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he recent Kyoto Protocol mandates that the
United States cut its emissions of heat-
trapping gases to 7 percent below 1990 levels

by the period 2008–2012. This report examines the
feasibility and cost of potential US actions to reach
this target. We conclude that:

• Claims that compliance with the Kyoto Protocol
would be prohibitively expensive and would seri-
ously harm the American economy are sharply
overblown.

• The United States can make significant reduc-
tions in its greenhouse-gas emissions, with over-
all economic savings or at a modest cost.

• Opponents of action ignore the potentially large
economic costs of climate change, as well as the
fact that global warming could produce numerous
social, demographic, and political dislocations
that cannot be easily quantified in an economic
model.

• Steps to reduce emissions of carbon dioxide, the
most significant heat-trapping gas, would produce
considerable health and environmental     co-
benefits from reductions in dangerous air pollut-
ants.

• The United States can meet all or most of the
Kyoto Protocol’s mandated emissions reductions
through domestic actions that will have zero or
negative net costs. There are many viable options
for reducing the use of high-carbon fuels, espe-
cially coal and oil. Additional savings may be
available through the emissions-trading mecha-
nisms in the Kyoto Protocol, but the United
States need not rely on those provisions to
achieve its commitment.

• Because most of its initial carbon-reduction steps
will have low or no cost, our nation’s competitive
position in most industries would be largely
unaffected.

To reach these conclusions, the Tellus Institute and
the Union of Concerned Scientists surveyed and
compared a series of studies from the past 10 years
that examine the future prospects for energy-efficient
and low-carbon fuel technologies. These analyses—
from the US government’s national energy
laboratories, the National Academy of Sciences, the
Office of Technology Assessment, and private and
nongovernmental energy research organizations—
evaluated  policies and measures that would help to
overcome market barriers and promote the
development and adoption of these technologies. Our
survey of these studies shows that great technological
potential exists for the United States to significantly
reduce its carbon dioxide emissions. In many cases,
the resulting savings on energy bills from the use of
more efficient measures would outweigh the cost of
implementing those measures. Moreover, the same
measures that would reduce carbon dioxide emissions
would also yield other significant environmental and
public health benefits.

The report also compares the findings in two of
the more recent studies with the US target under the
Kyoto Protocol. In this comparison, we account for
changes in business-as-usual projections of energy
use and carbon emissions made by the Energy Infor-
mation Administration since the completion of these
studies. When adjusted for these new baselines, the
first of the two studies—Policies and Measures to
Reduce CO2 in the US (Tellus 1997, 1998)—indicates
that the United States would be able to cut its emis-
sions to 13 percent below 1990 levels in 2010,
thereby surpassing its Kyoto target, while at the same
time still realizing net economic savings. The results
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of the second study, Scenarios of US Carbon Reduc-
tions (DOE 1997) by five US national laboratories,
would take the United States about three-quarters of
the way toward achieving the Kyoto target. The short-
fall could then be made up by either adding other
cost-effective carbon-reduction measures or by using
emissions trading and other flexibility mechanisms in
the Kyoto Protocol.

The results obtained by the technology-based
studies discussed in this report differ from the pre-
dictions of climate policy skeptics and of some con-
ventional economic models. We believe, however,
that the technology-based studies provide a more   re-
alistic view of the economics of climate change
abatement and should be given greater credence. To
provide support for this perspective, this report points

out key weaknesses in those studies that claim cli-
mate change action will be economically prohibitive.
For example, such “top down” studies often assume
that our nation is already in “the best of all possible
worlds.” These studies fail to acknowledge that mar-
ket barriers can be overcome with targeted policies
and also fail to account for the large potential of
technological innovation and diffusion. In addition,
most of these studies implausibly assume that carbon
reductions can only be achieved by imposing high en-
ergy taxes, without other taxes being reduced to com-
pensate for these increases. Finally, they fail to ac-
count for the enormous costs of climate change
itself, or for the ancillary benefits of measures that
reduce carbon emissions.
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How much will it cost the United States to reduce the
threat of global warming? The recent Kyoto Protocol
mandates that our country cut its emissions of
heat-trapping gases to 7 percent below 1990 levels.
But would this require severe economic sacrifice, as
some have claimed? Or are there ways to reach this
target at a low cost or even with some economic
benefit for the country? The answers to these ques-
tions will help determine whether the United States
embraces the Protocol and begins to take meaningful
steps to prevent global warming.

There is solid evidence that our nation can meet
its obligations under the Kyoto Protocol with  overall
economic savings or at a very modest cost. Important
analyses—from the US government’s national energy
laboratories, the National Academy of Sciences, the
Office of Technology Assessment, and private and
nongovernmental energy research organizations—
have shown compellingly that the United States could
significantly reduce its emissions of carbon dioxide,
the most important heat-trapping gas, while main-
taining a healthy economy. Moreover, the same
measures that would reduce these emissions would
also yield other significant environmental and public
health benefits, most notably from lower levels of air
pollution.

At the heart of the studies that show these very
encouraging results are policies and measures that
would overcome market barriers to energy-efficient
and low-carbon fuel technologies, and that would
stimulate technological innovation. In many cases, the
resulting savings on energy bills would outweigh the
cost of implementing the measures. Thus, while  the
most expensive measures required to meet the target
would have positive net costs, the overall net cost of
all measures required to meet the target would be
negative, thereby producing savings.

Nevertheless, critics of action have been quick to
label the Kyoto Protocol too expensive. They argue
that any meaningful steps to reduce the threat of
global warming would sharply lower Americans’
living standards and force many people out of work.

At a recent hearing of the US House Subcommittee
on National Economic Growth, Natural Resources
and Regulatory Affairs, the chair, David McIntosh
(R-Indiana), claimed that complying with the Kyoto
Protocol would increase the prices of consumer goods
by more than 50 percent and the price of gasoline by
70 cents a gallon (McIntosh 1998).  A witness before
the subcommittee, Mary Novak of WEFA, Inc., pre-
dicted that “[t]he US would lose more than 2.4 mil-
lion jobs.” (Novak 1998)

Such alarmist economic predictions rely on faulty
analysis that assumes the nation goes about reducing
fossil fuel use in especially costly and short-sighted
ways. The naysayers do not acknowledge the poten-
tial contribution of existing advanced and low-carbon
technologies, nor do they recognize the potential im-
pact of policies that could overcome market barriers
impeding diffusion of these technologies. Moreover,
they do not consider technological progress, nor the
possibility of implementing policies that would expe-
dite such progress. Finally, they do not take into ac-
count the enormous costs of climate change itself, nor
of the ancillary environmental, health, and economic
benefits of measures that reduce carbon emissions.

In this report, we examine recent studies in the
United States and elsewhere, which show that energy-
related carbon emissions can be reduced cost- effec-
tively. We compare these studies’ findings to the spe-
cific emission reduction targets the United States
would have to meet under the Kyoto Protocol. We
also show why these empirically based studies pro-
vide a useful indication of the actual costs of taking
action and why they are more credible than predic-
tions of immense economic gloom.

6JG�%QPVGZV�HQT
%NKOCVG�%JCPIG�#EVKQP

6JG 4KUM QH %NKOCVG %JCPIG� In recent years,
scientists have increased their understanding of the
global climate system. They have become more con-
fident in their projections of future climate change
and have even concluded that human activities are
most likely already causing changes to the global cli-
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mate. Nevertheless, emissions of heat-trapping gases
continue to rise, exacerbating the risk of climate
change. Atmospheric concentrations of carbon diox-
ide (CO2), the most significant heat-trapping gas, are
now about 30 percent above preindustrial levels. An-
nually, the burning of fossil fuels—oil, coal, and
natural gas—across the globe sends about 6 billion
tons of carbon into the atmosphere, while land-use
changes (mainly burning and decomposition of forest
biomass) contribute another 1 billion tons. Under a
business-as-usual future, in which no special efforts
are made to avert climate change, annual emissions of
carbon would likely increase nearly threefold, to
about 20 billion tons, by the end of the next century.
As a result, atmospheric concentrations of CO2 would
reach over 700 parts-per-million, or some two-and-a-
half times preindustrial levels, causing the global av-
erage temperature to rise between 1.4 and 2.9 degrees
Celsius, with even greater increases in some regions
(Houghton 1996).

