that shape the debate on 
environmental policy making in general. The "no regrets" proposal is a special version of 
initiatives to incorporate environmental externalities into economic decision-making by 
estimating the monetized value of damages and introducing corresponding surcharges or 
emission fees. The principle is the use of price signals and of cost-benefit analysis. The 
monetized-damage-cost orientation of the "no regrets" policy is somewhat obscured by the 
assumption peculiar to that policy, i.e., that damage costs should be taken to be zero. 

The insurance buying approach is a special version of the normative approach to 
environmental policy making which relies on certain physically defined, quantitative 
emission standards or constraints that are derived from broader environmental or public 
health goals. Traditionally, this quantity constraints approach has been implemented 
through several types of regulations: ambient air quality standards, national caps on total 
annual emissions, or prescriptions of best available control technologies (B ACT) to limit 
emissions at the exhaust stack. 

In paradigmatic terms, the insurance-buying approach and the "no regrets" approach are 
polar opposites: Target-setting policies focus on obtaining a certain amount of insurance 
coverage, without any explicit constraints on the cost of that insurance. The risk of this 
policy falls mainly on the economy. The "no regrets" policy is equivalent to buying 
insurance for a fixed, zero cost limit on the insurance premium, without imposing any 
minimum requirement for risk reductions. The risk of this policy falls mainly on the 
environment. 

Potential regrets from a "no regrets" policy 

Short of detailed analyses that specify the range of zero net cost emission reductions, the 
term "no regrets" is potentially deceptive. If the potential for emission reductions from 
such zero or negative cost options should be small, a "no regrets" policy would be 
insufficient to bring significant reductions in greenhouse gas emissions. For example, 
such measures might do no more than slow the growth of carbon emissions relative to the 
business as usual case. They might therefore not even stabilize greenhouse gas emissions, 
much less cut them enough to stabilize atmospheric concentrations. While avoiding 
economic costs in the near-term, a "no regrets" policy could lead to large economic 
damages in the U.S. and globally in the longer-term. Below, we therefore use the more 
neutrally descriptive term "zero-net-cost" policy rather than the potentially misleading term 
"no regrets" policy. 

As a global warming prevention policy, the insurance-buying approach is certainly more 
prudent, forthright and reliable than an approach that banks, in essence, on the side effects 
of other policies. Its advantages are not only analytical but also civic. By focusing on 
risks, the insurance buying approach is well-suited for dealing with the inherent scientific 
uncertainties surrounding the global warming issue. Its explicidy normative nature lets 
citizens and their governments decide through a democratic process how much they are 
willing to pay for being reasonably protected from the risk of irreversible human-induced 
climate change. 

Cost-benefit analysis in environmental regulation 

The potential shortcomings of the zero-net-cost approach as an insurance policy not 
withstanding, the cost of reductions in carbon dioxide and other greenhouse gas emissions 
is an important and legitimate practical concern. If no limits were put on the cost of 
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emission reductions, the "cure" could be so economically disruptive as to create more 
damage than the "ailment" 

The attraction of cost-benefit analysis for environmental policy-making is that it would 
avoid the risk of such economically inefficient outcomes. The cost-benefit paradigm 
promises that environmental benefits will be achieved at least economic cost. If 
environmental externalities can be given a reasonably accurate monetized value, the market 
would lead investors and consumers to find both the optimum level of emission abatement 
and the least-cost mix of abatement measures. 

Conceptual framework 

This concept is illustrated in Figure n. 1.2. It shows two stylized curves. One is for the 
costs of obtaining an additional (incremental or marginal) unit of the desired product or 
service. This cost curve is also called a supply curve. It tells how much of a particular 
product or service is available at various costs. The other curve shows the benefit of 
obtaining an additional unit of that product or service. Because of diminishing returns, this 
curve is generally assumed to decline with increasing service. 

At the crossing point between the two curves, the marginal benefit of obtaining an 
additional unit of service is exacdy equal to the marginal cost To the left of the crossing 
point it is always greater than the cost, i.e. the incremental benefit/cost ratio is always 
greater than one. Point x on the horizontal axis therefore denotes the maximum amount of 
service that can be obtained at economic advantage. 

In principle, the above methodology could also be applied to the greenhouse effect. If one 
knew the incremental economic damage caused by rising atmospheric levels of greenhouse 
gases and if one knew the incremental cost of reducing die concentrations and release rates 
of greenhouse gases by one unit, one could determine economically optimal reduction 
targets. The amount of product or service plotted in Figure II. 1.2 would become the 
percentage reduction in emissions. The benefit curve would show the incremental avoided 
damage for each additional percentage point of reduction. 

Theoretically, the same framework could be used to deal with environmental risks. In 
standard economic practice, risks are monetized by calculating expected values, i.e., the 
products of probabilities of occurrence and the damages associated with each occurrence. 
The principle behind this method of monetization is that damages can be compensated after 
the fact through monetary payments, by buying liability insurance. 

Similarly, the cost/benefit framework could principally accommodate the problem of 
uncertainties surrounding the probabilities associated with various environmental impacts 
and their monetization. Uncertainty bands corresponding to different estimates of damages 
and probabilities of occurrence could be developed. That would turn the single-point least 
cost optimum into a range whose width depends on the elasticities of the curves and the 
probability levels selected. 

Limitations 

In practice, economic cost/benefit analysis proves to be of limited applicability in most 
environmental regulation. It is plainly unsound when it comes to developing public policy 
for dealing with potentially catastrophic events such as global warming. 
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Figure II. 1.2: Least-cost optimization in cost-benefit analysis 
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First only a portion of potential environmental impacts can be expressed in monetary 
terms. As a result, externality cost analyses yield at best a lower limit for the time societal 
cost of environmental impacts. Secondly, the uncertainties sunounding probabilities of 
occurrence for certain global warming impacts and the damage or adaptation cost estimates 
are huge in the case of global wanning. Compared to conventional air pollution problems, 
the fraction of potential impacts of global warming that can be monetized at all is 
particularly low while the uncertainties in these monetization estimates are particularly large 
(IPCC 1990). 

For these reasons, few analysts have attempted to develop monetized estimates for global 
warming damages. Those who do (see, e.g. Cline 1992a, 1992b, Nordhaus 1989,1991) 
arrive at widely differing assessments both in terms of the absolute level of costs,2 and in 
terms of the manner in which damages are projected to increase with greenhouse 
concentrations. As pointed out by Howarth and Monahan (1992), this so-called damage 
function could be linear, geometric, or logistic, implying widely different policy responses. 
Moreover, many non-monetized risks and damages remain unaccounted for. 

This enormous uncertainty range in damage cost estimates and probabilities of various 
impacts make justifiable global warming abatement expenditures vary over a wide range, 
though some analyses (Cline 1992a, 1992b) show convincingly that even in the face of 
these large uncertainties, significant preventative action can be economically justified. 

Liability insurance versus avoidance of catastrophic risks 

More fundamentally, cost-benefit analysis is an unsound basis for public policy when it 
comes to dealing with risks of large-scale, catastrophic damage. Statistical calculations of 
the expected value of damages as used in liability insurance are relevant only under 
circumstances where the compensation of victims is an accepted societal practice, i.e., 
when such compensation is compatible with fundamental rights of protection from 
involuntary risks. 

The risk of global warming is not amenable to compensation or liability insurance schemes, 
both because of its potential for catastrophic magnitudes of damages, and because of its 
intergenerational nature. In effect the present generations are knowingly incurring global 
wanning risks, and are thereby infringing upon the fundamental rights of protection of 
future generations. Cost-benefit analysis is unsuitable for addressing this ethical issue. 
Instead, public policy must be single-mindedly geared toward reducing and minimizing the 
risk of human-induced climate change. 

It now becomes clear how our concept of buying insurance against climate risks is different 
from the conventional concept of liability insurance. In the preventative approach, 
insurance is not bought by putting away funds for compensation, but by investing in 
measures that will reduce emissions and thereby risks. In this respect, our insurance 
buying approach replaces the conventional focus on economic efficiency with a focus on 
intergenerational equity. People are asked to determine on the basis of their values what 
they are willing to do to preserve a livable world for their grandchildren. 

2 Using heroic assumptions, Nordhaus (1989) arrives at damage costs from global warming of 3-37 S/ton 
for CO2, a variation by a factor of twelve. 
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"No regrets" versus intergenerational equity 

If no preventative measures are taken by the present generations, this may not have a 
significant effect on them, but puts at risk the welfare of future generations. Conversely, if 
carbon emission reductions undertaken by the present generations should be associated 
with large economic costs, the benefits will accrue only to future generations. 

This dissociation in time between the cost of prevention and the benefit of climate 
stabilization is of fundamental importance for understanding the global wanning debate. 
This dissociation makes it more difficult to justify expenses for emission abatement than in 
the case of other environmental problems. The issue of preventative costs is elevated, 
while the motivating force of future benefits is dimmed. We are dealing here with an 
intergenerational form of a "split economic incentive" (see also Chapter EL4). This split 
incentive lies at the heart of the "no regrets" approach. 

The crucial question then becomes: how large will be the cost burden on present 
generations — no matter what the benefits of climate stabilization might be for future 
generations? It is in answering this question that the notion of economic efficiency retains 
its central validity. We next turn to the relationship between our insurance buying approach 
and economic least-cost principles. 

Least-cost insurance 

With our prevention-based insurance-buying approach we not only avoid the conceptual 
failings of cost-benefit analysis in policy formulation. At the same time, we seek to retain 
its principal strength in policy implementation: the practical realization of environmental 
goals with a least-cost mix of mitigation measures. 

This least-cost feature is missing in conventional environmental regulation, where "best 
available control technologies" (B ACT) are prescribed in each installation without regard to 
differences in abatement cost or the availability of cheaper offsets. Often, greater aggregate 
emission reductions could have been achieved for less money by pursuing lowest-cost 
opportunities for emission reductions first irrespective of the sites where they are found. 
In other words, the compliance measures triggered by conventional "command and control" 
regulation fail the least-cost efficiency test 

An insurance buying approach is well-suited for incorporating the least-cost principle. All 
that is required is to apply marginal least-cost criteria in determining the mix and sequence 
of emission abatement measures for realizing given emission reduction goals. In terms of 
the cost-benefit diagram of Figure II. 1.2 above, a least-cost approach to insurance buying 
retains the lower of the two curves in the figure, which is the supply curve of carbon 
reductions, and its least-cost structure. Meanwhile, the demand or benefit curve is replaced 
by normatively defined emission reduction targets. 

F. THE SUPPLY CURVE OF CARBON REDUCTIONS 

For policy makers, an important piece of information is the cost of reaching various levels 
of emission reduction relative to a business-as-usual reference case. Here, one needs to 
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distinguish three kinds of cost impacts: 

— the overall cost of carbon reduction measures to society; 

— the distribution of costs among different groups within society; and 

— the distribution of costs among countries and its consequences for the 
international competitiveness of individual countries. 

For the moment, we focus only on the overall cost to society, which is the most 
fundamental aspect from the point of view of preserving and maximizing economic 
welfare. Competitiveness and distributional impacts are discussed in Chapter H.2. 

We limit ourselves here to a conceptual exploration of the total cost issue, based on the 
concept of the supply curve of carbon reductions. The supply curves in Figures n.1.2 and 
II. 1.3 show the marginal cost of emission reductions. The total cost is the area under the 
marginal cost curve up to the desired reduction level. 

The marginal cost curves could take several forms, which are depicted in stylized form in 
Figures H.1.3a-3d. The total cost of the reduction policy is the shaded area A (in Figures 
II. 1.3a and 3b), or the sum of area A and the negative costs represented in area B (in 
Figures n.l.3c and 3d). 

The two important features of the marginal cost curve in terms of the total cost of carbon 
reductions are its slope, and the presence or absence of reduction measures that pay for 
themselves on account of non-climatic benefits, i.e., measures that have negative costs per 
unit of carbon reduction. Figure II. 1.3 illustrates the following points: 

• Even if there are no negative cost reduction measures, some amount of reductions can 
be obtained at relatively small cost. Whether these reductions are of significant 
magnitude depends on the slope of the marginal cost curve (Figure H.1.3a versus 3b). 

• If the marginal supply curve contains a negative-cost portion (Figures n.l.3c and 3d), 
some emission reductions can be obtained by relying only on these negative-cost 
measures. In this case, a carbon reduction strategy could become synonymous with a 
conventionally defined least cost strategy. 

• In a zero net cost strategy, the total reductions that could be obtained is greatly 
extended. The savings from the negative cost portion of the marginal cost curve (area 
B) can be used to pay for a certain amount of positive cost measures (area A). Only for 
reductions beyond this level would total costs become positive. 

These observations suggest that the information most useful to policy makers is a plot that 
shows the total cost of carbon emission reductions as a function of the desired reduction 
level. We call this supply curve of carbon reductions the total-cost curve. 

The total-cost curve 

Figure n.1.4 illustrates how the insurance buying approach and the zero-net-cost policy 
can be presented and compared in one internally consistent framework. The figure shows 
three stylized supply curves for the total cost of carbon reductions for the year 2020. On 
the horizontal axis, carbon emission reductions are again expressed in percentage terms 
relative to present levels. On the vertical axis, costs are expressed as total annual costs in 
the year 2020 relative to a business-as-usual scenario. In this business-as-usual or 
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Figure II.1.3: Alternative shapes of the marginal cost curve for emission 
reduction measures 
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Figure IL1.4: Total costs of emission reductions under least-cost, zero net cost, 
and target-based policies 
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reference scenario, carbon emissions increase by 30 percent The reference case is 
therefore located to the left of the y-axis. By definition, the net cost of the reference 
scenario is zero, so that the reference case is represented by a point directly on the x-axis. 

Zero net cost versus buying insurance: how different? 

The figure illustrates in stylized fashion three alternative relationships between a zero-net-
cost policy and an insurance buying policy (assuming for the latter, respectively, a 20 
percent and 50 percent emission reduction target). Our figure also shows what emission 
reductions, if any, could be realized by least-cost strategies that are limited only to negative-
cost reduction measures that have significant non-climatic benefits. 

Possibility One: major clash 

In the first supply curve, the assumption about the status quo is that existing tax systems 
cause few losses of economic output that energy service markets function in a near-perfect 
manner, and/or that existing tax structures and market imperfections basically cannot be 
changed. As a result the reduction potential from zero net cost measures is small. All the 
zero-net cost measures do is to slow down the growth in emissions, from 30 percent in 
2020 to 20 percent As larger emission reductions are implemented, the costs to society 
rise steadily. Even a freezing of emissions leads to significant (10%) net costs, and both a 
twenty percent target and a 50 percent target result in major economic losses. 

Clearly, the target-based policy and the zero-net-cost policy are far apart in this case, and a 
compromise would appear difficult This is so because few opportunities for piggybacking 
carbon reductions on other policies exist 

Possibility Two: easy compromise 

In the second curve, it is assumed that tax-related macroeconomic efficiency losses and 
structural market barriers in the status quo economy are significant and that these barriers 
can be substantially reduced. As a result zero or negative net cost measures allow a 
substantial (close to 20 percent) reduction in emissions, due to significant opportunities for 
measures that can be justified on other than climatic grounds. For a twenty percent 
reduction, the net cost to society is only slighdy positive. Given that the mitigation of 
climate risks has a non-zero economic value, a twenty percent target could thus be seen as a 
sensible compromise. However, costs still rise steeply for a 50 percent reduction target 

Possibility Three: saving carbon while saving money 

In the third curve, tax-related macroeconomic efficiency losses and market barriers in the 
status quo economy are pervasive and can be fully redressed through various policy 
measures. As a result opportunities to pursue carbon reduction measures that pay for 
themselves are so pervasive that the cost of implementing a 20 percent reduction is robusdy 
negative. The zero net cost point is reached only for emission reductions in the 
neighborhood of 70 percent In this case, even the realization of the full 50 percent 
reduction target that has been recommended for the year 2020 would not increase costs to 
society. 

This discussion clarifies the fundamental task in making economic assessments of 
greenhouse prevention policies: the determination of the shape of the carbon reduction 
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supply curve. Such analyses need to be both sufficiently comprehensive in terms of the 
range of carbon reductions that is being examined, and sufficientiy specific in terms of 
capturing regional and national differences and addressing various time horizons. 

What do large reductions cost? 

Our stylized figure and discussion illustrates, among other things, that for a given time 
horizon, the potential for conflict between the zero-net-cost approach and the target-based 
insurance buying approach increases with the amount of reduction sought Conversely, the 
conflict between the two approaches is lessened as more time is allowed for economies to 
adjust and for technological progress to ease the task. 

If the goal of international agreements is the stabilization of emissions at current levels by 
the turn of the century, there may be no big problem. But the basic conflict in philosophy 
between insurance buying and zero-net-cost policies will not be eliminated by this 
accommodation. This conflict is likely to resurface once the international negotiating 
agenda moves toward the higher reduction goals that will need to be realized in the period 
after the year 2000. 

Conceptually, there also exists a least-cost time profile for interim targets on the way to a 
given ultimate cost target All else being equal, this profile will differ with the social 
discount rate. A lower discount rate will yield quicker action early on, while a higher 
discount rate will yield more modest interim targets in the early part of the transition period. 
Very little analysis has been done on this issue, partly because it is difficult to isolate it 
from uncertain projections about technological innovation. 

Scope of this report 

To shed light on the question of whether climate stabilization is economically feasible, as 
opposed to a mere stabilization of emissions, one needs to do more than analyze currendy 
proposed near-term reduction targets. We therefore examine in this study the feasibility of 
reaching carbon reductions of 50 percent or more. And we study the feasibility of doing so 
within the 1985-2020 timeframe, since this period was identified in Volume One of our 
study as critical for action by the industrialized countries. 

Focus on energy policy 

Carbon emissions need to be reduced primarily through changes in energy policies. The 
scrubbing of carbon dioxide from exhaust pipes and stacks creates an unsolved disposal 
problem (see Appendix B, Chapter TLB .7), and tree planting is a limited mitigation option 
with complex land-use, permanence, verification, and accounting issues (see Volume One, 
Chapter 1.3 and 1.7). Estimating the insurance premium for limiting the risks of climate 
warming thus primarily becomes a question of the relative cost of alternative energy 
strategies. 

Regional case study 

Energy strategies are usually defined for specific geographic regions and seek to take into 
account their resource endowments, growth potential, geopolitical position, etc. This 
suggests a regionalized or case study approach in which die cost of carbon reductions are 
determined for the major subregions of the world. The results could then be combined into 
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global scenarios through iterations that take into account secondary feedback effects in the 
world energy markets and the world economy as a whole. 

Clarification of competing claims 

The impacts of carbon reduction measures on the national or regional economy and on 
international competitiveness become particularly important when considering unilateral 
action by one country or group of countries. Not surprisingly, these economic concerns 
have been, and continue to be, on the minds of policy makers, who have commissioned a 
series of economic studies on the topic. 

Unfortunately, the results of these studies are so contradictory that they are more often a 
source of confusion than clarification. These contradictory outcomes can be traced to 
different methodologies for determining the societal cost of alternative energy futures, and 
thus the shape of the total-cost curve for carbon reductions. Before presenting our own 
case study analysis for Western Europe, it is thus helpful to review this body of work and 
to gain an understanding of the current debate surrounding greenhouse policy costs. This 
review is taken up in Chapters n.2-5. 

References: 

Cline, W.R. 1992a, The Economics of Global Warming, Institute for International 
Economics, Washington, DC, June. 

Cline, W.R. 1992b, Global Warming: The Economic Stakes, Institute for International 
Economics, Washington, DC. 

Enquete Kommission 1990, Schutz der Erde — Eine Bestandsaufhahme mit Vorschl&gen 
zu einer neuen Energiepolitik, 3. Bericht, Enquete-Kommission zum Schutz der 
ErdatmosphHre, 11. Deutscher Bundestag, Bonn, FRG. 

Enquete-Kommission 1992, Klimaanderung gefanrdet globale Entwicklung. Zukunft 
sichern — Jetzt handeln, Ecoonomica Verlag, C.F. Miiller, Karlsruhe, FRG. 

Hoffert, M.I. and C. Covey 1992: "Deriving Global Climate Sensitivity from 
Palaeoclimatic Reconstructions," Nature Nr. 360, pp. 573-576. 

Howarth, R.B. and P.A.Monahan 1992, Economics, Ethics, and Climate Policy, LBL-
33230, Energy Environment Division, Lawrence Berkeley Laboratory, November. 

IEA 1992, Climate Change Policy Initiatives, International Energy Agency, OECD, Paris. 

IPCC 1990, Climate Change: The IPCC Scientific Assessment, Intergovernmental Panel 
on Climate Change, WMO/UNEP, Geneva, August. 

Krause, F., W. Bach, J. Koomey 1989, Energy Policy in the Greenhouse, Volume I: 
From Warming Fate to Warming Limit: Benchmarks for a Global Climate Convention, 
Prepared for the Air Pollution Directorate, Dutch Ministry of Environment Also published 
as Energy Policy in the Greenhouse by Earthscan Books, London 1990, and John Wiley & 
Sons, New York 1992. 

II. 1.20 



Lashof and Tirpak (eds.) 1989, Policy Options for Stabilizing Global Climate, Draft report 
to the U.S. Congress, U.S. Environmental Protection Agency, Office of Policy, Planning, 
and Evaluation, February. 

Lorius C, Jouzel, J., Reynaud, D., Hansen, J. and Le Treut, H. "Greenhouse Warming, 
Climate Sensitivity and Ice Core Data," Nature, June 1990. 

Nordhaus, W.D. 1989: "The Economics of the Greenhouse Effect" Paper presented to the 
MIT Workshop on Energy and Environment Modeling and Policy Analysis, July 31-
August 1, Cambridge, MA. 

Nordhaus, W.D. 1991: "To Slow or not to Slow: the Economics of the Greenhouse 
Effect" Economic Journal Vol.101, pp. 920-937. 

II. 1.21 





CHAPTER II.2 

THE COST OF CARBON REDUCTIONS: TOP 
DOWN VERSUS BOTTOM-UP 

A. THE ISSUES 

Having established a conceptual framework for relating carbon emission reductions and 
total abatement costs, we now turn to the specifics of how the costs of carbon reductions 
can be determined, and what findings have been obtained to date. Of the three economic 
issues mentioned in Chapter H.1 — total costs to society, distributional effects, and 
impacts on international competitiveness — the most fundamental one is the total cost 
issue. We begin with this topic, and then turn to the derivative issues of distributional 
equity and international competitiveness. 

As discussed below, all estimates of the total costs of carbon reductions to society are 
strongly influenced by the types of policies through which these reductions are to be 
achieved. Our exploration thus has significance far beyond the formulation of global 
wanning policies alone. It is relevant to the economic assessment of any type of energy 
policy. In particular, it has direct bearing on the discussion of energy taxes and "green" 
taxes that has emerged from the confluence of fiscal and environmental crises. 

A clash of paradigms 

When policy-makers ask for assessments of the cost of carbon reductions, they are 
invariably frustrated by competing answers and competing policy recommendations. Cost 
estimates to date span the full range of possible outcomes, from strongly positive costs to 
strongly negative costs (i.e., net benefits). Moreover, this divergence exists for the full 
range of reduction goals under discussion, from a mere stabilization to cuts of 50 percent or 
more below present emission levels, and for time horizons ranging from ten to 40 years or 
more. 

Proposed policy options show a similar divergence. Some analysts emphasize a carbon 
tax. This tax would be levied as an excise tax at the point where fossil fuels enter the 
economy, and would then stimulate changed consumption patterns and investments. Other 
studies place only secondary importance on such price signals, and emphasize instead a 
range of non-fiscal measures. These non-fiscal measures include legislated minimum 
efficiency standards for energy-using equipment financial incentives for energy-saving 
investments, and a variety of structural reforms in the energy service markets of the 
economy and in utility industry regulation. 

Underlying this lack of agreement on both costs and policies are two competing paradigms 
of energy policy analysis: the top-down approach and the bottom-up approach. Cost 
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estimates based on these two approaches diverge along a consistent pattern, irrespective of 
geographic scope, of the size of the reduction target or of its timing: 

• In studies following the top-down approach, carbon reduction policies push the 
cost of energy services up and lead to losses in economic output Findings thus 
qualitatively follow the uppermost curve in Figure II. 1.4 (see Chapter U.1 
above). Impacts on economic growth are already negative even when only 
small reductions below business-as-usual emissions are implemented. Still 
larger economic losses occur as higher reductions are sought1 

• In bottom-up assessments, the total costs of carbon reductions are found to be 
dramatically lower than in the top-down studies. Findings qualitatively follow 
the two lower curves in Figure n.1.4. Up to a considerable percentage 
reduction in emissions, the total bill for energy services drops, implying 
enhanced economic output in the economy at large. This negative cost regime 
may include considerable reductions below baseline emission levels, not just 
below projected business-as-usual emissions. Only for large or very rapid 
reductions below baseline emissions do costs turn positive. 

• All else being equal, the cost estimates from bottom-up analyses always remain 
well below those found in top-down studies. 

The clash between these two energy-analytic paradigms predates the current interest in 
energy policy, which is driven by climate change. It first arose in the wake of the oil price 
shocks of the 1970s. But even though energy policy took center stage for a number of 
years at the time, the profound differences between the two approaches have remained 
unresolved both in the research community and in government policy making. 

This lack of resolution now haunts the greenhouse policy debate not only at the national 
level, but on the global level as well (UNEP 1991,1992). No rational dialogue on the cost 
of greenhouse policies can be held without explicidy addressing this profound analytic 
schism. The same is true for all policy initiatives based on any form of energy taxes 
whenever such taxes are pursued without at the same time integrating them with a variety of 
other, non-fiscal policies (or vice versa). All such policies merely reproduce the above 
schism. As we shall show in detail in our further discussion, they are preprogrammed to 
lead to suboptimal economic outcomes. 

An in-depth discussion of these issues is also important because readers will not be able to 
judge or fully appreciate the findings of our study, nor of any other cost assessment 
without an understanding of the issues involved. The issue of methodology — usually a 
tedious subject left for the appendix and for specialists only — has itself become an item of 
central political significance. Before discussing the findings of our own study, we 
therefore present in this and the two following chapters a concise review and critique of the 
top-down and bottom-up assessments of costs and policies. 

1 As discussed in Section B below, these output losses can be partially or fully compensated for by fiscal 
reform policies unrelated to climate change. 
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In this chapter, we investigate the key ramifications of top-down and bottom-up studies for 
growth, global competition, and international trade.2 We do so here without attempting to 
engage in a full-blown analysis of which approach is more sound and accurate for what 
policy problem. The strengths and shortcomings of each approach, and the question of 
what type of cost assessment is in fact the more fundamentally important one for assessing 
the cost of climate stabilization and should thus be primarily relied upon by policy makers, 
are fully explored in Chapters n.3-5 below. 

We would like to state at the outset that we see value in both approaches, and in both types 
of policy proposals that flow from them. We believe that both could be — but for the most 
part, are not currendy — applied in mutually complementing ways. Correspondingly, 
most energy policy discussions suffer from a lack of integration and are unnecessarily 
polarized. But to lay the basis for a genuine, structured integration of alternative 
approaches, it is first necessary to clarify key differences. This clarification requires at 
times a stylized, simplified presentation. 

For the moment our goal is to obtain an overview of the debate on the total economic cost 
of greenhouse policies, and the key economic considerations, arguments, and issues that 
such policies raise. For the purpose of this discussion, it is useful to focus on the 
following questions: 

1) What are the fundamental dynamics in the economy that determine the impacts of 
carbon reduction policies, and how could they explain the conflicting findings of top-
down and bottom-up studies? 

2) What kinds of costs are being measured in each type of economic assessment (e.g., 
energy expenditures versus changes in gross domestic product or GDP), and if the 
kinds of costs are different how can the findings on economic impacts from different 
studies be compared? 

3) What policies to implement carbon reductions are being assumed in each assessment 
(e.g. taxes or non-fiscal measures), and how might these policy assumptions influence 
the findings on economic impacts? 

4) How do economic assessments differ when the geographic boundary for the carbon 
reduction policy changes from comprehensive (all regions of the national economy, or 
all nations) to non-comprehensive (only some regions of the economy, or only some 
countries)? 

The best approach for exploring these issues is to consider these questions for models of 
the economy that are progressively more complex as they incorporate the dynamics and 
issues at play in today's global economy. At each level of complexity, we examine the 
implication of bottom-up analyses as compared to top-down analyses and review the results 
from pertinent studies. 