The potential consequences of such change are
myriad and far-reaching. Sea levels could rise be-
tween 19 and 86 centimeters, with severe implica-
tions for coastal and island ecosystems and their hu-
man communities. More frequent, prolonged, and
intense extreme weather events, as well as shifts in
regional climates, could cause ecological, economic,
health, social, and political disruptions. One-third of
the world’s forested areas would likely experience
major changes in species composition, with more fre-
quent outbreaks of pests and greater frequency and
intensity of forest fires. Agricultural systems could
come under severe stress, creating increased risk of
hunger and famine in Africa, South and Southeast
Asia, and other regions already experiencing diffi-
culty feeding all their people. There could be wide-
ranging impacts on human health, both from direct
effects, such as more intense heat waves, and from
indirect effects, such as more extensive geographical
range of vector-borne diseases, including malaria and
dengue fever (Watson et al. 1996).

The precise timing and extent of such impacts
remains uncertain. It should be noted, however, that
such complex nonlinear systems can have extreme
outcomes that could trigger much more rapid change
than the “best case” projections. This would cause
additional ecological and social disruptions and fur-

ther limit society’s ability to adapt. It could also re-
quire efforts to mitigate climate change that are more
hurried, more costly, and less effective. Conse-
quently, early and sustained action, across many
fronts, is needed to bring about the technological, in-
stitutional, and economic transitions needed to protect
the global climate.

6JG -[QVQ 2TQVQEQN� The Third Conference of
the Parties to the United Nations Framework Con-
vention on Climate Change (UN FCCC) in Kyoto in
December 1997 was a historic event that provides a
pivotal opportunity to reverse the course towards cli-
mate disruption on which the world is currently
headed. At Kyoto, signatory nations to the existing
UNFCCC agreed to greenhouse-gas reduction targets
that would be legally binding on industrialized na-
tions when ratified. The Kyoto Protocol provides a
comprehensive and integrated framework for green-
house-gas mitigation responsibilities and actions; it
represents an important first step toward the level of
reductions needed to stabilize the earth’s climate.

Whether this promise is realized depends in part
on how the details of the Protocol are worked out and
implemented, and how industrialized nations, espe-
cially the United States, take on their responsibilities
for strong near-term actions.

75 %NKOCVG 2QNKE[ 2QUV�-[QVQ� In the months
since Kyoto, the Clinton administration has acknowl-
edged the challenges and opportunities of climate
protection, even though its actual actions and policy
proposals have not been sufficiently strong. Admini-
stration officials understand that advanced, en-
ergy-efficient, and low-carbon technologies can be at
the heart of a national economy that will be more
productive, less polluting, less oil-dependent, and
consistent with global climate protection. They un-
derstand that market barriers and pricing failures im-
pede these technologies from diffusing more rapidly,
dampen the process of technological progress through
learning-by-doing and scale economies, and thereby
sacrifice deep long-term benefits in favor of short-
term gain. They know that policy instruments are
available that could reduce these barriers and unleash
creative human, technological, institutional, and eco-
nomic forces. Finally, they understand that the United
States has an opportunity to be a leader in 21st-
century technologies, sustainable-development assis-
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tance, and fair and responsible international steward-
ship of the global commons.

Nevertheless, the administration’s policy recom-
mendations to date are not fully consistent with its
understanding of the need for, and benefits of, timely
action to reduce emissions. Although its proposals for
increased research and development and tax incen-
tives for climate-friendly technologies have great
merit and should be enacted by Congress, they do not
go nearly far enough. Much more is needed—par-
ticularly in the electric utility and transportation sec-
tors—to ensure that the United States can meet its
commitments for the First Budget Period under the
Kyoto Protocol. Fortunately, several recent technol-
ogy-based studies have shown that it is indeed possi-
ble for industrialized nations, including the United
States, to significantly reduce their greenhouse-gas
emissions, while continuing to prosper and maintain
healthy economies.

%CTDQP�4GFWEVKQP�2QVGPVKCN
KP�VJG�7PKVGF�5VCVGU
Since the early 1990s, a number of analyses have
shown compellingly that technologies, resources,
policies, and measures are available to reduce the
carbon emissions of industrialized countries, and of
the United States in particular. These analyses are
based on detailed representations of existing energy-
use patterns and technologies, and well-understood
existing and near-term alternatives to them, by sector,
subsector, end-use, and process.

In the United States, key studies include Amer-
ica’s Energy Choices (ASE 1991), by four interna-
tionally recognized NGOs; a study by the Office of
Technology Assessment of the US Congress (OTA
1992); Policy Implications of Greenhouse Warming
(NAS 1991), by the National Academy of Sciences;
Scenarios of US Carbon Reductions (DOE 1997), by
five US National Laboratories; Energy Innovations
(ASE 1997); and Policies and Measures to Reduce
CO2 in the US (Tellus 1997, 1998).

In Europe and Japan, recent analyses include
Policies and Measures to Reduce CO2 Emissions by
Efficiency and Renewables (WWF 1997), by the De-
partment of Science, Technology, and Society at
Utrecht University; Energy Policy in the Greenhouse
(Krause et al. 1993); and Key Technology Policies to

Reduce CO2 Emissions in Japan: An Indicative Sur-
vey for 2005 and 2010 (Tsuchiya et al., 1997).

In this section, we first briefly summarize the
three studies of the early 1990s (ASE 1991, OTA
1993, and NAS 1991). We then turn to a more de-
tailed discussion of the three more recent US studies
(ASE 1997, DOE 1997, and Tellus 1997 and 1998).
As part of this section, we explicitly compare the re-
sults from two of these studies to the US emissions-
reduction target under the Kyoto Protocol. Finally,
we provide a brief comparison among the recent
studies of Europe and Japan.

6JTGG 75 5VWFKGU QH VJG 'CTN[ ����U� The table
below summarizes the carbon-reduction results of the
Office of Technology Assessment (OTA), the Na-
tional Academy of Sciences (NAS), and America’s

Energy Choices (AEC). We have expressed the re-
sults in overall and average annual percentage reduc-
tions, in order to render them more comparable, as
they use somewhat different baselines and show re-
sults for different years.

These three studies have broadly similar findings.
Each shows that known energy-efficient and low-
carbon technologies could be brought into widespread
energy production and use, thereby yielding substan-
tial carbon emissions reductions. Each study also
finds that these reductions could be realized with
overall net monetary savings, even though some
measures with net costs would be needed to achieve
the full level of reduction.1

                                                
1 Overall savings in fuel and facility construction from
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America’s Energy Choices, for example, finds
that by 2030, projected carbon emissions could be re-
duced by about 80 percent, with more than $500 bil-
lion ($1990 PV) in cumulative savings.2 The marginal
cost of achieving these reductions is about $25 per
ton of CO2 saved, for low-carbon fuels and technolo-
gies in the electric sector. At the same time, the study
shows that the steps required to achieve these carbon
reductions would also produce other environmental
and public health benefits. For example, emissions of
the air pollutants, such as sulfur dioxide (SO2) and
nitrogen oxides (NOx), would be reduced more than
one-third below baseline projections by 2010 and
about 75 percent below by 2030. The study did not
quantify the economic benefits of reducing air pollu-
tion levels, but these would certainly reduce  health
care costs by a significant amount.

The NAS study provides two cases, one in which
a carbon reduction of 29 percent is realized using
only those measures with net economic savings, and
one (shown in the table) in which about twice that
level of reductions is achieved by also including some
measures with net positive costs. Nevertheless, this
more ambitious scenario still saves about $34 billion
per year on average, while its marginal or highest cost
measures, in the electricity supply sector, average
about $40 per ton of CO2 saved. The OTA study finds
average annual costs ranging from about $20 billion
to $150 billion per year.

6JTGG 4GEGPV 75 5VWFKGU� Three new studies
released since June 1997—Scenarios of US Carbon
Reductions (DOE 1997), Energy Innovations (ASE
1997), and Policies and Measures to Reduce CO2 in
the US (Tellus 1997, 1998)—provide policies and
measures to achieve carbon reductions between about
25 and 35 percent of baseline projections by 2010.
The Policies and Measures study builds upon Energy
Innovations. Both formulate and model a set of tar-
geted and complementary policies to overcome mar-
                                                                                
energy-efficiency investments exceed the incremental costs
of these investments and alternative fuels.