Comprehensive approach, generic one-economy model 

The simplest situation is the case in which only one economy is assumed to exist as a 
closed system. This simplest case allows us to identify the generic economic processes and 

2 The distributional issue is in many ways analogous to the problems faced in the international realm. 
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issues related to the introduction of carbon constraints, while the complications from 
international competition are set aside. It also allows us to clarify how cost definitions and 
findings on economic impacts in top-down and bottom-up studies are conceptually related 
(Section C). 

A second step in our exploration of generic issues is the importance of alternative policy 
choices for economic and environmental outcomes. Here the interactions between 
secondary price effects, the costs of carbon reductions, and the magnitude of these 
reductions is the focus (Section D). 

Comprehensive approach, competing economies 

Getting more realistic, we move to consider the comprehensive approach when applied on 
the international plane. The international context brings the need to include competitiveness 
impacts in our consideration of costs. In this more complex case, new issues arise from 
international trade and competition between regions with different resource endowments, 
populations, and economic structures. Depending on whether target or carbon tax policies 
are applied, these national differences can become more or less important (Section E). 

Non-comprehensive approach, competing economies 

Having explored the comprehensive case, we next examine non-comprehensive policies in 
the international context In this most complex (and most realistic) case, additional 
dynamics arise from international trade and competition between regions with and without 
carbon constraints. These additional economic processes lead to new issues, notably the 
possibility that developments in regions without carbon constraints will undermine carbon 
reductions achieved in regions with constraints. The new context also leads to a different 
assessment of tax-based implementation policies relative to non-fiscal policies (Section F). 

Beyond the neoclassical model of international competition 

In our final step, we move from the conventional, neoclassical paradigm to alternative 
views of international competition and development Here, we explore the conceptual 
limitations of all energy economic models, and in fact all neoclassical economic theory: 
their inability to capture and measure the broad structural and technological factors in 
societal development, and the foreseeable changes in these factors, that ultimately determine 
international competitiveness. These limitations arise when considering whether and how 
developing nations and OPEC countries could throw global emission reduction efforts into 
disanay. Recognizing these limitations and moving to a broader view of development 
makes these concerns appear in a new and different light (Section G). 
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B. FINDINGS TO DATE: ECONOMIC IMPACTS OF A COMPREHENSIVE 
CARBON REDUCTION POLICY 

Conventional wisdom: top-down studies 

Until now, most official thinking on international agreements and policies to reduce carbon 
emissions has been based on top-down analyses.3 Notably the U.S. position on the 
question of targets has been based on such analysis (see, for example CBO 1990, Marine 
and Richels 1990, US DOE 1991, US DOC 1992), and they have also played a role in the 
development of European policy proposals (CEC 1991a, DRI 1991, DRI 1992). These 
top-down studies seem to confirm the widely held intuitive notion that curtailing the use of 
fossil fuels will have an economic cost and may be quite expensive. 

In broad terms, the top-down findings can be summarized as follows: 

— Achieving significant reductions (i.e., cuts of 20 percent below 1990 levels over the 
next 15 to 30 years) will require taxes (or other implementation measures with an 
equivalent impact on the economy) in the range of hundreds of dollars per ton of carbon 
— enough to increase the prices of oil and coal severalfold.4 

— The economic impacts of these taxes, and of the increases in energy expenditures that 
they prompt will be significant Even limited constraints on carbon emissions (such as 
a stabilization of emissions by the year 2000 or a 20 percent cut by the year 2010 or 
2020) will reduce annual growth rates in GDP by 0.05-0.10 percentage points. 

— Over twenty to thirty years, this leads to cumulative economic losses in the range of 
about 1-5 percent of GDP. These losses are equivalent to hundreds of billions of 
dollars per year, and reach the trillion dollar range on a cumulated basis. 

To be sure, the significance of these impacts is in the eyes of the beholder. Many analysts 
(and most European governments) characterize the above macroeconomic impacts as 
probably minor, based on the inherent uncertainties in macroeconomic modeling 
calculations and on the small percentage impacts. For example, a loss of one to three 
percent of gross national product by the year 2010 would do no more than to postpone the 
consumption level expected for 2010 to the year 2011. 

By contrast industry groups in the U.S. and in parts of Europe, as well as the former 
Bush Administration in the U.S., have emphasized the absolute impacts in terms of costs 
and job losses, which sound much more worrisome when quoted out of context From 
their reading of the evidence, they arrive at the following conclusions: 

3 For a more comprehensive list of such studies, see UNEP (1992). 
4 In these studies, carbon tax revenues flow into the general treasury. They are thus applied as marginal 
price signals that establish the maximum cost of control measures that are economically worthwhile. The 
average cost per unit of carbon reductions is expected to be lower, though this is not always the case. See 
the discussion of results from macro model simulations in Chapter n.3 below. 
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— Unilateral action by individual countries to reduce carbon emissions would seriously 
hurt their international competitiveness and should be avoided. 

— Even an international agreement among OECD countries on a uniform set of carbon 
reduction goals and timetables will be problematic, because it will affect some OECD 
countries more negatively than others. Notably, the U.S. will be affected more 
negatively than most European countries (U.S. DOC 1992). 

— The best strategy is to postpone the adoption of emission reduction targets by up to 
several decades, until cheap non-fossil energy sources have been developed (CRA 
1991). 

These conclusions, widely echoed in the media, have reinforced the belief that carbon 
reduction policies will necessarily be negative for the economy. This belief has achieved 
the status of common dogma among various administration and industry circles, and 
remains a seriously argued position even in those OECD countries that advocate proactive 
reduction policies. Moreover, the claim of unacceptable economic burdens has reinforced 
the perception among the developing countries that they should be on guard and resist 
proposals for international agreements obliging them to meet certain carbon emission 
targets. 

An insurgent view: bottom-up studies 

This dogma collides with an insurgent view articulated in a body of research based on 
bottom-up analysis. Though bottom-up analyses (or more precisely, integrated top-down 
and bottom-up approaches) have become the dominant resource planning approach in large 
parts of the U.S. utility industry and are increasingly relied on in utility investment 
planning elsewhere, this perspective is still less recognized and accepted in national energy 
policy making. Nevertheless, a number of governments have commissioned bottom-up 
studies on the cost of carbon reductions (CEC 1991a, DPA 1989, Enquete-Kommission 
1990, Krause et al. 1991, Krause et al. 1992, NAS 1990, OTA 1991, Russ et al. 1991), 
and other organizations have undertaken them independently (Mills et al. 1990, Jackson 
1991, Lovins and Lovins 1991, Williams 1991, UCS/ASE/ACEEE/NRDC 1991). Other 
studies, including recent work in developing countries, are reviewed in UNEP (1992). 
Underlying these bottom-up estimates are detailed analyses of end-use markets and 
consumer behavior (see Chapter II.4). The basic message from these assessments: 

• Contrary to common dogma, significant reductions in carbon emissions below 
business-as-usual projections are feasible at no extra cost or while saving nations and 
consumers money. This result is obtained when all available resource options 
including demand-side efficiency improvements are evaluated on the basis of a 
consistent societal discount rate.5 

• Current patterns of consumer investments in energy efficiency options reflect high 
implicit discount rates of 30 to more than 100 percent (i.e., short payback time 
requirements of several years to less than a year). These high implicit discount rates, in 

5 A societal discount rate is a low rate ranging anywhere from about 0-3 percent to less than 7-10 percent 
in real terms. Cline (1992) recommends a 1.5 percent real discount rate in evaluating the costs and benefits 
of greenhouse gas emission abatements from a social perspective. Energy policy studies tend to use 
discount rates equivalent to the rate of return on capital for long-term investments by utilities, which is in 
the neighborhood of 5-7 percent in real terms. 
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turn, can largely be traced to inefficient energy service and information markets 
including regulatory and institutional barriers. 

• Macroeconomic modeling assessments of the cost of carbon emissions are misleading 
when used as a basis of global wanning policy formulation. Because all such modeling 
is based on status quo patterns of consumer decision-making, these studies fail to adopt 
a societal discount rate perspective and merely reproduce existing market barriers and 
institutional arrangements. 

• The key to reducing carbon emissions at negative net cost are market-creating incentive 
policies, institutional reforms, and regulations that establish an effective competition 
between conventional carbon-intensive energy sources and energy efficiency, 
cogeneration, fuel switching, renewables, and other low-carbon options, i.e. a level 
economic playing field for all resource options. 

These findings upset the conventional wisdom. They imply that it is the business-as-usual 
energy policies that may have macroeconomic opportunity costs: if carbon emissions can 
be reduced while saving money, then not doing so will cause losses of economic growth 
and employment And depending on who realizes these money-saving carbon reduction 
options first not capitalizing on them could also diminish international competitiveness. 

The bottom-up approach leads to a policy focus on targeted incentives or regulatory 
interventions to improve the functioning of competition between energy supplies and 
energy efficiency in specific end-use markets. At the same time, it can be linked to carbon 
tax policies. Bottom-up assessments can be used to calculate the total tax revenues needed 
for undertaking a specified range of emission-reducing investments. One can then set the 
carbon tax at the implied average cost per unit of avoided carbon (see Part 2, Chapter JJ.9), 
and put tax revenues into a trust fund that is recycled into the already identified abatement 
measures. 

This carbon tax based on average abatement costs is an order of magnitude lower than the 
carbon taxes derived from macroeconomic assessments, which are equivalent to marginal 
rather than average abatement costs. The macroeconomic effects of this approach are very 
different from those found in the top-down approach (Sanghi et al. 1991, CEC 1991b; see 
also Chapter n.3). 

Another discordant note: top-down tax recycling studies 

Until recently, top-down studies presented a seemingly solid consensus: because carbon 
constraints will increase energy costs, they will necessarily result in losses of GDP. More 
recendy, this consensus in the top-down world has been upset by a number of 
macroeconomic studies that investigate alternative ways of spending carbon tax revenues. 
These alternatives had hitherto not been considered. In fact some top-down studies went 
so far as to model carbon tax revenues as though the tax revenue would accrue entirely to 
foreign suppliers of energy, and none would return to the economy via the treasury (Barrett 
1991). 

Macroeconomic tax recycling analyses do not, as bottom-up studies do, challenge the 
proposition that carbon emission reductions will lead to higher energy expenditures. 
Rather they start from the fact that the revenue streams associated with carbon tax policies 
would be so large as to significandy alter the tax structure in the economy, notably if net tax 
burdens on the economy are to be kept the same (i.e., under a revenue-neutral carbon tax). 
They thus look upon carbon taxes as an opportunity to displace other kinds of taxes that 

H..2.7 



produce "fiscal drag," i.e., inefficiencies in the economy at large that are related to the 
relative taxes on capital, labor, and pollution. 

In particular, these studies investigate the recycling of carbon taxes into tax relief for 
workers (personal income tax, employee-paid payroll tax), businesses (employer-paid 
payroll tax, corporate income tax, investment tax) and governments (deficit reduction, 
revenue enhancement), and combinations thereof (CEC 1991b, Shakleton et al. 1991, 
Brinner et al. 1992). The result: 

• Policies based on carbon taxes can offset negative impacts on economic output or even 
enhance economic growth, if revenues are used to reduce deadweight losses in the tax 
structure, notably if tax recycling stimulates investments. 

Tax relief for capital leads to lower investment costs, and this in turn leads to expanded 
capital stocks and higher productivity. Domestic labor and capital substitute for higher-
priced (and in good part, imported) fossil energy. Within a few years, the deflationary 
effect of higher investments more than offsets the initial inflationary effect of higher energy 
prices. 

It is remarkable that of all the top-down studies published by the various branches of the 
U.S. government in the period preceding the 1992 UN Conference on Environment and 
Development (US CBO 1990, US DOE 1991, US DOC 1992), none investigates the 
recycling of carbon taxes into tax relief for investments or into incentives for energy 
efficiency investments.6 By contrast the European Community's C02 Crash Programme 
Analysis (CEC 1991b) did include such an assessment This more comprehensive policy 
assessment is one factor explaining the more proactive stance of the European Community 
on international carbon reduction goals compared to that of the U.S. 

Implications for policy 

Both bottom-up studies and carbon tax recycling studies assert that there are opportunities 
to piggy-back carbon reductions on policies that aim to do no more than correct welfare-
robbing distortions in the economy. Because energy service market enhancements and tax 
changes are by themselves found to be economically advantageous, they offer opportunities 
to reduce carbon emissions at negative net cost. 

These findings change the policy debate significantly. If policy-makers and the public were 
previously faced with a clear-cut contradiction between two analytic camps with different 
modeling catechisms, the fronts are now redrawn: 

• Even if the money-making opportunities identified in bottom-up assessments were 
insignificant, carbon reduction strategies could still be fashioned in such a way as to 
maintain or even boost economic growth through tax recycling. 

Moreover, if the bottom-up findings do apply. 

6 In fact, the contractors for the study by the U.S. Department of Commerce emphasize that they were 
directed not to investigate recycling options other than a personal income tax rebate. This directive was 
apparently issued even after such an incomplete analytical approach bad been sharply criticized by 
researchers and staff working on similar analyses for the US EPA. 
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• A powerful carbon reduction strategy could be fashioned by reducing market and 
regulatory failures in the energy sector and also reducing tax distortions in the economy 
at large. 

Both policy actions are growth-enhancing, and if carbon taxes finance programs to correct 
market failures, they could become mutually reinforcing. Moreover, by mixing some form 
of personal income tax relief with recycling into abatement and other investments, carbon 
tax policies could be fashioned to be politically appealing to voters.7 This suggests an 
integrated market creation, regulatory, and fiscal approach to implementing carbon 
reduction goals that is radically different from conventional proposals relying solely on 
carbon taxes flowing into the general fund. 

C. FIRST PRINCIPLES: HOW DO CARBON CONSTRAINTS AFFECT 
THE ECONOMY? 

To gain further insight into the discrepancies between top-down and bottom-up studies, we 
need to briefly return to a basic description of the mechanisms by which carbon reduction 
policies affect the economy. We can then trace the treatment of these mechanisms in each 
type of study, and see the relationship between their findings. First however, we need to 
clarify what types of costs could and should be studied for policy development 

Types of costs 

Any carbon reduction policy will have impacts on both economic efficiency and on the 
distribution of economic wealth. Because our exploration is at the moment geared toward 
policy-making under a comprehensive approach, we adopt a societal perspective on all 
costs and set aside distributional questions.8 From this societal perspective, the economic 
impact of carbon reduction strategies can be thought of in terms of three components: 

— The first cost component is the benefit of avoided ecological and economic damages, or 
reduced risks of such damages. 

— The second component is the change in energy demand and prices, and the resulting 
change in the societal bill for energy services (society's energy service expenditures, or 
in conventional parlance, energy expenditures) that may result from low-carbon energy 
strategies.9 

7 If carbon taxes were mainly used to reduce personal income taxes, they could have a strongly regressive 
effect since energy expenditures vary much less with income than income tax burdens do. 

8 The distributional impacts of carbon tax policies on the various income classes appear to be small. A 
slightly regressive impact could be offset by various tax recycling mechanisms (Schillo et al. 1992). If 
non-fiscal measures are used (such as incentive programs for energy efficiency investments by consumers), 
adverse distributional impacts can be minimized by assuring that incentive programs reach all classes of 
energy consumers, as typically done in the demand-side management programs of U.S. utilities. 

9 We speak of energy services expenditures rather than energy expenditures because energy consumers 
spend varying amounts of money on efficiency improvements at the point of end-use. These consumer 
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— The third component is the impact of changed damage costs or risks, and of changed 
energy demand and expenditures, on the economy as a whole. In this macroeconomic 
perspective, costs are measured as changes in economic output (conventionally 
measured as gross domestic product or GDP). As energy expenditures and prices 
change, so do the demand for labor, capital, and consumer goods available to the rest 
of the economy. The macroeconomic cost of carbon reductions thus is measured as an 
opportunity cost relative to investment patterns that would prevail in the absence of 
carbon reduction policies. 

Following our discussion in Chapter JJ.1, we set aside the first component of the economic 
equation, i.e., the benefit of avoided climate damages or reduced risks thereof. Our focus 
is on the sign and magnitude of carbon emission abatement costs alone, and on the methods 
for assessing them. This approach also is the convention adopted in the various studies 
summarized above. 

Cost impacts: the basic dynamics at work 

The impact of carbon reduction policies on the economy begins with changes in 
expenditures for energy services. These then percolate through the rest of the economy by 
way of two basic processes: the income effect and the substitution effect 

The income effect 

In simple terms, the income effect means that if energy expenditures go up, less money will 
be available for consumer spending since prices for fuels and electricity as well as goods 
requiring energy inputs will be higher. 

This leads to a ripple effect on economic output Firms producing goods for consumers 
will also have to spend more on energy inputs leaving less for other production inputs. 
This plus lower consumer demand reduce total economic output Lower output in turn, 
will result in lower absolute savings. Over time, the resulting smaller investment will result 
in slower growth in capital stocks and productivity and hence in lower growth of GDP. 

Conversely, if energy service expenditures should be reduced, they will free capital and 
income, increase the demand for goods and services, and increase investments. All else 
being equal, this will lead to a higher growth path for die economy. 

The substitution effect 

If energy service costs go up on account of carbon taxes or carbon constraints, substitution 
measures and innovations are stimulated that decrease costs, thus lessening the overall 
effect on GDP over time. Substitution processes occur in the energy sector itself (e.g. 
from heavily taxed coal to less heavily taxed natural gas), but also in the form of changes in 
the demand for energy-intensive goods. This trend will make the increase in energy service 
costs from higher fossil fuel prices lower than it would have been without such 
substitutions. Over time, the substitution effect thus moderates the income effect 

expenditures are not captured in energy prices, but are part of society's cost of energy services. See also 
Krause and Eto (1988) for a discussion of boundaries in cost definitions under the societal perspective. 
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Conversely, if carbon strategies result in cost reductions, carbon reductions will be 
moderated over time by the so-called take-back effect: Lower energy service costs and 
higher incomes will encourage greater consumption of energy services unless saturation 
effects come to bear. Second, lower energy bills may lessen the attention to energy 
efficiency in subsequent years. 

Treatment of costs and economic processes in top-down and bottom-up 
assessments 

Both top-down and bottom-up assessments calculate the net costs of carbon emission 
constraints by comparing low carbon scenarios with a business-as-usual scenario in which 
no efforts are made to cut carbon emissions. Cost comparisons are either based on annual 
costs for the target year, or on the net present value of costs for all years up to the target 
year. 

The two approaches differ in the way they model the energy sector, in the way they deal 
with feedback effects between energy service costs, energy prices, and demand, and in the 
types of economic costs they measure. 

Differences in modeling the energy sector 

The differences between the two approaches in the area of energy sector modeling are 
reviewed in Chapter H.3 and U.4. Briefly summarized, they can be stated as follows: 

— In the top-down approach, energy demand and implicidy, the technical efficiency of 
final energy use, are forecast. The forecast is made on the basis of aggregate 
historic statistical relationships between energy consumption and economic, 
demographic, and other parameters. These relationships, in turn, reflect private 
discount rates and historic barriers to the adoption of energy-efficient technologies. 
Energy market barriers, and policy options to lessen them, are not acknowledged in 
this framework. Existing market structures are assumed to be efficient or to 
function in ways that cannot be significandy changed. The implied policy approach 
therefore is to rely on price signals, such as imposing carbon taxes (see also 
Chapter U.3). 

— In the bottom-up approach, energy demand is not forecast but optimized based on 
policy scenarios that mobilize currendy unrealized opportunities for cost-effective 
efficiency improvements. Its defining characteristic is the use of a low societal 
discount rate, in accordance with the analytic requirements of government policy 
making. The existence of unrealized efficiency potentials is attributed to the 
difference between this societal discount rate and the private discount rates implicit 
in the investment decisions of energy consumers. The main policy emphasis is on 
non-fiscal measures. These are designed to establish efficient competition between 
demand-side and supply-side investments (see also Chapter 11.4). 

The impact of the discount rate on the potential for cost-effective energy efficiency 
improvements is illustrated in Figure II.2.1. It shows one and the same supply curve of 
efficiency improvements (a plot of the cost per unit of energy saved as a function of the 
amount of energy saved) at various discount rates. It also shows a horizontal line 
indicating the cost of energy supply. 
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Figure II.2.1: Influence of discount rate on cost 
effectiveness of efficiency improvements 
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At a five percent discount rate, the entire efficiency supply curve is cost-effective, with the 
low end being 80 percent cheaper than energy supplies, and the high end about 20 percent 
cheaper. At a 13 percent discount rate, a third of the supply curve becomes uneconomic. 
At a 35 percent discount rate, more than 90 percent of efficiency improvements lose their 
cost-effectiveness. At a 64 percent discount rate, none of the demand-side investments 
comes even close to being cost-effective. 

Given that under status quo market conditions, consumers apply implicit discount rates of 
30 to 100 percent or more in making energy efficiency investment choices, it becomes 
apparent that top-down assessments will miss most of the potential for efficiency 
improvements that are cost-effective from a societal perspective. 

Analytic boundaries in top-down and bottom-up assessments 

For our present discussion it is particularly important to understand the analytic boundaries 
used in each approach in measuring costs and in addressing economy-wide processes. 

The macroeconomic models used in the top-down approach calculate the impact of carbon 
constraints on overall economic performance by assessing opportunity costs. In calculating 
these opportunity costs, the models compute the impacts of carbon taxes on the energy 
sector, and the impact of changes in the energy market on all other sectors. The calculation 
of changes in energy expenditures is thus an intermediate step in the top-down approach. It 
is often performed with a separate energy sector submodel that is linked to a whole-
economy model (see Chapter H.3). 

The models used in the bottom-up approach deal only with energy and energy service 
markets. They do not capture impacts on the other sectors of the economy or on economic 
output as a whole. The bottom-up approach thus calculates the cost of carbon emission 
reductions in terms of energy expenditures, and not in terms of opportunity costs. Also, 
the feedback mechanisms between energy demand and energy prices are analyzed 
exogenously through sensitivity analyses rather than being incorporated in the model itself 
(see Chapter U.4). 

Relationship of top-down findings and bottom-up findings 

To be able to quantitatively compare bottom-up and top-down findings, it would be 
necessary to convert the outputs of bottom-up expenditure calculations into macroeconomic 
opportunity costs. In principle, this could be done by making these outputs an input for 
macroeconomic calculations. Because the formats and aggregations of the two types of 
models clash, and because macroeconomic models do not incorporate discount rates as an 
explicit variable, it is difficult to calculate the macro-economic implications of the bottom-
up findings (see Chapter H.5). 

Fortunately, the fundamental question in greenhouse policy making — whether carbon 
reductions will be inherently costly or could save money — requires only a qualitative 
answer is the sign of all-economy cost impacts positive or negative? For die purposes of 
answering this question, it is therefore sufficient to establish the relationship between 
changes in energy expenditures and changes in GDP in qualitative terms. 
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This qualitative relationship between energy service expenditures and economic growth is 
well-known from the many macroeconomic studies of the oil shocks of the 1970s: The 
direction of change induced in GDP and energy expenditures is generally parallel.10 

Because of this parallelism between energy expenditure changes and changes in total 
economic output it is possible to direcdy compare bottom-up findings with top-down 
findings: the reductions in energy expenditures typically found in bottom-up studies of 
carbon reduction policies always translates into an increase in total economic output 

From this, we can conclude: 

• The decisive criterion for economic assessments of carbon reduction policies is that 
options for substituting (fossil-derived) energy be evaluated from a societal discount 
rate perspective. Only the use of a societal discount rate can yield cost estimates that are 
meaningful for policy making. 

• Macroeconomic modeling exercises fail this eligibility test 

• The fact that top-down analyses capture macroeconomic opportunity costs whereas 
bottom-up analyses calculate only changes in societal energy bills is of secondary 
significance. 

The scale of energy sector and all-economy impacts is, of course, different. In 
industrialized economies, energy costs represent typically 5-10 percent of gross national 
product These proportions imply that the absolute magnitude of opportunity costs could 
differ substantially from that of energy expenditure changes. 

D. FEEDBACK EFFECTS: IMPACTS OF POLICY CHOICES ON 
ECONOMIC AND ENVIRONMENTAL OUTCOMES 

What policies might be used to reduce carbon emissions depends on whether energy 
markets are perceived from the top-down perspective or from the bottom-up perspective. 

Policy choices 

If the bottom-up paradigm is adopted, economically efficient outcomes will mainly require 
non-fiscal policies to correct market and regulatory failures (see Chapter JJ.3 and JJ..4). 
Price signals will be desirable but secondary, and not very effective unless coupled to 
market-establishing reforms. 

If such market or regulatory failures do not exist carbon reductions can be achieved in an 
economically efficient manner by comprehensively applying one of two policies: a carbon 
tax, or a reduction target combined with tradable emission rights. Both can ensure that 
money is spent first where reductions can be realized in the cheapest way. 

10 See Zimmerman (1990). The parallelism holds only provided that the status quo tax structure 
maintained, see Section B above. 
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These approaches differ not only in the way they reshape the economy, but they also differ 
in the emission reduction outcomes they produce. To fully appreciate these differences, it 
is first necessary to more precisely define the carbon tax option. A carbon tax can be used 
in two different ways. In the first case, it is used instead of reduction targets and carbon 
reductions are based on the cost/benefit paradigm (see Chapter II. 1 above). Such a carbon 
tax represents, in effect, an estimate of the value of avoiding greenhouse gas emissions. In 
the second case, the carbon tax is a means of buying insurance. It is used as a tool for 
implementing reduction targets, and is adjusted to meet these targets. 

The major difference between adopting a reduction target applying an adjustable carbon tax 
tied to a reduction target and using a carbon tax that is not tied to a reduction target lies in 
the manner in which changes in the price of fossil fuels affect carbon emissions. This leads 
us to the topic of price effects. 

Price effects 

Greenhouse policies are associated with two price effects: those for fossil fuels, and those 
for the technologies and energy sources used to displace them. 

Price effects for fossil fuels 

Any reduction of fossil fuel consumption, whether by one country, a major group of 
countries, or by all countries, will lead to lower fossil fuel prices than they would have 
been otherwise. However, price effects are likely to be different for coal, oil, and gas. In 
the case of coal, international prices reflect more closely the actual cost of production than 
in the case of oil, so that price reductions are inherenUy more limited than those for oil. 

Furthermore, while the consumption of oil and coal would definitely be reduced in a carbon 
reduction strategy, the use of gas (and therefore its price) might actually go up since it is a 
fossil fuel of relatively low carbon content Conceivably, such price rises could at least 
partially offset lower prices for the other two fuels. 

But aggressive carbon reduction policies could also lower the price for gas. This 
seemingly paradoxical finding becomes plausible when alternative reduction targets are 
considered. The key factor is the maximum possible level of growth in gas demand under 
progressively more stringent reduction targets (see Part 3, Appendix A. 10.5). 

For typical business-as-usual projections, modest carbon reduction targets (e.g., the 
stabilization or a 20 percent reduction in emissions) could indeed lead to steeper increases 
in gas demand than in the business-as-usual case. However, die picture changes as 
industrial countries aim for larger reductions that approach the long-term reductions needed 
to stabilize atmospheric concentrations (i.e., reductions of 50 percent or more, see Chapter 
II. 1 above). Under these reduction targets, growth in the use of natural gas may become 
sufficiendy constrained to actually fall below business-as-usual projections (see Part 2, 
Chapter H.7). Thus, the price dampening effect of carbon reduction strategies will 
eventually extend to natural gas as well, and price rises in this fuel might turn out to be 
transitory.11 

11 See Part 2, Chapter II.6 and Part 3, Appendix 10.5 for a discussion of fuel price assumptions in the 
IPSEP study. 
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Price effects for low-carbon technologies 

Carbon reduction policies will not only influence the prices of fossil fuels, but also those of 
non-carbon energy technologies. Here, two opposing effects must be considered. One is 
the tendency for prices to rise as demand grows. For example, biomass fuels could 
become more expensive as land use constraints limit supplies. 

The other is the tendency for prices to fall as economies of scale are realized, and as more 
money is spent on research and development of new non-fossil technologies. For 
example, near-commercial power generation technology based on biomass gasification is 
more fuel-efficient than current designs and can thus stretch biomass supplies, while also 
promising to lower the cost of electricity production from biomass (see Part 3, Appendix 
A. 10.8). At the same time, some of the large-scale, centralized conventional technologies 
may lose some of their current economy of scale advantages. 