2 This assumed a real annual discount rate of 7 percent, to
broadly reflect private discount rates in the economy; with a
social discount rate of 3 percent per year, the study finds
net savings of about $2 trillion cumulative over the 40 year
period.

ket barriers to technological diffusion and innovation,
and to guide the US economy towards lower carbon
emissions, based on lower-cost, less-polluting, more-
secure, and more-sustainable ways of producing and
using energy. Policies and Measures strengthens, ac-
celerates, and supplements the policies identified and
analyzed in Energy Innovations, yielding an aug-
mented policy package that captures greater near-term
carbon-reduction opportunities. While it  contains
some policies in common with Energy Innovations
and Scenarios of US Carbon Reductions (by a DOE
interlaboratory working group), its full policy pack-
age is larger and more aggressive than either. Policies
and Measures consequently achieves about 50 per-
cent greater carbon reductions by 2010 than these two
studies.

All three recent studies show net overall eco-
nomic savings from their respective carbon-reduction
policy packages, with net positive costs at the margin
to achieve the reductions.3

Energy Innovations and the Interlaboratory study
obtain similar carbon-reduction results with similar
overall net economic benefits. The latter study does
not go as far at the margin to achieve these results,
partly because it identifies greater cost-effective sav-
ings opportunities in buildings and industry. Also, it
does not go as far in the electricity-supply sector,
where very large reductions are possible, albeit at

                                                
3 Here, the marginal cost is taken as the highest average (or
levelized) cost of all the policies and measures in the sce-
nario package over the study period to achieve the carbon
emissions reduction. This cost can be regarded as the mar-
ket clearing price for carbon permits in a cap and trade
system implemented in conjunction with the other policies.
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rising marginal costs. Energy Innovations accepts
higher marginal costs in the near term for imple-
menting a greater amount and more diverse mix of
wind, solar, biomass, and other renewable electric
generation technologies. Its aim here is to move these
technologies along their learning and scale-economy
curves so that greater carbon- and pollution-reduction
benefits could be realized at lower costs over the long
term.

Energy Innovations estimates the impacts of its
policy package on employment, personal income, and
gross domestic product (GDP). It finds a net increase
of about 770,000 jobs per year by 2010 relative to
business-as-usual, representing a 0.4 percent increase,
along with a 0.27 percent increase in aggregate an-
nual income and a 0.03 percent increase in annual
GDP. These benefits are small but nonetheless note-
worthy, given claims to the contrary that climate
change action would lead to job losses and economic
decline.4

Energy Innovations also quantifies the ancillary
air pollution reductions stemming from these carbon-
reduction policies. It finds that SO2 would be de-
creased by about 60 percent, NOx by about 20 per-
cent, and fine particulates by about 20 percent below
their projected baseline 2010 levels. By improving
public health and the environment, such reductions in

                                                
4 They do not include potential further economic benefits,
such as productivity enhancement, and further technologi-
cal innovation, spurred by these policies. On the other hand,
some sectors would likely experience net declines in the
context of this overall net economic improvement, with the
largest declines occurring in electricity supply and oil and
gas extraction.

air pollution decrease the effective costs of cutting
carbon emissions. Accounting for these co-benefits in
the electric-supply sector—which, unlike the other
sectors, requires positive net costs to reduce its car-
bon emissions—reduces the cost of the policies from
about $18/ton of CO2 to about $13 per ton of CO2.

Because Energy Innovations and the Interlabora-
tory study take somewhat different approaches, a
combination of their policies could realize greater
carbon reductions, while still maintaining net eco-
nomic benefits. This is essentially what is embodied
in Policies and Measures, which realizes about 50
percent greater carbon reductions by 2010 while
maintaining about two-thirds of the net economic
benefits of Energy Innovations.

*QY VJG 5VWFKGU %QORCTG VQ VJG -[QVQ 6CT�

IGVU� The Kyoto Protocol would require the United
States to reduce its greenhouse-gas emissions to 7
percent below 1990 levels by the 2008–2012 period.
The engineering end-use studies described above
demonstrate that the United States can meet this tar-
get at a low cost, or even with net economic savings.
To illustrate this, we will explicitly compare the Poli-
cies and Measures and Interlaboratory study results
with the 7 percent reduction from 1990 levels re-
quired of the United States under the Kyoto Protocol.
However, we must first take account of changes in
the US baseline energy and carbon projections made
since these studies were completed (EIA 1997). Un-
fortunately, these projections predict higher baseline
carbon emissions in the future due to increased en-
ergy demand, especially for transportation and elec-
tricity.

%CTDQP 4GFWEVKQPU CPF 0GV 5CXKPIU HQT 6JTGG 4GEGPV 75 5VWFKGU
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We have there-
fore used the results
of the two recent
studies as a point of
departure, and have
estimated how they
would be adjusted in
accordance with the
higher levels of
baseline energy use
and carbon emissions now projected by EIA. These
results are given in the last column of the table below,
following the summary results of the studies them-
selves. Here, we assume that the energy-efficiency
policies in the two studies would reduce carbon emis-
sions under the higher, more recent baseline by the
same percentage as in the two studies themselves
(which use lower carbon baselines). Similarly, we as-
sume that the fuel-switching policies would reduce
carbon emissions under the higher baseline by
roughly half as much as in the two studies, again on a
percentage reduction basis.

The table above shows that with the full set of
policies in Policies and Measures, the United States
would surpass its Kyoto target of 7 percent below
1990 levels in 2010, attaining 13 percent reductions,
most likely with net economic savings. This means
that if the full set of policies were implemented, the
United States could meet its
treaty target entirely through
domestic energy-related car-
bon reductions, and without
recourse to emissions trading,
the use of carbon sinks, or the
Clean Development Mecha-
nism established by the Kyoto
Protocol. Moreover, if the
United States chose to meet
its Kyoto target but do no more, the most costly
measures included in the Policies and Measures
study could be avoided, thereby increasing the net
economic benefits.

The Policies and Measures results also indicate
that it would remain economical for the United States
to pursue a carbon-reduction path that exceeded its
Kyoto target. Despite the greater cost, this more am-
bitious path would spur greater technological innova-

tion, and would generate additional public health and
productivity benefits. Moreover, if the United States
were to exceed its required reductions, it would, of
course, further reduce the chances of catastrophic
climate change, and would provide a powerful dem-
onstration of US leadership in this area.

Once adjusted to the new EIA baseline projec-
tions, the Interlaboratory results take the United
States most of the way toward achieving the Kyoto
target. At 23 percent below projected levels by 2010,
rather than the 31 percent required to meet the target,
the carbon reductions would still be quite impressive
and ambitious. The shortfall relative to the Kyoto tar-
get could be made up by use of one or more of the
flexibility mechanisms afforded by the Kyoto Proto-
col. It would, however, also be feasible and economi-
cal to make up this difference through domestic en-
ergy-related measures, since the measures embodied

in the Interlaboratory study do not exhaust all of the
carbon-reduction options available. Because the Poli-
cies and Measures study assembled a larger set of
measures, some of them could be added to those of
the Interlaboratory study to achieve the US Kyoto
target, most likely at a modest cost.

&GVCKNGF %QORCTKUQP� In this section, we com-
pare Policies and Measures and the Interlaboratory
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study in more detail. For simplicity, we leave out En-
ergy Innovations, since its measures are largely in-
corporated into the more aggressive Policies and
Measures study. Specifically, the latter study adds
industrial combined-heat-and-power, cellulosic etha-
nol blends with gasoline for light-duty vehicles, and
biomass co-firing with coal electric generation, in the
pre-2010 period.

Both Policies and Measures and Interlaboratory
study take what is referred to in the energy  analysis
literature as the “bottom-up” approach. They are
based, to the greatest degree feasible, on end-use and
technology-specific representations of energy supply
and demand for the various sectors and subsectors of
the economy. They reflect stock turnover and
price-related energy-consuming and -producing be-
havior in some detail. While both studies take an en-
gineering end-use approach to assess the technical
and economic potential of the carbon-reducing tech-
nologies,  Policies and Measures takes the further
step of modeling the actual policies that would pro-
mote such technologies in all sectors of the economy.
Many of the specific technologies are common to
both studies; here, we reflect the way in which each
study is structured and presented — with policies for
Policies and Measures and technologies for the In-
terlaboratory study.

Industry
Policies and Measures study. Accelerates adop-

tion of industrial combined-heat-and-power (CHP)
systems, by refining siting protocols and ensuring
market access to fairly reflect the technology’s eco-
nomic and environmental benefits. Provides tax cred-
its to expedite investment in new manufacturing
equipment with modern, energy-efficient technolo-
gies and processes. Supports research, development,
and technical assistance for energy efficiency and al-
ternative-fuels use. Promotes use of high-quality re-
cycled feedstocks by eliminating favorable tax treat-
ment of virgin materials, supporting development of
innovative collection and separation technologies,
and promoting public acceptance.