Further complexities arise from the competition among non-fossil resource options. For 
example, if the favorable cost of demand-side efficiency improvements ends up limiting 
electricity growth, nuclear power plants may lose scale economies that depend on 
constructing multiple reactors in tandem at one site, while their long lead times put diem at a 
disadvantage relative to more modular renewables-based supply options (see Part 3, 
Appendix A. 10.8 and A. 10.10 for details). 

The impact of fuel price feedbacks on carbon reduction costs 

Relatively lower (or, as might be the case under aggressive fossil fuel substitution policies, 
absolutely lower) oil and coal prices are a significant economic benefit of carbon reduction 
strategies. After all, such price drops reduce the cost of remaining fossil fuel consumption 
as consumption declines. They would not occur under business-as-usual policies. 

Illustrative findings: The benefit of lower world oil prices 

An illustration of the potential magnitude of this price effect is provided by a recent 
simulation (Reinsch and Considine 1992) of the $10/bbl oil carbon tax that the European 
Community has proposed to phase in by the year 2000. 

Using a world oil market model and assuming that the tax would be introduced not just in 
Europe but in the U.S., Canada, and Japan as well, the authors predict a 1.5 percent 
world-wide12 drop in oil consumption relative to the business-as-usual case by the year 
2007. As the tax is phased in, world oil prices drop throughout the 1990s, and then 
gradually climb after 2000 as the tax remains constant By 2007, the relatively lower oil 
demand is projected to result in a reduction of oil prices from about $26.50 to $23, or 
thirteen percent 

This price reduction would lower the world oil bill in the year 2007 by about 90 billion 
dollars. In the countries that impose the carbon tax, remaining oil demand would be met 
for 47 billion dollars less than it would have cost in the business-as-usual case. 

12 The drop in demand in the countries adopting the tax is projected to be 4.6 percent but oil consumption 
in the developing countries eliminates about a third of these savings (see also Section F below). 
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The proposed EC tax is an order of magnitude lower than the tax levels found necessary in 
some of the top-down studies to achieve a 20 percent reduction in emissions (see also 
Chapter H.3). Thus, the oil price effects it may trigger must be considered comparatively 
mild. 

While these absolute figures are quite uncertain, very large price shifts could occur if major 
carbon reductions were pursued. A qualitative indication of the magnitude of potential 
effects can be obtained from the analysis in Volume One (Chapter 1.4), which examines the 
remaining permissible world fossil fuel consumption in terms of global proven reserves 
and estimated resources. 

This analysis showed that a 300 billion ton C cumulative budget would be less than the 
carbon contained in the proven reserves of oil and gas plus the cheaper coal resources. It 
also showed that a 50 percent reduction in emissions is a minimum requirement to achieve 
climate stabilization. Certainly, a 50 percent carbon reduction strategy would lead to price 
effects so large that they would exceed the range of validity of conventional energy market 
models. 

When carbon policies are assessed only on a national scale, these benefits are easily 
overlooked or underestimated. This enor arises not only on account of the fact that 
individually, most countries have a small share in global oil consumption. It may also 
occur because national modeling analyses often adopt exogenous oil price forecasts from 
oil market models that are not linked to the carbon policy analysis (see also Chapter II.3 
below). 

Thus, boundary choices or modeling practices may prevent some macroeconomic modeling 
analyses from fully accounting for the price effect Full inclusion of international oil price 
benefits could offset a portion of the mitigation costs predicted in such top-down analyses. 

Bottom-up studies, on the other hand, do not model these price effects at all. Thus, price 
benefits could significandy augment the economic savings identified in them. 

The impact of fuel price feedbacks on carbon emissions 

If carbon constraints should increase energy service costs, the price effect will allow a 
relatively greater use of fossil fuels than would have been possible without such secondary 
price reductions. This feedback mechanism will reduce the carbon reductions obtained 
from a given carbon tax to less than what the level of that tax might at first suggest 

Similarly, the price effect could enhance the take-back effect if the substitution investments 
of a bottom-up strategy should lower energy service costs. Lower fossil fuel prices will 
diminish the cost-effectiveness of efficiency improvements and other substitution 
investments. Thus, the carbon reductions obtained from a given volume of cost-saving 
bottom-up measures will be less than what would be expected without the price feedback. 

In either case, lower fuel prices will in time undermine the economics of carbon 
substitution investments. However, one needs to distinguish again between the case of a 
comprehensive carbon policy regime and a non-comprehensive regime. We deal with the 
non-comprehensive case in Section F below. 

Under a comprehensive regime, even the most non-specific policy, i.e., a carbon tax that is 
not tied to reduction targets, will definitely yield emission reductions relative to the 
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business-as-usual case. The amount of that reduction is, however, somewhat uncertain 
since feedbacks go unchecked. 

To limit these feedbacks, governments could set and adjust carbon taxes to maintain fossil 
prices at a predetermined trajectory relative to the fuel price projections of the business-as-
usual case. This would eliminate some uncertainly by maintaining effective fuel prices at 
the levels the carbon tax was designed to establish. 

Much greater certainty in the emission reduction outcome would result if policy makers 
were to adopt explicit reduction targets, or a carbon tax whose level is adjusted over time to 
ensure that specified reduction targets are achieved. In either case, emission reductions 
would become immune to price feedbacks and therefore predictable. 

The difference between using a carbon tax tied to a reduction target and nonfiscal means 
such as outright regulation or emission rights trading to achieve desired reductions lies in 
the manner in which the savings from lower fossil fuel prices are recycled into the 
economy. 

If an adjustable carbon tax is used, the windfall from lower world market prices enters the 
economy through greater than anticipated carbon tax revenues, which lead to lower taxes 
on other production factors and/or increased public investment or deficit reductions. 

If emission constraints are imposed consumers will see lower prices for those quantities of 
fossil fuel they are still permitted to burn. Yet they will still have to invest in substitution 
measures for all additional energy service needs. Thus, they receive the economic benefit 
of lower fossil fuel prices direcdy rather than through the treasury. 

E. COMPETITIVENESS ISSUES UNDER A COMPREHENSIVE POLICY 
REGIME 

So far, we have discussed the potential economic impacts of carbon restraints in isolation 
for a hypothetical one-nation economy in which the international environment remains 
fixed. In fact, a carbon policy, whether pursued in one country or comprehensively for all 
countries, does not only affect each country's rate of GDP growth on account of internal 
factors; it also has important secondary effects on the economy that have to do with 
international trade and with energy market feedbacks. 

These international trade and energy price feedbacks can influence the economic 
competitiveness of countries in the world economy. Changes in international 
competitiveness thus represent an additional dimension of the economic cost or benefit of 
greenhouse policies. 

While international competitiveness is an oft-quoted concern, the impact of greenhouse 
policies or the method by which losses or gains of competitiveness could be measured is by 
no means agreed upon. Here, the conventional, neoclassical perspective clashes with 
alternative development theories for Third World countries and with the industrial policy 
perspective on competition among OECD countries. Furthermore, the potential impacts on 
individual countries depend again on whether one adopts the top-down or the bottom-up 
perspective. 
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The distinction between the neoclassical model and the industrial policy approach becomes 
particularly important for the case of non-comprehensive carbon reduction policies, where 
competitive pressures will be enhanced. To keep the thread of our current discussion, we 
first explore the international issues from the conventional neoclassical perspective, 
proceeding from the comprehensive case in this section to the non-comprehensive case in 
Section F. The alternative perspectives on international competition are taken up in Section 
G. 

The neoclassical view of competitiveness impacts 

Neoclassical economic theory relies on the model of comparative advantage under free 
trade. According to this theory, countries of different resource endowments and of 
different levels of development can optimize their economic growth by specializing in those 
products and activities that they can provide most cheaply. The introduction of carbon 
emission restraints — whether on a comprehensive or non-comprehensive basis — is 
equivalent to changing each country's resource endowment and thus, its comparative 
advantage. 

The potential for diverging impacts arises from national differences in the following areas: 

— population growth and immigration rates 

— already achieved standards of per capita GDP and expectations for further income 
growth 

— projected GDP and energy demand growth based on increases in population and per 
capita GDP 

— the existing and projected mix of highly energy-intensive and less energy-intensive 
activities in the economy 

— already realized levels of energy efficiency and remaining potentials 

— degree of current and projected reliance on fossil fuels 

— degree of import dependence in the consumption of fossil fuels 

— mix of currendy used fossil fuels, and access to natural gas and other low carbon 
resources in the future 

— existing energy prices and taxes, and projected increases 

This means that even under a comprehensive agreement in which all nations agree to some 
formula for reducing emissions, some risk of negative competitive impacts for some 
countries remains. For example, if uniform percentage-based emission reduction targets 
are adopted, these will be more difficult or profitable to implement for some nations than 
for others. Likewise, a uniform carbon tax will have different effects in different countries. 
In either case, energy-intensive industrial production could end up being shifted from some 
countries to others. 

Taxes versus targets 

Taxes and reduction targets show important differences in their expected impact on 
international competition under a comprehensive policy regime. Under an internationally 
coordinated tax that is not tied to any particular reduction goal, each investor or country will 
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undertake abatement measures up to one and the same marginal abatement cost Economic 
effort at the margin will thus be equally great in all countries. Natural endowments that 
favor some and make carbon reductions more difficult for others will, of course, not be 
eliminated, but become less important under this approach. For this reason, many 
economists prefer comprehensive policies based on a uniform carbon tax over a uniform 
reduction target 

At the same time, it is difficult to predict what level of reduction would result from such a 
carbon tax. In terms of predictability, legally binding targets do much better. If 
comprehensively adopted, they provide clearly defined levels of environmental 
improvement However, this advantage comes at the price of greater differences in the 
marginal costs or benefits of achieving the target in individual nations. Thus, competitive 
impacts could be more pronounced, unless an emission permit trading system is 
established. Such trading would make all participating countries adopt abatement measures 
up to the same marginal cost 

Top-down versus bottom-up 

To what extent the above factors are significant can only be evaluated through a systematic 
international comparison. Here, it is important to use uniform policy assumptions and 
standardized analytic procedures and tools, and to differentiate between the implications of 
top-down and bottom-up assessments. 

Top-down findings 

Under top-down premises, the trade and competitiveness issue becomes a question of 
differential impacts in the face of overall global losses in economic output Macroeconomic 
modeling studies of trade impacts seek to capture these effects by calculating the relative 
loss of GDP growth in each country, and the implied transfers of economic wealth. 

An example of such an analysis is the study by the U.S. Department of Commerce (US 
DOC 1992) of twelve major OECD countries. It assumed the adoption of a uniform carbon 
reduction goal for the year 2020 of 20 percent below 1988 levels. In each country, carbon 
taxes were phased in as needed to meet this target. Both the level of required taxes and the 
level of GDP loss were calculated for each country. 

The study found that the taxes needed in each country varied by a factor of five, ranging 
from about $500 to $2400 per tonne of carbon. GDP losses, meanwhile, ranged from 1-
3.5 percent relative to the business-as-usual case. While the study suffers from a number 
of shortcomings13 and was obviously designed to advance the position of the U.S. 
government in the pre-UNCED negotiations, it does qualitatively illustrate some of the 

13 The first shortcoming is the set of astronomically high carbon tax levels found necessary in the report 
which reflect unrealistically low long-run price elasticities in the country models used for the analysis. 
Secondly, as stated in the report itself, the contractor was directed not to analyze recycling options other 
than reductions in the personal income tax. As shown by the above-quoted studies on tax recycling, this 
recycling option is just one of many options, but is guaranteed to show negative impacts in 
macroeconomic modeling calculations. Furthermore, the study does not investigate to what extent national 
differences would change if each country were to optimize its tax structure, given that currently existing tax 
structures may cause different degrees of fiscal drag in each national economy. 
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ways in which the above list of national differences might play out in the neoclassical 
model of global competition. 

Implication of bottom-up studies 

If greenhouse policies lead to economic benefits as predicted in bottom-up analyses, the 
same national differences would influence the magnitude of savings in each country's 
energy bill and the enhancement of GDP growth that each country could achieve. At the 
same time, global economic growth would be higher than in the reference case, not lower. 

At this time, national bottom-up analyses are not sufficientiy standardized to allow a cross-
national comparison of possible benefits. It might turn out that the bottom-up potential for 
energy bill savings is larger in the more carbon-intensive economies than in low-carbon 
countries. These carbon-intensive countries may have paid less attention in the past to 
failures in their energy service markets that cause inefficiencies in energy use (see Chapter 
n.3) than countries that strongly depend on energy imports. In that case, the same factors 
that would have made adjustment costs particularly steep from the top-down perspective 
would turn into a potential advantage in the bottom-up context14 A case in point might be 
the U.S. in comparison to resource-poor Japan. 

One possible scenario under a comprehensive regime is the case where some countries 
pursue carbon tax policies based on top-down assessments while others mainly pursue the 
non-fiscal policies suggested by bottom-up assessments (see Chapter JJ.4). In this case, 
already existing economic growth differentials could be widened in favor of countries 
adopting bottom-up policies. Also, such divergent policies could cause or enhance 
migration of energy-intensive industries from countries with high carbon taxes, lack of 
policies for removing market barriers for efficiency improvements, and therefore high 
energy bills, to countries with reduced market barriers, lower fossil energy prices, and 
lower energy bills. Since we assume a comprehensive regime, it is likely that countries 
relying on top-down policies would be forced to shift to bottom-up energy policies as these 
divergences become significant. 

F. COMPETITIVENESS ISSUES UNDER NON-COMPREHENSIVE 
CARBON REDUCTION POLICIES 

New issues 

Feedbacks on carbon emissions from price effects pose a special problem if carbon 
reduction policies are pursued on a non-comprehensive basis. A pertinent scenario is one 
in which only the OECD countries (or only major subgroups such as the European 

1 4 Though carbon-intensive countries are likely to have enjoyed lower fossil fuel prices that make 
efficiency investments less profitable, the potential for cost-effective efficiency improvements may still be 
disproportionately large, simply because the combination of domestic supply sources and low prices created 
a culture of neglect that prevented the implementation of even those measures that have short payback times 
under low fuel prices (see Chapter n.3). 
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Community) adopt carbon reduction policies, while the developing world and Eastern 
Europe stay on the sidelines. Meanwhile, OPEC and other fossil fuel producers might 
flood Third World markets with oil and coal at depressed prices. 

The following issues need to be considered under such a scenario: 

1) The effects of lower international oil prices on energy use and growth in regions 
without carbon reduction policies 

2) Changes in the patterns of trade among regions with and without carbon reduction 
policies 

3) The possibility of industrial relocation on an international scale 

4) The impact of the above factors on global carbon emissions 

We begin our review with the economic competitiveness issues and then turn to the 
question of global carbon reductions. 

Unilateral action and international growth differentials 

A non-comprehensive carbon policy scenario as oudined above could bring about growth 
differentials in two directions: between OECD countries on the one hand and developing 
countries and Eastern Europe on the other hand; and among OECD regions or countries 
with and without carbon reduction policies. For our discussion, the latter case is more 
important since accelerated economic growth in the developing countries is much less of a 
competitiveness threat for OECD economies than differentials between Europe, the U.S., 
and Japan. For the moment we consider impacts on GDP growth only. The issue of 
industrial migration and trade is taken up further below. 

Economic growth: Top-down versus bottom-up 

Most of the top-down studies reviewed in Section B and E above suggest that unilateral 
action by individual OECD countries to reduce carbon emissions could seriously hurt their 
international competitiveness: Their economic growth would be lower relative to their 
unconstrained competitors in the OECD and elsewhere. The cost of adopting carbon 
constraints, already significant from GDP losses before the international dimension was 
considered, would be augmented by competitive losses. Moreover, global GDP would be 
lowered as well. 

A more complex picture appears from those top-down studies that examine alternative 
revenue recycling mechanisms (see Section B above and also Chapter H.3). According to 
these studies, countries adopting carbon constraints could offset negative impacts on GDP 
growth through growth-boosting tax reforms, and possibly even boost their growth rates. 

However, such reductions in fiscal drag could turn out to be insufficient insurance against 
competitive disadvantages, since other countries might simply implement similar tax 
reforms without a carbon tax. The unfavorable growth differential would then remain. On 
the other hand, it might be difficult to mobilize political support for major tax restructuring 
without an environmental rationale and purpose. 

A very different competitiveness outcome would result according to the bottom-up studies. 
If a country or group of countries were to undertake systematic policy reforms to remove 
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market barriers and were to economically optimize energy efficiency, they could gain 
significant advantages: their energy bills would be lower, and their GDP growth rates 
would be higher than those of their competitors. In addition, global GDP would increase 
relative to business-as-usual. 

In contrast to the potential growth advantages from carbon tax recycling policies, these 
bottom-up advantages would be quite robust Other countries would have to undertake 
similar bottom-up initiatives merely to match the gains of those countries that took the lead. 
Moreover, they would be forced to reduce their carbon emissions in the course of doing so. 
In effect their attempt to catch up would move the unilateral initiatives of the policy leaders 
closer to a comprehensive policy regime. 

In summary, unilateral action could result in competitive economic gains for bottom-up 
policy leaders. At a minimum, it would eliminate the vulnerability to other countries, 
should they at some point decide to use efficiency improvements as a tool of competitive 
policy. 

Industrial migration and trade in energy-intensive products 

Even if overall impacts on economic output are positive, carbon reduction goals can cause 
losses in individual sectors, and the accompanying adjustment difficulties can hamper the 
political adoption of carbon constraints. This is especially true for those industrial sectors 
that are energy-intensive and whose products are sufficientiy transportable to be under 
international competitive pressure. 

Most industries would be little affected, due to the small (less than five percent) role of 
energy costs in total production costs. But energy-intensive manufacturing sectors do not 
only use more energy, they also buy fossil fuels and electricity at low bulk prices. Thus, 
the effect of a carbon tax in percentage terms will be greater in these industries. 

As a result go-it-alone countries could experience an out-migration of energy intensive 
industries to countries without carbon taxes or other carbon restrictions. Energy-intensive 
materials would then be manufactured there and reimported into countries with carbon 
constraints. 

This shift in industry location would also present an accounting issue: it would change the 
actual reduction in emissions accruing to the country or region with carbon constraints, 
since some of the apparent emission reductions would simply show up in other countries. 

Preventative measures 

In principle, a system that puts a carbon fee on the fossil energy embedded in imported 
primary materials and goods could eliminate inadvertent price advantages for foreign 
producers. An alternative approach is to redistribute the burden of carbon reductions to die 
less energy-intensive sectors of the economy. This is the strategy proposed by the 
European Commission: the energy-intensive primary materials industries would be 
exempted from its proposed energy/carbon tax (CEC 1991b). 

Policy options under the bottom-up approach 

If greenhouse policies were based on the bottom-up approach, they could generate a 
societal surplus relative to business as usual. This surplus would facilitate measures to 
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insulate energy-intensive industries from carbon policy impacts on their international 
competitiveness. 

For example, the market-creating and market-conecting regulatory and incentives policies 
that are the basis of the bottom-up approach could be complemented by a carbon tax, but 
set at a much lower level than suggested by top-down studies (see Part 2, Chapter JJ..8). 
This much lower tax level, combined with incentives to reduce energy costs through cost-
effective efficiency improvements, would dampen energy price differentials and could 
eliminate energy service cost differentials, and pressures for industrial relocation would be 
conespondingly reduced. 

Depending on how the tax is set, the rise in fuel prices for energy-intensive industries could 
be larger than the percentage reductions in energy intensity that can be achieved over the 
near to medium term with cost-effective technical measures. In this case, the option of 
completely exempting energy-intensive industries from carbon taxes would also still exist. 

Even if energy-intensive industries are exempted from the carbon tax, some carbon 
reductions could be generated from within the industries by means of specialized programs 
to promote rapid adoption of cost-effective efficiency improvements along with broader 
process modernization. Carbon tax revenues from other sectors could be used to help 
finance these efficiency improvements (see also Part 2, Chapter U.8). 

The savings from such cost-effective efficiency measures would not only help preserve the 
relative competitiveness of the energy-intensive industries, but could actually improve their 
position on account of lower energy service costs. Some of the savings in energy service 
costs could even be used to pay for more expensive low-carbon supplies (e.g., gas instead 
of coal). 

Impact of Third World growth on global emissions 

If OECD countries adopt emission constraints at home, there is concern that OPEC oil 
producers and other fossil fuel suppliers could undermine the intent of OECD policy. 
Developing countries could well end up becoming the dumping ground for cheap oil and 
other fossil fuels. Notably among OPEC oil exporters with their low production costs, the 
ability to counter lower demand from the industrialized world by lowering prices is large.15 

Even if countries with carbon policies insulate themselves against price effects at home by 
imposing reduction targets rather than carbon taxes, and even if they successfully defend 
against trade effects by means of carbon taxes on imports or other measures as discussed 
above, cheaper fossil fuels could create higher growth in the developing world. This 
accelerated growth would not only lead to faster increases in Third World energy demand, 
but also to a more fossil-intensive supply mix, and thus to increased fossil fuel 
consumption than under business-as-usual projections. It could thus undermine the 
emission reductions achieved by industrialized countries. 

1 5 Alternatively, OPEC countries could try to pursue an inverse strategy of higher oil prices. 
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Findings from international modeling studies 

This dynamic has been investigated in two recent reports. One is the already mentioned 
world oil market analysis by Reinsch and Cosidine (1992) of a carbon tax equivalent to 
$10/bbl oil (Section D). The analysis covers a fifteen year period. The year 2007 drop in 
oil demand in the countries adopting the tax is projected to be 1.71 million barrels per day 
relative to business-as-usual, but higher oil consumption in the developing countries 
eliminates about a third of these savings. 

Using a carbon rights trade model developed for the OECD, Rutherford (1992) investigates 
how this "leakage" effect changes with the level of carbon tax in the OECD. He finds that 
when taxes in the OECD exceed the level required to stimulate a three percent per year 
emission reduction, higher emissions outside the OECD offset almost all the reductions 
within the OECD. He concludes that unilateral action by the OECD can produce little more 
than a one percent per year reduction in global emissions over the next few decades. 

These studies make an important qualitative point: policy-makers need to take into account 
international leakage effects. But due to several shortcomings, their results cannot be taken 
any further. For example, the model used by Rutherford simulates both industrial 
migration and accelerated and more fossil-intensive growth in non-OECD countries. If 
industrial migration were eliminated by means of the above-mentioned policy options for 
preventing industrial relocation, the effect of OECD action would be larger. 

Secondly, the prediction of high leakage rates under high OECD carbon taxes presumes 
that such high carbon taxes are the only means of achieving high rates of emission 
reduction in the OECD. This is the standard presumption of top-down studies, but it is 
under challenge from the bottom-up studies. 

Finally, these and similar studies use the standard neoclassical model of growth based on 
international comparative advantage. This model is of questionable value when it comes to 
analyzing the long-term growth and emission path of any world region, and particularly 
that of the developing countries. We turn to this issue in the next section. 

G. BEYOND NEOCLASSICAL ECONOMICS 

In the eyes of many analysts, neoclassical concepts are much too narrow and simplistic to 
measure or predict changes in a country's or region's competitiveness. For such longer-
term assessments, it is necessary to consider aspects of societal development that go 
beyond the rigid framework of macroeconomic models designed for short-term analysis. 

Industrial policy and the limits of neoclassical economics 

Neoclassical economic theory, and the economic models in which it is codified, have 
routinely failed in predicting or explaining the economic development of nations, i.e., their 
achievement or loss of competitiveness and success in the world economy over the longer 
term (Senghaas 1982). 

Most importandy, the economic models used to assess carbon reduction policies ignore the 
role of industrial policy, despite the fact that a large body of neoclassical economic literature 
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acknowledges and analyzes the ways in which large countries and firms can translate 
technological innovation into a competitive edge on account of their market power. Blinded 
by a sense of superiority vis a vis the failure of the Soviet model of state planning, many 
economists in the more laissez-faire oriented OECD countries, and notably those in the 
U.S., cannot conceptualize the successful integration of the private and public sector as 
demonstrated by leading international competitors such as Germany and Japan. 

But to a society that relies on tight public/private cooperation in achieving superior 
technological and manufacturing competitiveness, environmental problems such as global 
wanning are not just calamities, but also economic opportunities: advanced industrial 
societies have their main competitive advantage in activities that require high amounts of 
research and development inputs. Environmental problems such as global warming or acid 
rain create new technological needs, and thus a new arena for innovation, technological 
leadership and international competition. 

An illustration of this dynamic is found in the fact that during the fifteen years since the 
mid-1970s, in which the U.S undertook little environmental legislation, foreign producers 
of air pollution control equipment have gained 70 percent of the U.S. market (Porter 1991). 
West Germany, which implemented the world's toughest acid rain control standards for 
stationary sources in the early 1980s, has enjoyed a wide lead in patenting and exporting 
environmental technologies. Now Germany has taken a similar leadership again by 
unilaterally adopting a 25 percent reduction target for carbon emissions by 2010 (see 
Chapter H.1 above). 

Recognizing this new environmental dimension of international competition, Japan has set 
itself a national goal to become not just the leader in manufacturing technologies (Japan's 
"first wave"), but also in environmentally benign technologies (the "second wave"). A 
symptom of this intent to integrate industrial and environmental strategy can be seen in the 
early participation of Japan's ministry of industry and technology (MITT) in the pre-
UNCED negotiations when most other countries were content to send representatives from 
their environment or foreign ministries. 

We conclude: 

• Countries attaining leadership in low-carbon efficiency and supply technologies may 
improve their international economic competitiveness, all the more so in a global policy 
environment in which the need for climate protection measures has already been widely 
acknowledged in principle. 

In a world with competitors that succeed in new forms of public/private sector integration 
to achieve technological leadership, it appears reckless to rely purely on neoclassical 
concepts for basic policy-making. 

Because of this dynamic, the scope for unilateral action by one OECD region is really much 
larger than top-down modeling calculations suggest First unilateral action by one OECD 
region will put pressure on the other OECD countries to arrive at joint policies and 
agreements. This effect has been observed in a number of previous international treaty 
negotiations. Second, once OECD countries have arrived at a uniform policy, their 
leverage over technological developments in the developing world is arguably sufficient to 
bring about global outcomes in line with OECD policy goads. To see this second link, we 
need to examine the longer-term technological and growth interests from the perspective of 
developing countries. 

II.2.26 



The competitiveness issue for developing countries 

From the perspective of macroeconomic models, lower oil prices would represent an 
unequivocal short-term boon for developing countries. Indeed, lower bills for oil imports 
would not only be desirable from their perspective, but also from a global perspective. 
Without a prompt reinvigoration of Third World growth, it is difficult to see how the 
various tasks of sustainable global development could be successfully managed. 

But would this boost in the near-term lead to greater fossil fuel consumption in the long-
term, as the above-quoted international modeling studies suggest? And perhaps more 
importantly, if these scenarios were to come true, would they represent desirable, 
economically efficient developmental outcomes for the long-term? This is the question 
neoclassical modeling studies fail to ask (see also Volume One, Chapter JJ.6 for a more 
detailed discussion). 

The trap of oil-intensive growth 

Accelerated economic growth based on cheaper oil could saddle developing countries with 
more fossil-intensive, less efficient infrastructures and capital stocks than they would have 
purchased otherwise. And by heavily relying on oil-intensive infrastructures, they expose 
themselves to a great competitive risk. 

If carbon constraints are adopted by the OECD region, such policies will result in broad 
advances in energy efficiency and low-carbon supply technologies both in consumer 
products and manufacturing processes. Because of their technological lead, OECD 
technology trends define what it means to be internationally competitive over the long-run. 

This technological dependence throws doubt on the plausibility of longer-term scenarios in 
which cheap energy prices would result in developing-country carbon emissions far in 
excess of business-as-usual projections. One must ask: Can developing countries really 
build lasting economic success if they try to counter these technological developments in 
the OECD with inefficient, second-rate technologies running on cheap fossil fuels? Or 
would they not repeat the combined economic and environmental folly of the Western 
countries of twenty years ago as these drifted toward the oil price shocks of the 1970s? 

Third World leaders have long recognized that the use of second-rate modern sector 
technologies can seriously hurt them economically. Would developing countries give up 
their long-standing demand for access to the most advanced manufacturing and consumer 
technologies, which happen to be also highly energy efficient just because the prospect of 
cheaper oil might make that efficiency seem less important for a time? 