Interlaboratory study. Identifies and estimates
near-term technical and economic potential of en-
ergy-efficient technologies and processes for reducing
electricity use by about 15 percent and fossil fuel use

by about 10 percent, by 2010; about two dozen
known and proven process technologies are identified
as examples. Identifies the potential for advanced tur-
bine systems used for CHP and fueled by natural gas
to replace grid electricity and steam boilers, combin-
ing notable overall efficiency improvements with op-
portunities for switching from high- to low-carbon
fuels. Recommends encouraging the use of black liq-
uor in integrated gasification combined-cycle (IGCC)
turbines in the paper and pulp industries as another
low-carbon option.

Transportation
Policies and Measures study. Improves fuel

economy and emissions through standards, pricing
reform, incentives, land-use policy, demand manage-
ment, and RD&D; more than 50 percent improvement
in new light-duty vehicle miles per gallon (mpg) by
2010 is achieved through these measures. Establishes
a carbon/renewable content standard for motor fuels,
phasing into a 10 percent zero-emissions requirement
by 2010, and provides R&D support for cellulosic
ethanol.

Interlaboratory study. Identifies more than a
dozen proven new technologies, designs, and materi-
als that would improve the fuel economies of light-
duty vehicles, heavy trucks, and locomotives; in-
cludes advanced direct injection in gasoline and die-
sel engines, advanced drag and friction reduction, and
materials substitution. As with Policies and Meas-
ures, new light-duty vehicle mpg increases by over 50
percent by 2010. Identifies several alternative or hy-
brid-fuel vehicle options; the most promising for
near-term carbon-reduction measures are cellulosic
ethanol and electric vehicles (in combination with a
shift to low-carbon electricity generation).

Electricity Supply
Policies and Measures study. Sets sector-wide

generation performance standards (or pollutant emis-
sions caps), with more stringent limits on SO2 emis-
sions (another 60 percent reduction beyond current
requirements by 2010); limits on NOx and fine par-
ticulate emisisons effectively equivalent to EPA’s
New Source Performance Standards by 2010; and
carbon-intensity standards set at one-third below cur-
rent levels by 2010, using permit trading systems.
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Establishes a renewable portfolio standard with trad-
able credits, phased in to a requirement of at least 10
percent nonhydro renewable generation in the na-
tional mix by 2010. Requires at least 10 percent
co-firing of biomass in coal power plants by 2010,
with a trading system to allow for the most economi-
cal deployment of biomass.

Interlaboratory study. Identifies as options re-
tirement of older coal plants; repowering of coal
plants with natural gas; co-firing of biomass in coal
plants; implementing renewable generating technolo-
gies (wind and hydropower); improving generation,
transmission, and distribution efficiencies; car-
bon-based dispatch; and nuclear plant life extension.

Buildings
Policies and Measures study. Establishes new

and more stringent appliance and building standards
to set norms for equipment, design, and performance,
and to reduce the energy required to provide services
in homes and offices. Provides market transformation
incentives, including technology demonstrations,
manufacturer incentives, and consumer education to
reduce barriers to energy savings and renewables.

Interlaboratory study. Identifies proven
near-term, cost-effective building shell improvements
and technologies for greater energy efficiency in
more than two dozen end-uses, resulting in about a
15 percent reduction in electricity consumption and a
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5 percent cut in fossil fuel use by 2010. Includes fuel
cells for large commercial buildings.

The table above compares the Policies and
Measures and the Interlaboratory studies in greater
detail, showing the carbon reductions realized in 2010
by policy or set of policies in each sector.5 The cost
of saved CO2 emissions is negative for some policies
and positive for others. Where the cost is negative, it
is because many energy-efficient, advanced technolo-
gies save enough energy to more than compensate
businesses and households for the incremental costs
of purchasing and installing them. In those other
cases where there is a net cost for reducing carbon
emissions, the policies cause the market to begin to
accept energy technologies and resources that are cur-
rently more costly than the norm, in order to realize
even deeper carbon reductions.6 As noted earlier, the
negative cost options outweigh the positive cost op-
tions in both of these studies, and thus the overall
costs of the policy packages are negative; that is,
these policies result in net economic benefits for the
economy.

Some have argued that the US should only im-
plement those policies and measures that produce net
savings. There are at least six reasons, however, why
this approach should be rejected, and a wider range of
policies and measures embraced.

First, environmental and health co-benefits from
policies aimed primarily at reducing carbon are not
included in the cost-of-saved-carbon figures, even
though this would yield additional monetary benefits.
Second, some of the process improvements and ad-
vanced technologies spurred by carbon-reduction
policies would also increase industrial productivity.
Third, reduced dependence on imported oil would
                                                
5 Note that the emissions-reduction number shown for each
policy is the total that results from that sector-specific pol-
icy, no matter in which sector the emissions are reduced.
Thus, market transformation for energy efficiency in
buildings (and building equipment) reduced emissions from
fuel use on-site and from combustion at power plants;
similarly, vehicle efficiency and alternative fuels will re-
duce emissions at the tailpipe and in oil refineries.

6 The term “currently” used here implies that the costs of
these more advanced technologies could decline (and their
performance improve), through technological innovation
and scale economies stimulated by these policies.

improve the security of energy supply to our economy
and lessen the likelihood and impacts of oil price
shocks. Fourth, particular communities, states, and
regions could derive economic benefits from devel-
oping their local energy resources, such as wind, so-
lar, or biomass. Fifth, bringing some technologies
with near-term costs into the market could lead to
future cost reductions, performance improvements,
and innovations and inventions.

Finally, the United States should be willing to in-
cur costs at the margin for the carbon reductions
needed to ensure climate protection, because of the
absolute necessity of avoiding serious ecological and
socioeconomic damage. Seizing the attractive tech-
nological, economic, environmental, and social op-
portunities that lie ahead should be viewed as a low-
cost societal insurance policy against these potential
impacts.

%QORCTKUQP�YKVJ�5VWFKGU�QH
'WTQRG�CPF�,CRCP
Recent technology-based bottom-up studies con-
ducted in Europe and Japan have produced broadly
similar results. These studies identify known tech-
nologies and processes, and evaluate them in the
context of specific sectors, end-use energy require-
ments, costs, and prices. The policies and measures
adopted in these studies are largely based upon so-
called no-regrets options, whose net costs are nega-
tive. For example, the authors of the Worldwide Fund
for Nature’s 1997 report Policies and Measures to
Reduce CO2 Emissions by Efficiency and Renewables,
state that: “The options included in our scenario
have—with few exceptions—net economic benefits,
i.e., the benefits of the measures are higher than the
costs (including interest, depreciation and operation,
and maintenance costs).” (WWF 1997)

These results are similar to those of the US stud-
ies, in which overall net economic benefits were
achieved, with some net cost incurred at the margin,
particularly as a result of bringing renewable tech-
nologies into the solution. The table below compares
the results of the various studies.
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The results obtained by the technology-based studies
differ from the predictions of climate policy skeptics
and of some conventional economic models. We be-
lieve, however, that the technology-based studies
provide a realistic view of the economics of climate
change abatement and should be given greater cre-
dence than the unduly pessimistic assessments of the
skeptics.

Climate policy skeptics have predicted sharp de-
clines in employment, income, and GDP resulting
from actions to reduce carbon  emissions because
their studies are based upon pessimistic and unrealis-
tic assumptions about energy technologies and the
economy itself. A number of economists have persua-
sively documented the undue pessimism and short-
comings of conventional economic models (Repetto
1997, DeCanio 1997, Grubb 1997, Azar 1997, Amano
1997, and Dowlatabadi 1997). Some economists have
also argued that technology-based studies are too op-
timistic. Krause (1996), however, has rebutted the
notion that technology-oriented studies are too opti-
mistic in their economic assessments, by showing that

such studies do, in fact, include many biases that tend
to overestimate the costs of actions to mitigate cli-
mate change.

 In general, those economic models that predict
the highest costs for climate change action reflect an
economic or policy paradigm that, in effect, assumes
that we are already in the “best of all possible
worlds,” or will soon get there through normal market
forces. Such models pay little attention to technolo-
gies themselves, or to technological innovation, the
institutional conditions and market barriers that im-
pede the diffusion of new technologies, and the proc-
ess of technological learning and scale economies.
These can all be affected by a variety of pricing and
other policies, such as standards, incentives, informa-
tion and technical assistance, regulation, R&D, and
infrastructure improvement. These models unneces-
sarily assume continuity of structural, technological,
institutional, and behavioral relationships, permitting
only marginal changes before assumed costs are in-
curred. Yet history shows that nonmarginal changes
can occur, with overall economic, environmental, and
social benefits. Climate protection is a new challenge
that requires such change, not merely continuity with
past relationships under a business-as-usual future.