An alternative scenario 

A more plausible scenario is that any effort by the OECD countries to contain and reduce 
their carbon emissions will spill over into the capital stocks of developing countries. At a 
minimum, this spill-over will dampen the increase in fossil fuel intensity predicted by the 
price effect and more so if the OECD countries adopt policies to foster it For example, 
the technological spill-over of energy-efficient and other low-carbon technologies from 
trade with developing countries could be gready augmented by new export financing and 
lending policies in the OECD countries and in the international financing institutions 
dominated by them. 
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Technological spill-over and redefined development assistance could turn conventional 
predictions upside down. Even the unavoidable initial spurt of low-efficiency growth from 
lower oil prices could take on an entirely different significance, and might turn out to 
actually be helpful in achieving a low-carbon development path. It could bring the much-
needed initial relief developing countries need to restart their economic engines. Only once 
the growth process has been rekindled and stabilized will developing countries be in a 
position to shift to energy-efficient technologies quickly. And in fact they might now do 
so more quickly than under business-as-usual scenarios. 

Thus, while lower fossil fuel prices would allow economic growth in Third World 
countries to be higher, their energy consumption and/or carbon emissions could well end 
up being lower on a cumulative basis than under business-as-usual conditions. In this kind 
of scenario, significant economic benefits would accrue to developing countries from lower 
world energy prices, without undermining the goal of lowering global carbon emissions. 

Conclusions 

The above explorations can be summarized as follows: 

• The top-down and bottom-up approaches lead to fundamentally different perceptions of 
the total cost of carbon reductions, the role of fiscal and non-fiscal policies, the needed 
level of carbon taxes if this option is used, and the international competitiveness 
impacts. 

• Under carbon reduction policies, a significant indirect benefit accrues to the world 
economy from lower fossil fuel prices, especially lower prices of oil. The benefits of 
lower prices will be greatest if reduction goals are large. This benefit must be part of 
the economic assessment of carbon reduction policies. 

• The international trade effects of lower oil prices are sensitive to the types of policies 
assumed. Impacts such as industrial migration can be counteracted by certain policies 
but would go unchecked under others. 

• The technological innovation triggered by carbon policies in the OECD will tend to 
counteract conventional predictions, in which lower fossil prices for developing 
countries undermine successes in reducing carbon emissions achieved by the OECD. 

While further research on quantifying international trade effects is now under way,16 the 
above considerations illustrate that all such efforts will be of little value without the 
resolution of the top-down/bottom-up debate. 

H. HOW SHOULD THE TOP-DOWN/BOTTOM-UP ISSUE BE SETTLED? 

While the investment-oriented recycling option does away with the seeming uniformity of 
macroeconomic modeling results, the basic top-down/bottom-up dichotomy remains in the 

1 6 The OECD has begun competitiveness and trade analyses based on its GREEN model (Bumiaux .1991). 
The Office of Policy Analysis of the U.S. EPA is supporting research being coordinated by the Stanford 
Energy Modeling Forum. UNEP is also sponsoring a greenhouse costing study through Ris0 National 
Laboratory in Denmark (UNEP 1991). 
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core area of estimating future societal energy expenditures: either carbon reduction 
strategies necessarily result in higher energy expenditures, or they can be fashioned to 
lower them; one can't have it both ways. Which school of advice should policy-makers 
follow, or how else might they deal with this contradiction? 

As already mentioned, this issue is central to the entire energy policy field, not just to the 
issue of global warming policy. What energy policies seem most effective and 
economically attractive depends entirely on the view of energy market reality that one 
adopts. The top-down and bottom-up modeling approaches represent fundamentally 
different views of energy market processes. 

Criteria for assessing top-down and bottom-up analyses 

To make progress in resolving the conflict between these two views, it is necessary to go 
back to first principles, i.e., to develop a sensible set of criteria by which each type of 
analysis can be assessed. The most basic principle for developing public policy is mat all 
analyses of competing actions need to be evaluated on the basis of a uniform low discount 
rate unless differences in societal risks call for a corresponding differentiation in 
discounting. 

Beyond the question of discount rates, any analysis of carbon policy costs must assess the 
following effects: 

— The impact of carbon constraints on energy markets, i.e., on energy demand and on the 
mix of supplies. 

— The impact of these changes in the energy markets on overall economic performance. 

— The feedback effects of changed overall economic output on the energy sector and on 
economic growth over time. 

Since all cost assessments start from a business-as-usual future, differences in the way this 
reference scenario is developed must also be taken into account. The questions suitable for 
weighing each approach are then as follows: 

1) Is the discount rate that is used or implied in the analytic approach valid for the 
purposes of public policy making? 

— Is the role of discount rates for the outcome of the policy assessment 
acknowledged? 

2) Is the analytic approach suitable for generating a plausible baseline scenario that reflects 
business-as-usual in absence of climatic concerns? In particular, 

— Are saturations and structural change in the demand for energy services properly 
captured? 

3) Does the analytic approach take into account all relevant technical opportunities for 
reducing carbon emissions? In particular, 

— Are all relevant low-carbon or non-carbon supply technologies being considered? 
— Is fuel switching included? 
— Are technologies for improving energy efficiency accounted for? 

4) Are these technical opportunities represented in an analytically sound fashion? 
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— Are the cost data for supply-side and demand-side resources assembled into supply 
curves? 

— Do these supply curves adequately reflect current engineering-economic 
knowledge? 

— Do they incorporate the dynamic effects on prices from changing market shares? 
— Does the modeling approach allow the calculation of market-clearing prices? 

5) Are energy market conditions and the behavior of energy market participants modeled 
in accordance with empirical observation? In particular, 

— Is the modeling analysis based on a review of empirical data and regulatory 
conditions that can establish the degree to which energy markets are impaired by 
price distortions and market failures? 

6) Does the analytic approach reliably capture the secondary changes that carbon 
constraints will bring on in the economy at large? In particular, 

— Is the approach suited for calculating overall changes in economic output? 
— Does it capture shifts in consumption from energy to non-energy goods? 
— Does it capture secondary changes in the consumption mix of non-energy goods? 
— Does it take account of the impacts of changed energy markets on capital and labor 

markets? 

We already explored a good part of item 6) at the beginning of this chapter in our 
discussion of analytic boundaries. We also established already in Section C that the two 
approaches are based on markedly different discount rates. On the strength of that 
difference alone, the bottom-up approach would seem to take preeminence for government 
policy making. However, before settling for this conclusion, it is important to take a more 
in-depth look at the consumer markets that govern energy efficiency investments and the 
production of energy services. The central remaining task for our comparison thus are 
items 2) through 5). 

In most official policy discussions to date, the need for such an empirically oriented 
evaluation has been side-stepped entirely, or preempted by assertions in favor of the top-
down approach. For example, in hearings before Congress preceding the 1992 UNCED 
conference in Brazil, the U.S. government argued that 

"Top-down approaches realistically simulate the dispersed, heterogeneous 
decision-making characteristics of a market economy."17 

"Bottom-up approaches are technology driven and thus do not predict actual 
market place use of new technologies well."18 

These claims suggest that bottom-up approaches are inherentiy less useful and relevant to 
policy-making than macroeconomic modeling tools. Others justify the sole reliance on top-
down analysis simply on grounds of modeling difficulties: that there is a lack of modeling 

17 Testimony of Richard Morgenstern, EPA, before the House Subcommittee of Health and Environment 
U.S. Congress, March 19,1992, p. 11. 

1 8 ibid. 
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tools that could integrate bottom-up analyses into a macro-economic framework (US DOE 
1991); and that such integration would require substantial empirical and modeling research 
which would presumably take years to complete. 

It is obvious that the entire edifice of top-down conclusions including the U.S. 
government's pre-UNCED negotiating stance, rests on these methodological claims. In 
Chapter U.3 and 4 below, we examine this analytic foundation. Our critique of the top-
down approach in Chapter n.3 leads us naturally to the analytic approach used in the 
IPSEP study, which is explained in Chapter U.4. 

The critique we present in Chapters U.3 and H.4 aims at the paradigmatic foundations of 
the top-down and bottom-up approaches, i.e., their diverging conceptualizations of energy 
market processes. Besides these principal aspects, energy analyses within either approach 
involve many details of execution that explain differences in quantitative results among 
studies of the same kind. These issues, which are also important for understanding our 
study results, are dealt with in Part 2, Chapter n.6. 
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CHAPTER n.3 

THE TOP-DOWN APPROACH 

A. ECONOMETRIC MODELS1 

As explained in Chapter II.2 above, all macroeconomic modeling analyses measure 
changes in gross national product rather than changes in energy expenditures. They thus 
define the cost of carbon reduction strategies as an opportunity cost 

Though macroeconomic models are widely used in analyzing global warming prevention 
policies, they were not specifically developed to address these or other energy policy 
questions. Because of their all-economy scope, most such models represent the energy 
sector in a highly simplified fashion. The purpose of using these models in energy policy 
analysis is mainly to simulate the interactions of the energy sector with all the other 
economic sectors, and not to present the energy sector in a detailed fashion. 

To overcome this lack of detail, some macroeconomic studies also employ more 
disaggregated econometric energy market models and sectoral submodels that are linked to 
the overall macro model (see the discussion of energy sector models below). However, 
most of the added detail is in the representation of energy supply industries (gas, oil, coal, 
electricity), and in the regional diversity of energy supply markets. Information on end-use 
markets and the components of energy demand is little developed even in these more 
detailed models. 

The defining characteristic of top-down analyses is the manner of calculating energy 
demand. In all forms of the top-down approach, energy demand is projected on the basis 
of econometric equations using historic trend relationships between energy use; energy 
prices; and various economic, demographic, and other parameters. These trend parameters 
generally remain fixed over the time horizon of the projection. 

The level of detail with which these relationships are developed varies depending on 
whether macroeconomic models or more detailed energy sector models are used. 
However, in all cases, econometric calculations of energy demand extend behavior 
patterns, institutional arrangements, and technology trends of the past into the future. 
Fundamentally, then, the econometric approach is backward-looking, though various 
complementary modeling features may be used to incorporate forward-looking consumer 
behavior. 

1 We use the term "econometric" more broadly in this report than in some of the modeling literature, 
where it denotes only those models whose coefficients are derived from rigorous statistical procedures. 
Many of the modeling studies discussed here and in subsequent chapters use coefficients thai are simply 
fitted to certain historic data. 
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Macroeconomic models 

Though econometric analysts have expended substantial effort on simulating energy 
markets, top-down modelers are most preoccupied with the task of simulating the economy 
as a whole, as well as the impacts of energy sector changes on the economy as a whole. 
The magnitude of these impacts, and their evolution over time, depends on the manner in 
which modeling of the overall economy is approached. 

Overviews of these and other modeling issues can be found in NRC (1992), which 
critically reviews the energy modeling system used by the U.S. government Descriptive 
comparisons of various macroeconomic models used in global warming analyses can be 
found in Shakleton et al. (1992). For the purposes of our discussion, we distinguish 
between two main types of models: economic growth or macro models and computational 
equilibrium models. 

Macro models 

In so-called economic growth or macro models, economic output (GDP) is calculated from 
aggregate production functions, with capital stocks, labor, and labor productivity as key 
inputs. Total output is then translated into spending and energy demand of consumers, 
business, and government. The interaction between the energy sector and the rest of the 
economy is often highly simplified, lumping the rest of the economy into a single or very 
few non-energy categories. 

Macro models are mainly designed to describe the short-term adjustment process in the 
wake of policy or price shocks. They include a financial sector and other features that 
allow the calculation of changes in inflation, interest rates, and underemployment of 
capacity. A well-known example for this type of model is the DRI McGraw-Hill model. 
The DRI model also uses an energy sector submodel. 

Computable general equilibrium models 

Computable general equilibrium (CGE) models are designed to capture the longer-term 
equilibrium that would be reached after the adjustment process is completed. They 
calculate economic output from a disaggregated analysis of production capabilities by 
industry in several dozen sectors. Consumer demand for the output of the various sectors 
is described in so-called utility functions: consumers buy that mix of goods and services 
that gives them the maximum utility. A key parameter in these functions is the price 
elasticity of demand for output from each sector, including the price elasticity for final 
energy. 

Similarly, manufacturers and energy producers pursue the goal of maximizing their rates of 
return on capital. Maximum profit is realized by combining energy, capital, and labor in an 
optimal mix. This mix depends, among other things, on energy prices. Again, price 
elasticities of energy demand and supply can be calculated for manufacturers and energy 
producers, respectively. 

The general equilibrium model combines these profit maximizing algorithms and utility 
functions and calculates a market clearing price at which consumption and demand match 
exacdy. On that basis, output is determined for each sector, and GDP is calculated as the 
total of these sectoral outputs. The sectoral disaggregation of the model also extends to the 
energy sector, where the utility sector is separately represented. Examples for this type of 
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model are the Jorgensen/Wilcoxen (D-GEM) model of the U.S. economy (Jorgensen and 
Wilcoxen 1989) and the OECD GREEN model (Bumiaux 1991). 

Stylized policy analysis models 

A third type of model is a greatly simplified version of the previous two approaches, in 
which the many details required for actual forecasting applications are condensed into a 
crude, highly stylized representation of the economy based on a few econometric 
coefficients. The purpose of this type of model is to be able to study the influence of key 
input parameters and carbon tax policies on model results with greater transparency while 
sacrificing the claim to accuracy and detail. This type of modeling approach is exemplified 
by the Global 2100 model used in the analysis of Manne and Richels (1990,1991). 

Econometric energy sector models 

Energy sector models start from a given rate of GDP growth, translate that growth into 
energy demand in industry, transportation, households, and in the utility sector, and then 
calculate the impact of carbon reduction strategies on the prices of energy. From there, 
they iteratively determine the demand for energy consistent with these changed prices, and 
feedback effects from changed demand on prices. 

In econometric analyses of energy markets, changes in the bill for energy services and in 
the level of energy consumption occur simultaneously. In so far as changes in energy bills 
are larger in percentage terms than changes in the level of energy consumption (i.e., the 
price elasticity of total demand is less than one), carbon constraints will increase energy 
expenditures. 

Econometric energy sector models may incorporate some detail about final energy use. For 
example, the Fossil-2 model used by the U.S. Department of Energy incorporates estimates 
of the changing proportions among individual end-uses and sectors on account of 
saturations and structural change. While not providing an analysis of energy demand at the 
level of energy services, this and other features represent a move away from purely 
econometric demand analysis, and toward the disaggregated bottom-up approach (see 
Chapter U.4). 

B. KEY PARAMETERS AND PROCEDURES 

To assess the usefulness of the macroeconomic approach for answering climate policy 
questions, it is important to understand its basic assumptions and procedures. In this 
section we focus on a description of the modeling procedures. The paradigmatic 
assumptions of the top-down approach are summarized in Section E, followed by a critique 
thereof in Section F. 

Following the assessment criteria developed in Chapter n.2 (Section H) above, the areas of 
greatest interest for our discussion is die modeling of the energy supply and end-use 
markets. Here, the calculation of energy demand and the treatment of substitutions among 
energy supplies are paramount, and in particular, the use of technical and market response 
data. Many of these modeling procedures are most transparent in the simplified approach 
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of stylized models such as the Global 2100 model. For the following discussion, we 
therefore use the nomenclature of this modeL 

Calculation of energy demand 

In simplified terms, the key input assumptions for a macroeconomic energy demand 
calculation are 

— projections of population growth, per capita GDP, and energy/GDP ratios; 

— price forecasts for capital, labor, and electricity and final fuel supplies; 

— the own-price and cross-price elasticity of energy demand broken down by fuels and 
electricity; and 

— the non-price induced rate of reduction in the energy intensity of GDP. 

The latter two parameters are key to the entire conceptual framework of the econometric 
approach. The price elasticity of energy demand indicates the price elasticity of 
substitutions between energy, capital, and labor (ESUB). Also subsumed here are the 
cross-price elasticities governing calculations of fuel switching between coal, oil and gas. 
The non-price induced rate of change in the energy/GDP ratio is also called the autonomous 
energy efficiency improvement (AEEI) coefficient 

In a rigorous econometric model, both coefficients are derived from correlations between 
GDP, energy prices, and energy demand as found in historic data series. The two 
coefficients are held constant over the entire time horizon of the econometric demand 
forecast. 

The AEEI and ESUB parameters serve as economy-wide "catch-all" coefficients for a wide 
variety of individual processes that underlie historic energy price and energy consumption 
data, including energy price spurts and price declines, technological progress, structural 
changes and saturation effects, sectors with rising and declining energy intensity, and 
changes in government policies and regulations. Use of these aggregate coefficients thus 
leads to significant loss of information on demand-side processes. Furthermore, 
econometric demand-side modeling is entirely "backward-looking," Le., it relies on historic 
trends alone to predict future outcomes. 

Treatment of energy supplies 

A key aspect of carbon reduction strategies is the substitution of less carbon intensive fuels 
for more carbon intensive ones, or substitution by non-fossil energy sources. In 
macroeconomic models, these substitution processes are modeled on the basis of three 
types of input data: historic own- and cross-price elasticities of supply, supply curves 
constructed from geological resource estimates and engineering economic data, or back
stop technologies that are modeled as having effectively unlimited supply potential above a 
certain price. 

When historic price elasticities are used, the supply curves are in effect defined by them. 
This approach is frequently used for primary and final fossil fuels. By contrast the supply 
curves of alternative electricity sources including back-stop technologies are usually based 
on engineering-economic data. 
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In combining explicit engineering-economic supply curves, an optimization algorithm is 
used to calculate the least-cost mix of supplies. This modeling component essentially 
follows the bottom-up approach. Based on projected demand, the model calls forth 
required supplies in order of their cost A shift from one resource to the next occurs either 
because of changes in prices over time, or because the potential of that resource is 
exhausted, or both. Well-known examples of such bottom-up supply optimization models 
are the MARKAL model used by the International Energy Agency and the EFOM model 
used by the European Commission. 

The modeling of energy supply is the one point in the macroeconomic approach where data 
on technology costs and resource potentials enter, albeit in limited form. Typically, the 
portfolio of electricity supply options is limited to conventional central station options such 
as coal-, oil-, and gas-fired plants, and nuclear reactors. Furthermore, though a 
considerable range of cost and potential estimates exists for these resources, point values 
are often adopted for these parameters. In many cases, no justification is given for the 
choice of these point values from within the uncertainty band of credible values. This 
neglect of sensitivity analyses, together with an incomplete portfolio of supply options, is a 
common weakness of macroeconomic studies, though it is not an inherent conceptual 
feature of them.2 

The principal difference between using price elasticities of supply and engineering-
economic supply curves lies in the fact that the former are entirely backward looking: they 
project how much supply will come forth at each price entirely on the basis of historical 
data. When engineering-economic data are used, technological changes can be accounted 
for explicidy. The use of engineering-economic data on electricity supply options makes 
the modeling of supply markets at least partially forward-looking. 

The fact that macroeconomic models rely on engineering-economic data in representing 
supply-side options is at odds with assertions that bottom-up models are technology driven 
but macroeconomic models are not. In fact both are technology driven. But unlike 
econometric models, the bottom-up approach extends the analysis of technologies to the 
demand-side. Because the lack of representation of demand-side technology options, top-
down models make inadequate use of engineering economic knowledge. 

Modeling differences in simulating the carbon substitution effect 

The treatment of the price-induced substitution effect (ESUB) as well as the autonomous 
rate of improvement (AEEI) differs in macroeconomic models depending on the purpose 
and time horizon for which they were created. These differences have important effects on 
the magnitude of predicted policy costs. 

The aggregate economic growth or macro models incorporate considerable lags in the 
adjustment of the economy to changed prices, and are designed to simulate the prolonged 
disequilibria and underemployment of capital and labor resources observed in recessions. 

2 See, for example, the criticisms made by Williams (1990) of the supply side technology inputs used by 
Manne and Richels (1990). Advanced gas-fired central stations and various conventional and advanced 
fossil-based cogeneration technologies may not be included, and the treatment of the various renewable 
electricity sources may be similarly constricted. Capital cost and performance data are often held fixed, and 
estimates for the resource potentials of renewable sources are typically low. We discuss these issues further 
in Chapter n.6. 
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These models are seen as being particularly suited to capturing the near-to medium-term 
disequilibria resulting from carbon taxes. 

At the same time, they fail to disaggregate the economy into individual industrial sectors 
whose relative fortunes might change, and they portray the economy as having only limited 
substitution capability away from carbon-emitting energy technologies. 

Computable general equilibrium (CGE) models allow, by virtue of their equilibrium-based 
formulation, for rapid substitution among production factors. They cannot simulate 
recessions or prolonged structural disequilibria, but their higher price elasticities of energy 
demand and explicit modeling of individual economic sectors are seen as better capturing 
the structural and energy efficiency shifts economies would undergo over the longer-run. 
They depict the economy as being capable of a more flexible response to carbon 
constraints.3 

Analysis of policy options 

To estimate the cost of carbon reductions, macroeconomic studies apply a variable carbon 
tax to the business as usual forecast Emission constraints are typically simulated on the 
same basis, by iteratively determining the tax that would bring about the desired reduction. 

The tax shifts energy supply choices to low-carbon options that are, however, more 
expensive than the resources chosen in the business-as-usual scenario, which is by 
definition cost-optimal. The macroeconomic model then calculates the income and 
substitution effects, and the overall impact on GDP, employment, interest rates, and 
inflation. In a final iteration, energy demand, fuel prices, and carbon emissions are 
adjusted to take these changes into account 

C. FINDINGS FROM TOP-DOWN MODELING ANALYSES 

Tables U.3.1a-c list a number of recent macroeconomic studies that were commissioned by 
both U.S. and European government agencies and industry groups as an input for the 
development of greenhouse policies.4 These studies examine the cost of carbon reductions 
for different countries and for a range of reduction targets and time horizons. The general 
figure of merit is the percentage change in GDP in the target year, or the cumulative net 
present value of these changes for the entire scenario period studied. 

The first table (U.3.1.a) shows studies that form the basis of official pre-UNCED U.S. 
thinking on the subject In these studies, the recycling of carbon taxes into tax relief for 
investments or employer payrolls was not considered. The second table (Q.3.1.b) shows 
results from a U.S. EPA study in which recycling options were studied comprehensively, 
and tax relief for investments or employer payrolls was not considered. The third table 

3 For example, the DRI model belongs to the former category, while the Jorgensen/Wilcoxen model 
belongs to the latter, see Shakleton et al. (1991). 
4 For more comprehensive summaries of earlier studies, see Cline (1992) and Barrett (1991). 
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Table IlJ. lb: Costs of Carbon Reductions in Top Down Studies (continued) 

Authors/ 

Institutions/ 

Sponsors 

Sbakkton et al/ 

US EPA 

Date/Status 
of Report 

16 Dec, 1991 
draft 

Time Horizon/ 
Region Studied 

1990-2010 

USA 

Model(s)Used 

in the Study 

DRI Macro. 

Link Macro, 
rWCGE. 

Goulder 
CGE 

DRIandUNK 
only 

Tax Level Studied 
or Required 

(S/tonC) 

SIS, rising to 
$40 in 2010 

Recycling 

Mechanism for 

Carbon Tax 

Six alternative 

recycling options 

Lump sum rebate 

or revenue raising 

Employee payroll 
or personal tax 

income tax rebates 
corporate income 

tax rebate 

Employer payroll 

tax 

Investment 

tax credit 

Change in Carbon 
Emissions Obtained 
(%rcl.to,88or,90) 

+15% (DRI) 

+53% (LINK) 
-9% (J/W) 

-15% (Goulder)** 

Net Cost in 

Target Year 

(billion S) 

GDP Change in 

Target Year 

(%ofgdpin'90$) 

-1% to+1.6% 

on a 20-year 
NPV basis 

-0.2% to -2.5% 

-0.5% to -2.5% 

-1% (Goulder) 
+03% to+1.9% 
(other models) 

+0.20% 

0% (CGE models) 

to +4% (macro 

models) 

Comments 

Only systematic study 
on recycling. Methods 
for recycling found 
critical for macro-
economic impact 

Favors consumption 

investment 

Lower cost of capital 
investments, but 
already in place is 
revenue with macro 
investments. 

Lowers labor cost 

business, offsetting 

energy costs. 

Lowers price of cost 

rewards only macro 

capital investments 

*• Macro models assume that energy use is very price inelastic. LINK model projects high (more man 60%) 

emission rise in business-as-usual case, and no significant C reductions from carbon tax. 



Table IIJ.lc: Costs of Carbon Reductions in Top Down Studies (continued) 

Authors/ 
Institutions/ 

Sponsors 

DGxn 
European 

Economic 
Community 

Sanghietal/NY 

State Energy 
Office 

Date/Status 
of Report 

Jun-91 

Jun-91 

Tune Horizon/ 

Region Studied 

France, 

Germany, 

Italy, UK 

1990-95 

1988-2008 
State of New 

York, USA 

Model(s) Used 
in the Study 

Macroeconomic 
country 

models, 
HERMES, 

MIDAS 

NYSEO 
econometric of 

carbon tax model 

Tax Level Studied 

or Required 

($/tonC) 

20% increase 

in oil prices rel. 

to 1991 

$8450 

$220 

$450 

$8 

550 

Recycling 
Mechanism for 

Carbon Tax 

Funding of 

reduction measures 

Revenue 
raising or funding 

of emission 
reduction measures 

Revenue raising 

Revenue raising 

Funding of 
reduction measures 

Funding of 
reduction measures 

Change in Carbon 
Emissions Obtained 
(% rel. to'88 or'90) 

0% 

-5% to -20% 

-5% 

-20% 

-5% 

-20% 

Net Cost in 
Target Year 

(billion 5) 

GDP Change in 
Target Year 

(% of gdp in '90 $) 

0to+l% 

Not calculated. 

Comments 

Study also examines 
carbon tax recycling 
paralleling those of 
Shakleton. 



(II.3.1.c) summarizes findings from studies that examined the recycling of revenues 
direcdy into carbon substitution investments. 

Most of the listed studies (Manne and Richels 1990, Shakleton et al. 1992, US DOC 1992) 
are modeling exercises in which a carbon tax is the only policy approach. Two of the 
above reports (US DOE 1991, DRI 1991) also include other energy policy measures based 
partly on actual government programs or proposals in the U.S. and the European 
Community.5 The U.S. DOE study also uses a separate, more detailed energy sector 
model which generates inputs for the DRI macroeconomic model.6 

Impact of carbon taxes on energy prices 

Table n.3.2 shows the impact of carbon taxes on primary and final energy prices under 
average European price conditions. An instructive example is the proposed European 
carbon/energy tax. Under the EC proposal, the carbon tax alone would start at $14 per 
metric ton of carbon in 1993, and would rise to $46/Tonne by the year 2000.7 

This modest carbon tax of around $50/Tonne would increase projected year 2000 prices for 
heavy fuel oil by 23 percent, and industry coal prices by more than 60 percent The impact 
on gasoline, diesel, and residential electricity prices, on the other hand, would be small, 
ranging from three to six percent. Prices for heating oil would rise about 12 percent 

However, if a carbon tax of 500 $/TC is considered, these price increases rise tenfold. The 
carbon tax would then raise electricity prices by half, double the price of heating oil and 
increase industrial fuel prices by multiples. Most policy-makers would consider the need 
for such high carbon taxes a frightening prospect. 

Level of required carbon taxes in different studies 

The level of carbon tax required to achieve a given emission reduction varies dramatically 
depending on the type of model used and depending on die kind of revenue recycling. 

The high end is represented by the results from DRI's analysis for the U.S. Department of 
Commerce (US DOC 1992). It suggests taxes of 500 to 2400 per metric ton ($/Tonne) 
would be needed in OECD countries to reduce emissions by 20 percent over 30 years — 

5 The analysis of the U.S. Department of Energy (US DOE 1991) finds that various regulatory policy 
actions envisioned under the atiministration's National Energy Strategy would not be sufficient to stabilize 
year 2000 emissions at 1990 levels. Similarly, non-fiscal measures proposed by the European Community 
(CEC 1991c), which consist of demonstration projects, research and development, information programs, 
and some regulatory changes, would not be sufficient for realizing this goal in Western Europe, whereas the 
EC's combined package of a modest energy/carbon tax and the above measures would barely be enough 
(DRI 1991). 

6 For a criticism of the methodological inadequacies of U.S. DOE's modeling approach, see the report by 
the U.S. National Research Council (NRC 1991). 

7 Tonne = metric ton. Additionally, ail fossil fuels would be charged with an energy tax of about 0 3 
cents/kWb. The same energy tax would be applied to electricity from nuclear and large hydro stations. 
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Table IL3.2: Effect of various 

Fuel 
Gasoline/diesel 

Light heating oil 

Light heating oil 

Natural gas 

Natural gas 

Natural gas 

Coal 

Coal 

Heavy fuel oil 

Electricity 

Sector 

transport 

Res/comml 

Industrial 

Res/comml 

Industrial 

Utilities 

Industrial 

Utilities 

Utilities 

All 

carbon taxes on base year 

1985 price w/sales tax 
w/sales and C tax 
Change due to C tax 

1985 price w/sales tax 
w/sales and C tax 
Change due to C tax 

1985 price w/sales tax 
w/sales and C tax 
Change due to C tax 

1985 price w/sales tax 
w/sales and C tax 
Change due to C tax 

1985 price w/sales tax 
w/sales and C tax 
Change due to C tax 

1985 price w/sales tax 
w/sales and C tax 
Change due to C tax 

1985 price w/sales tax 
w/sales and C tax 
Change due to C tax 

1985 price w/sales tax 
w/sales and C tax 
Change due to C tax 

1985 price w/sales tax 
w/sales and C tax 
Change due to C tax 

1985 price w/sales tax 
w/sales and C tax 
Change due to C tax 

fuel prices 

Units 

S/BBLequiv. 
S/BBLequiv. 

% 

S/BBLequiv. 
VBBLequiv. 

% 

S/BBLequiv. 
S/BBLequiv. 

% 

S/BBLequiv. 
S/BBLequiv. 

% 

S/BBLequiv. 
S/BBLequiv. 

% 

S/BBLequiv. 
S/BBLequiv. 

% 

S/BBLequiv. 
S/BBLequiv. 

% 

S/BBLequiv. 
S/BBLequiv. 

% 

S/BBLequiv. 
S/BBLequiv. 

% 

$/kWh 
S/kWh 

% 

Cburden 
gWh.f 

org/kWh.e 
83 

78 

78 

57 

57 

57 

93 

95 

83 

168 

0 

123.7 

46.7 

38.0 

52.7 

23.8 

20.9 

23.3 

21.8 

18.2 

0.095 

Carbon tax rate (%/Umnt C) 

10 50 100 200 

125 
1% 

48 
3% 

39 
3% 

54 
2% 

25 
4% 

22 
5% 

25 
7% 

23 
7% 

20 
8% 

0.097 
2% 

131 
6% 

53 
14% 

45 
17% 

58 
9% 

29 
20% 

26 
23% 

31 
34% 

30 
37% 

25 
39% 

0.103 
9% 

138 152 
11% 23% 

60 73 
29% 57% 

51 64 
35% 70% 

62 72 
18% 37% 

33 43 
41% 81% 

31 40 
46% 92% 

39 55 
68% 136% 

38 54 
74% 148% 

32 46 
77% 155% 

0.112 0.129 
18% 35% 

(1) Carbon burden includes indirect emissions from the processing and transportation of the fuel. Emissions factors from GEMIS. 
(2) For comparison, the EEC proposed carbon tax is $46/tonne carbon. 
(3) As throughout this study, electricity is expressed in terms of delivered energy at the point of end-use. 



what would appear to be a veritable economic suicide scenario in view of the impacts on 
fuel prices (Table n.3.2). 

Manne and Richels (1990) calculate that a more moderate tax of 200-400 $/Tonne would be 
required to achieve the same reduction goal. The analysis of the U.S. Department of 
Energy (USDOE 1991) arrives at a similar range of about 140-500 $/Tonne for the same 
reduction by the year 2000. A mere stabilization of emissions by 2000 at base year levels 
is found to require a tax of less than 100 $/Tonne. 

In the carbon tax recycling/tax reform studies (Shakleton et al. 1991, Brinner et al. 1992), 
much lower required tax levels (of the order of $15-40 per U.S. ton, or $14-36 per metric 
ton) are found to be sufficient to achieve emission stabilization or reductions below present 
levels. 

Direct recycling versus tax reform recycling 

Emission stabilization or reductions can be achieved with much lower carbon tax levels 
when the tax revenues are direcdy used to fund mitigation measures. This is starkly 
illustrated by a combined bottom-up/top-down analysis of the New York State Energy 
Office (Sanghi et al. 1991). Examining, respectively, a 5% and 20% reduction target for 
the State of New York, the study finds an order-of-magnitude drop in required taxes, from 
$217-447/Tonne when spent as general revenues, to a mere $8-50/Tonne when recycled 
into emission reducing energy efficiency, tree planting, and energy supply investments. A 
comparable drop in required carbon taxes is found in the analysis by the European 
Commission (CEC 1991b). 

In these analyses, the carbon tax represents the average cost of emission reductions, not the 
marginal cost In that sense, the lower carbon tax levels discussed in these studies are not 
direcdy comparable to those of macroeconomic studies where revenues flow into the 
treasury or provide tax relief. The difference between marginal and average costs, and their 
relationship to the tax level required to achieve a given reduction goal, are illustrated in 
Figures H.3.la and n.3. lb, which contrast a general revenue tax approach with a trust 
fund tax that is dedicated to mitigation investments (Sanghi et al. 1991). 

Influence of model differences 

The influence of the choice of macroeconomic model is illustrated by the analysis of the 
U.S. Environmental Protection Agency (Shakleton et al. 1992). In it the authors apply to 
the U.S. a moderate carbon tax rising from about $ 14/Tonne in 1990 to about $36Aonne in 
2010, i.e., similar in magnitude to that proposed by the European Commission for the EC. 
They then compare the effects on emissions and GDP over the 1990-2010 period as 
calculated by four different macroeconomic models. 

Predictably, the DRI and LINK macro models, which are primarily designed for short-term 
forecasting purposes, indicate only a small effect on carbon emissions, which continue to 
rise. These models require much higher carbon taxes to yield emission stabilization or 
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Figure II.3.1a: Reducing Emissions through a Tax Mechanism (General 
Revenue Tax Approach) 
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reductions than the other models used in the study.8 

In fact, the macro models lead to a paradoxical and telling result: economy is portrayed as 
so rigid in these models that the average cost of carbon reductions below business-as-usual 
trends (obtained by dividing the loss in economic output by the reduction in emissions) is 
much larger than the assumed marginal cost of carbon reductions, i.e., the carbon tax 
applied. 

By contrast the same $14-36/Tonne carbon tax yields carbon emission reductions of about 
9-15 percent below base year levels when the more flexible general equilibrium models by 
Goulder and by Jorgensen and Wilcoxen are employed. These reductions are comparable 
in magnitude to the 0-20 percent reductions that are realized in other top-down studies only 
when much higher carbon taxes are applied. 

Impact on GDP 

The studies listed in Tables H.3.1a-c bear out our observation in Section A above: the 
method of carbon tax recycling is decisive for the impact on GDP. The studies in Table 
n.3. la all assume that carbon taxes are rebated in lump sum (so as not to disturb the status 
quo tax structure), as reductions in the personal income tax, or as additional revenues for 
the general fund of the treasury (deficit reduction). 

These studies uniformly find that carbon taxes and carbon constraints lead to GDP losses in 
the neighborhood of 1-3 percent9 Significandy, none of the studies listed in Table H.3.1 
identify the choice of carbon tax recycling as pertinent to their findings or point out the need 
to investigate recycling options that favor investments. 

By contrast, GDP growth is unaffected, or is boosted by comparable percentages, when 
the carbon tax revenues are recycled in the form of an investment tax credit10 This effect 
is most clearly shown by the analysis of Shakleton et al. (1992), who test not only 
alternative recycling options, but also different macroeconomic models (Table H.3. lb and 
Figures n.3.2a and II.3.2b). While model differences are significant, negative GDP 
impacts are largely eliminated or turned into positive impacts in all models. Similar 
findings emerge from the study by the European Commission (CEC 1991b), which 
investigates, among other things, the direct recycling of tax revenues into emission 
reduction measures. 

8 Stabilization of emissions at 1990 levels is achieved in the DRI model for the period of 2000 to 2010 
with a tax rising from $ 20 to $ 100 between 1994 and 1998, see Brinner et al. (1992). 

9 The percentage figures refer to the annual impact in the final year of the analysts. On a cumulative, net 
present value basis, they are lower. 

1 0 Some of the models also show a positive effect on GDP when carbon revenues are used to reduce 
employer payroll taxes. 
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Figure II.3.2 The Impact of Carbon Tax Recycling: Investment Tax Credits Versus 
Income Tax Relief 
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Implications for policy 

Throughout the above discussion, we have taken the cost calculations of the various top-
down studies at face value, i.e., the fundamental question of whether energy expenditures 
must indeed rise in a carbon reduction strategy, or could be lower than under business-as-
usual conditions, has not been resolved. Nevertheless, a number of policy-relevant 
observations can already be made: 

• Even before bottom-up approaches are considered, different carbon tax policies that 
achieve the same carbon reductions have different societal costs. 

• The outcome of macroeconomic assessments strongly depends on the choice of revenue 
recycling options. 

• Notably when revenues are recycled into investments (direcdy or through tax credits), 
carbon reduction strategies can lead to net benefits in overall economic output even 
though energy prices rise. 

The possibility of boosting GDP by restructuring the national tax system is a major finding 
for greenhouse policy development It opens considerable leeway for the practical political 
implementation of carbon reduction policies. 

For example, if the goal governing greenhouse policy development were defined as 
keeping GDP growth merely the same as in business-as-usual projections, policy-makers 
could devise a carbon tax that would finance investment tax credits, direct investment 
subsidies, and some amount of broadly popular income tax relief for individuals. 
Depending on whether the tax was designed to be revenue-neutral or not, a portion of the 
revenue could also be used for deficit reduction. 

Various such packages are analyzed by Brinner et al. (1992) for the U.S. A policy mix that 
would simultaneously keep GDP, employment and inflation in 2010 at the levels of the 
business-as-usual projection would use about 70 percent of the tax for employer-paid 
payroll tax relief, about 20 percent for personal income tax relief, and about 10 percent for 
investment tax credits. 

More boldly put abatement of global warming could become the driving force of a multi
purpose tax reform that serves not only environmental ends, but also enhances economic 
efficiency, fiscal solvency, and social equity. The maneuvering room for such tax reform 
is all the more broadened if, as we find in this study, such carbon tax recycling schemes 
can be paired with reductions in energy expenditures, which enhance economic growth and 
enlarge the economic pie available for redistribution. 

Consideration of uncertainties in the political process 

In this context it is interesting to observe the considerable differences in the manner in 
which analytic support was generated for the U.S. position in international climate treaty 
negotiations, and for the position of the European Community. First, the U.S. government 
failed to commission a bottom-up analysis and relied solely on macroeconomic modeling 
assessments, whereas the European Commission produced both macroeconomic studies 
(CEC 1991b, DRI 1991) and bottom-up studies (CEC 1991a). Secondly, the 
macroeconomic analyses of the EC included a comprehensive examination of the carbon tax 
recycling issue, while the U.S. government ignored the recycling analyses of its own 
Environmental Protection Agency and directed analysts working for U.S. DOE and U.S. 
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DOC not to study these recycling options. Finally, the U.S. government interpreted the 
findings from U.S. DOE's and U.S. DOC's macroeconomic studies with considerable 
stridency, while the EC used more cautionary language that acknowledged the limited 
reliability of such studies. 

D. THE TOP-DOWN PARADIGM 

The above discussion of modeling procedures and results allows us to identify the key 
assumptions underlying the econometric approach. These can be summarized as follows: 

Assumption 1: Even when individual energy service markets and technological changes 
are not explicidy studied or considered, highly aggregate, systemic coefficients such as 
ESUB and AEEI can be used in an analytically meaningful way in representing the 
economic system with its dynamic of constant change and its many economic and 
technological processes in individual energy service markets. 

Assumption 2: The derivation of aggregate systemic coefficients from observed historic 
trends in the relationships between energy use, economic output income, and energy 
prices is sufficiently unambiguous to make macroeconomic modeling calculations 
reasonably reliable, and thus useful for policy decisions. 

Assumption 3: The observed trend relationships between GDP and energy use, and the 
coefficients based on them, can be considered reasonably stable. Thus, econometric 
models can be used for forecasting energy trends with reasonable accuracy. 

Assumption 4: The historic data series from which econometric coefficients are derived 
reflect well-functioning energy supply and energy service markets. 

Assumption 5: The private discount rates underlying historic patterns of energy 
consumption are not too different from societal discount rates, so that these data can be 
used as a basis of assessing societal costs. 
Of these five basic assumptions, the last two about energy markets and discount rates are 
the most fundamental ones. They represent the paradigmatic core of all econometric energy 
modeling, and it is worth further explication. 

The perfect market model 

Since energy policy should ensure that energy services are provided at least cost the 
assumption of a historically well-functioning market and of more or less stable rates of 
change in the relationships underlying that market is fundamental for the legitimacy of the 
entire econometric approach. Only if these conditions are fulfilled can econometric 
modelers claim to calculate optimized, least cost levels of energy demand.11 

11 Alternatively, the historical energy/GDP relationships could be interpreted to reflect an inefficient status 
quo, but these inefficiencies could be seen or depicted as unchangeable for political reasons. Few people 
would accept mis second line of reasoning as a basis for societal policy-making, whose explicit aim is to 
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Some top-down modelers interpret historical energy/GDP relationships to reflect an 
admittedly inefficient status quo, but postulate that these inefficiencies are unchangeable for 
practical or political reasons. While there are obviously constraints on the rate of change in 
status quo regulatory and market structures, an across-the-board declaration of immutability 
is a patendy indefensible basis for societal policy-making. 

In the context of public policy analysis, changing the status quo is not only fair game, but a 
central topic of exploration. The explicit aim of societally oriented policy analysis is to 
make politically feasible whatever policies can increase welfare. We therefore continue our 
discussion on the basis that the use of macroeconomic cost assessments for energy policy 
purposes is defensible only if the assumption of well-functioning markets can be 
empirically verified. 

Treatment of market imperfections 

Even those macroeconomic modelers who assert that end-use markets function well do not 
categorically deny the existence of market barriers and failures. However, what market 
imperfections might exist are conceived of mainly as incorrect price signals due to 
subsidies, insufficient competition among suppliers, and difficult-to-quantify 
environmental and other externalized costs. In die utility sector, the rate-setting process is 
acknowledged as presenting unique impediments to marginal cost pricing. On the whole, 
these price distortions are seen as too limited to substantially affect econometric coefficients 
or overall demand forecasts. 

In this view, then, there is no such thing as an unexploited negative-net-cost efficiency 
resource that could significandy lower the societal bill for energy services. 

Discount rates and rational consumers 

Top-down approaches further imply that the purchasing and investment behavior of firms 
and individual energy consumers is by and large based on private discount rates not too 
different from the low societal discount rates that are appropriate for government policy 
making. The requirement of low private discount rates arises from the fact that in an 
economically rational decision-making process, the discount rates used for energy 
efficiency investments cannot stray far from the rates of return of alternative investment 
opportunities. 

It is worth spelling out what this assumption precisely means: that businesses and 
consumers know the importance of life-cycle energy cost analysis, and will use it in 
comparing energy efficiency in cars, homes, appliances, and industrial equipment with 
alternative investment choices such as savings, stocks and bonds, or other opportunities. 

Based on such rational analysis, they will choose to pursue all energy efficiency 
investments that provide the same or better rates of return as alternative investments. This 
implied pattern of consumer choice will result in demand-side investments reasonably in 
equilibrium with investments on the supply-side, and thus with overall rates of return on 
capital in the economy as a whole. 

make politically feasible whatever policies can protect and increase welfare. We therefore continue our 
discussion on the basis of the identity between die econometric approach and the perfect-market paradigm. 
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A priori implications 

The above view of energy markets as more or less perfecdy functioning has two important 
a priori implications: 

• Any significant reductions in fossil fuel consumption will lead to higher energy 
expenditures, and, in the absence of tax restructuring, to losses of GDP. In other 
words, carbon reduction strategies will always cost money. 

This qualitative outcome is axiomatic, since the status quo energy economy and the 
(econometrically derived) business-as-usual demand projections are seen as being already 
close to the welfare-maximizing economic optimum. The main issue for climate policy 
(and still an important one) then becomes whether the costs of carbon reductions rise 
steeply or less steeply as reduction goals become more stringent 

Second, since energy consumers respond to price signals in a cost-minimizing, 
economically rational fashion, 

• The most effective and efficient implementation policies for carbon reductions are price 
instruments such as carbon taxes, or equivalent systems for emission rights trading 
under a carbon constraint 

Because price signals are the policies that can be most easily simulated with econometric 
models, top-down studies of carbon reduction goals have usually focused on this policy 
option alone. 

E. SHORTCOMINGS OF THE TOP-DOWN PARADIGM 

In examining whether the five basic propositions of econometric forecasting as identified 
above are indeed valid, we find a number of major shortcomings. These are: 

— the problematic use of systemic coefficients in calculating changes in the economic 
system; 

— uncertainties in deriving econometric coefficients from historic data; 

— implausible projections of historic trends into the future; 

— unsupported assumptions of well-functioning energy supply and energy service 
markets; and 

— private discount rates that are one to two orders of magnitude higher than the societal 
discount rates appropriate for public policy development 

Problematic use of systemic coefficients 

The econometric approach is weakest precisely where it appears strongest: in its empirical 
foundation. Econometric data and coefficients are not sufficiendy grounded in the why of 
things. It is one of the fundamental principles of scientific analysis that statistical 
correlations cannot explain or describe causal relationships. The analysis of the "why" is 
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however, fundamental for welfare-maximizing policy development which depends on an 
understanding of causal relationships. These cannot be obtained from statistics alone. 

For these reasons, the use of systemic correlation coefficients for projecting future states of 
complex systems is justifiable and reliable only if the amount of change in the system is 
small, i.e., over short time horizons, and if information on the individual subprocesses in 
the system is not available and cannot easily be obtained. 

Macroeconomic modeling, when used for greenhouse policy analysis, violates this 
principle. First the time horizon involved in climate policy calculations typically spans 
several decades, not just several years. Second, such modeling fails to incorporate the 
detailed knowledge about technological and structural changes in the various energy service 
markets that is available from bottom-up analyses (See Chapter n4). 

Uncertainty in deriving key coefficients from historic data 

The studies reviewed in Section C above clearly illustrate that macroeconomic modeling 
assessments are beset with large uncertainties. These uncertainties mainly arise because 
historic time series of energy, price, and GDP data can be used to justify widely differing 
AEEI and ESUB coefficients. The coefficient one obtains depends on which historic time 
periods are chosen as a basis, and what type of mathematics is used to interpret the 
"statistical noise" in historic trends. 

For example, the AEEI coefficient is about zero percent if one mainly uses data from the 
1950s and 1960s, but reaches about two percent per year if based on data from the mid-
1970s to late 1980s. Similarly, the own- and cross-price elasticities of coal, oil, and gas 
demand (and with them, the ESUB coefficient) strongly depend on the choice of time 
period and data sources. Barrett (1991) shows in a stylized calculation that a range of 
justifiable values for the own-price and cross-price elasticities of the demand for fossil fuels 
yields a sevenfold difference between the highest and lowest carbon tax that would be 
required to achieve a given emission reduction. Other reviews (Bohi and Zimmerman 
1984) similarly underline these uncertainties. 

Some of the variability stems purely from the choice of mathematical algorithms. In 
developing their flexible CGE model for the U.S. EPA, Jorgensen and Wilcoxen based 
their interpretation of historic data on so-called translog functions that yield higher price 
elasticities than those of other models. Moreover, the AEEI coefficient in this model has to 
be positive in order to reproduce historical developments. 

A further stark illustration of these uncertainties is provided by Manne and Richels (1990), 
who find for their Global 2100 model that the calculated macroeconomic impacts of a 20 
percent carbon emission reduction change severalfold even when the AEEI coefficient is 
varied over only a portion of the range of justifiable assumptions. Similarly, Shakleton et 
al. (1992) show that the choice of one macroeconomic model among four widely used 
models over another can lead to a variation by a factor of four in the calculated GDP impact 
of a carbon tax. 

The general dilemma is that during the last twenty years, energy markets have reeled from 
oil price shocks, and thus do not reflect the equilibrium state econometric analysis seeks to 
describe. Data from the 1950s and 60s, on the other hand, are so old that their validity 
becomes questionable under changed technological conditions (see below). 
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This variability in calculated economic impacts exists even before recycling options are 
considered, and even before other fundamental conceptual shortcomings of the econometric 
paradigm (see below) have been taken into account It suggests that even in the absence of 
the challenge from bottom-up analyses, macroeconomic modeling results should be treated 
with great skepticism and caution. 

Implausible projection of historic trends into the future 

The highly aggregate AEEI coefficients subsume, all in one parameter that does not change, 
the manifold, complex dynamics of technological efficiency gains, changes in consumer 
preferences, saturation of energy service needs, and structural change in the economy. 
Similarly, historically derived ESUB coefficients replace engineering economic knowledge 
about future technological possibilities with past trends. 

Structural change 

To understand the shortcomings of the AEEI concept it is helpful to separate technological 
efficiency gains from structural change. Structural change results from shifts in the mix of 
the various kinds of energy services (which differ in their energy intensity), and overall 
saturation trends in the demand for energy services relative to other kinds of goods and 
services. 

Neither historic energy/GDP ratios nor their time derivatives (ie., the AEEI coefficient) can 
properly account for the longer-term trends of saturation in the demand for energy services. 
The saturation factor is of particular importance in OECD countries where major physical 
infrastructures are established, and marginal income is spent on a new mix of goods and 
services unique to the electronic information age (see Chapter 11.10 for a detailed 
discussion). 

The AEEI coefficient does not, as one might believe, remedy this shortcoming. This 
percent annual change in the energy/GDP ratio is derived from historic data as a fixed 
parameter. By contrast, saturations and structural change suggest an asymptotic behavior 
in the evolution of energy demand. The substantial difference between a constant change 
and an asymptotic one is illustrated in Figure n.3.3. 

Technological change 

To the extent that econometric models rely on historically derived ESUB coefficients, they 
project historic relationships among fuels decades into the future. Similarly, AEEI 
coefficients imply that technological efficiency gains proceed at a long-term average rate as 
found during the pre-1973 period, and that this rate will remain constant over the next two 
to three decades and beyond. 

This view ignores the rapid technological change that has recendy occurred in the energy 
efficiency field. Many appliances, buildings, and other end-use devices being sold today 
are more than twice as efficient as they were ten or fifteen years ago, and some have 
improved by a factor of five (see Appendix H.A). Nor are these improvements one-time 
opportunities that are now exhausted. They are being replenished by the qualitative leap in 
technological capability that has occurred with the widespread commercial introduction of 
technologies of molecular control (i.e., electronics, high-tech materials, and 
biotechnologies). 
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Figure II.3.3: Relationship Between GNP 
and Energy Demand: Fixed AEEI 
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These innovations are making the delivery of energy services a more and more technology-
intensive process. Compared to the energy-intensive innovations of end-use technologies 
during the 1950s, 60s, and early 70s, this technological shift implies an acceleration of 
energy efficiency progress, notably on the demand-side, but also in electricity generation, 
where new gas turbine cycles are offering efficiencies in excess of 50 percent (see 
Appendix nB). 

At the same time, more sophisticated planning techniques in the utility sector have 
uncovered important and growing niche markets for renewable energy sources (NPPC 
1991), setting the stage for an accelerated improvement in the economics of non-fossil 
resource options. Only detailed, engineering-economic knowledge can provide a sound 
basis for predicting these trends. 

As discussed in detail in Chapter 1.6 of Volume One of our study (Krause et al. 1989), an 
end-use weighted average efficiency improvement on the demand-side can reduce the 
energy intensity of GDP by about three percent per year when penetrating into the capital 
stocks at the rate of normal capital stock replacement (continuity rate). This rate is several 
times as high as the AEEI figures modeled in the various macroeconomic studies. 

This technological blind spot of top-down analyses is not remedied by the use of forward-
looking engineering-economic supply curves in only the electricity supply sector. Even in 
models where energy supplies are technologically well-defined, demand-side resources 
(i.e., investments in energy efficiency) are not treated as a technology resource. Instead, 
they remain subsumed in the price elasticity of demand. Thus, econometric analyses mirror 
the status quo market pattern in which energy efficiency is the business of consumers only, 
and no organized market exists for the competition between energy supply and demand-
side capital investments. 

Implications: overestimation of future demand and carbon emissions 

The inability of macroeconomic models to capture the dynamics of per-capita saturation of 
consumption and structural and technological change is significant in assessing carbon 
reduction strategies. The higher the projected growth in energy demand, the greater the 
difficulty and apparent cost of reducing carbon emissions to climatically sound levels: all 
else being equal, greater energy demand would force societies to travel further along the 
supply curve of carbon reduction options towards measures of higher costs. 

Our discussion implies that econometric demand forecasts will systematically overestimate 
future energy demand. Past experience with econometric demand forecasts provides 
abundant verification of this prediction from first principles. Part of this overestimation is 
due to neglected saturation effects and structural changes alone, while another part is 
technology-related. 

Unsupported assumptions of well-functioning energy supply and energy 
service markets 

The economic processes surrounding energy use can be divided into two main spheres: 
One sphere is reigned by an organized market that provides a certain amount of competition 
among suppliers of various fuels and other final energy forms, though a number of market 
failures are at work even in this supply-side competition. 
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The second sphere has to do with the competition between final energy carriers and the 
demand-side capital investments that can substitute for them. Econometric models simply 
posit die existence of a well-functioning market mechanism in this end-use sphere, though 
econometric data provide no information that could verify this hypothesis. 

Empirical investigations show that the market competition between energy and capital on 
the demand-side is severely impaired or altogether absent 

Discrepancy between private discount rates and societal discount rates 

In macroeconomic models, discount rates do not appear as an explicit modeling parameter. 
However, die historic energy/GDP relationships on which such modeling is built do 
implicitly reflect the discounting procedures of energy consumers. To find out what 
discount rates are being used in die demand-side investments by energy consumers, it is 
necessary to empirically evaluate consumer purchasing decisions. This can only be done 
with the analytic techniques of the bottom-up approach (see Chapters H.4 and II.5). These 
empirical investigations show that the implicit discount rates of consumers typically range 
from about 30 to more than 100 percent 

These high implicit discount rates are so at odds with the societal discounting perspective 
that this discrepancy alone is sufficient to put into question the findings of macroeconomic 
policy cost assessments. That macroeconomic modeling exercises are nevertheless so 
dominant in the energy policy process must be seen more as a reflection of the political 
economy surrounding energy decisions than as a reflection of their analytic merits. 

The phenomenon of high implicit discount rates is direcdy linked to the question of market 
barriers, and both issues lie at the core of our critique of the top-down approach. Before 
presenting the methods, strengths, and shortcomings of the bottom-up approach, we 
therefore turn in Chapter H.4 to a more detailed examination of the ways in which energy 
markets, and particularly end-use markets, can fail. 
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CHAPTER II.4: 

HOW ENERGY MARKETS FAIL 

A. THE CLASSICAL VIEW OF MARKET IMPERFECTIONS 

Under the classical model of complete and perfect markets, a welfare-maximizing allocation 
of resources is automatically reached through the decentralized decisions of market 
participants. Failures in this allocation process are mainly conceived of as neglected 
externalities, various tax subsidies, or insufficient publicly funded R&D. In the utility 
sector, die rate-setting process is recognized as presenting unique impediments to marginal 
cost pricing. With the exception of the R&D component market failures are thus mainly 
seen as distortions in price signals. 

From this pricing-oriented perspective, the proper role of government intervention in 
energy markets is limited to the elimination of price subsidies, price corrections for both 
environmental and other externalities (e.g., oil import premiums), and in the utility sector, 
rate reforms that establish electricity rates based on marginal cost and time of use. 

The case for energy policy intervention is thus mainly seen on the supply-side. Energy 
efficiency incentive payments to energy consumers would be justified only in the utility 
sector where rate-setting inadequacies prevent the alignment of rates with marginal costs, 
and the magnitude of these incentives should then be limited to the gap between average 
rates and marginal costs. 

B. BEYOND PRICE DISTORTIONS: THE PAYBACK GAP 

A very different view of market failures suggests itself when end-use markets are 
examined. Findings from engineering-economic studies show that many energy efficiency 
improvements yield life cycle costs that are significandy lower than those of end-use 
devices of standard efficiency levels (see Chapter H.4). Nevertheless, the evolution of 
market shares for these energy efficiency innovations indicates that they penetrate only 
slowly and incompletely into die building, equipment and vehicle stock. The underlying 
investment behavior can be described as representing a payback gap (Krause and Eto 
1989), i.e., a gap between the economic investment criteria used by energy suppliers and 
energy consumers. 