Repetto, Azar, and Krause have performed com-
parative analyses of a wide variety of climate policy
modeling studies. They have shown that several fac-
tors account for the fact that conventional “top-down”
economic models, which were designed for other
types of analyses, cannot capture the technological
realities and associated results of “bottom-up” engi-
neering end-use analyses. For example, top-down
studies underestimate the extent to which new energy
technologies and resources can replace old ones, and
overestimate the future costs of nonfossil energy
sources.

In perhaps their most blatantly implausible as-
sumption, some of the top-down assessments assume
that carbon reductions are achieved only by imposing
high energy taxes, with no other taxes being reduced
to compensate for these increases. In contrast, the
technology-based models use a variety of measures,
not just taxes, to reduce carbon emissions. Moreover,
in those cases where the technology-based models
recommend new taxes, they assume that other taxes
(for example, taxes that discourage employment and
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investment) would be reduced by a comparable
amount, thereby maintaining essentially the same
overall tax levels.

Not only does this assumption yield a much more
favorable economic result, but tax shifting could have
other economic and environmental benefits, as has
been shown by Hammond et al. (1997), Repetto et al.
(1992), and Bernow et al. (1996a and b). Repetto
concludes plausibly that “under a reasonable stan-
dardized set of assumptions, most economic models
would predict that the macroeconomic impacts of a
carbon tax designed to stabilize carbon emissions
would be small and potentially favorable.”

1VJGT (CEVQTU 4GNGXCPV VQ /QFGNKPI QH %NK�

OCVG %JCPIG 2QNKE[. It is well known and docu-
mented that there exist a variety of barriers to full
market penetration of cost-effective clean technolo-
gies. These barriers include lack of full consumer in-
formation on life-cycle costs and savings; disconnects
between those (such as landlords) who pay the higher
front-end costs for energy-saving technologies, and
those (such as renters) who would benefit from re-
duced energy costs; and regulatory barriers, such as
those that make it difficult for industrial self-
generators of electricity to sell their surplus power
into the grid without being subject to utility regula-
tion.

DeCanio (1998) has performed empirical studies
of firm behavior showing that near-term economic
(that is, profit-making) opportunities are often not
seized because of institutional barriers. These barriers
could be overcome with interventions such as the ef-
fective management consulting of EPA’s green lights
program.

Both private and public sector spending on en-
ergy technology R&D, which could help to bring
down costs and improve performance of new tech-
nologies, is quite low relative to other major sectors
of the economy. In addition, technological inertia, the
slow rate of capital equipment turnover, and the short
time horizons for payback in most industrial firms
make it difficult to reap the productivity, environ-
mental-compliance, and related benefits of invest-
ments in more advanced efficient and clean technolo-
gies and processes. As a consequence of these factors,
diffusion of more efficient and cleaner technologies is

impeded, which in turn slows down the processes of
learning, scale economies, and innovation.

Rates of technology diffusion and innovation can
be greatly enhanced by policies. For example, a re-
newable portfolio standard for electric generation
with tradable credits would ensure higher market
penetration (at lowest near-term cost), which would
reduce costs over the longer term as a result of scale
economies and learning. This, in turn, would further
accelerate market penetration of clean, renewable
technologies. The prices for energy technologies, re-
sources, and uses in current markets do not reflect
their social, environmental, and health impacts. Poli-
cies to incorporate the costs of these impacts, or “ex-
ternalities,” in market prices garner widespread sup-
port in both the economics and environmental
communities. However, “getting the prices right” is
not by itself sufficient. For example, even if the
prices of vehicle fuels were “corrected” to account
for environmental and health damages, factors such
as congestion, other social impacts, limits in alterna-
tive modes, inadequate infrastructure, and existing
urban form would impede appropriate changes in be-
havior. Thus, attending to these ambient factors
would amplify the response of consumers to “cor-
rected” market prices.

All of these phenomena, which have been known
for some time by economists, are only recently be-
ginning to attract attention in the debates about the
modeling and economic impacts of climate policy.
The notion of a unique, stable, optimal equilibrium—
the core assumption of most of the “top-down” mod-
els that project huge costs in reducing emissions—
makes no sense in the real world of institutional
barriers, long-standing government support for
conventional energy technologies, energy prices that
fail to reflect true social costs, and the proven
potential for rapid technology shifts through targeted
policy intervention.

'ZCORNGU�QH�6GEJPQNQIKGU
Advanced technologies that are currently available or
under development could provide energy services to
each sector of our economy more economically and
with less environmental damage than the current mix
of technologies. Here are just a few examples.
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%*2�� Normally,
an industrial facility—which needs both electricity
and process thermal energy (for example, steam) for
its manufacturing processes—will produce the proc-
ess heat with an on-site boiler or furnace, while pur-
chasing the electricity from an electric supplier via
the transmission-and-distribution grid. Both the
on-site heat and the off-site electricity require conver-
sion of fuel into energy forms useful to the manufac-
turing process. This energy conversion inevitably
comes with losses at the boiler (around 30 percent),
the electric power plant (about 60–70 percent), and
the transmission system (up to about 10 percent). At
the same time, this conversion results in emissions of
CO2, SO2, NOx, fine particulates, and various hazard-
ous air pollutants. Thus, enormous amounts of pri-
mary energy resources are wasted, while they none-
theless contribute to pollution and global warming.

Recent advances in the design and manufacture
of microturbines have made the cogeneration of heat
and electricity (combined-heat-and-power, or CHP)
an attractive option for industrial firms, as well as
large or aggregated district residential and commer-
cial energy users. Thus, instead of producing elec-
tricity and heat in separate and wasteful energy-
conversion processes, they can be produced on-site in
a CHP turbine, at a much greater overall efficiency
with only about 15 percent losses. With appropriate
assistance, and siting and regulatory reform, CHP
could provide net economic benefits to firms; it could
also reduce pollution and carbon emissions, which
could bring additional monetary value.

For a quantitative example, suppose an industrial
firm that produces process steam on-site uses 50,000
MMBtu per year of coal in a boiler with an efficiency
of 70 percent, and purchases 7,000 MWh per year of
electricity from the grid (assuming clean natural gas
combined-cycle generation). If that firm were to in-
stall an advanced turbine CHP system using natural
gas to simultaneously produce steam and electricity,
it would save between $50,000 and $100,000 per year
(implying a 1.7 to 3.3 benefit-cost ratio). At the same
time, it would reduce net CO2 emissions by about
4,000 tons, SO2 by about 27 tons, NOx by about 9
tons, and particulates by about 2 tons. Assuming that
markets would value these reductions at $25, $250,
$500, and $5,000 per ton, respectively, an additional

$100,000 annual savings could be realized by the
firm.

5GNGEVGF 4GUKFGPVKCN CPF %QOOGTEKCN $WKNF�

KPIU 6GEJPQNQIKGU� The Interlaboratory study identi-
fies a number of more advanced technologies that can
provide the same services as new 1997 technologies,
with much less energy use and with energy cost sav-
ings at or above the incremental equipment costs. The
examples below from the Interlaboratory study (DOE
1997, 3.10) show end-uses for which more advanced
technologies could dramatically reduce energy use
and costs.

In addition to these near-term technologies, the
study identifies new technologies and practices, many
in their early stages of development and application
today, that could become attractive cost-effective op-
tions under the stimulus of policies such as RD&D
and market barrier reduction. Short-sighted modeling
and policies would miss such opportunities. The six
areas for such “evolutionary and aggressive technol-
ogy improvements” are advanced construction meth-
ods and materials, environmental integration and
adaptive envelopes, multifunctional equipment and
integrated system design, advanced lighting systems,
controls communications and measurement, and
self-powered buildings. These approaches combine
advanced materials and technology, microcomputer
control (smart) systems, and sophisticated design in-
tegration with older practices using natural resources
such as sunshine, air, shade, and insulating and ther-
mal storage materials.