According to extensive surveys and analyses of customer choices, consumers are generally 
not motivated to undertake investments in end-use efficiency unless the payback time is 
very short (six months to three years). Moreover, this behavior is not limited to residential 
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customers. Commercial and industrial customers explicidy or implicidy require as short or 
even shorter payback requirements, sometimes as little as a month. 

Payback gap and discount rates 

These stringent payback requirements are equivalent to using a high discount rate in 
evaluating energy efficiency investments. For example, under typical price conditions for 
electricity, a payback requirement of two years for die extra cost of a more efficient 
appliance, vehicle, or industrial device implies a discount rate of 64 percent and a one year 
requirement implies a discount rate of 162 percent1 

A large international body of empirical research on consumer behavior shows that the 
phenomenon of the payback gap is universal and endemic.2 While there is considerable 
variation in the magnitude of the payback gap from end-use to end-use, the range of 
implicit discount rates (ranging from 20 to more than 100 percent) is almost always one to 
two orders of magnitude greater than the average real rates of return consumers can hope to 
earn from financial investments. The phenomenon is thus not only independent of the 
customer sector, but is found irrespective of the particular end uses and technologies 
involved. 

This short-term perspective of energy consumers, in turn, leads to inflated demand growth. 
Utilities and energy producers satisfy this demand by undertaking supply-side investments 
in power plants, high voltage grids, pipelines, coal mines, refineries, and the like. These 
investments are, however, based on long-term planning with real rates of return in the 
neighborhood of 5-7 percent on investments, and about 2-4 percent on debt-financed 
investments, not on discount rates of 20-100 percent or more. They are typically expected 
to pay back over fifteen to twenty years or more, not in a matter of months or two to three 
years. 

The general picture that emerges is thus one of a great asymmetry between economic 
investment criteria for the demand side and the supply side. This asymmetry is so large 
that it swamps otherwise significant demand-side variations in implicit payback 
requirements by consumption sector, customer class, end-use, and technology. 

1 Assuming costs of 7 0/kWh and lifetimes of 10-20 years for me efficiency measures. See Krause and 
Eto (1988) for further discussion. For very short payback periods, discount rates are relatively insensitive 
to the investment life. 

2 For general reviews, see e.g. Train 1985, CaPUC 1984, Hirst et al. 1986, Hirst and Brown (1990), 
Stern and Aronson 1984, Kempton and Nermann 1987. Specifically for the electricity sector, see Krause 
and Eto (1988), Jochem and Gruber (1990). Specifically for energy-efficiency investments in residential 
buildings, see e.g. Coram and O'Neal 1982, Vine et al. 1987, Stern et al. 1986. Specifically for 
residential appliances, see Ruderman et al. 1984, U.S. DOE (1989,1990). Specifically for the commercial 
sector, see e.g. Barker et al. 1986, Koomey 1990, Rosenfeld and de la Moriniere 1987, EPRI 1987. 
Specifically for the industrial sector, see e.g. ASE (1987) and CaPUC (1985), which find payback 
requirements of two to three years at best, and as little as six to 12 months in many cases. For a discussion 
of underlying institutional barriers, see Ross (1986). See also Krause et al. (1989) for specific barriers to 
the adoption of industrial lighting efficiency measures. 
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C. INTERPRETATION: WHAT DOES THE PAYBACK GAP MEAN? 

Taken at face value, the payback gap suggests a highly inefficient allocation of capital in the 
energy sector of the economy, and thus a failure of the classical economic model. The 
concept of a market barrier or failure as posited here is a non-price failure. It implies that 
energy users are principally committed to economic rationality, but are hindered in applying 
this rationality in their economic actions. Thus, the apparent use of high discount rates is 
not deliberate economic principle, but an inadvertent outcome. 

If so, correcting these market failures could save both consumers and society large sums of 
money. This is the interpretation adopted in bottom-up analyses, and it is the foundation of 
the concept of least-cost energy planning (see Chapter U.4). 

Explanatory factors 

However, the interpretation of the payback gap as an expression of market failures is just 
one of several possible explanations. The full range of possibilities includes these three 
explanatory factors: 

— market failures, i.e., conditions that prevent economically rational consumers from 
achieving optimal results (including failures in regulatory measures); 

— consumer behavior that is not economically rational, i.e., the replacement of that 
rationality by simplifying rules of thumb (bounded economic rationality); and 

— imperfect substitution of standard technologies by energy efficient technologies, 
creating real but hidden indirect costs in the form of loss of amenity, risks, etc. 

The policy implications of market failures per se, and of bounded economic rationality are 
similar. Both constitute a basis for policy action. Governments could increase welfare in 
the economic sense by removing market barriers and by attempting to expand the sphere in 
which individual energy consumers apply economic rationality. 

Classical economic interpretations 

The principal alternative explanation to the presence of market failures is the concept of 
imperfect substitutions. Some economists (e.g., Sutherland 1991, Joskow 1988) have 
argued that the market barriers reported in engineering-economic bottom-up assessments of 
end-use markets represent, in fact evidence of functioning markets. The claim is that the 
payback gap merely represents instances where consumers reject energy efficiency 
technologies on die basis of real but hidden costs (imperfect substitutes) or where they find 
efficiency investments unattractive on the basis of investment risks, budgetary constraints, 
and information costs that are generic to all investment decisions in die economy. 

This claim, which is often echoed among econometric energy modelers, is the fundamental 
argument for dismissing the bottom-up approach and its policy implications. For the 
purposes of our discussion, an examination of these arguments is thus of central 
importance. 
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Theoretical critique 

A critique of these arguments in terms of underlying microeconomic equilibrium and 
investment finance theories is provided by Sanstad et al. (1992). This analysis points out 
that the theoretical models used by the above-quoted authors are so limiting in their 
assumptions of idealized conditions that they have become outmoded as a basis for 
economic policy. 

In particular, Sanstad et al. review an expanding body of economic research that entirely 
rejects the classical model of perfect competition and optimality as a first approximation, 
and instead starts from models of the economy in which various market imperfections are 
pervasive. Chief among these pervasive failures, which are seen as existing in all sectors, 
are information barriers that permit the existence of multiple prices at equilibrium, and so-
called transaction costs. 

In this framework of economic policy analysis, the central task is not the justification of 
market intervention by finding phenomena that are indeed market failures. Rather, given 
that various types of market imperfections exist the focus is on policy measures that could 
promote greater economic efficiency. A key aspect of this focus is the comparative analysis 
of different ways of organizing economic activity. 

This comparative analysis of alternative market arrangements has direct application in the 
energy field. It means that true societal costs comprise only those input requirements for 
providing a given quantity and quality of energy service that cannot be reduced by altering 
transactional arrangements. 

The least-cost planning handbook of the U.S. National Association of Utility Regulatory 
Commissioners (NARUC) makes this point by providing a pertinent illustration (Krause 
and Eto 1989): It may cost 2 cents/kWh to install an efficiency technology measure when 
energy users receive assistance from their government or utility, and 20 cents/kWh when 
consumers do it on their own under status quo conditions that impose high information and 
transaction costs. Here, the true societal cost is still 2 cents/kWh, irrespective of whether 
such a program is currendy in operation or not3 

Non-perfect substitutes: hidden costs versus benefits 

While many theoretical economists embrace the perfect substitution model for a system as 
complex as the economy, they seem less comfortable with the notion of energy efficient 
devices that are perfect substitutes for standard ones, or, going further, with energy 
efficient devices that increase consumer surplus compared to conventional technologies. 

From an engineering point of view, it is, however, quite easy to conceive of two devices 
that are identical in consumer utility as measured by reliability, amenity, appearance, etc., 
except that one uses more energy than the other. Moreover, energy-efficient devices are 
often designed with the explicit goal of increasing comfort security, etc. along with energy 

3 In both cases, cost is understood to mean societal cost i.e., both the costs borne by consumers directly, 
the incentives paid them by governments or utilities, and the cost of administering die program. For 
further discussion of these and other important aspects of applying cost/benefit tests to energy efficiency 
programs, see Krause and Eto (1988), Chapters 2-4. 
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efficiency. Examples abound (see also Part 3, Appendix 10.3, Part 4, Appendix A l 1, and 
Part 5, Appendix A. 12): 

— More efficient water heating, space heating, or air conditioning equipment provides 
identical energy services without affecting quality. So do energy-efficient trucks, 
airplanes or industrial boilers. 

— Energy-efficient engines for cars allow greater range of travel, or, if tank size is 
reduced, for more passenger and luggage space. 

— In the case of storage water heaters, higher efficiency allows for longer showers. 

— Compact fluorescent light bulbs last ten times as long as standard incandescents, and 
thus eliminate the nuisance (and cost) of frequent bulb replacement Current versions 
of these bulbs also provide a wide range of color renditions. 

— Filling wall cavities in a building with insulation does not change the wall but provides 
increased amenity. 

— High efficiency window glazing systems not only increase thermal comfort, but also 
prevent the bleaching of rugs and furniture from ultraviolet light increase architectural 
flexibility, and protect from noise. 

— Many energy-efficient industrial processes not only save energy at favorable costs, but 
also reduce labor or environmental clean-up costs. 

At the same time, energy efficient technologies can present irreducible hidden costs, i.e., 
costs that are not reflected in their price and that cannot be reduced by market-creating or 
market-correcting programs and regulations. The main form of such costs are loss of 
convenience or comfort but they also could include technical risks that are real, i.e. not just 
perceived risks based on inadequate information, financial exposure, or high transaction 
costs in assessing them. Two examples illustrate the point: 

— Currendy available compact fluorescent light bulbs represent fitting problems in many 
residential fixtures, and thus bring a loss of convenience and/or aesthetics in these 
applications. 

— If higher energy efficiency in automobiles is pursued mainly through smaller size it 
could reduce utility and passenger comfort 

These examples also illustrate that some energy-efficient devices can require trade-offs 
between gains in utility in some areas, and loss of utility in others. 

The empirical evidence: program experience 

Predicting these trade-offs or verifying and measuring real hidden costs where they do exist 
can be complex. In most cases, the only reliable approach is to undertake pilot incentive or 
demonstration programs that involve careful evaluation of consumer responses. Without 
the opportunity to direcdy test new energy efficiency technologies, energy users who suffer 
from the market and information barriers listed below are not only likely to be uninformed 
about such hidden costs, but may also be misinformed about them. At the same time, these 
barriers are likely to prevent customer awareness of hidden benefits in convenience that 
could bring a net increase in consumer surplus. 
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The empirical resolution of the question of market failures therefore has to be sought in the 
body of research literature and field reports on government and utility conservation 
programs. The richest documentation of such program experience can be found in the 
experience of U.S. electric utilities with their so-called demand-side management 
programs. To date, privately-owned electric utilities in the U.S. have undertaken more 
than 1000 individual programs to investigate and correct the various market barriers 
underlying the observed payback gap — far more than the programs in all other OECD 
countries combined. Annual spending on incentives programs for economically efficient 
consumer investments in the U.S. is now on the order of $2 billion per year. 

In developing their energy efficiency programs, U.S. utilities have undertaken market 
research surveys, detailed process and impact evaluations of pilot and full-scale incentive 
programs, experiments with alternative financial and non-financial incentives, and 
innovations that reduce administrative costs while increasing per customer savings (Nadel 
1990, Krause et al. 1989). Their programs also involve collaboration with manufacturers, 
and focus groups with wholesalers, retailers, architects, builders, installers, and other trade 
allies. These industry and professional people are intimately familiar with the decision 
criteria of consumers (or lack thereof) when it comes to energy efficiency (EPRI 1987). 

Further detailed knowledge about market barriers has been produced by government 
programs both in the U.S. and Europe to promote energy efficiency technologies, and 
academic research accompanying and evaluating these programs.4 The development of a 
private energy service industry has provided further knowledge on what makes end-use 
markets "tick." 

Much of this body of empirical knowledge and practical experience is only published in the 
gray literature.5 A comprehensive compilation and review of this knowledge for the 
commercial sector (focusing on new office buildings) is found in Koomey (1990). These 
sources provide abundant and irrefutable evidence that there is no such thing as a well-
functioning market for energy efficiency investments. It suggests that these failures are a 
universal feature of energy use and investments in modem industrialized economies. 

D. MARKET FAILURES IN END-USE MARKETS 

The above-quoted body of research reveals a complex web of micro-level considerations 
and constraints in energy efficiency investment choices. We summarize below the key 
causes and forms of market and regulatory failures that have been brought to light 

4 See, e.g., Stem et al. (1986) for an international review of residential programs. Unfortunately, the 
systematic evaluation of government efficiency programs is still much less developed in Europe than in the 
U.S., where this activity is supported by a scientific journal and a biennial national conference devoted 
solely to evaluation research. 

5 See, for example, the proceedings of the biennial Summer Study Workshops of the American Council 
for an Energy Efficient Economy (ACEEE 1990) or the proceedings of the National Demand-Side 
Management Conferences of the U.S. Electric Power Research Institute (EPRI 1989), and the Chicago 
evaluation conference (ANL 1991). For a cross-sectional summary of the program experience gained to 
date, see Nadel (1990). For an analysis of different lighting efficiency programs, see Krause et al. (1989). 
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Lack of information ("I don't know") 

This barrier takes several forms. One is lack of knowledge about current energy costs. 
This lack is immediately evident if readers ask themselves what portion of their electricity 
bill goes to lighting, refrigeration, heating, cooking, and other applications, for all of which 
they invest in distinct technical devices. Hardly anyone will be able to give a reliable 
answer. The utility bill consumers receive is so urdnformative that it provides virtually no 
guidance or incentive for efficiency investments. It is equivalent to shopping in a grocery 
store without price labels, and receiving the bill for what one bought a month later. 
Moreover, the bill would only show the total amount, without itemizing the products 
purchased.6 

A second information barrier is the lack of knowledge about options to reduce energy 
expenditures through efficiency investments. The evaluation of these options can be quite 
complex, notably in commercial buildings or industrial firms. To make wise choices, 
energy consumers need to be knowledgeable about identifying, procuring, installing, 
operating, and maintaining efficient equipment. 

Lack of training among key professionals can also be a barrier. For example, only about 
one percent of die roughly 100,000 architects and building design professionals in the U.S. 
are qualified to design state-of-the-art high efficiency commercial buildings (Koomey 
1990). 

High cost of information ("Ignorance is bliss") 

Obtaining reliable information about one's energy use and efficiency options can be 
expensive. The cost of obtaining information is often prohibitively high for individual 
consumers, and still significant (though more manageable) when utilities provide it through 
programs that realize economies of scale. For example, an energy efficiency audit for a 
residential home can cost anywhere from $ 50 to $ 100 when delivered through a program, 
and audits in industrial firms can cost many thousands of dollars. Obtaining reliable 
information may involve cross-checking claims from various vendors. Moreover, rapid 
technological change can gready increase information costs. 

High transaction costs ("Too much hassle") 

Obtaining energy-efficient devices is typically more difficult than buying standard 
equipment. For example, incandescent lightbulbs can be found in many shapes and grades 
in a variety of stores including supermarkets, where they can be bought on impulse. But 
while highly efficient compact fluorescent lightbulbs are by now commercially available in 
many shapes as well, and are offered in about twenty different color qualities for their light 
output, not one of these types of bulbs is found in most stores. Finding a distributor 
means getting on the phone and being prepared to go out of one's way. 

6 Consistent with the explanatory factor of information barriers, implicit discount rates are lower in the 
case of automobile efficiency than in the case of appliance purchases. One would expect similarly high 
implicit discount rates if information about energy efficiency was equally accessible for both kinds of 
products. But because drivers pay for gasoline on a weekly basis in direct relationship to the distance 
driven, the fuel bill for automobiles, and its relationship to energy efficiency and energy services is 
generally better understood by consumers. 
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Similarly, heat pump electric water heaters or other efficient water heaters can save 
considerable electricity and money compared to standard units. However, when they fail, 
instant replacement is required to avoid the inconvenience of cold showers. Many heating 
and plumbing firms may not have the efficient model in stock for instant replacement 

More generally, "hassle" is involved when individual consumers try to be energy-efficient 
on their own. Such hassles can include research to find out what efficient technologies are 
available, finding out how to verify the claims of vendors', finding qualified architects, 
installers, and technical personnel, or cajoling disinterested landlords into making 
improvements. 

Limited consumer choice ("It cramps my style") 

Energy-efficient devices may not be available in the same range of colors and sizes as 
standard ones. For example, people buy refrigerators partly on the basis of color to match 
other kitchen equipment and with a variety of storage features. Most manufacturers do not 
provide nearly die same variety for their more efficient refrigerator lines, though this would 
be technically feasible. 

Another form of this problem is found when consumers invest in a premanufactured 
kitchen system that cannot be retrofitted with more efficient refrigerators because the 
system manufacturer didn't allow for the extra space needed for more heavily insulated 
walls, or the refrigerator manufacturer doesn't offer a correspondingly smaller interior 
cabinet7 

Lack of capital and financing ("My piggy bank will break") 

The assumption of perfect energy markets that underlies econometric models implies 
unlimited mobility of capital and credit resources for financing cost-saving investments. 
But consumers, businesses, and industrial firms face limited amounts of credit and have 
limited savings. As a consequence, they prioritize capital spending in ways that typically 
leaves energy efficiency investments by the wayside. 

While this pattern may not be surprising for household consumers, it is equally common in 
industrial firms and institutions that are supposed to be better equipped to optimize energy 
expenditures. The explanation found by Ross (1986) is that in industrial firms, the cost of 
capital is used only in evaluating major investments aimed at protecting market share. 

Investments at the individual plant level, including those for energy efficiency investments, 
are governed by short payback requirements (typically two years) on account of capital 
rationing practices within the firm. More generally, managers in both private firms and 
public institutions who want to upgrade the energy efficiency of buildings and equipment 
face internal rules that allow for routine payment of fuel operating costs, but require quick 
returns to justify capital spending. 

7 In Western Europe, about a quarter of all refrigerators are sold as part of such kitchen systems. 
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Non-transferability of efficiency assets ("I can't get my money back") 

Another source of uncertainty is that households or businesses may plan to move to new 
quarters in the not-so-distant future. Investments in more efficient buildings and equipment 
may not make sense under these circumstances unless the unrealized benefit from the 
remaining useful life of such investments can be recouped from the next owner or tenant 
An important factor in this market failure is mortgage lending, which is notoriously 
oblivious to energy efficiency. 

Energy efficiency investments are difficult to recoup for commercial building investors, for 
one because of die high cost of verification of a building's efficiency for appraisers and 
prospective tenants, and secondly because energy costs are often considered insignificant 
relative to other factors in die sale or rental of homes or commercial buildings. 

Uncertainty and risk ("I don't dare ") 

Consumers face uncertainty about the development of energy prices, and thus about the 
cost/benefit ratio of energy efficiency investments. This uncertainty is compounded by an 
inherent lack of a track record for the reliability and performance of technologies that only 
recendy entered the market Even manufacturers' warranties leave intact many performance 
risks. Building owners and industrial firms fear risks of delays, loss of worker 
productivity, and litigation (Howarth and Anderson 1992). 

Without impartial demonstration programs to reduce the risks of adopting new 
technologies, individual households or firms are often leery of betting scarce capital or 
credit resources on them. As a result, the cycle of initial adoption, identification of 
problems, improvement of designs by manufacturers, and broadened market penetration 
can be substantially slowed. 

Split incentives ("Why should I pay?") 

Even if energy users follow the same long-term economic rationality that is used by utility 
and other long-term investors, are well-supplied with information and access to capital, 
have had a chance to test the risks of efficiency technologies and are satisfied they work, 
they may still not undertake all cost-effective efficiency investments. 

This is so because energy consumers face institutional impediments in the form of split 
incentives. The most prominent form of this market failure is found in the building sector, 
where tenants have no control over the choice of insulation levels, appliances, and other 
equipment but the landlord, builder, or building manager does. Depending on who pays 
the energy bills and on the condition of the rental market these individuals, on the other 
hand, do not reap any benefit from investing in higher efficiency. 

Regulatory distortions ("Justfollowing the rules") 

Even where regulations such as building standards have been promulgated to improve the 
economic efficiency of demand-side investments, least-cost outcomes are not assured. 
Often, building energy efficiency standards are nothing more than a codification of average 
practice, not a dynamic framework for assuring the early adoption of cost-effective 
technologies. Moreover, such standards may be unnecessarily balkanized among various 
local jurisdictions. And building codes for aspects other than energy efficiency may 
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inadvertently interfere with the adoption of new energy efficiency technologies (NPPC 
1989). 

The economically "irrational" consumer 

Energy users often do not mainly follow economic rationality in their demand-side 
investments, but are governed by such intangibles as appearance, fashion, the opinions of 
peer groups, personal obligation, trust in sources of information, and the momentum of 
habit They may only act to try to avoid hassles, do nothing until they perceive a critical 
need and then do only just enough to let the problem recede from attention (Stern et al. 
1986). This "bounded rationality" takes several forms: 

Indifference to energy costs ("I don't care") 

It appears that many consumers simply don't care to apply economic rationality to energy 
efficiency choices. For most residential consumers in OECD countries, direct energy costs 
represent no more than about five percent of their income, and this cost is dispersed among 
payments for utility bills or individually small transactions at the gas pump. Similarly, the 
money saved by efficiency investments often involve monthly sums that are relatively small 
in absolute terms. 

The same cost relationships and attitudes can be found in the commercial and much of the 
industrial sector. Typically, about three quarters of industrial value added is produced in 
industries where energy costs are less than five percent of production costs. Compared to 
labor costs, this contribution is negligible. Cost relationships are even worse in the 
commercial office sector, where labor costs are 100-200 times higher per square meter of 
floor space than energy costs (Koomey 1990). Given limited amounts of time, managers 
often operate on the basis of an attention threshold energy expenditures don't reach. 

First cost psychology ("It looks expensive") 

Even when paying the extra first cost of a more efficient device is no problem, it may not 
happen. Most consumers have been trained to recognize a good bargain by hunting for the 
lowest purchase price. This approach is antithetical to life-cycle costing. Most consumers 
don't know how to perform a life-cycle cost calculation, much less practice it on a regular 
basis. 

Satisficing ("It is good enough for me") 

Most consumers deal with economic decision-making by means of rules of thumb that they 
believe will assure a satisfactory outcome, if not an optimal one. Recognizing the 
complexities and uncertainties in attempts to optimize one's decisions, investment criteria 
such as "lowest net present value of life cycle costs" are rarely pursued. 

Catch 22: The impact on manufacturers and builders 

Due to the payback gap, manufacturers and builders have a much reduced incentive to 
market high efficiency devices that could deliver energy services at lower cost Faced with 
first-cost conscious, inattentive, or uninformed consumers, the route of least resistance is 
to sacrifice higher energy efficiency to lower first cost Sales then do not depend on how 
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efficient the product is. Sales of the more efficient products, which only a minority of 
customers demand, are typically much less important to the manufacturer's bottom line than 
the volume sales of inefficient ones. 

Impacts on the price of energy efficiency 

This dynamic has profound practical ramifications that are often overlooked in debates on 
the economics of energy efficiency. First most purchases occur, and competition is 
greatest at the low-efficiency end of the market. This mass market offers relatively low 
profit margins. Manufacturers then compensate for this effect through higher margins on 
more energy-efficient equipment that is sold to special customer groups. Thus, 

• Market failures and first-cost orientation not only prevent the adoption of efficient 
equipment by most customers; they also make that equipment more expensive for those 
who do buy it8 

Conversely, regulatory efficiency standards can lower the cost of equipment with higher 
than average efficiency. In certain cases, where the production cost differential between 
more and less efficient devices is small, the first cost premium for the energy saving 
versions may even disappear or turn into a first cost saving, merely on account of shifting 
marketing strategies. 

In fact the very cost considerations that limit consumer choice in terms of colors, shapes, 
and features of energy efficient equipment relative to standard versions — ranging from 
duplicative warehousing costs to the width of delivery trucks9 — can accelerate the 
penetration of energy efficiency once more efficient products have reached a threshold 
market share. 

For example, a major window manufacturer in the U.S. voluntarily discontinued offering 
conventional, low insulation glazing once better windows reached a major share of sales: 
the cost of warehousing stocks of both types proved too burdensome. This spill-over 
effect is an important indirect benefit of energy efficiency policies. It is routinely 
overlooked in calculations of the cost-effectiveness of energy efficiency incentive programs 
that appear to suffer from free riders (Krause 1989, see also Part 3, Appendix A 10.2). 

Policy implications 

These market barriers suggest an entirely different approach to assessing the cost of energy 
strategies. Notably, they show that the forecasting of historic energy market relationships 
will reproduce an economically inefficient status quo and lead to energy demand forecasts 
in excess of least-cost levels. Recognition of these short-comings of the top-down 
approach has led to the concept of least cost planning, which is intimately related with the 
bottom-up approach. In the next chapter, we turn to this alternative methodology. 

8 Extensive documentation of these marketing practices was produced in the process of formulating die 
appliance energy efficiency standards in the US. See US DOE (1989,1990). 

9 Appliance manufacturers at one time argued against standards for the energy efficiency of refrigerators on 
the grounds that the wider refrigerators could no longer fit three in a row into trucking containers. 
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CHAPTER H.5 

THE BOTTOM-UP APPROACH 

A. LEAST COST PLANNING AND THE BOTTOM-UP APPROACH 

The inability of the top-down approach to identify economically efficient energy futures has 
led to the introduction of so-called least-cost energy planning (LCP) as a corrective policy 
process. When this notion was first developed in the late 1970s and early 1980s, it was 
largely applied by energy analysts outside of government or industry. By now, LCP is the 
predominant resource planning approach in the U.S. utility industry, and interest in 
applying the concept is on the rise in Europe and Japan, among international finance 
institutions, and in the developing world. 

The analytic procedure underlying LCP is also known as the bottom-up approach. Its 
name refers to the fact that all bottom-up energy analysis starts from the disaggregated 
physical tasks or energy services that consumers ultimately desire, such as driving, 
heating, cooling, lighting, transforming materials, etc. 

Energy-service and whole-system orientation 

Energy services are produced with various mixes of energy, capital, and labor. Some of 
the necessary inputs for producing energy services are brought to bear by energy 
producers. Their main business is to convert primary energy forms into various final 
energy forms and to deliver them to their customers. The remainder of the necessary inputs 
for producing energy services is supplied by the energy consumers themselves (both 
industrial firms, tertiary sector firms and institutions, and households). They buy or rent 
various capital stocks needed for producing them, such as cars, homes, lights, and 
factories, and they purchase final energy carriers for operating this equipment 

A defining feature of the bottom-up approach is the development of cost-minimizing 
production functions for each energy service, using a societal cost perspective. Here, the 
technology-based supply-side component of the top-down approach is expanded into an 
engineering-economic whole-system approach that also covers die demand-side. 

This integrated treatment of both supply and end-use markets avoids the core flaw in the 
econometric approach, i.e., the mixing of engineering-economic "apples" on the supply-
side with elasticity "oranges" on the demand-side. As shown in the previous chapters, this 
approach inadvertendy reproduces existing market failures and distorts forecasting and 
policy analysis. 
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Demand-side inputs for bottom-up analysis: twelve steps 

At the core of the bottom-up approach is the assessment of customer behavior, market 
failures and unrealized cost-effective potentials for improving the technical efficiency of 
energy use in each end-use market. Analytically, the following tasks need to be 
performed:1 

1) Starting with the statistical data of a suitable base year, disaggregate energy 
consumption into its end-use components, and determine die energy service quantities 
(km driven, floor space heated, etc.) delivered in each end-use. 

2) Identify the types of end-use technologies currendy in place, their respective stocks, 
their average lifetimes, and their current average energy efficiency. 

3) Create an inventory of commercially available energy-efficient technologies and the 
percentage of current energy requirements per unit of energy service they save, and 
complement this inventory with advanced engineering options for further improving 
the energy efficiency of the best commercially available end-use equipment 

4) Analyze the current market prices and projected price developments for already 
commercially available efficiency technologies. 

5) Use engineering-economic analyses to estimate the costs of possible further efficiency 
improvements, including results from prototypes and demonstration projects. 

6) Analyze the current market shares of equipment of standard efficiency, and of 
commercially available energy efficient technologies. Use these data to determine the 
average efficiency of end-use equipment entering the capital stock in the base year. 

7) Compare the market shares of standard equipment and of commercially available 
energy efficient equipment that have lower life cycle costs than standard equipment 

8) Examine each end-use market in terms of market failures, distortions in the pricing of 
applicable final energy forms, and other impediments to the wider and faster adoption 
of cost-effective efficiency technologies by energy consumers. 

9) Examine results from pilot projects, customer attitude surveys, and other market 
research to determine what features if any of energy-efficient technologies might 
diminish consumer utility and thus discourage market adoption. 

10) Analyze the factors that result in disincentives for equipment suppliers to introduce the 
more energy-efficient product designs identified in step 6, including the nature of the 
end-use market the competitive structure of the industry, the marketing strategies of 
producers, and the impacts of changed product designs on the manufacturing process 
and on trade allies in the specifier7distributor/installer chain. 

11) Compile the experience gained with information and incentive programs for 
consumers, incentive programs for producers, efficiency standards, and other policies 

1 For detailed examples of steps 1-7, see e.g. Krause et al. 1987 and Koomey el al. 1991. For steps 8 and 
9, see Koomey 1990, Krause et al. 1989, and the literature cited in Chapter n.3. For step 11, see Nadel 
1990 and Krause et al. 1989. 
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that have been used or could be used to overcome identified market failures and other 
adoption barriers. 

12) Estimate the annual market penetration rates and cumulative market shares that could 
be achieved with each type of implementation policy, and the irreducible administration 
costs2 associated with each type of policy or program. 

An analogous process can be used to identify opportunities and costs for fuel-switching 
among final energy carriers. 

Modeling process 

Equipped with these data, it is now possible to aggregate the technical opportunities for 
energy efficiency and fuel switching into supply curves.3 Various types of models used in 
this aggregation are described, for example, in NARUC's handbook on least cost planning 
(Krause and Eto 1989). Bottom-up analysis generally does not rely on one overall model, 
but combines a sequence of modeling steps involving different types of models. For 
example, building energy models are used to account for the complex interactions among 
various technical measures affecting the building envelope and heat gains from equipment 
operated inside the building. Further down the chain of analysis, formal market penetration 
models may be used for describing the implementation of energy efficiency measures in 
each end-use market over time. 

This sequencing and linking of different modeling steps can be done because overall 
feedback effects are captured through sensitivity analysis rather than through direct 
simulation. Bottom-up models that provide higher levels of integration, such as the 
residential energy model of Lawrence Berkeley Laboratory (US DOE 1990), are presentiy 
limited to individual sectors. Current bottom-up modeling initiatives attempt to construct a 
fully engineering-economic model of the entire process from the demand for energy 
services to the extraction of supplies (Lamont and Levine 1990). 

Below, we briefly summarize selected aspects of these procedures that are important for 
our present discussion. 

B. DEMAND-SIDE RESOURCES AND FORECASTING 

The concept of a demand-side resource 

The construction of supply curves for demand-side investment and savings opportunities 
from the above 12-step process is conceptually similar to the construction of supply curves 

2 For clarification of what administrative costs are irreducible and thus qualify as societal costs, see Krause 
(1989) and Appendix Volume A, Chapter II.A.1. 

3 See Chapter II. 1 for a discussion of supply curves and their use in cost-benefit analysis. 
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for fossil fuel resources.4 This is why energy efficiency and fuel switching opportunities 
are also referred to as demand-side (DS) resources. These demand-side resources can be 
integrated with supply-side (SS) resources in a cost-minimizing fashion using customary 
optimization techniques. 

The need for a reference case 

A unique feature of demand-side resources is that unlike fossil or renewable resources, 
they expand in size with economic growth. The reason is as follows: economic growth 
brings with it increases in the demand for energy services. Under business-as-usual 
conditions, the associated growth in demand-side capital stocks will be shaped by the same 
market failures that made existing stocks less energy efficient than economically optimal. 
Thus, the energy savings that can be achieved by correcting or compensating for these 
market failures also grow correspondingly. 

A second unique feature of demand-side resources is that they are direcdy responsive to 
structural change. Global competition and saturation trends at home will change the mix of 
industries in manufacturing and the mix of energy services in consumption. In developing 
countries, alternative development models can have a further influence on the mix and level 
of energy services. Since efficiency and fuel switching potentials vary by energy service, 
such structural trends will also change the supply curves of demand-side resources. 

This variability makes it necessary to specify demand-side resources relative to a particular 
level and mix of energy services. If die resource is to be specified for a particular time 
horizon, one has to develop a growth scenario for each type of energy service and end-use 
device, including scenarios in each type of end-use for the replacement of old equipment by 
new equipment 

Bottom-up versions of the business-as-usual energy demand forecasts 

In analyzing carbon reduction policies, the relevant level and mix of energy services is that 
of the business-as-usual forecast. But as discussed in the previous chapter, 
macroeconomic forecasts are not made in terms of energy services, and even the more 
detailed econometric energy models are based on only a limited end-use analysis. As a 
result the level of energy services implied in the energy demand calculation is simply not 
known for most end-uses. Thus, it becomes necessary to translate the macroeconomic 
forecast into growth scenarios for each end-use. 

The classic formulation is to disaggregate the energy intensity of GDP (E/GDP) into an 
energy service intensity of economic output (esi/GDP) and an energy efficiency component 
(ei/esi), for each end-use i. The total growth in energy demand E can then be written as 
follows: 

AE = J\AGNPx-^i-x^ 
i AGNP Aesf 

4 In constructing supply curves for energy efficiency, an average marginal cost is used for all applications 
of a given measure. This results in discrete steps in the efficiency supply curves, as opposed to the 
customary continuous curve shown for oil resources. 
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Some of the disaggregation of GDP growth into its energy service content may be provided 
by the top-down forecast, notably if econometric energy sector submodels were used. 
However, a bottom-up analysis requires a substantially greater disaggregation. The above 
twelve steps for developing the demand-side inputs are an important basis for this task. 
Continuing the analytic process, the following procedure is applied: 

13) Estimate per capita saturation levels for each type of energy service, based on data 
from the better-off income strata (whose consumption of energy services is not mainly 
constrained by income but by convenience) and environmental conditions that constrain 
the expansion of energy services (e.g., traffic jams in transportation). 

14) Define growth factors over the time horizon of the study for each energy service, 
based on either income constraints or saturation constraints. 

15) Define replacement and/or retrofit functions for existing capital stocks, based on the 
distributions of vintages, average lifetimes, suitability for retrofits, and where 
applicable, early retirements due to changed economic conditions. 

16) Calculate what fraction of present inefficient capital stocks will still exist in the 
following year or final target year, the fraction of energy service demand they will 
supply, and their total energy use. 

17) Determine what fraction of present capital stocks will still exist in the following year or 
final target year but will have been retrofitted to improve its energy efficiency, 
assuming business-as-usual policies. Again, calculate contributions to total energy 
services and the absolute increment of future energy demand, based on remaining, 
lowered energy requirements per unit of service. 

18) Calculate the fractions of present capital stocks that will have been replaced in the 
following year or final target year and add any expansions of capital stocks that are 
needed to satisfy demand growth in energy services. Calculate their energy 
requirements under the assumption that the energy-efficiency of new purchases reflects 
business-as-usual policies and market conditions. 

Frozen efficiency forecasts 

In the bottom-up rendition of the business as usual scenario, it is generally assumed that the 
energy efficiency of individual end-use devices will remain frozen at levels prevailing 
today. In the crudest version, the analysis of capital stock turnover (steps 3-6 above) is 
simply neglected and efficiency levels are frozen at current stock average levels ("static 
frozen efficiency" case). In the more detailed "dynamic frozen efficiency" forecast it is 
recognized that new end-use devices purchased today (e.g. new buildings conforming to 
efficiency standards) are more efficient than existing ones. Here, efficiency levels are 
frozen at the marginal efficiency of new equipment as installed in the base year. The option 
of retrofitting existing stocks with energy conservation measures is also recognized, though 
litde such activity is expected under business-as-usual conditions. 

While the base year difference in energy efficiency between existing stocks and new 
purchases is incorporated into the dynamic bottom-up forecast the efficiency of new end-
use devices then remains frozen at the base year level over the entire forecasting period. 
Thus, further technical innovations, or shifts in market shares toward currendy available 
high efficiency products, are not incorporated. 
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Business-as-usual levels of energy demand' top-down versus bottom-up 

The key relationships that result from this procedure are schematically illustrated in Figure 
II.5.1. We assume that even the econometric forecast recognizes some decoupling of 
energy use and GDP, so that it rises less steeply than economic output This is an 
improvement over most macroeconomic forecasts of the 1970s and early 1980s that 
predicted a 1:1, lockstep relationship between energy demand and economic growth. 

However, the econometric forecast may not fully capture saturations and structural change, 
as discussed in Chapter H.3 above. To the extent that this is true, the econometric forecast 
could imply higher growth in energy service demand than the frozen efficiency bottom-up 
forecast while assuming one and the same rate of economic growth. 

For the purposes of our further discussion, we assume that the bottom-up analysis is based 
on the same demand growth for each type of energy service as implied in the econometric 
forecast. In that case, the bottom-up rendition of the business-as-usual forecast is likely to 
yield a somewhat higher level of energy demand than the econometric forecast. 

This somewhat higher demand in the two frozen efficiency cases reflects the lack of a price 
response in the bottom-up formulation. In the dynamic frozen efficiency case, the 
difference between the bottom-up forecast and the top-down forecast is smaller. Here, the 
dynamic replacement of existing stock by more efficient new equipment has an effect 
roughly equivalent to the AEEI coefficient of the macroeconomic modeling approach, 
which is typically set at about 0.5-1 percent per year (see Chapter H.3 above). However, 
frozen efficiency forecasts contain no equivalent for the elasticity of energy and energy 
service demand to changing energy prices. 

Calculation of the demand-side resource 

Demand-side efficiency (DSE) resources are calculated by repeating steps 16-18 above, but 
now assuming least-cost oriented policy reforms and penetration projections as identified in 
step 11 above. For the purpose of further analysis, all savings increments up to a certain 
avoided cost (e.g., a fuel price projection adopted for the purposes of the analysis) can be 
added. These cumulated increments yield a percentage reduction in energy demand relative 
to the business-as-usual or frozen efficiency projection. 

In projecting penetration rates and cumulative penetrations for each efficiency option and 
end-use market consideration must be given to the learning curve of institutions carrying 
out incentives programs. Evidence for this learning curve can be found in differential 
between average and best performing program designs, and in the changing mix of 
incentive programs found among the most active and experimental sponsors.5 

The policies may be applied in packages, e.g., a mix of regulatory reforms, efficiency 
standards and various government incentive programs (see Chapter H.9 and Parts 3-5 for 
details). As necessary, the cost of each efficiency option is corrected at this stage to reflect 

5 The U.S. utility industry provides the largest body of experience with efficiency incentive programs. 
Utility programs have now entered their third generation, and a variety of lessons learned have crystallized 
(Nadel 1990, Krause et al. 1989). See Appendix A for further discussion. 
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Figure 11.5.1: The Concept of a Demand-Side Resource 
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the societal administrative costs of the chosen policies, using the data developed in step 12 
above.6 

Gross versus net demand-side resources 

Figure n.5.1 shows that the demand-side resource can be defined in several ways. We 
distinguish between the gross demand-side resource and the net demand-side resource. 
The gross resource is calculated relative to the static or dynamic frozen efficiency forecast. 
The net resource is calculated relative to the business-as-usual econometric forecast 

Technical versus achievable potential 

In calculating demand-side resources, a distinction is made between the technical-economic 
potential and the policy-based (achievable) potential. The technical-economic (or simply, 
technical) potential is based on full penetration of efficiency technologies into all 
households and firms where they have not yet been applied. 

The achievable potential reflects the predicted degree of success of market-correcting 
policies, or the aggressiveness of the implementation approach. It is not related to physical 
impediments, which have been accounted for in the technical potential 

The concept of an achievable potential is relevant when incentive programs are to be used 
for implementing efficiency improvements. It takes into account the difficulty of gaining 
program participation among certain income groups or subsectors of the economy. 
However, if standards are used and/or the time horizon of the analysis is sufficientiy long-
term (e.g., significandy more than one capital stock renewal cycle), it may be possible to 
implement all identified efficiency opportunities. In these instances, the technical potential 
has a direct practical meaning for resource planning. 

Also, if the technology options were chosen conservatively (e.g., based on currently 
commercial products alone), a demand reduction equivalent to that indicated by the 
technical potential may be achievable on account of technology innovations that were 
excluded from the analysis but are likely to materialize over the time horizon studied. 

Simplified supply curve analysis 

In a comprehensive scenario analysis, growth and structural change are explicidy accounted 
for in the construction of the supply curves for demand-side resources. To avoid the 
complexity of developing growth scenarios for each end-use, bottom-up studies of lesser 
scope rely on a simpler reference point they define the demand-side resources relative to 
the mix and level of energy services delivered in a recent base year. Furthermore, rather 
than defining a precise time horizon, they may simply specify an approximate horizon 

6 In most bottom-up analyses of the past, these administrative costs were neglected or overlooked. Their 
magnitude depends on a complex set of factors, including the design of the programs, the fraction of 
participants who are free riders, and die program scale (see Krause 1989 and the discussion in Part 3, 
Appendix A.10.2). State-of-the-art utility sector studies in the U.S. incorporate these costs with increasing 
sophistication (see, e.g., Krause et al. 1987, Krause et al. 1992, and Part 3, Appendix A.10.2). 
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within which the complete turn-over or retrofit of all existing building and equipment 
stocks is likely to occur, so that most or all of the technical potential could be realized.7 

In this simplified approach, the cumulative percentage reduction in energy demand 
indicated by the supply curve refers to the energy demand of the base year. If one 
multiplies GDP-based energy demand forecasts with this savings percentage, one obtains a 
crude, first-order estimate of the least-cost level of future energy demand. 

The main disadvantage of this simple procedure is the loss of the effects of structural 
change. Since the overall trend of structural changes is toward energy services of lower 
energy intensity (see also Chapter H.10), these simplified calculations may seriously 
underestimate actual reductions in energy intensity and carbon emissions.8 

Relationship of DSE supply curve and business-as-usual forecast 

The relationship of a stylized energy efficiency supply-curve to the various forecasts and 
the least-cost level of energy demand is shown in Figure II.5.2. The x-axis of the supply 
curve shows the total resource potential, represented here in terms of the percentage to 
which it is utilized. At 100% utilization, die resource is by definition just enough to reduce 
the frozen efficiency forecast to the technical potential forecast 

On the y-axis, we show the cost (per unit of energy saved) of each increment of the total 
demand-side resource. The portions of the demand-side resource that are implemented in 
the business-as-usual forecast are the low cost portions on the left of the supply curve.9 

The remaining DSE resource is excluded from the reference forecast It is the net demand-
side resource. As more of this resource is utilized, its cost goes up while total energy 
demand goes down. This supply curve feature makes the bottom-up analysis sensitive to 
the level of energy prices, and allows a least-cost integration of the demand-side with the 
supply-side (Krause et al. 1987). 

7 This simplified approach is used, for example, in the study by the U.S. National Academy of Sciences 
(NAS 1991, Rubin et al. 1992), by the FRG Enquete Kommission (1990), and by various other studies 
(e.g., OTA 1991, Jackson 1991, Lovins and Lovins 1991). A simplified integration of these supply curves 
with considerations of growth and structural change is found in Lovins et al. (1982), Goldemberg et al. 
(1988), and Enquete Kommission (1990). 

8 In die first major bottom-up scenario studies to consider structural change explicidy, Krause et al. (1980) 
found for the FRG that by 2030, structural changes alone were likely to reduce energy demand some 40 
percent below the lock-step projections that then dominated official demand-forecasts. The methodology and 
results of this structural change analysis were also incorporated into die subsequent global bottom-up study 
by Lovins et al. (1982). 

9 The supply curve shows a portion with negative costs. Negative cost efficiency resources come about 
when die sum of capital and maintenance costs for the more efficient device is lower than for die standard 
device. In that case, an immediate economic gain is realized by installing the more efficient device, and the 
energy savings are merely the icing on the cake. A classical example of a negative cost-efficiency measure 
is the replacement of incandescent light bulbs with compact fluorescent bulbs in commercial sector 
buildings. 
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Least cost versus maximum efficiency potential 

Figure II.5.2 illustrates the difference between the least-cost level of efficiency and the 
maximum efficiency resource. For a given price of energy supplies, only a portion of the 
DSE supply curve may be cost-effective, resulting in a higher level of energy demand than 
in the technical potential case. This difference is important for our analysis, in which we 
seek to distinguish between carbon reductions that would be achieved under least-cost 
policies, and carbon reductions that would be achieved under policies aiming to minimize 
emissions. 

Supply-side analysis and least-cost integration 

Since most econometric modeling analyses already use engineering-economic data on the 
supply side, the bottom-up approach and the top-down approach are conceptually similar 
here. The major analytical challenge is to ensure that the portfolio of supply options is 
sufficiendy comprehensive so that calculated overall abatement costs truly reflect a least-
cost mix. To that end, it is necessary to compare all possible low-carbon options, 
including various forms of cogeneration, various renewable energy options, and tree 
planting — not just a limited set of central station options. 

The integration of supply-side and demand-side options is conceptually the same as the 
least-cost optimization of energy supplies alone. Two kinds of models can principally be 
used. One is a simulation model for the energy system that essentially provides an 
accounting framework for all conversion and fuel switching steps involved in scenario 
analysis. For many types of analyses, sufficiendy simple models can easily be developed 
on a customized basis. An example of a formalized model of this type is LEAP. 

The other type of model performs a least-cost optimization of the energy system using 
linear programming. Examples for this type of model are the MARKAL model of the 
International Energy Agency of the OECD, and the EFOM model of the European 
Commission. However, these models are largely limited to supply-side optimization 
because their representation of the demand-side is poorly developed. They also suffer from 
a knife-edge effect that is inherent in linear programming optimizations. More sophisticated 
sequential modeling techniques for integrating demand-side and supply-side resources have 
been developed for the utility sector in the context of least cost utility planning reforms.10 

The principal output is the total cost of energy services, either in the form of a net present 
value for all years of the study period, or in the form of annual energy service costs in the 
final year of that period. This cost of energy services can be calculated stricdy on the basis 
of least-cost criteria that exclude consideration of climatic concerns, or it can be calculated 
for a given emission reduction target The latter application of bottom-up analysis is also 
referred to as environmental least-cost planning (Krause et al. 1992). 

Price feedbacks and uncertainty analyses 

Least-cost analyses using the above procedures do not capture the feedback effects on 
fossil fuel prices from reductions in energy demand and fossil fuel use. Bottom-up studies 
often adopt the fuel price forecasts of econometric business-as-usual scenarios. While this 

10 See, e.g., Krause and Eto (1988) for a review of these techniques. 
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procedure appears to normalize fuel price assumptions between the top-down reference 
case and the bottom-up scenarios, it is in fact a distortion, since the prices of the reference 
case are calculated for higher levels of energy demand than those of a least-cost scenario. 
As discussed in Chapter fi.2 above, large reductions in energy consumption relative to the 
base case could lead to lower energy prices. Depending on the policy measures taken to 
counter this price effect, the economic potential for demand-side efficiency improvement 
would decline. 

One possible approach for incorporating this price effect is to run various fuel supply 
models at different levels of energy demand, and to use the price outputs to recalculate 
least-cost mixes of demand-side and supply-side resources. Because such economic 
models of the fuel supply sector are unreliable, bottom-up studies may include as a 
surrogate systematic sensitivity analyses that account for uncertainties in projected fuel 
prices and resource costs and potentials. 

C. FINDINGS FROM BOTTOM-UP STUDIES 

Tables H.5. la, b and c summarize the findings from various recent bottom-up studies on 
the cost of carbon reductions. The tables are limited to comprehensive, scenario-based 
studies. These studies bear out the basic tenet of the bottom-up approach that carbon 
emission reductions significandy below base-year levels can be achieved at negative net 
costs. At the same time, the studies show significant differences in the amount of emission 
reductions that are found feasible at zero or negative net cost The different time horizons 
(anywhere from 20 to 40 years) explain part of mis variation. 

The studies shown in Tables II.5.1a, b and c also differ in terms of the detail with which 
energy efficiency potentials and renewable and cogeneration technology options have been 
researched. For example, the CRASH program analysis of the European Community's 
DGXn was undertaken with incomplete data on demand-side efficiency and renewables-
based resource potentials (Fritsche et al. 1991). 

A further important difference among the bottom-up studies is the treatment of input 
uncertainties. While most studies vary the degree to which energy efficiency resources are 
mobilized, other parameters are treated less systematically. Often, comparisons are made 
with business-as-usual scenarios, and the same set of fuel price forecasts as in the 
business-as-usual case is used. Similarly, capital costs for efficiency and supply 
investments are typically presented as point values. This incomplete sensitivity analysis 
makes the results of some of the above studies difficult to interpret when the down-side 
economic risks of carbon reduction strategies are the major policy concern. 

In all studies shown in Tables n.5.1a, b and c, demand-side and supply-side resources are 
combined either on the basis of least cost or least emission criteria or emission targets. 
Several studies examine both kinds of scenarios. 

In the least cost scenarios, emission reductions are more moderate, and also sensitive to the 
resource cost assumptions. In the Swedish analysis, which does not cover the transport 
sector, the least-cost case actually brings an increase in carbon emissions, due to a very 
low-carbon electricity system in the base-year. 
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Table 11.5.1a: Cost of Carbon Reductions in Engineering 

Authors/ 
Institutions/ 

Sponsors 

Krause et al. 1991 
IPSEP/Dutch 

Ministry 
Environment 

ACE.ACEEE. 
NRDC.UCS1991/ 

Foundations 

Time horizon/ 
Region 
Studied 

1985-2020 
EC-5 Region 

2020 

2020 

1988-2030 

2030 

2030 

Scenario/ 
Policy Case 

Societal Least 
Cost, LC plus 
environmental 
externalities. 

Minimum 

Environ. Risk 

LC 

Min. risk 

Private least cost, 
Societal least cost. 

Climate 
Stabilization 

Priv.LC 

Min.C 

•Economic (Bottom-Up) Studies 

Efficiency 

Supply Curves 
Analyzed 
(sectors) 

All sectors 

All sectors 

Uncertainty Dimensions Studied 

Activity 
Growth 

Yes 

Reference 

Reference 

No 

NESref. 

NESref. 

Fuel Prices 

Yes 

Low/High 

Low/High 

No 

Capital 
costs 

Yes 

Low/Higt 

Low/High 

No 

Potentials 
Utilization 

Yes 

50%-100% 

50%-100% 

Yes 

moderate 

high 

Change in 

Carbon 
Emissions 
(%re. to 
base year) 

0% to -40% 

-25% to -6095 

-28% 

-71% 

Net extra 

Expenditure or 

Saving, NPV 
or Annual 

(billion $ real) 

-$50 to-575 

-$50 to SO 

-S1800NPV 

-S23O0NPV 

Percent Change 

in Energy 

Service Bill 
(NPV or target 

year) 

-14% to-23% 

-20%to0% 

-47% NPV 

-57% NPV 



Tabic II5.1b: Cost of Carbon Reductions in Engineering-Economic (Bottom-Up) Studies (continued) 

Authors/ 
Institutions/ 

Sponsors 

Enquete 

Kommission 1990/ 

FRG Parliament 

Russ et al 1991/ 
DGXHC02 

Crash 
Program/ 
European 

Commission 

Time horizon/ 
Region 
Studied 

1987-2005 FRG 

2005 

1988-2010 
EC-12and 

Country studies 

Germany 2010 

Germany 2010 

Germany 2010 

Scenario/ 
Policy Case 

Policy Case, Nuclear 

Phase-Out Case 

Policy Case 

Phase-out Case 

Least cost 
(MURE case), 
Carbon target 

LCcase 

Target case 

Target case 

Efficiency 

Supply Curves 
Analyzed 
(sectors) 

All 

All sectors, 
incomplete data 

Uncertainty Dimensions Studied 

Activity 
Growth 

No 

No 

Fuel Prices 

Yes 

Reference 

Reference 

Yes 

Reference 

Reference 

Reference 

Capital 
costs 

No 

No 

Potentials 
Utilization 

Yes 

High 

High 

Yes 

Change in 

Carbon 
Emissions 
(%re. to 
base year) 

-30% 

-30% 

-6% 

-25% 

-32% 

Net extra 

Expenditure or 

Saving, NPV 
or Annual 

(billion $ real) 

S2.5 

$5 

-312 

-S3 

S6 

Percent Change 

in Energy 

Service Bill 
(NPV or target 

year) 

+0.5% 

1% 



Table II J.lc: Cost of Carbon Reductions in Engineering-Economic (Bottom-Up) Studies (continued) 

Authors/ 
Institutions/ 

Sponsors 

Mills etaL 1991/ 
Lund Univ./ 

Swedish govt/ 

sm 

DPA1989/ 
Canadian Ministry 

of Energy 

Tune horizon/ 
Region 
Studied 

Sweden 
1987-2010 

2010 

2010 

Canada 

1988-2005 

2005 

2005 

Scenario/ 
Policy Case 

Least cost, 
Least emissions 

LC 

LE 

Least Cost, 

Technical potential 

LC 

Tech pot 

Efficiency 
Supply Curves 

Analyzed 
(sectors) 

Heat and power 
sector, excl. 

transport, some 

industry 

All sectors 

Uncertainty Dimensions Studied 

Activity 
Growth 

No 

No 

Fuel Prices 

No 

No 

Capital 
costs 

No 

No 

Potentials 
Utilization 

Yes 

Yes 

High 

High 

Change in 
Carbon 

Emissions 
(%re.to 
base year) 

380% 

-35% 

-13% 

-20% 

Net extra 
Expenditure or 

Saving, NPV 
or Annual 

(billion $ real) 

-576 

$29 

Percent Change 

in Energy 

Service Bill 
(NPV or target 

year) 

-15% 

-8% 



In emission constrained or least emission scenarios, costs rise once all cost-effective 
demand-side resources have been mobilized. In studies using more limited demand-side 
potential estimates, the cross-over point into higher man zero net costs occurs relatively 
earlier.11 

Employment impacts 

Just as top-down analyses partially rely on bottom-up modeling tools in dealing with the 
energy sector supply system, various analysts have attempted to couple the findings from 
bottom-up analyses with economic models to calculate employment impacts. Energy 
efficiency policies are translated into: 

— direct employment effects, i.e., the loss of employment in energy 
supply industries and the gain of employment in the industries 
supplying energy efficient technologies; 

— indirect employment effects, i.e., changes in employment in other 
sectors of the economy that supply the direcdy affected sectors; and 

— induced employment effects, i.e., employment changes that eventually 
occur because of changes in income caused by the direct and indirect 
employment effects within different sectors of the economy (multiplier 
effects). 

The various methods for calculating employment impacts are reviewed by Paananen 
(1993). Typically, shifts in sectoral inputs and outputs are tracked by means of an 
input/output model for the economy, which can indicate short-term impacts in great detail 

The findings from a number of such analyses are summarized in Geller et al. (1992). The 
authors estimate the employment impacts of the bottom-up study by UCS et al. (1991) 
using an input/output model for the U.S. This study, as well as the other studies 
undertaken so far consistentiy show a net employment benefit from energy policies that 
place heavy emphasis on energy efficiency. This finding makes intuitive sense, since 
energy efficiency investments displace output from highly capital-intensive sectors like 
electricity or oil production and substitute it with output from manufacturing and building 
industry sectors. 

The finding of positive employment impacts is noteworthy in particular in view of inherent 
shortcomings in the input/output approach that tend to make employment gains appear 
smaller then they would be. Like macroeconomic models, input/output models do not 
capture the net reduction in energy bills brought about by energy efficiency investments, 
because input/output models are static in their modeling of sectoral cost functions.12 As 

11 All but the study by UCS et al. (1991) find that the least emission case is more expensive than the 
least cost case. The anomaly in the UCS study stems from the fact that even in the least cost case, not all 
cost-effective efficiency potentials are fully mobilized, due to assumptions about remaining barriers to 
implementation. More complete mobilization of these resources occurs only under the least emissions 
policy. 
12 To remedy this shortcoming, several authors nave introduced modifications to the basic input/output 
methodology that allow for adjustments in the mix of sectoral inputs. See Paananen (1993). 
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such, they do not capture the adjustments in the mix of employment, capital, and energy 
that industries may undertake once they have invested in efficiency improvements. 
Because costs are reduced in the sector, prices will tend to fall, and GDP output will tend to 
increase. This positive macroeconomic effect will further enhance employment benefits. 

D. CRITIQUE 

Shortcomings of the bottom-up approach 

In assessing the shortcomings of the bottom-up approach, it is important to distinguish 
between generic shortcomings, and between the shortcomings of applications that do not 
reflect the state of the art that the critic happens to be familiar with. The major criticisms of 
the bottom-up approach from the point of view of macroeconomic modelers are the lack of 
modeling of economic feedbacks, the inability to calculate market-clearing energy prices, 
and the lack of simulation of consumer behavior. Other issues mentioned are the limitation 
of detailed bottom-up models and analyses to single sectors, the high data requirements of 
an energy service based analysis of energy demand, the speculative nature of projected 
adoption rates for efficiency technologies, and the neglect of implementation costs. 

Our critique of the bottom-up approach is largely shaped by the analysis already presented 
in Chapters H.2-4. We therefore develop it in greater brevity here than our critique of the 
top-down approach, and focus on the most important aspects only. 

Modeling of feedbacks 

The main analytic shortcoming of the bottom-up approach is that it does not capture the 
economic feedback effects prompted by least-cost policies, notably the take-back effect (see 
Chapter n 2 above). This criticism can be summarized as follows: 

— Least-cost reforms do not just bring about lower energy bills, but also lower energy 
prices. Depending on the policy environment, this price feedback could make 
substitution investments less economical than originally calculated. 

— If lower energy bills and prices lead to higher economic growth, they will also lead to a 
greater demand for energy services than the business-as-usual scenario. Depending on 
the policy environment, this feedback could increase energy demand and carbon 
emissions beyond the levels originally calculated. 

This criticism is, of course, valid. But is it practically relevant, and does it indicate a 
serious shortcoming of the bottom-up approach relative to the top-down approach? This 
question can be answered from a purely analytical perspective and from the perspective of 
policy options. 

From a purely analytical point of view, it is important to recognize the severe practical 
limitations of the energy market and price forecasting models used in the top-down 
approach (see Chapter H.3 above). Because energy price modeling and forecasting is such 
an uncertain business, the quality of bottom-up analyses is less determined by the omission 
of price feedbacks than by the extent to which fuel price assumptions have been subjected 
to a wide range of sensitivity analyses. 
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The same holds for top-down modeling studies. While some of the top-down models are 
theoretically able to calculate market-clearing fuel prices endogenously, the forecasts vary 
so widely that this asset is of dubious value unless sensitivity tests are conducted on the 
basis of exogenous price assumptions. 

The same goes for higher energy service demand as a result of lower fuel prices and higher 
economic growth. While the econometric approach again captures the take-back feedback 
theoretically, it does so on the basis of fixed elasticity coefficients (see Chapter n.3). By 
contrast, a bottom-up analysis of consumption patterns routinely reveals saturation effects 
and structural changes in the demand for energy services. These may well be large enough 
to eliminate much of the take-back predicted by top-down models. 

As mentioned in Chapter n.3, some econometric energy sector models (such as the Fossil-
2 model) incorporate special features to account for at least some saturation trends. These 
special modeling features are, however, based on precisely the same kind of analysis as 
described in steps 13 to 18 above. Since the bottom-up approach already incorporates 
analyses of demand elasticities by energy service, econometric models offer no decisive 
advantage here. 

The practical relevance of modeling feedbacks from a policy point of view were discussed 
at some length in Chapter n.2 above. There we found that binding emission constraints at 
the OECD level could eliminate most adverse feedback effects on economically worthwhile 
fossil substitution investments. Enforcement of such constraints could also ensure that 
demands for energy services beyond those of the reference case are met on a non-fossil 
basis. 

Realistic modeling of consumer behavior and program response 

Our review of the top-down approach and the description of bottom-up inputs as oudined 
above show that the shortcomings of the top-down approach in this area are larger than 
those of the bottom-up approach. At best, top-down studies model consumer behavior 
under status quo conditions, which are definitely not those of well-functioning markets. 
By contrast, state-of-the-art bottom-up studies (such as those performed in the U.S. utility 
sector) assemble empirical knowledge about the factors driving consumer behavior, notably 
from incentive program experience, pilot programs, and evaluation studies. 

It is certainly true that early bottom-up studies neglected the complexities and potential costs 
of conducting effective implementation programs. This practice was driven, in part, by die 
lack of experience with such programs. As more and more data on implementation are 
becoming available, this aspect is being progressively integrated into the bottom-up 
approach. Many top-down critics appear to be unaware of the growing use of empirical 
data bases in bottom-up approaches that makes the success of incentive programs and other 
efficiency policies more and more predictable.13 

13 One of the first in-depth bottom-up analysis to take account of program costs and effectiveness was the 
Michigan Electricity Options Study (Krause et al. 1987). A more recent example is the utility sector 
analysis of carbon reduction options for the New England region (Krause et al. 1992). 
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Data requirements 

Compared to the processing of readily available statistical data into econometric 
coefficients, die data requirements of the bottom-up approach may appear formidable. The 
issue of data intensity is, however, relative. The investment of millions of ECU in data 
gathering may appear large when measured against current advertising budgets of utilities 
or information dissemination budgets of energy ministries. Such investments are, 
however, insignificant compared to the tens of billions of ECU in avoided investments that 
these data gathering efforts make accessible. 

Part of the problem is that until now, few if any mechanisms have been established to 
collect end-use statistics in the same routine fashion as supply-side information such as 
energy sales or powerplant performance data. An innovative approach for fostering more 
of the needed activities is being used by the California Energy Commission in the U.S., 
which stipulates that all utilities must submit their resource plans and demand forecasts in a 
common, end-use based format. Over the years, the Common Forecasting Methodology 
(CFM) has made bottom-up forecasting the norm not only in the residential sector, but also 
in the commercial and most of the industrial sector. This normalization of forecasting, in 
turn, has fostered the development of much of the data utilities need to run effective 
demand-side efficiency programs, while increased program activity has also contributed to 
the development of forecasting data. 

Top-down and bottom-up integration 

The lack of an all-sector integration of bottom-up analyses is an obvious analytic 
shortcoming. A number of recent attempts to integrate econometric models with bottom-up 
analyses failed because they ended up forcing disaggregated data at the end-use level into 
the same kind of theoretically postulated aggregate energy-price relationships that are a 
principal failing of the top-down approach (Wilson and Swisher 1992). 

Other efforts to resolve these modeling problems are under way. In the U.S., new energy 
modeling initiatives are geared to calculate equilibrium market clearing prices with a fully 
engineering-economic model of the entire process from the demand for energy services to 
the extraction of supplies (Lamont and Levine 1990). 

However, the application of the bottom-up approach in energy resource planning and 
policy formulation does not have to await these advances. The various integrated resource 
planning approaches currendy used by U.S. utilities clearly illustrate that the integration 
needed to arrive at sound policies and investment decisions can be achieved through the 
linkage of various presendy existing submodels.14 

Transparency and public participation 

The sequential ad-hoc linkage of various modeling steps in current bottom-up applications 
may appear as shortcoming on narrow analytic grounds. But it also has a civic and analytic 
virtue that is being increasingly recognized in the modeling community. As a recent panel 

14 For a review of these practices, see Volume 2 of die NARUC Handbook on Least Cost Utility 
Planning (Krause and Eto 1988). 
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of the U.S. National Academy of Sciences concluded in assessing the energy modeling 
practices :15 

"...The aura of reality that attaches to model results often leads users to expect too much, 
and model builders to promise too much, from this kind of analysis. The desire for 
realism leads model builders to push toward increasing levels of complexity, placing at 
risk the simplicity that many times adds most value to a model. Excessively complex 
models become "black boxes" whose underlying assumptions may no longer be apparent 
and whose results have implications no longer easy to discern either by the model builder 
or model users..." 

The bottom-up approach makes the energy modeling process uniquely transparent to 
decision makers and other lay people. In a world where citizens demand increasing 
participation in energy decisions, this transparency is perhaps one of its most important 
assets. 
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CONCLUSIONS: 

GUIDELINES FOR POLICY MAKERS 

A. METHODOLOGY COMPARISON 

The fundamental question in developing greenhouse policies is: 

— Will carbon reductions increase the cost of providing energy services, or do such 
reductions represent an opportunity for reducing energy service costs? 

Answers to this question have been provided by studies using two competing cost 
assessments. In the top-down approach, both energy markets and energy service markets 
are assumed to function well enough to approximate their simulation with a perfect-market 
model. In the bottom-up approach, the functioning of energy markets is found to be 
distorted, and energy service markets are severely impaired. 

The two competing perceptions about the basic energy-economic process have spawned 
their own analytic and modeling approach in energy forecasting, and lead to very different 
policy measures for implementing carbon reduction strategies. In each framework, 
analytical procedures, modeling techniques, and policy preferences form an interwoven 
whole that then determines the outcome of costs studies. 

In the top-down approach, causal economic relationships are mainly analyzed on the 
macroeconomic plane. The workings of end-use markets are not empirically investigated 
and are treated merely on the basis of aggregate statistical coefficients. Policy analysis is 
geared towards price mechanisms. 

By contrast, the bottom-up approach develops a causal understanding of the 
microeconomic realities in each end-use market. It offers no new models for dealing with 
the macroeconomic implications of energy policies, though its assessment of least-cost 
options in each end-use markets results in alternative conclusions about the macroeconomic 
effects of carbon reductions. The policy emphasis is on market corrections and regulatory 
reform. 

Our principal method of assessing each framework is to examine its foundation in empirical 
data and relationships. Our critique of the conventional top-down approach is primarily 
based on evidence from market research and engineering economics that is now widely 
used in integrated utility resource planning in the U.S. and elsewhere, but that is routinely 
neglected in conventional econometric analyses. According to this evidence, wide-spread 
market barriers and regulatory failures prevent energy consumers from being as energy 
efficient as economically desirable. 
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We then argue that the true societal cost of carbon reductions can be calculated only if this 
empirical evidence is made the starting point of policy assessments, since policies and 
programs that correct these deficiencies can reduce carbon emissions while lowering 
society's energy bill. 

Shortcomings of conventional, top-down analyses 

The conceptual strength of macroeconomic models and econometric methods is their 
attempt to describe the interactions between energy prices, energy demand, and economic 
output. However, our critique raises serious questions about the suitability of 
macroeconomic modeling for answering central energy and greenhouse policy questions. 
The key criticisms that arise from our review are related to the modeling of energy end-use 
markets, and can be summarized as follows. 

Econometric models fail to simulate end-use markets in a realistic manner 

A fundamental flaw of the econometric approach is its lack of grounding in the description 
of empirical market conditions and consumer behavior. Statistically derived aggregate 
elasticity coefficients are not an adequate empirical basis for describing demand-side 
resource options. In fact, they obscure critical factors and thus lead to a loss of information 
about policy options. 

Empirical evidence shows the key assumptions of the econometric modeling approach — 
that markets are perfect and that the private discount rates of energy consumers are not too 
different from social discount rates — to be far from reality. Market failures and bounded 
economic rationality are so pervasive in end-use markets that these assumptions do not 
even qualify as reasonable approximations of reality. The claim — implicit or explicit— 
that econometric energy models effectively simulate how a market economy really works is 
unfounded. 

Macroeconomic models ore fundamentally backward-looking 

Econometric energy models simulate how inefficient past and current energy markets work, 
and extend these economically inefficient status quo patterns into forecasts of future energy 
demand. This backward-looking orientation is not fundamentally remedied by the 
introduction of engineering data on emerging energy supply options, since the same 
engineering-economic knowledge is neglected on the demand-side. The result of this 
approach is an inherent bias toward overestimating future energy demand, as borne out by 
the history of econometric demand forecasts. 

The incorporation of forward-looking supply-side technology details in energy sector 
submodels is an improvement, but does nothing to incorporate saturation trends in the 
demand for energy services, and the saturation-related structural changes in the economy at 
large. The omission of saturation dynamics biases econometric demand forecasts toward 
overestimating future energy service demand, and thus worsens the econometric bias 
toward overestimating energy demand. 

Econometric models cannot identify least-cost energy futures 

The econometric approach fails to model the competition between demand-side and supply-
side investments for providing energy services. Mixing engineering-economic analyses on 
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the supply-side with elasticity coefficients on the demand-side is like mixing apples and 
oranges. This model formulation overlooks the severe discontinuity in private discount 
rates between the two spheres of the energy equation. 

When applied over the time horizons relevant for greenhouse policy analysis, econometric 
modeling is of necessity as driven by assumptions about technologies as any other form of 
energy analysis — only that the assessment of technology options tends to be more cursory 
and incomplete. 

The theoretical strengths of the macroeconomic modeling approach are not always 
practically relevant 

The perceived theoretical strengths of the macroeconomic approach are the ability to 
calculate market clearing prices for energy in a dynamic, self-consistent fashion, and the 
ability to calculate economy-wide opportunity costs of energy market changes. These 
theoretical strengths often prove to be of modest practical benefit 

Econometric forecasts of energy prices are notoriously inaccurate, whether based on price 
elasticities or equilibrium clearing price estimates. Similarly, the translation of energy 
expenditures into macroeconomic costs is laden with great modeling-related uncertainties, 
and predicted results vary widely. More importantiy, the sign and magnitude of these 
economy-wide opportunity costs is fundamentally determined by the sign and magnitude of 
changes in energy expenditures. Only in the analysis of distributional issues, international 
trade flows, and tax recycling impacts do the advantages of the top-down modeling 
approach come fully to bear. 

The top-down emphasis on price signals distracts attention from lower-cost policy options 

Ultimately, the top-down approach is unsuited for investigating the very policy options 
which should be given first priority in dealing with energy and greenhouse problems. 
These are non-price policies for correcting pervasive market failures and establishing 
mechanisms for the competition between energy and capital in the sphere of consumers. 
By contrast, the top-down framework leads to a fixation on pricing policies such as energy 
or carbon taxes. 

The top-down approach is best suited for establishing a business-as-usual reference case 

Macroeconomic modeling exercises are indispensible for developing an important aspect of 
any greenhouse policy assessment: the quantitative definition of a business-as-usual 
reference scenario in which market failures and distorted prices will continue to hamper 
energy consumers in adopting cost-effective efficiency technologies, and in which 
saturation effects and structural changes in the demand for energy services are not 
important. 

Critique of the bottom-up approach 

Bottom-up analysis has clearly established that climate insurance at least economic cost can 
only be obtained through a strong emphasis on non-fiscal market correcting and regulatory 
reform measures, i.e., through non-price policies. 
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At the same time, these non-price policies cause price effects of their own. Moreover, 
price-based policies such as carbon taxes could be advantageously combined with the 
market-corrections and regulatory reforms suggested by least-cost methodologies. 

Given these impacts, the blindspot of the bottom-up framework lies in its inability to 
endogenously model and recognize the price effects and related economic feedbacks that 
greenhouse policies are likely to trigger. Though some of these effects (such as lower 
world oil prices) are highly desirable, other implications (e.g., industrial relocation) may 
not be. 

If policy-makers were to focus on the fundamental finding of bottom-up studies alone — 
that the societal cost of major carbon reductions can be negative if greenhouse policies are 
developed on a least-cost basis — they might feel encouraged to undertake policy programs 
that do not sufficiendy guard against the potential negative repercussions of unilateral 
actions on national competitiveness and international trade in a global economy, even 
though these repercussions are principally avoidable. 

Bottom-up analyses also rely on projections about achievable implementation rates for 
technology potentials and market-creating reforms that could be too optimistic, and may 
neglect or underestimate the administrative costs of policy-programs. 

At the same time, our critique dispels certain myths about the bottom-up approach. 
Contrary to the notion that it is technology-driven, we find it compatible with and in many 
ways based on empirical data about consumer behavior and about the actual workings (and 
non-workings) of the various end-use markets. The difference between the bottom-up 
approach and the top-down approach is not that one is technology-driven while the other is 
driven by market behavior. Rather, there is a difference in the kinds of economic processes 
that are emphasized in each type of analysis. 

Reasons for the predominance of the top-down approach 

The above characterization of the top-down approach is, of course, stylized. For example, 
many econometrically oriented energy analysts readily acknowledge that market-
imperfections are not negligible, and an increasing number are working to integrate 
econometric, engineering-economic, and market research data. 

Still, the continued exclusive reliance of many policy-makers on macroeconomic cost 
assessments of greenhouse policies is surprising in view of the above critique. Many of 
the above criticisms have been raised in past debates and analyses. Nevertheless, most 
energy policy institutions continue to mainly or exclusively rely on conventional 
econometric modeling calculations as a support for government decision making. Why has 
the dominance of the top-down approach endured if it is so flawed? 

Strengths and contributions 

Its practical shortcomings notwithstanding, macroeconomic modeling is an indispensible 
research instrument for clarifying the interactions between changes in energy expenditures 
and GNP, and for quantifying the gdp-based opportunity costs or benefits of alternative 
energy policies both on the national and international level. This focus on the big economic 
questions has made macroeconomic analysis an attractive field for brilliant theoretical 
economists, and the elegance of their analyses has appeal to anyone with a curious mind. 
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Furthermore, macroeconomic modeling has made a unique contribution to the greenhouse 
policy debate by bringing to die fore the broader domestic and international implications of 
carbon taxes or "green taxes" in general. Only a comprehensive, economy-wide analysis 
can properly assess the effectiveness and impact of such taxes. 

In particular, macroeconomic modeling analyses have made a significant contribution in 
drawing attention to the option of restructuring tax systems as part of climate stabilization 
policies, and in calculating the range of gdp changes that could be expected from such 
reforms. 

Further important contributions can be expected in the future from top-down modelers on 
tax recycling questions, as well as on potential short-term impacts of greenhouse policies 
on international trade. Finally, the more governments succeed in eliminating market 
barriers in the energy sector, the more practically relevant may the analytic concepts of 
classical equilibrium economics become for energy policy. 

History and political economy 

Top-down modeling has dominated the conventional energy policy process partly for 
historical reasons. Governments have made use of macroeconomic models since long 
before the energy crises of the 1970s to examine a variety of economic policy issues. It 
was only natural to continue to use them as they were modified to deal with the energy 
sector in greater detail. 

Also, macroeconomic forecasting techniques have been popular with established energy 
supply industries since they forecast historic trends of growing energy demand. By 
contrast, energy efficiency is not a tangible commodity produced by one industry, but a 
subordinate marketing concern dispersed among a wide range of industries. As a result 
the top-down approach and bottom-up analysis limited to supply investments have retained 
a dominant role in government-sponsored energy policy analysis. 

B. INTEGRATION OF TOP-DOWN AND BOTTOM-UP APPROACHES 

Can top-down models be reformed while somehow retaining the idea of capturing 
consumer behavior in the form of observable elasticities? The answer is "yes and no." 
Certainly, various kinds of income or output related elasticities could be determined for the 
demand for each type of energy service — heating, driving, transport, lighting, etc. These 
energy service demands could then become the basis of various production functions for 
supplying them. Detailed data on energy efficiency technologies could enter these 
functions. 

This approach is being implemented in some submodels of the residential sector, where 
econometric relationships are disaggregated all the way down to the level of individual end-
uses.1 Highly disaggregated sectoral models such as these move in the direction of the 
bottom-up approach. 

1 For example, The REEPS model of the U.S. Electric Power Research Institute (EPRI) represents 
appliance choice decisions based on household socioeconomic characteristics, appliance attributes, type and 
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At the same time, macroeconomic models have mathematical limitations that do not allow 
them to accommodate and process disequilibrium states for tens or hundreds of end-use 
sectors, and then solve for aggregate outcomes in interaction with energy supply and other 
economic sectors. Moreover, the more complex the model, the less transparent and 
verifiable the meaning of its outputs. These inherent modeling limitations indicate that the 
integration of the top-down approach and the bottom-up approach will not be solved 
through one grand model, but through the intelligent use of bottom-up outputs as 
exogenous top-down inputs. 

C. LESSONS FOR POLICY DEVELOPMENT 

While we see a clear priority for bottom-up analyses, we see value in both approaches, not 
just in the method emphasized in our research. The issue is not a.struggle between two 
camps of true believers. On the contrary, both frameworks could be employed in mutually 
complementing ways. The thrust of our critique is that this is not the case in conventional 
policy-making practice. First bottom up research is not pursued with sufficient vigor and 
breadth. Second, what bottom-up analysis is available is not properly integrated into 
econometric work. Third, this lack of integration is not due to lack of methods for 
combining both, but due to lack of independent review of conventional analyses. 

When taking into account all of the above considerations, we arrive at a central result: 
Despite a lack of dynamic simulation features, the bottom-up approach is the only 
procedure that allows us to answer the fundamental question of how low-carbon energy 
strategies would change energy service costs. If the top-down approach is used for 
answering this question, it inherendy leads to climate insurance at an inflated price. 

How policies should be developed 

The overall conclusion for policy makers from this assessment is quite straightforward: In 
developing carbon reduction policies, 

• Bottom-up studies should be relied upon for first-order estimates of the sign and 
magnitude of the societal cost of carbon reductions. These economic impacts 
inherently have to be calculated on the basis of non-price policies. Notably they 
would establish whether and to what extent carbon reduction goals would increase 
or decrease energy expenditures, and would allow qualitative conclusions about the 
direction of change of total economic output 

• Top-down studies should be used for various secondary analysis, notably the 
macroeconomic implications of policy packages that yield lower societal energy 
bills but may include somewhat higher energy prices. Their focus should be on 
distributional, competitiveness, and leakage impacts under a non-comprehensive 
carbon policy regime. 

size of residence, and economic characteristics associated with the household location. The latest version of 
this model actually uses engineering-economic technology cost curves as an input variable, along with 
marginal energy prices and demographic factors. 
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• Botttom-up studies should be used to determine low energy or carbon tax levels 
based on average abatement costs (see Section E below). 

• Top-down studies should be similarly used to study options for increasing the 
effectiveness of macroeconomic tax-recycling policies, which offer another 
approach to keeping required energy taxes to low levels. 

Finally, efforts to develop improved analytic practices should not mainly be geared toward 
the development of one all-encompassing energy-economic model, which would be huge, 
overly complex and non-transparent, but to a codified sequence of steps that facilitates 
quality control, review of key inputs, and public participation. 

D. LINKING BOTTOM-UP AND ENERGY TAX POLICIES 

Both top-down studies on carbon tax recycling and bottom-up studies assert that there are 
opportunities to piggy-back carbon reductions on policies that do no more than correct 
welfare-robbing distortions in the economy. Because energy service market enhancements 
and tax system changes are by themselves found to be economically advantageous, they 
each offer independent opportunities to reduce carbon emissions at zero or negative net 
cost. This parallel impact of the two policy frameworks suggests an integrated carbon 
reduction strategy. 

Key elements 

An integrated policy approach could be fashioned by combining the following elements into 
one strategy: 

1) Legally binding reduction targets and timetables, coupled where feasible and 
advantageous with mechanisms for carbon emission rights trading; 

2) Reducing market and regulatory failures in the energy sector: 

• Strict energy efficiency standards for buildings, appliances, lighting 
systems, vehicles, and other suitable end-uses. 

• Incentive programs and information, audit and extension services to 
help industries and consumers invest in equipment, vehicles, 
homes, appliances, etc. whose efficiencies exceed standards but still 
save money. 

• Financial incentives (golden carrots) for manufacturers of energy-
using devices that increase the energy efficiency of their products 
beyond best commercially available levels. 

• Accelerated and greatly expanded research, development, and 
commercialization efforts for energy efficiency and renewables. 

• Commercialization programs including transitional niche markets for 
renewable resource and other low emission technology options. 

3) Increasing energy prices through taxes that better reflect the externalized costs of 
energy use; and also 

Conclusions.7 



4) Recycling energy tax revenues into measures that assure political support for 
climate stabilization through a balanced approach 

• Transitional conversion incentives (golden parachutes) for industries 
and regions that will lose assets and jobs as a result of reduced fossil 
fuel consumption. 

• Investment funding for the above bottom-up programs 
• Deficit reductions and/or desirable revenue-neutral shifts in the tax 

structure. 
The proposed combination of energy taxes, tax system restructuring, and bottom-up 
measures offers advantages over tax recycling proposals that are based only on the top-
down framework. Because positive impacts on economic growth and employment can be 
secured by bottom-up policies alone, more maneuvering room is obtained for the task of 
fashioning a politically balanced tax reform when an integrated approach is used. For 
example, energy tax revenues could be recycled into several desirable uses that combine 
reductions in fiscal drag with politically popular personal income tax relief for the middle 
class. 

E. MINIMIZING TRADE SHIFTS: A BOTTOM-UP APPROACH TO 
SETTING ENERGY TAXES 

Trade shifts and problems of industrial relocation can be expected to be greatest if OECD 
countries rely on high carbon taxes to achieve emission reductions. Such high carbon taxes 
(in the range of one hundred to several hundred dollars) would increase fuel prices for 
industrial consumers up to severalfold. To avoid these effects, it is desirable to keep 
energy or carbon taxes to low levels. 

The need for high carbon taxes is the standard finding of most top-down studies. In these 
studies, funds are recycled as a lump sum rebate to taxpayers. They then spend this rebate 
according to prevailing expenditure patterns, and subject to existing market and institutional 
barriers. As a result of these patterns and market failures, only a fraction of the rebate ends 
up being invested in carbon-substituting energy efficiency measures. The carbon tax is 
ineffective in bringing about the desired substitution investments. 

This inefficiency of conventional energy tax policies is graphically illustrated in Figure 
II.3.1a in Chapter n.3 above. It shows a marginal cost curve for emission reductions. In 
the macroeconomic modeling paradigm, the level of carbon tax required to bring about a 
specified reduction goal is indicated by the marginal cost of achieving that reduction. This 
level is indicated by the horizontal line in the figure. 

The total revenue from applying this tax is indicated by the shaded area under this 
horizontal line, which extends across all fossil fuel use. By contrast, the total cost of the 
carbon reduction measures is indicated by the cross-hatched triangle under the marginal 
cost curve, which extends only to the reduction target As can be seen from a comparison 
of the two areas, total tax revenues are an order of magnitude greater than the amount of 
money actually needed to implement the desired carbon-substituting investments. 
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The bottom-up alternative 

To make the carbon tax more efficient it is necessary to ensure that revenues end up being 
used direcdy for carbon substitutions. An obvious approach would be to use bottom-up 
assessments to calculate the total capital needed for undertaking a specified range of 
emission-reducing investments. One can then set the carbon tax at a level that is just 
sufficient to collect this total cost i-e., at the implied average cost of carbon reductions. 
Revenues could be recycled through a special budgetary arrangement that functions like a 
trust fund. They would finance the already identified abatement measures through various 
energy efficiency incentives programs. 

As indicated in Figure n.3.lb in Chapter n.3, this carbon tax based on average abatement 
costs is an order of magnitude lower than the carbon taxes derived from macroeconomic 
assessments. 

Desired emission reductions could be achieved at still lower tax levels. A major portion of 
carbon-reducing investments could be direcdy financed with money consumers already 
have. The options for bringing about such shifts in expenditures include: 

• Mandatory efficiency standards that focus manufacturers' and consumers' own 
capital on previously overlooked or inaccessible efficiency opportunities that save 
them money. 

• Least-cost planning reforms in the utility sector, in which incentive programs for 
demand-side efficiency investments are financed by all customers through 
electricity rates. 

• Fee/rebate (feebate) programs in which rebates on purchases of energy-efficient 
vehicles or other products are paid for by fees on inefficient ones. 

Such policy measures would reduce the revenue requirements of the energy tax trust fund. 

Energy versus carbon taxes 

Because of concern over the risks and impacts associated with nuclear power and other low 
carbon resources, many countries are considering energy taxes based on heat content or 
combined energy/carbon taxes. These tax formulations will be somewhat less effective in 
bringing about carbon reductions. Thus, somewhat higher tax levels will have to be 
applied than under a pure carbon tax to achieve a given reduction goal. In this case, the 
above options for keeping tax levels to a minimum is of additional benefit 

More generally, the trust fund concept for recycling energy taxes could be integrated with 
deficit reduction and tax restructuring policies by setting tax levels somewhat higher than 
needed for trust fund purposes alone. The excess revenue could be used to fund other 
objectives identified under our integrated policy approach (Section D above) while still 
keeping tax levels far below the high values suggested in conventional top-down studies. 
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