'PF�7UG %QUV�'HHGEVKXG 'PGTI[ 5CXKPIU 2QVGPVKCN
#FXCPEGF XGTUWU 0GY ����

4GUKFGPVKCN

)CU ENQVJGU FT[GTU XU� GNGEVTKE ���

.KIJVKPI ���

4GHTKIGTCVKQP ���

)CU YCVGT JGCVKPI XU GNGEVTKE ���

(TGG\GTU ���

'NGEVTKE URCEG EQQNKPI ��K���

%QOOGTEKCN

'NGEVTKE CPF HQUUKN URCEG JGCVKPI ���

'NGEVTKE CPF ICU URCEG EQQNKPI ���

8GPVKNCVKQP ���

4GHTKIGTCVKQP ���

.KIJVKPI ���
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The current (EPA test) average fuel efficiency of cars
and light trucks is about 25 mpg, a large increase
from the 1960s due in large measure to the techno-
logical advances induced by Corporate Average Fuel
Economy (CAFE) standards. A strengthening of these
standards through CAFE or an equivalent policy
could raise the fleet average to 45 mpg (an 80 percent
improvement) in the near term at an average retail
price increment of about $760 per vehicle. For 20,000
miles of travel per year at $1.00 per gallon of gaso-
line, the fuel savings would be about $350 per year,
for a total of about $1,750 over a five-year period.
Thus, a policy to induce the production of more effi-
cient vehicles could allow industry to recover its in-
cremental investment costs and still provide consum-
ers with significant economic savings. Similar
opportunities are available in truck and air transport.

A variety of alternative-fuel (low-carbon and/or
low-pollution) vehicles (AFV)—including natural
gas, electric and hybrid-electric, fuel cell, alcohols,
and so on—are under development or are in limited
production and use. These AFV programs could be
expanded, along with the necessary refueling and
maintenance infrastructure for such vehicles. On in-
termediate and longer term time frames, current de-
velopments, evolutionary improvements, innovations,
and breakthroughs, coupled with better price signals,
infrastructure, and regulation, could bring some of
these vehicles into wider use at attractive costs and
performance levels, with lower carbon and pollutant
emissions. Increased expenditures and efficiencies in
private and public R&D would assist this process.

With an effective policy regime, ethanol derived
from woody biomass and used in high blends could
soon become competitive with gasoline in cars and
light trucks, providing carbon, pollution, and elec-
tricity co-benefits and offering new sources of farm
income. Some fuel cell buses are already in service,
and the recent consortium of Ford, Ballard, and
Daimler-Benz promises affordable fuel cells in sev-
eral years. These near-term developments may pave
the way for the widespread use of hydrogen as an en-
ergy carrier for transportation.

'NGEVTKEKV[ )GPGTCVKQP� The deregulation of
electricity generation promises to lower retail prices.
These lower prices could, in turn, increase demand

for electricity, and thereby exacerbate carbon and air
pollutant emissions. This is especially the case since
many of the existing coal plants are among the lowest
cost generators of electricity. New advanced and very
efficient combined-cycle turbines using low-carbon
natural gas are becoming available at attractive costs;
however, they are competitive primarily as new re-
sources that are needed to meet growth in demand.

The increasingly attractive economics of gas-
fired technologies—due to falling gas prices, effi-
ciency improvements and capital cost reductions—
also make them generally more competitive than
renewable resources. While wind power costs have
fallen to about 4¢/kWh for many sites, combined-
cycle gas units can now generate electricity at less
than 3.5¢/kWh, with further reductions in sight.
Reductions in the retail price of electricity also render
the economics of attractive zero-carbon energy-
efficiency options on the demand side less favorable.
This, in turn, provides a barrier to future cost and
performance improvements in demand-side efficiency
that could be realized through scale economies and
learning.

When pollution reduction, scale economies, and
the longer view are taken into account for both elec-
tricity production and climate protection, policies that
are complementary to electric industry restructuring
are warranted. Such policies would include genera-
tion performance standards, implemented through cap
and trade programs, to ensure acceptable levels of air
pollution and carbon emissions; renewable portfolio
standards to move these technologies more quickly
along their paths of learning and scale economies;
and perhaps power-supply-efficiency standards. It
would also be important to ensure fair market access
and backup power rates for on-site industrial and
commercial cogeneration (CHP), which is already
economically attractive to many firms. Finally, public
benefit funds could be used for the promotion of effi-
ciency and for the targeted support to certain renew-
able technologies, to obtain sufficient market pene-
tration in the near term so that their longer term
economic and environmental benefits can be realized.
Some of these measures have already been enacted in
various states, and have also been included in a num-
ber of proposals for federal utility restructuring leg-
islation.
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The studies we have examined show that large reduc-
tions in US greenhouse-gas emissions can be
achieved in the near term with net economic savings
or at little cost. Steps to lower greenhouse-gas emis-
sions would set the stage for the greater reductions
needed for climate protection over the longer term.
Well-chosen policies and measures can overcome
market barriers to the rapid and widespread diffusion
of energy-efficient and low-carbon fuel technologies,
can induce learning-by-doing and scale economies to
gradually lower the costs of these advanced technolo-
gies, and can stimulate technological innovation and
invention. Our analysis of these studies leads to a few
simple and clear conclusions:

1. Claims that compliance with the Kyoto Protocol
would be prohibitively expensive and would
destroy the American economy are sharply over-
blown.

2. By encouraging the diffusion of new and better
technologies, and by adopting measures that en-
courage efficient use of energy, the United States
can make significant reductions in its greenhouse-
gas emissions, with overall economic savings or
at a modest cost. Indeed, many such measures
could strengthen the economy and save consum-
ers and businesses money.

3. Opponents of action ignore the potentially large
economic costs of climate change. When these
risks and costs are accounted for, measures to re-
duce the threat of global warming become even
more desirable from a strictly economic stand-
point. Opponents of action also ignore the fact
that global warming could produce numerous so-
cial, demographic, and political dislocations that
cannot be easily quantified in an economic
model.

4. Steps to reduce US CO2 emissions would produce
considerable health and environmental     co-
benefits from reductions in dangerous air pollut-
ants.

5. Because so many of the measures for reducing
domestic emissions are cost effective, the United
States could viably meet all or most of the Kyoto
Protocol’s mandated emissions reductions
through domestic actions. The two most recent
studies show that the United States could essen-
tially meet its Kyoto Protocol obligations entirely
through domestic, energy-related CO2 reductions,
with net economic benefits. Additional savings
may be available through the emissions-trading
mechanisms in the Kyoto Protocol, but the United
States need not rely on those provisions to
achieve its commitment.

6. The United States should not be unduly worried
about losing out competitively on the world stage
from taking steps to reduce emissions. Because
the United States can take these first steps at a
very low, or even no, net cost, our nation’s com-
petitive position in most industries would be
largely unaffected. Moreover, the United States
stands to benefit from attaining leadership in
technologies that will become increasingly im-
portant in the 21st century.
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0CVKQPCN 4GPGYCDNG 'PGTI[ .CDQTCVQT[� 
� ,CPWCT[ �

-QOQT� 2� ����� 4GFWEKPI 'PGTI[ 7UG KP 7�5� 6TCPURQTV�

6TCPURQTV 2QNKE[�
��� �������

-QQOG[� ,�� /� 2KGVVG� /� %TCOGT CPF ,� 'VQ� ����� 'HHK�

EKGPE[ +ORTQXGOGPV KP 7�5� 1HHKEG $WKNFKPI 'SWKROGPV�

.$.������� $GTMGNG[� %CNKH�� .CYTGPEG $GTMGNG[ 0C�

VKQPCN .CDQTCVQT[�

-QQOG[� ,� GV CN� ����� $WKNFKPIU 5GEVQT &GOCPF�UKFG 'HHK�

EKGPE[ 6GEJPQNQI[ 5WOOCTKGU� .$0.������� $GTMGNG[�

%CNKH�� .CYTGPEG $GTMGNG[ 0CVKQPCN .CDQTCVQT[�

-QQOG[� ,�� &� #� 8QTUCV\� 4� '� $TQYP� CPF %�5� #VMKPUQP�

����� 7RFCVGF 2QVGPVKCN HQT 'NGEVTKEKV[ 'HHKEKGPE[ +O�

RTQXGOGPVU KP VJG 7�5� 4GUKFGPVKCN 5GEVQT� .$0.�������

$GTMGNG[� %CNKH�� .CYTGPEG $GTMGNG[ 0CVKQPCN .CDQTCVQT[�

-TCWUG� (NQTGPVKP� ����� 'PGTI[ 2QNKE[ KP VJG )TGGPJQWUG�

9KVJ 'TKE *CKVGU� 4KEJCTF *QYCTVJ CPF ,QPCVJCP

-QQOG[� HQT VJG &WVEJ /KPKUVT[ QH *QWUKPI� 2J[UKECN

2NCPPKPI CPF VJG 'PXKTQPOGPV� +PVGTPCVKQPCN 2TQLGEV HQT

5WUVCKPCDNG 'PGTI[ 2CVJU� 'N %GTTKVQ� %CNKH�

-TCWUG� (NQTGPVKP ����� 6QR�&QYP CPF $QVVQO�WR /GVJ�

QFU QH %CNEWNCVKPI VJG %QUV QH %CTDQP 4GFWEVKQPU� #P

'EQPQOKE #UUGUUOGPV� &TCHV %QPVTKDWVKQP VQ 5GEVKQP � QH

9TKVKPI 6GCO ��� 4GRQTV 9QTMKPI )TQWR ++ QH VJG +2%%�

-TCWUG� (NQTGPVKP ����� 6JG %QUVU QH /KVKICVKPI %CTDQP

'OKUUKQPU� # 4GXKGY QH /GVJQFU CPF QH (KPFKPIU HTQO

'WTQRGCP 5VWFKGU� 'PGTI[ 2QNKE[� 
/C[��

-TCWUG� (NQTGPVKP� ����� 6JG 'EQPQOKEU QH %WVVKPI 7�5�

%CTDQP 'OKUUKQPU� # %TKVKECN 4GXKGY QH /QFGNKPI 5VWF�

KGU CPF VJGKT +ORNKECVKQPU HQT VJG -[QVQ 0GIQVKCVKQPU�

2TGUGPVGF CV VJG -[QVQ 2QNKE[ 4GUGCTEJ %QPHGTGPEG QP

'PGTI[ 2QNKEKGU CPF %1�4GFWEVKQP 6GEJPQNQIKGU� &G�

EGODGT� CV -[QVQ� ,CRCP��
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-[FGU� #PF[ 5� ����� 5GPUKVKXKV[ QH 'PGTI[ +PVGPUKV[ KP 7�5�

'PGTI[ /CTMGVU VQ 6GEJPQNQIKECN %JCPIG CPF #FQRVKQP�

+UUWGU KP /KFVGTO #PCN[UKU CPF (QTGECUVKPI� &1'�'+#


,WN[��

.CKVPGT� 5�� 5� $GTPQY CPF ,� &G%KEEQ� ����� 'ORNQ[OGPV

CPF 1VJGT /CETQGEQPQOKE $GPGHKVU QH CP +PPQXCVKQP�

.GF %NKOCVG 5VTCVGI[ HQT VJG 7PKVGF 5VCVGU� 'PGTI[ 2QN�

KE[�
#RTKN��

/E+PVQUJ� 4QDGTV� ����� 1RGPKPI 5VCVGOGPV DGHQTG VJG 0C�

VKQPCN 'EQPQOKE )TQYVJ� 0CVWTCN 4GUQWTEGU� CPF 4GIW�

NCVQT[ #HHCKTU 5WDEQOOKVVGG QH VJG *QWUG )QXGTPOGPV

4GHQTO CPF 1XGTUKIJV %QOOKVVGG� #RTKN ���

/KNNU� '� ����� (TQO VJG .CD VQ VJG /CTMGVRNCEG� /CMKPI

#OGTKECNU $WKNFKPIU /QTG 'PGTI[�'HHKEKGPV� 27$�����

9CUJKPIVQP� &�%�� &GRCTVOGPV QH 'PGTI[��


0#5� 0CVKQPCN #ECFGO[ QH 5EKGPEGU� ����� 2QNKE[ +ORNK�

ECVKQPU QH )TGGPJQWUG 9CTOKPI� /KVKICVKQP� #FCRVCVKQP

CPF VJG 5EKGPEG $CUG� 9CUJKPIVQP &�%�� 0CVKQPCN #ECF�

GO[ 2TGUU�


04%� 0CVKQPCN 4GUGCTEJ %QWPEKN� 5VCPFKPI %QOOKVVGG VQ

4GXKGY VJG 4GUGCTEJ 2TQITCO QH VJG 2CTVPGTUJKR HQT C

0GY )GPGTCVKQP QH 8GJKENGU� ����� 4GXKGY VJG 4GUGCTEJ

2TQITCO QH VJG 2CTVPGTUJKR HQT C 0GY )GPGTCVKQP QH 8G�

JKENGU� 6JKTF 4GRQTV� 9CUJKPIVQP� &�%�� 0CVKQPCN #ECF�

GO[ 2TGUU�

0GNUQP� -� ����� 2CTVPGTUJKRU HQT +PFWUVTKCN 2TQFWEVKXKV[

6JTQWIJ 'PGTI[ 'HHKEKGPE[� 2TQEGGFKPIU QH VJG 9QTMUJQR

QP 2CTVPGTUJKRU HQT +PFWUVTKCN 2TQFWEVKXKV[ 6JTQWIJ 'P�

GTI[ 'HHKEKGPE[� 9CUJKPIVQP� &�%�� #OGTKECP %QWPEKN HQT

CP 'PGTI[�'HHKEKGPV 'EQPQO[�

0GYGNN� 4� )�� #�$� ,CHHG CPF 4�0� 5VCXKPU� ����� 6JG +P�

FWEGF +PPQXCVKQP *[RQVJGUKU CPF 'PGTI[�5CXKPI 6GEJPQ�

NQIKECN %JCPIG� &KUEWUUKQP 2CRGT ������ ,CPWCT[� 9CUJ�

KPIVQP� &�%�� 4GUQWTEGU HQT VJG (WVWTG�

0KNUUQP� .�� '� .CTUQP CPF -� )KNDTGCVJ� ����� 'PGTI[ 'HHK�

EKGPE[ KP VJG 2WNR CPF 2CRGT +PFWUVT[� 9CUJKPIVQP�

&�%�� #OGTKECP %QWPEKN HQT CP 'PGTI[�'HHKEKGPV 'EQP�

QO[�

0QTDGTI�$QJO� 8� CPF /� 4QUUK� ����� 6JG 2QYGT QH +P�

ETGOGPVCNKUO� 'PXKTQPOGPVCNN[ +PFWEGF 6GEJPQNQIKECN

%JCPIG KP 2WNR CPF 2CRGT $NGCEJKPI KP VJG 7�5� 2TG�

UGPVGF CV VJG )TGGPKPI QH +PFWUVT[ %QPHGTGPEG� �����

0QXGODGT� CV *GKFGNDGTI� )GTOCP[�

0QTFJCWU� 9KNNKCO &� ����� /CPCIKPI VJG )NQDCN %QO�

OQPU� 6JG 'EQPQOKEU QH %NKOCVG %JCPIG� .QPFQP� /+6

2TGUU�

0QTFJCWU� 9KNNKCO &� ����� 6JG %QUV QH 5NQYKPI %NKOCVG

%JCPIG� # 5WTXG[� 6JG 'PGTI[ ,QWTPCN �� 
��� ��K���

0QXCM� /CT[ *� ����� P+ORNGOGPVKPI VJG -[QVQ 2TQVQEQN�

5GXGTG 'EQPQOKE %QPUGSWGPEGU�Q 6GUVKOQP[ DGHQTG VJG

0CVKQPCN 'EQPQOKE )TQYVJ� 0CVWTCN 4GUQWTEGU� CPF

4GIWNCVQT[ #HHCKTU 5WDEQOOKVVGG QH VJG *QWUG )QXGTP�

OGPV 4GHQTO CPF 1XGTUKIJV %QOOKVVGG� #RTKN ���

0[DQGT� ,� CPF /� ,CEECTF� ����� 5KOWNCVKPI 'XQNWVKQP QH

6GEJPQNQI[� 2TQEGGFKPIU QH VJG ��VJ #PPWCN %QPHGTGPEG

QH VJG +PVGTPCVKQPCN #UUQEKCVKQP HQT 'PGTI[ 'EQPQOKEU


+#''�� 3WGDGE� /C[ �� ���� 2CIGU ��������


16#� 1HHKEG QH 6GEJPQNQI[ #UUGUUOGPV� 7�5� %QPITGUU�

����� %JCPIKPI D[ &GITGGU� 5VGRU VQ 4GFWEG )TGGP�

JQWUG )CUGU� 16#������� � 9CUJKPIVQP� &�%�� )21


16#� 1HHKEG QH 6GEJPQNQI[ #UUGUUOGPV� 7�5� %QPITGUU

����� #FXCPEGF #WVQOQVKXG 6GEJPQNQI[� 8KUKQPU QH C

5WRGT�'HHKEKGPV (COKN[ %CT� 16#�'6+������ 9CUJKPIVQP�

&�%�� 1HHKEG QH 6GEJPQNQI[ #UUGUUOGPV�

2CTT[� +�9�*�� 4�%� 9KNNKCOU +++ CPF .�*� )QWNFGT� �����

9JGP %CP %CTDQP #DCVGOGPV 2QNKEKGU +PETGCUG 9GNHCTG!

6JG (WPFCOGPVCN 4QNG QH &KUVQTVGF (CEVQT /CTMGVU�

9QTMKPI 2CRGT ����� 0CVKQPCN $WTGCW QH 'EQPQOKE 4G�

UGCTEJ� +PE�� %CODTKFIG� /CUU��

2QRR� &� %�� ����� +PFWEGF +PPQXCVKQP� 'PGTI[ 2TKEGU� CPF

VJG 'PXKTQPOGPV� 2J�&� FKUU��� ;CNG 7PKXGTUKV[� 0GY *C�

XGP�

2QTVGT� /� '� CPF %� XCP .KPFG� ����� 6QYCTF C 0GY %QP�

EGRVKQP QH VJG 'PXKTQPOGPV %QORGVKVKXGPGUU 4GNCVKQP�

UJKR� ,QWTPCN QH 'EQPQOKE 2GTURGEVKXGU �
��� �������

4GRGVVQ� 4� CPF &� #WUVKP� ����� 6JG %QUVU QH %NKOCVG 2TQ�

VGEVKQP� # )WKFG HQT VJG 2GTRNGZGF� 9CUJKPIVQP� &�%��

9QTNF 4GUQWTEGU +PUVKVWVG�

4QUGPHGNF� #�� %� #VMKPUQP� ,� -QQOG[� #� /GKGT� 4� /QYTKU

CPF .� 2TKEG� ����� %QPUGTXGF 'PGTI[ 5WRRN[ %WTXGU HQT

7PKVGF 5VCVGU $WKNFKPIU� %QPVGORQTCT[ 2QNKE[ +UUWGU ���

������

4QUU� /�� 2� 6JKOOCRWTCO� 4� (KUEJGT� CPF 9� /CEKQTQY�

UMK� ����� .QPI�6GTO +PFWUVTKCN 'PGTI[ (QTGECUVKPI 
.+'(�

/QFGN 
�� 5GEVQT 8GTUKQP�� #TIQPPG� +NN�� #TIQPPG 0C�

VKQPCN .CDQTCVQT[�

5CPUVCF� #� *� CPF )�*� 9QNHH� ����� 6CZ 5JKHVKPI CPF VJG

P&QWDNG &KXKFGPFQ *[RQVJGUKU� 6JGQTGVKECN CPF %QORW�

VCVKQPCN +UUWGU� 2TGRCTGF HQT VJG 4GUQWTEG +PEGPVKXGU

2TQITCO� 4GFGHKPKPI 2TQITGUU� �� /CTEJ� 4GXKUGF &TCHV�

5CPUVCF� #NCP *�� %CTN $NWOUVGKP� CPF 5VGXGP 5VQHV� �����

*QY *KIJ CTG 1RVKQP 8CNWGU KP 'PGTI[�GHHKEKGPE[ +P�

XGUVOGPVU! 'PGTI[ 2QNKE[ ��
�� � ���K���

5JGUJKPUMK� '� ����� 6GUVU QH VJG .GCTPKPI�D[�&QKPI *[�

RQVJGUKU� 4GXKGY QH 'EQPQOKEU CPF 5VCVKUVKEU ��� ���K��

5QNQY� 4QDGTV /� ����� .GCTPKPI HTQO P.GCTPKPI D[ &Q�

KPIQ� .GUUQPU HQT 'EQPQOKE )TQYVJ� 5VCPHQTF� %CNKH��

5VCPHQTF 7PKXGTUKV[ 2TGUU��

5NQY� 4QDGTV /� ����� )TQYVJ 6JGQT[� #P 'ZRQUKVKQP� 0GY

;QTM CPF 1ZHQTF� 1ZHQTF 7PKXGTUKV[ 2TGUU�

5VGKPOG[GT� &�� ����� 6JG %JGOKECN +PFWUVT[ KP VJG 75#�

6JG 4QNG QH 'PGTI[ CPF VJG +ORCEV QH 'PGTI[ 2TKEGU� #T�

IQPPG +NN�� #TIQPPG 0CVKQPCN .CDQTCVQT[�

6GNNWU +PUVKVWVG� ����� 2QNKEKGU CPF /GCUWTGU VQ 4GFWEG

%1� 'OKUUKQPU KP VJG 7PKVGF 5VCVGU�� #P #PCN[UKU QH 1R�

VKQPU HQT ���� CPF ����� $QUVQP� 6GNNWU +PUVKVWVG�
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6GNNWU +PUVKVWVG� ����� 2QNKEKGU CPF /GCUWTGU VQ 4GFWEG

%1� 'OKUUKQPU KP VJG 7�5�� #P #PCN[UKU QH 1RVKQPU

6JTQWIJ ����� $QUVQP� 6GNNWU +PUVKVWVG��

6UWEJK[C� *CTKMC� ;W\WTW /CVWUQMC� #F ,� /� XCP 9KLM� CPF

)�,�/� 2J[KNRUGP� ����� -G[ 6GEJPQNQI[ 2QNKEKGU VQ 4G�

FWEG %1� 'OKUUKQPU KP ,CRCP� #P +PFKECVKXG 5WTXG[ HQT

���� CPF �����

8QTUCV\� &�#�� CPF ,� -QQOG[� ����� 6JG 2QVGPVKCN HQT 'HHK�

EKGPE[ +ORTQXGOGPVU KP VJG 7�5� %QOOGTEKCN .KIJVKPI

5GEVQT� .$0.������� $GTMGNG[ %CNKH�� .CYTGPEG $GTMGNG[

0CVKQPCN .CDQTCVQT[��


99(� 9QTNFYKFG (WPF HQT 0CVWTG� ����� 2QNKEKGU CPF

/GCUWTGU VQ 4GFWEG %1� 'OKUUKQPU D[ 'HHKEKGPE[ CPF

4GPGYCDNGU� &GRCTVOGPV QH 5EKGPEG� 6GEJPQNQI[ CPF

5QEKGV[� 7VTGEJV 7PKXGTUKV[ HQT 99(� 99(� VJG 0GVJGT�

NCPFU�

9CVUQP� 4QDGTV 6�� GV CN�� GFU� ����� %NKOCVG %JCPIG �����

+ORCEVU� #FCRVCVKQP� CPF /KVKICVKQP QH %NKOCVG %JCPIG�

5EKGPVKHKE�6GEJPKECN #PCN[UGU 
%QPVTKDWVKQP QH 9QTMKPI

)TQWR ++ VQ VJG 5GEQPF #UUGUUOGPV 4GRQTV QH VJG +PVGT�

IQXGTPOGPVCN 2CPGN QP %NKOCVG %JCPIG�� 0GY ;QTM�

%CODTKFIG 7PKXGTUKV[ 2TGUU�

9G[CPV� ,� 2�� ����� P%QUVU QH 4GFWEKPI )NQDCN %CTDQP

'OKUUKQPU�Q 
(CNN� 'PGTI[ /QFGNKPI (QTWO� 5VCPHQTF 7PK�

XGTUKV[� 5VCPHQTF� %CNKH�

9QTTGNN� '�� /� .GXKPG� .� 2TKEG� 0� /CTVKP� 4� XCP FGP $TQ�

GEM CPF %� $NQM� ����� 2QVGPVKCN CPF 2QNKE[ +ORNKECVKQPU

QH 'PGTI[ CPF /CVGTKCN 'HHKEKGPE[ +ORTQXGOGPV� # 4G�

RQTV VQ VJG 7�0� &KXKUKQP HQT 5WUVCKPCDNG &GXGNQROGPV�

/KPKUVT[ QH 'EQPQOKE #HHCKTU� 6JG 0GVJGTNCPFU�

;GNNGP� &T� ,CPGV� ����� 5VCVGOGPV DGHQTG VJG *QWUG %QO�

OGTEG 5WDEQOOKVVGG QP 'PGTI[ CPF 2QYGT� ,WN[ ���


