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PUBLIC MEETING ON CLIMATE CHANGE ANALYSIS/RISK ASSESSMENT 

Opening Remarks 

by 

I am delighted to be here this morning to welcome you to what I believe is a very 

important step in our efforts to develop an environmentally sound and economically sensible 

approach to dealing with the issue of climate change. The issue of climate change is one of the 

most challenging public policy issues facing us today. These complexities cannot be ignored or 

underestimated. Climate change is long-term and global in nature. It involves complex scientific 

issues. It has far-reaching implications, both in terms of altering the earth's climatic system and in 

changing economic patterns that are driving emissions of greenhouse gases to unprecedented 

levels. 

Yet we cannot allow the fact that there are many complexities to become an 

excuse for inaction. The best scientific evidence available to us today suggests that climate 

change represents a serious threat to the well-being of our planet and its current and future 

inhabitants. This is not to say that we have a clear understanding of the exact natute and 

magnitude of the impacts of climate change. It is to say that the scientific evidence has advanced 

to the point that we would be imprudent, to ourselves and to our children, not to begin taking 

serious actions that essentially provide an insurance policy against the risks associated with 

climate change. 



The need to take precautionary steps in the face of uncertain1ies was voiced by the 

President in a recent speech in Costa Rico. He stated: "We are pursuing ways to reduce 

greenhouse gas emissions. There is some doubt about exactly what increased greenhouse gases 

are doing to the climate,-but no one doubts that they're changing the climate, and no one doubts . 

that the potential consequences can be very profound and severe." 

Since taking office, this Administration has charted a course-on climate change that has 

been driven by the scientific evidence, but in a manner that achieves environmental progress while 

sustaining economic prosperity. Our initial policies involved investing more re~ources Qt 

improving scientific research on climate change and in supporting programs to spur technological 

diffusion and progress aimed at reducing greenhouse gas emissions at an economic savings to 

industry and the public. These actions, despite substantial cutbacks by Congress, are projected to 

reduce increases in greenhouse gas emissions by about one-quarter by the end of the century and 

do so at an annual energy cost savings of $10 billion. 

With publication of the latest international scientific assessment in 1995, it became clear 

Jhat more needs to be done and that the largely voluntary cost-saving efforts to date were not 

producing adequate actions here or in most other nations to reduce the growth in greenhouse gas 

emissions. As a result, at the Second Meeting of the Parties in July of 1996, the United States 

proposed a four part framework for an agreement in Kyoto: that a legally binding regime be 

established for reducing greenhouse gas emissions; that targets and timetables be established that 

are .realistic and achievable and medium-term, not short-term; that flexibility be provided in terms 

of achieving reductions at the lowest cost through emissions trading and joint implementation; and 



that developing countries must contribute in a meaningful way to effo~s to address this problem. 

The inf?rmation that will be presented today provides an analytical underpinning 

for filling in some of thedetails within this framework. It provides useful insights that will help 
•. 

us shape policies in wa~ at do the most good for the environment at the least cost. It gives us 

insights into the potential economic and environmental risks of inaction on the one extreme and 

the potential costs to the economy of going t0O far too fast, on the other extreme. 

Without pre-empting what you will hear the remaining of the day, I do what to highlight a 

few of the key points from the analysis completed to date: 

- First, the risks of not acting to r:educe greenhouse gas emissions are substantial. Even 

taking the many uncertainties into consideration, it would clearly be imprudent not to take action 

to reduce emissions. 

-- Second, reversing current trends in emissions growth cannot be achieved without 

imposing economic costs. However, these costs can be significantly reduced through emissions 

trading and joint implementation and through polices aimed at spurring technological change and 

fostering economic growth. 

-- Third, actions aimed at reducing greenhouse gas emissions will have significant 

complimentary benefits in terms of reducing other forms of air pollution and in terms of 

creating new markets for U.S. exports and reducing our dependence on foreign oil. 



The analyses that will presented today has gone throu~ peer review by a 

distinguished group of experts, many of whom will be here to discuss issues related to the 

analysis. This analytical effort represents the most exhaustive undertaken by any nation to 
• '-

develop a fully informed basis for its negotiating position. But we all need to recognize that this 

is by no means the end of our analytical efforts. Most importantly, we welcome your comments 

and suggestio~ as.we refine and expand on the work being presented today. We will propose a 

process and schedule to facilitate this input at the end of the day. 

Finally, we will be presenting a range of options related to possible approaches to 

implementing domestically any agreed upon emissions target that emerges from the Kyoto 

meeting. This part of today's discussion will focus on three primary policy areas: the potential for 
I 

stnicturing policies and programs aimed--at spurring ~echnological progress aimed at reducing net 
0 

greenhouse gas emissions; the potential for using a market-based emissions trading regime as the 

primary vehicle for achieving required reductions in net domestic greenhouse gas emissions; and 

the potential for workforce and community transition programs aimed at cooperative efforts with 

workers, businesses and communities that could be adversely impacted by these efforts. 

Together, these domestic activities would provide a path forward toward more 

sustainable economic prosperity. They would ensure equitable contributions toward progress in 

reducing greenhouse gas emissions across the economy, while safeguarding sectors that would be 

' differentially harmed. We intend to initiate an extensive dialogue on all asp~cts 

of domestic implementation over the coming months and welcome your contributions to that 

discourse. 



• 

I would like to end by expressing my appreciation to Ev Ehrlic~ for the exceptional job he 

has done in coordinating the analytical work that will be the center piece of today's presentations . 
. ~~ • 
'1 1' ' 

As many of'tlie know, Ev is leaving the government. His analytical insights, not to mention his 

wit and wisdom will be sorely missed.· 

Th~ you very much for your attention . 



Clinton Presidential Records 
Digital Records Marker 

This is not a presidential record. This is used as an administrative 
marker by the William J. Clinton Presidential Library Staff. 

This marker identifies the place of a tabbed divider. Given our 
digitization capabilities, we are sometimes unable to adequately 

scan such dividers. The title from the original document is 
indicated below. 

Divider Title : [Blank] 



; . 

, , 

' ' 

• 

J: Executive Summary 

. • Fossii fuel use and land-use changes have raised atmospheric concentrations of 
carbon dioxide and other greenhouse gases by roughly .30% since the beginning of the 
Industrial RevoJution. Global emissions are currently growing by more thari 1 % per 
year, and concentration_s are rising by roughly half a percent per year. 

• In the absence of a proactive response, emissions will continue to grow, and will 
more than double atmospheric concentrations by the end of the next century. The 
Intergovernmental Panel o~ Climate Change stated that such an increase in 
concentrations will lead to a rate of warming that ''will probably be greater than any 
seen in the last 10,000 years." 

• The changes in climate associated with higher concentrations is likely to have 
significant impacts on human health, water availability, agriculture, natural 
ecosystems and sea levels. Increased climate variability could lead to greater 
frequency of large stonhs and other catastrophic events. 

• Emission controls would not only reduce the l~elihood of climate change but would 
also provide ancillary benefits, including reduced conventional pollution from fossil 
fuel combustion and enhanced energy security from reduced fossil fuel imports. • 

• The developed countries are responsible for the bulk of historical emissions and have 
relatively high per capita emissions, particularly the.United States. In contrast, the 
developing countries will be responsible for the bulk of future emissions, but their per 
capita emissions and their share of cumulative emissions will remain below that of 
the developed countries for many years to come. As a result, attempts to limit global 
emissions will inevitably involve controversy over how to share the burdens of 
control. 

. . 

• · Policy options for controlling emission$ include policies that reduce barriers to the 
adoption of existing energy-efficient technologies; policies that impose standards or 
market incentives (such as the acid rain emissions trading program); and research, 
development and diffusion programs that target energy efficiency and non-carbon 
technologies. • 

• • A permit systein allowing emissions trading is·considered a particularly promising 
efficient' mechanism for controlling emissions. A permit system would involve the · 
issuance or sale of tradable permits ,to extract, sell or use a fixed quantity of fossil 
fuels over a fixed period of time. Permits could be bought and sold on a commodities 
market, allowing the greatest degree of flexibility in where emissions are reduced. 

• During the past year-and-a-half, the Interagency Analysis Team has analyzed the 
potential costs of permit trading systems to. achieve a variety of emissions targets over 
time. For example, a perinit system to stabilize U.S. carbon emissions at 1990 levels 

1 
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from 2010 to 2020 would involve the annual sale or distribution of a quantity of 
permits equivalent to 1990 U.S. emission~ . . 

. . . . . . • 

. • In its "central case" estimate of the costs of a stabilization policy, the IAT analysis 
suggests' that permit prices would range between $80 and $ I.SO.per ton of carbon in • 

•. 2010 and between $105 and $150 in 2020 (in 1995 dollars): The overall impact on · 
the economy would be highly dependent on whether permits were directly allocated . 
or auctioned, and on how revenues from a permit auction were recycled through th~ 
economy. In any event, overall GDP effects are relatively small, with a maximum 
decline of about 1 % from base a few years after the policy is initially introduced. • 

• Economic impacts would vary by industry and region: Fossil fuel producers would 
face a decline in output under any scenario. Energy-intensive industries would face 
higher energy costs. Such a policy would somewhat accelerate the U.S. eco~omy's 
ongoing shift away from energy-intensive manufacturing toward information . . -
technology, services, and other activities. The central regions of the U.S. would .be 
more stongly affects, while the east and west would experience more modest impacts. 

. International trade impacts and emissions "leakage" - increases in other countries 
• emissions that simply offset reductions in the U.S. - would be fairly modest, since 

most energy use is associated with acti~ities that cannot be exported. 

• Any emissions reduction policy adopted by the U.S. would be coordinated with 
similar policies in other developed countries and perhaps with policies implemented 
in the· developing countries. International permit trading - particularly trading among· 
the Annex I countries - would significantly reduce the overall cost of achieving any 
emissions reduction goal. • 

2 
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I. THE CLIMATE SYSTEM AND THE GREENHOUSE EFFECT 
(DRAFI'- NOT FOR QUOTATION OR ATTRIBUTION) 

A natural greenhouse effect keeps the Earth about 33°C (60°F) warmer than it 
otherwise would be. Without this greenhouse effect, life as .we know it would not be 
possible. Water vapor, carbon dioxide (CO2) and other trace gases trap heat as it is re­
radiated from the Earth back to space. Since pre-indu$trial times, human activities have 
added to the natural greenhouse effect by releasing greenhouse gases to the atmosphere. 

• The atmospheric concentration of C~ has increased by about 30%. 
• Methane concentration has more than doubled. 
• Nitrous oxide concentration has risen by 15%. 

The burning of fossil fuels ( coal, oil, and gas) for energy is the primary source of CQi 
emissions; changing land-use patterns through agriculture and deforestation also 
contribute a significant share. Current global emissions of C~ from energy use are 
_approximately 6 petagrams (6 billion metric tons) of carbon per year. 

The rising levels of greenhouse gases in the atmosphere are expected to result in a 
variety of global, regional and local effects. The global average temperature will rise, 
although there will be considerable variation of temperature increases on the regional 
~- The Earth's water cycle will speed up, with an overall increase in evaporation and 
transpiration (water loss from plants), as well as precipitation -- both rain and snow. 
More precipitation will occur in "extreme" downpours, _where large amounts of rain fall 
in a short period. Some areas w-ill be threatened by increased flooding, while others will 
suffer through an increased incidence of drought as the interior of continents warms and 
dries. Sea level will rise, due primarily to the thermal expansion of the oceans and the 
melting and retreating of glaciers. 

A series of changes has already been observed: 

• Over the last century, the global mean surface tempei:_ature increased by about OS • 
(almost 1.0°F). 

• Over the same period, global mean sea level has already risen 10 to 25 cm. 
• Mountain glaciers have retreated world-wide this century. 
• The surface temperature this century is as warm or warmer than any century since at 

least 1400 AD. 
• The last few decades have been the warmest this century, the ten warmest years this 

century have all occurred since 1980, and 1995 was the warmest on record. 
• Precipitation trends over the last century reveal a general tendency toward more 

precipitation at higher latitudes and less precipitation at lower ones. 
• Over the last 10 years, high latitudes (between 45° and 70° North) sustained a longer 

growing season, an earlier greening in spring and summer, and what appears to be an 
increase of approximately 10% in photosynthetic activity. 

l 



Trends in precipitation in the United States clearly show that change is occurring. 
Total precipitation has increased by about 6 percent since the beginning of the century, as 
has the frequency of heavy downpours. Analyses of the century's precipitation records in 
the United States show that the current proportion of total annual precipitation that occurs 
in heavy downpours of more than 50 mm in a day averages about 10 % (more in the West 
less in the East). Since the beginning of this century, these intense precipitation events 
have increased by about 20% .. Intense precipitation leads to flooding, soil erosion and 
even loss of life. 

The global wanning, the global intensification of the water cycle, and the rise in 
sea level observed over the past century are all consistent with what models of global 
climate change predict. Estimates of future changes include: . 

• Global surface temperature could increase an average of another 1.0 - 3.S>C (1.8-
6.3°F) by 2100, with significant variation by region. Temperature change of this 
magnitude would be faster than any observed changes in the last 10,000 years. 

• Global mean sea level is projected to rise another 15 - 95 centimeters (6 to 28 inches) 
by the end of the next century. 

• The rate of evaporation will increase as the climate warms, leading to an increase in 
average global precipitation as well as frequency of intense rainfall and floods in 
~ome regions. In other regions, the soil moisture will decrease, leading to the 
possibility of the increased frequency and intensity of droughts. 

Il. GLOBAL EMISSIONS & ATMOSPHERIC CONCENTRATIONS 

Models have been used to project future COi emissions and atmospheric 
concentration. These models incorporate assumptions about future population growth, 
per capita energy demand, and changes in technology. In the most widely reviewed of 
these activities, the Intergovernmental Panel on Climate Change (IPCC) defined a 
"business-as-usual" (BAU, shown as IS92a in Figure 1) case which assumed that 
technology continues to improve. The BAU simulations show that current emissions of 6 
petagrams of carbon per year could grow to 15 petagrams by 2050, and 20 petagrams by 
the end of the next century. 

This large increase in COi emissions would lead to an increase in the atmospheric 
concentration of carbon dioxide. The scenario indicates that even with continued 
technological improvement, unless policies to control greenhouse gases are implemented, 
carbon dioxide concentrations would far exceed a doubling of pre-industrial levels before 
the end of the next century. By the year 2100, concentrations would reach about 710 
parts per million by volume (ppmv) under the BAU scenario (IS92a in Figure 2). For 
context, pre-industrial levels of carbon dioxide were about 280 ppmv, and have increased 
to the current level of about 360 ppmv. 

2 



Global CO2 Emissions and Concentrations (placeholder figure) 
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Even if it were possible to freeze global emissions today (the lines labeled IS92c 
in Figures 1 and 2), concentrations would nonetheless continue to rise throughout the next 
century and beyond, eventually exceeding a doubling of pre-industrial CQ levels. Thus, 
~zing emissions, which continues to add CO2 to the atmosphere at a constant rate, will 
not lead to a stabilization of atmospheric concentrations. These graphs show C~ only; it 
must also be remembered that the effect of the other greenhouse gases, such as methane 
and nitrous oxide, effectively adds another 20% to the total. 

Since the IPCC Second Assessment.report was published in 1996, researchers 
• have examined in some detail the annual emissions paths required to meet atmospheric 

carbon concentration targets of 450 to 750 ppmv (for carbon dioxide only). These targets 
require significant reductions in projected global carbon emissions; and all of them 
require 9r&tnatic reductions in annual emissions rates sometime during the next century 
(Figure 3). To achieve a 450 ppmv target - which represents a two-thirds increase in 
atmospheric concentrations over pre-industrial levels - annual emissions must fall to . 
about half of current levels by 2100. To achieve a 550 ppmv concentration target - which 
represents about a doubling in atmospheric C~ concentrations - annual emissions 
worldwide must veer off of BAU within the next 15 years and begin declining steeply 

. during the second quarter of the century. 

3 



Energy emission pathways and stabilization concentrations 
rr-on-• - ••or -•-• .. r, ;vr•~or-:7·;--~~:'":'";-r-/ - • ~:: ~ O ·~, , ,_,~,,_., "' ~ • " -:!..~'i"~ .,, • - W"""JJ;'~' •----. ... •-•: •~,::--- •~ ., -'1~J 2,-.• -~ 

f ~~: >,,- ,.,~ ,J A•; ~ t l 'J'~ f"• <.,. •, ') .~ ~" 1 
Dehcdoll Dale BAU 2013 2011 2023 
Muimwm Emlllioa Date 2011 2033 2049 2062 
MuiawmEmlllloll• 1.0 9.7 11.4 12.5 

• The deflecdon dlle II Ille Jell' In wb1cb cmillloal In Ille cm1u1a111 llablllzallan llljeclorJ flnt rail below BAU 

, emlalonl bJ - thin 0.1 PJCJyr. 
MalllmumPaCJyr ro.atl ftlel cubon emlulonl. If odl« l'ffllhou111 p,e1 are Included. ernt■lcn would be 
dl'emvely ~hlaber. da. ~ ~bneei,ocmr-dlllltbeddledlaaddenoeedei,ldlleYe 
a llvt11 COl!Ca!lntloa. • 

14.0 -------------------
~ 750~11lng 

12.0 .----,~:::::::::-:----.~-------.650~. 
-o- j,0 ~lllng 

~ •: t-----:i~~--~--..::~-----+- 450 ~illn1 

~ a "° I :t----......,c---_.;:;;:i,.,,~-~--=====:=:~j 

0.0+---+--+---+--+---+----+--+--+--+--+-i 

.:z.o __________________ __. 
1990 :I015 :I040 206S :I090 2115 21«) 2165 2190 2215 22«> 2265 2290 

t 

Flgure3 

In the modeling analysis displayed in Figure 3, various emissions pathways to 
meet different concentration targets have been calculated. For example, to meet a 450 
ppmv 550 CO2 concentration goal, global energy-related emissions must begin to deflect 
from the BAU curve by 2007, with maximum annual emissions of 8 pctagrams of carbon 
in 2011. A 550 ppmv CO2 concentration goal requires deflection of global energy-related 
emissions from the BAU curve by 2013. In this scenario, emissions would peak at about 
10 pctagrams of carbon per year in 2033 and drop rapidly thereafter. However, this 550 
ppmv CO2 approximates a 650 ppmv "carbon equivalent" concentration when the effects 
of other greenhouse gases are considered. • 

• Scientists have also expanded upon analyses of the IPCC Second Assessment 
Report to address current and projected emissions of carbon for developed (Annex I) and 
developing (non-Annex I) countries. Of the 6 petagrams of carbon currently emitted 
annually, approximately two-thirds come from developed and one-third from developing 
countries. 

• The U.S. is currently the largest emitter of carbon dioxide, with China the second 
largest source. 

• By about 2035, however, developing countries will account for half of total global 
emissions under the BAU scenarios and China will have become the largest emitter 
(Figure 4). 
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If emissions are examined on a per capita basis, there is a dramatic difference 
between the developed countries and the developing world. Despite substantial growth in 
total emissions from developing countries, per capita differences between Annex I and 
non-Annex I countries would remain large under a business as usual scenario. 

• On a per person basis, the U.S. currently emits about 5 tons of carbon per person, 
compared to an average of approximately 3 tons per person in Japan and·Westem 
Europe_, and 0.4 tons per person in developing countries. 

• In the year 2100 according to the BAU scenario, developing countries would be 
emitting slightly more than 1 ton of carbon dio~ide per person each year whereas the 
developed world would be emitting close to 5 tons per year for each individual. 

Annex I and Non-Annex I Fossil Fuel Carbon Emissions: 
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DI. VULNERABILITIES TO AND IMPACTS OF CLIMATE CHANGE 

Although there is scientific uncertainty about exactly how and when the Earth's 
climate will respond to increased concentrations of greenhouse gases in the future, 
observations indicate that detectable changes are underway. An extensive body of 
research suggests that human health and ecological systems are vulnerable to climate 
change. The human-induced climate changes that are expected will add important new 
stresses on ecological and socio-economic systems that are already affected by pollution, 
increasing resource extraction, and non-sustainable management practices. The 
magnitude of climate change impacts will be determined by the degree of vulnerability, 
and the amount and rate of change that is experienced in addition to existing stresses. 
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Most estimates of the effects of climate change are those associated with a 
doubling of the pre-industrial concentration of carbon dioxide to approximately 550 
ppmv, or an increase in all greenhouse gas concentrations that together would have an 
equivalent capacity to trap heat The climatic changes that would result from an 
equivalent doubling of carbon dioxide would have pervasive effects, some of them 
irreversible, on ecological systems, human health, and socio-economic sectors. A lower 
atmospheric concentration could result in less severe impacts, while a higher 
concentration would likely have more severe impacts. The following sections describe a 
range of climate change vulnerabilities and predicted impacts of a doubling of the 
atmospheric concentrations of greenhouse gases. 

Health Effects 

According to the World Health Organization, the vulnerability of human 
populations to cl(mate change varies across populations depending on environmental 
circumstances, social resources, and preexisting health status. In general, 4eveloping 
countries are more vulnerable to climate change than developed countries because of their 
limited capital and their greater dependence on natural resources. The elderly and 
children are the most vulnerable segments of the population. Climate change increases 
the risk of heat-related mortality and the potential for the spread of vector-borne diseases, 
such as malaria, dengue and yellow fever, and encephalitis, and non-vector borne diseases 
sucp as c~olera and salmonellosis. The incidence of infectious diseases, which are still 
the world's leading cause of fatalities, may also increase . 

• A study of deaths associated with summer time heat stres~ and winter time illnesses in 
44 US cities estimated that climate change could double the number of weather 

\. ~: :·· 
, · 

related deaths (Sec Figure 5). The elderly are at greatest risk in the US and urban 
populations in developing countries are also especially vulnerable to heat stress. 
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• Climate change is likely to extend the geographic ranges of disease-carrying vectors . 
such as mosquitoes, which can increase the populations.exposed to diseases such as 
malaria, dengue and yellow fever. Globally, the population potentially exposed to 
malaria could increase by one-third, with a possibility of S0-80 million additional 
malaria cases per year. 

• Climate change can reduce air quality and increase levels of air borne pollen and 
spores which exacerbate respiratory disease, asthma, and allergic disorders. 

Water Resources 

Among the most fundamental effects of climate change is an intensification of the 
hydrological cycle. Changes in precipitation, and increased evaporation and transpiration 
due to higher temperatures, can be expected to reduce water runoff, affecting the quantity . 
and quality of water supplies for domestic and industrial uses, irrigation, hydropower 
generation, navigation, stream ecosystems and water based recreation. These affects will 
vary region by region. Increased variability in the hydrologic cycle is expected to result 
in more severe droughts and/or floods in some places but less severe in others. Impacts 
and mitigation expenses for such events are significant; damage estimates from the 
Mississippi flood of 1993 range from $10 billion to $20 billion. Areas of greatest 
vul.herability are those where water supplies and quality are already problems, such as 
arid and semi-arid regions of the world and some low lying coastal areas, deltas and small 
islands. • 

• Climate change w.ould likely add to the stress in several US river basins, such as the 
. Great Basin, California, Missouri, Arkansas, Texas Gulf, Rio Grande, and Lower 

Colorado. 
• The Colorado River Basin would suffer decreased summer runoff, coinciding with 

peak demand for irrigation, unless precipitation also increases substantially. 
Requctions in runoff of up to 25 percent in the basin are projected under some 
scenarios of doubled c92 equivalent climate change. 

• Runoff losses of this magnitude in water short regions such as the Colorado River 
basin are likely to adversely affect water deliveries, exacerbate salinity problems, 
reduce hydropower generation, and reduce water storage in reservoirs. 

• Water scarcity in Middle Eastern and African countries also is likely to be 
exacerbated by climate change. Countries which are highly dependent on water 
originating in areas outside their borders include Syria, Sudan, Egypt and Iraq. 
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Forests and Natural Areas 

One-third of the Earth's forests would undergo a major change in the type of 
vegetation that could be supported as a result of an equivalent doubling of COi. In 
northern forests, which are the forests most vulnerable to climate change, two-thirds of 
the currently forested area may undergo a change in vegetation type. Climate change can 
dramatically alter the geographic distributions of individual tree species and of forest and 
vegetation types (Figure 6). Mountain-top species and isolated populations are 
particularly vulnerable (Figure 7) 

Projected Shifts of Sugar Maple Range 

• e 
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Flgure6 

Over the next century, the ideal range for some North American forest species will 
shift by as much as 300 miles to the north, exceeding the ability of forests and other 
ecological communities to migrate. In some instances, a change in vegetation type will 
result in a loss of forest area as the land converts to grassland or shrubland (Figure 7). 

• Globally, forested areas may decline 10 percent after forests reach a new equilibrium 
under a new doubled CO2 climate. 

• In the United States, western conifer forests could decrease in area and be replaced by 
broadleaf forests; eastern hardwood forests may be replaced by grasslands along their 
western boundary because of mid-continental drying. Forest damage from fire and 
diebacks driven by drought, insects and disease could increase. 
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Exam les of Forest T es that are Vulnerable to Climate Chan e 

Current Climate 

GFDL-RJO UKMO 

---------·------------ •• 

MAPSS Forest Cover 
• Eastern Forests 
Spruce-fir 
Nf Mixed Forest 
NE Mixed Woodland 
Oak-Hickory Forest 
SE Mixed Forest 
SE Mixed Woodland 
Tropical. Forests 

■ Dry Tropical Forest 
Moist Tropical Forest 
Western Forests ! Douglas Fir & Larch 
Coastal Moist Forest 
Western Pines 
Western Hardwoods 
Western Fir-Spruce 

Only parts of the forest within each selected 
an,a are wlnerable. In the climate change 
,cenario; forest Is not allowed to migrate into 
a,nent nonforest areas. Base maps from 
Neilson (199n. Overlay graphics by Biidsey 
and Holt (USDA forest Servb). 



Other Natural Areas 

Natural ecosystems are highly vulnerable to degradation from climate _change. 
Federally protected natural areas have become a repository for the Nation's rarest species 
and are critical for the conservation of biological diversity. • Nearly $3 billion is spent 
annually to manage, maintain, restore, and protect these lands. Climate change may 
threaten this substantial national investment The composition, geographic distribution, 
and productivity of many ecosystems will shift as individual species respond to changes 
in climate .. This will likely .lead to reductions in biological diversity and in the goods and 
services ecosystems provide for society, such as clean water and recreation. Freshwater 
wetlands are particularly at risk from climate change. IPCC findings show that 

• Precipitation changes and salt water intrusion from sea level rise could adversely 
affect the ecological communities of the Florida Everglades and degrade the habitat 
for many species of wading birds. 

• The wetlands of the prairie pothole region of North America, which support half the 
waterfowl population of this continent, could diminish in area and change 
dramatically in character in response to climate change. 

Coastal Areas 

t Even if concentrations of greenhouse gases are stabilized in the future, sea level 
would continue to rise long after, perhaps for several centuries, and reach levels much 
higher than projected for the next 100 years. For example, after an equivalent doubling of 
CO2, the IPCC expects sea level to rise by 15 - 95 cm over the next century, with a "best 
estimate" of 50 cm, but the equilibrium sea level rise several centuries in the future is 
estimated to be at least 2 meters. Rising sea level erodes beaches and coastal wetlands, 
causes the gradual inundation of low lying areas, leading to human habitat loss and 
increasing the vulnerability of coastal areas to flooding from storm surges and intense 
rainfall. The IPCC estimates that 50 cm of sea level rise would double the population at 
risk from storm surges, from roughly 45 million at present to over 90 million world-wide. 
A one meter rise would triple the number of people exposed. Increases in coastal area 
populations are likely to further increase the number of people at risk. 

• Along US coasts, a 50 cm rise could inundate more than 5000 square miles of dry 
land, and an additional 4000 square miles of wetlands if not protective measures are 
taken. A 1 meter rise would have greater iinpact. Figure 8 illustrates the effect of a 1 
meter rise on Florida. 

• Internationally, low-lying areas, such as parts of the Maldives and Bangladesh, would 
be completely inundated by a 1 meter sea level rise, creating large numbers of 
environmental refugees which put stress on governments and social structures. 

• A I meter sea level rise would affect 72 million people in China, assuming existing 
levels of coastal development. 
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Potential South Florida 
Inundation from l meter rise in sea level. 

Figure 8 

Agriculture and Food Supply 

Agriculture is highly dependent on a number of variables that are likely to be 
affected by climate change, including weather patterns, longer term patterns of climate 
variability, and, most importantly, water availability. Climate strongly affects crop yields. 
Doubling of equivalent CO2 are likely to lead to increased crop yields in many areas, but 
decreased yields in others, even for the same crop. The magnitude of these changes can 
exceed +/- 30 or 40 percent for some crops and locations. 

Despite these potentially'large changes in yields, average global food production 
is not expected to change substantially. This is because farming practices are considered 
to be highly adaptable to different climates, because production of important food crops 
can shift to new locations in response to changes in climate, and because COi has 
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beneficial effects for plant photosynthesis and water use efficiency that can offset some 
deleterious effects of changes in climate. Impacts are likely to vary considerably across 
regions and some regions may suffer substantial reductions in agricultural production. 

• Large reductions in soil moisture could significantly reduce flexibility in crop 
distribution and increase demands on water resources infrastructure. 

• Increases in the range of pest habitat could increase vulnerabilities to pests and 
demand for, and use of, pesticides. 

• In the l}nited States, large areas of the eastern and central regions of the co~ntry face 
moderate to severe drying. Drought could become more frequent, particularly in the 
great plains. 

• Developing countries arc more vulnerable to losses than arc developed countries (Sec 
Figure 9). 

Regional Variation of Estimated Changes in Average Wheat 
Yields in GISS Doubled CO2 Scenario 

S-: 8ned on data supplied b)I ~11, 1996, 

Figure 9 

. fBI. 
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Impacts of Concentrations Beyond Doubling of CO2 

Researchers are beginning to evaluate the impacts of COi concentrations rising 
beyond a doubling. Quadrupling the level of COi would mean that, on average, the US 
would ,wann by 15 - 2C1' .P, as opposed to S - 1Cf F for a doubling. In the growing season, 
soil moisture deficits would approach 30-50%, as opposed to 10 - 30 % for a doubling. 
We clearly wish to avoid these impacts. 

The ultimate aim of the Framework Convention on Climate. Change is " ... 
stabilization of greenhouse gas concentrations at a level that would prevent dangerous 
anthropogenic interference with the climate system. Such a level should be achieved 
within a time frame sufficient to: (i) allow ecosystems to adapt naturally to climate 
change; (ii) ensure that food production is not threatened,; and (iii) enable economic 
development to proceed in a sustainable manner." 

The rates of change already imposed on the climate system are the faster than any 
experienced during 10,000 years, during which modem civilization has developed. 
Current emissions trajectories, if not altered, could take us to an atmospheric 
concentration of CO2 not seen on this planet during the last 50 million years. While much 
work remains to be done to improve the precision of impacts estimates, the increasingly 
appfll"Cnt risk of the rapidly changing atmosphere argues that mitigation and adaptation 
measures are warranted. 
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Executive Summary 

f I 

Economic Effects of 

Global Climate Change Policies 

Results of the Research Efforts of the • 

Interagency Analytical Team 

June 1997 

. ' . u.·. . 

Using a group of economic models with different streng " ., __ .· ' .:::::- esses, the Administration's 
Interagency Analytic Team has analyzed the economic'!~ffects ~~li~ies t() limit emissions that 
lead to changes in global climate. • • • ~· \. 

The_star:ting point for this analysis was a sc~6 in ·tju-bon emissions 1n the year 2010 
were reduced to their 1990 levels. This starting poirit~ l-~ i~ed'because it was presented in 
previous Administration analyses of the :'issue andb~cause 1t~ '1>een the subject of numerous • 

·: n -~ i;~iJ.,';' h.,__.;. . 

analyses by academic researchers. -~~:9s-borde:rt:radirig ofemissic;ms rights (or permits) was then 
allowed to reduce transitional ec9~2mfc loss~):reated ~r.such a policy. This is particularly true 
in the short term. A dramati~ a~~leration ~f~_!mo1Qg1cal progress also has made the potential 
to reduce further economic_ Ios~~i if it can ];e'aJlilc=.~. but over a longer time period. The 

- 'l-i .,. , ,.n~'!""-...... '1'\~ ···:· , :,1 1•·• .. ... , . ~- i-.J . .. ~ 

econom~clo~ are also ~u~ecl,~y policies ~i use any resulting revenues for the Federal 
budget deficit recluction or"othelpolicies, which favor investment and long-term growth. 

"¥(}~ff~I\1~\, -~;~i{:~~,ii~i:7~ . • _ 
The starting poii:it scenari~_ would.raise the implicit price of carbon in the economy by about 
$100 per ton of carbon. (Actu~ household burdens would be somewhat offset by conservation 
and presumed subsequent efficiency improveinents.) These higher energy costs would produce 
GDP losses, at peak, between 0.2 percent and 1.0 percent of GDP . . The economy would 
thereafter bounce back, or in the worst case stabilize, so that it would soon reach its pre-policy 
growth path. Thus, the losses of ecoqomic output resulting from such a policy are real, but 
relatively small and transient. These losses are disproportionately greater for stricter targets and 
disproportionately smaller for more lenient ones. However, if international permit trading were 
established it would moderate the losses to GDP. The maximum effect on GDP under 
international permit trading is about half of that under no tr~ding. 

While the economy-wide losses are small. some sectors bear large burdens, particularly energy 
producers. Energy-intensive industries also face greater losses. But there is no evidence of a 

\ 

wholesale "capital flight" from the United States . resulting from an emissions reduction policy. 
Moreover, some industries expand as the economy undergoes the adjustment to a world with 
fewer carbon emissfrms. .. 
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Introduction 

In June 1996, the Department of Energy (DOE) arid the Environmental Protection Agency (EPA) 
sponsored a joint workshop where more·than SO experts from inside and outside the government 

. . . . 
made presentations on technical issues associated with our emissions trends and capability to 
reduce emissions trends in the next century . • As a part ofthat wor~hop; the lnteragency 
Analytical Team (IAT) released what were then preliminary results on the econorm-a,effects of 
emissions reduction proposals. • 

Since that June 1996 workshop, the IAT has reviewed its 
instruments, improved its approach to old ones, and dev • 
lead to_a better understanding of~e economic dimensi 
This paper des~ribes those efforts: It first summarizes ~~ .. 
it discusses the (pre-policy) base case used to measure 
Third, it dis~usses the IA T's core emissions reduction sc 
discusses the results of the IA T'.s analysis. 

. . 

The modeling w~rk perform~d for this arial.ysis w~-:~Q~ by econ~-- . •DOE and EPA. The 
, ,,._ ,,~-.. ~-'ti"':-"~ s:-->l!:;:,-.,,,,¥11!" 

~T also included members from the Departn}ents]?,f'.<:? ,,,, • ~rce, T~, Labor, and State, as 
well as members of the White House staff. ~~ill,majort ·' _' e-JA1." ¢embers are still primarily 
from DOE and.EPA -the agencies t~t ~re the pr~ary . --~ ility for the Administration's 
energy and environmental policies. . , . -;,fl 1 

, • • 

~~jl' 

Model Selection 

The first tas~~at ·the IA r.~i¥:~~ted was 1£.~~~l~,ilie analytic '"toolbox" t~ as_sure that it had 
all the to

1
~.!~,f~~~,~~ to, ~!fY-•r~f eco~orm?;effects of a broad range of climate change 

proposals~ -~! tlie tµne, the·~'.l}~M~ pnmanly on the Data Resources, Inc. (DRI) macro model 
~ r.!- ":,,v •• ' , • ' .. ~ ·r,a·~ ~- ,. , ... --;-~, ' . 

to measure economic ·effects. :uter:Uijs reevaluation of our modeling needs, it was apparent that 
:·.;1... :_= .;.r;, ;;1- :ri:;I": •-:,-~.•-,i,.. ·rt'; ; 1ic 

the complexity of.the analysis wo~4)·equire a broader range of analytical tools. 
,;;JJfCt!.:.:~i'... • •• 't :i: _ 'lY • . 

At a p~blic mee!ing l~ .. --i:•"'~~~~; r, the IAT announced the sele_ction of three mo_d~ls for its . , 
analysis. It decided to co1:1;tin~ to use the DRI model, but also included two ad~1t1onal models: • 
the Second Generation Modei (SGM) ·and the Markal-Macto model. Each of these three models 
met ,the criteria of being ~~ailable in the public sphere; being well documented; having a track • • 
record of analysis in the climate change area; being widely understood within the energy­
enviromrient community; and bringing 'a unique capability to the IA T's work. Used separately, 
but fu concert with each other, they provide the broad analytical capability needed to examine the 
many' complex economic effects o( potential global climate· change policies. 

The DRI model is a large disequilibrium model of the domestic economy that is particularly well 
suited to identify transition issues based on short-run behavior embedded into a long-run model. 
The DRI macroeconomic model is linked to energy, regional, and industry sub-models so that 
macroeconomic effects of policies are translated into the· effects on specific industries and 
regions of the country. The link to energy sub-models provides specific detailed infonnation 

2 
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about the interaction of the energy sector with the rest of the economy. 1 The DRI model also 
includes the interaction of the financial markets with markets for goods and services and enables 
the analysis of the interaction of fiscal and monetary policy with the rest of the-economy. . 

The SGM model is a-computable general equilibrium good at identifying an economy's long­
tenn trends in .-esponse to climate policies. As such, it is particularly good at describing the • 
economy's long-tenn path while not'as good at describing short-tenn tnu:isition i~ . In this 
sense, its strengths and weaknesses are counterpoised to those ofDRI. .. ma "mial in scope, 
SGM also provides detail for 12 global regions that allows~ IAT to .... e effects of 
pennit trading and joint implementation. SGM assesses rnll!ftmm 

policies on economic growth, consumption, and energy. 

· The ORI model and SGM can be thought of as lying at : 
time horizons. A second dimension of the climate ch 
·technology. · Both. ORI and SGM allow technologi~al pro . 
the parameters of their models. But given the unpredic e · ~ · == 
concluded that a second approach would be helpful. e Mark 
integrated energy supply and demand modeling sxs--~,...... arkal) 

d in response to 
vation, the IA T 
1 consists of an 

(Macro) useful for translating technological as !'.""'".. econom1~outcomes. ' y · . . ' 

The Markal-Macro model is particularly_11seful in answ • ~ on, "How do we get there 
from here?" Markal-Macro identifies o~fual, un~ perfe ght, for achieving and 
quantified goal. Markal-Macro all9ws!}le use~-~ control technology innovation and diffusion 
and its cost to the user in orde~ t~,Q~'inine# leyel~ <>JiF.ergy efficiencies that might be 
expected from a lon~-term p<;>hc~1~ounc~ent. ThisflDodel also allows us to understand the 
implications of technology ,afi'd ifs interactfu!~ih~ conomy, and helps us determine whether 
expecte~~~ efficienf~glb ,ies hola~'.:key

2
to continued econ'?mic growth. 

' .. ~.t~:~f.,~. ' ' ' ' - E ~ . ~ . 
The ORI mo~la,nd '~e SOM m!f_,e '. µi)~_me sense provide notional brackets for estimates of the 

• .. ~:t, ,1 ' :.-•. , i11.. . .. ~ t.,'#;i~)·· · .,, ., - ; ... 

economic effects ofcijijo~-limitirig policies. The DRI model is focused on short-term 
transitions and measurelibe c:conomyin quarters~ In some sectors, the ORI model has forward-

•· · .,, ·•:·,t· ·.•. ·:"'"'>: "' ' ...... 

looking behavior, but itis.$'.llctu,red to examine the effects of short-tenn changes in the 
,/ ... 1.-'f.-.,:_,,t! '.- .;;!"; 'j1l,11 . • 

economy, and is often h~4 ~ i,?verstate the transitions created by broad, secular changes in the · 
economy (and, as will b~t ~iscuss~d below, might overstates subsequent economic improvements 
as well). The SOM model focuses on long-term transitions and measures the economy in five­
year intervals. Thus, .i(nsks racing past short-term transition issues, while identifying the 
economy's ultimate destination. • 

.··• ·- I 

1 The majority of the ORI results reported by the IAT use DRI's own Energy sub-model. In a limited 
number of cases, DOE' s National Energy Modeling System (NEMS) has been also used been used in conjunction 
with the ORI model to analyze various sensitivities. 

., 
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The Base Case 
' ' . 

. ', . ; 

The domestic eriergy-and emissions baseline forecasts were taken from the Energy Information 
Administration's 1997 Annual Energy Outlook (AEO97). The ORI baseline is DRI's own 
October 1996 long-term forecast, adjusted in part for the Climate Change Action Plan (CCAP). 
It is very similar to the AEO97 forecast, but not specifically calibrated to it. The international 
baseline forecast was taken from the International Energy Agency's World Ener tlook, • 

• except for the baseline forecast of the Former Soviet Union (FSU), whi • m World 
Bank projections. The IA T then imposed, as best possible, c istenc ls with 
regard to projectionsofbaseline GDP, total energy cons _Once 
these were calibrat~d into the 3 models, the models solv 
the bas'elines of the three models are consistent, but not 

Tables 1 and 2 summarize the IAT b~eline. In the bas . economic gro ·· ojected 
to slow over the next se-yeral decades, as the retirement o m" workers slows labor 
force growth and reduces the e~onomy's potential gro tta demand therefore grows · 
somewhat more slowly than it now does. Energy intenstty, me • ergy use per dollar of 
GDP (the E/GDP ratio), is a key ingredient in the . -·· • forecast, .· ;it measures the 
growing effi<;iency with which the economy· . c the 197~1!1 - 1980s, the E/GDP 
rate of decline averaged almost 2 percent cu,u.a11o1a.uy- . • due _ )price ~ffects and 0.5 

• 
percent due to non-price effects. Modera~,;rice inme • - owth of more energy-

• intensive industries in the late 1980s led to a stabilltition o~ .' • .intensity. The baseline 
projection used for this study inco~es a 1 ~0:F rcent aip'.l~ reduction· in eriergy consumption 
per unit of real output, which is taicSnfrom ~~IA's ~ Energy Outlook. With these 
improvements included, energy d"ifuand gro'ws.,at an anniial rate of about 0.8 percent over the 

• period from 1995 to 2020,_tailing1!off at the~~r~t"'N:j,eriod as does economic growth. 
. . . 

, , 

/;\,' 
Carbon emissions in the base . e · . :projected to increase by about 1.2 percent a year through 

, ·~ ·:., ; .. : .,· ,,.. '<(i,;~!!'! ,rf,ii''':' '"i.".. ,"• 

2010, and by 0~~pel'.CCnt annua1J.x,ff<>m2010 to 2020, reaching 1805 milljon metric tons in 2020. 
•,•"1,;'• ·-1' , ,- '-·,--)·•·•·!i,11:"•• ,,· ,. 

In 1990, the yeaf iriost ~uently'\IS~ in the international negotiating process as the reference 
level of carbon/ &vbon ~~i,~ns w~-· 1,340 million metric tons, 22 percent below EIA' s 
projection for 2010 and 36 ~t below DRI's projection for 2020. • 

•,.:,;:•~ . 

.;,... 
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Table 1: IAT Domestic Baseline 
Year Average Annual Growth Rate (percent) 1 

1990 199S 2000 200S 2010 2015 2020 90-95 95-00 OO-OS 0S-10 10-15 15-20 

Population 

· DRI-DRI Energy 

AE097 (NEMS) 1 

SOM 

Markal-Macro 

GDP (Bllllon 1992$) 

DRI-DRI Energy 

AE097 (NEMS) 

SOM 

Markal-Macro 
OMBi 

2SO ·263 276 

250 264 276 

2S0 263 276 

250 263 • 276 

287 

287 

287 

287 

299 311 

299 311 

299 311 

299 311 

$6,139 $6,743 $7,SIS $8,320 $9,163 $9,996 

$6,139 $6,739 $7,544 $8,390 $9,l8S 

$6,139 $6,739 $7.544 $8,390 $9,185 

$6,139 $6,739 $7,S49 $8,384 $9,198 

.$6,142 $6,721 $7,470 $8,343 $9,225 

Total Eaerv Consumpt4on.(Quads)' 

DRI-DRI Energy 82.6 88.9 

AE097 (NEMS) 83.7 90.0 

SOM 81.2 

Markal-Macro 83.7 ' Eaerv Intensity (TBtu/S91GDP) 

DRI-DRI ~ncrgy 13.S 

90.6 

90.9 

13.2 

95.9 101.0 105.3 

97.9 103.4 107.9 

96.0 102.0 107.0 
98.0 103.7 , 107.8 

12.8 · 12.1 

AE097 (NEMS) 13.6 13.4 13.0 12.3 

• SOM 13.2 13.S 12.8 12.2J 
Markal-Macro 13.6 13.S 13.0 1.2:4~ I 1.7 

323 

n/a 
323 

323 

Mlnemoutb Coal Price ($95/ton) ;.ti,/ ~f/ J .. 

DRI-DRI Energy $23.92 $l8.4S SIS.28 ''SIUI $13.76':' $13.16 $12.70 

AE097 (NEMS) $19.88 . $18.83 $18.JS '..~ $17.47 ~.~#i • S15.46 ,;~ 't n/a 
$19.88 $19.4S St.a;U ,~ $17.30 Sl6.47 $15.73 . '$14.96 SOM 

, 
1dh\ j \IOI~: ~-'l.r1,;: 

Markal-Macro $19.88 $18.~~.. S~?.:37 $16.39,• ' • P~,~ ,6.39 $16:14 

::.~=~;ti,5/Ba;:'.~ ·.(J~ ,~~!.18 $18.93 ;,,~1•f it~86 $23.9S 

AE097 (Nl!MS) . Sl?Jf· $18.20 $19.72 $20.41 $20.98 n/a 
SOM , ~ . .87 $17.26 '''.'.SIUO ,,<~ $19.72 ' $20.41 $20.98 $21.S7 

Markal-Macro ~· V,pisi,: $17.26 ~sls.sl J 111:,s $20.29 $21.0S $22.20 

Natural Ga1 Price (wdl•ead $'95/Md) ·,·,t:::./.\.!_.•.·r·.·' 
.r· ·/··!• • • .,,,.. . 

DRI-DRI Energy ;.r.,,.,_-Sl .81 '' Sl.46 $1.87 • $2.15 $2.42 $2.S4 $2.65 

AE097 (NEMS) $1.97 , Sl.61 '''Sl.82 $1.94 $2.01 $2.13 

SOM 

Mark.II-Macro 
$1.97 

$1.7\ 
G•l■e Prices ($95/Gal) ' 

Sl.99 !:$2.07 

·Sl.55 $2.22 

DRl•DRI Energy ·$1.40 ... Sl.21 

AE097(N.EMS) $1.34 SI.IS 

SOM n/1 nJa · 

Mlrbl-Mlcro $1.34 SI.IS 

Carboa Emllllou (MMTC) - Total 

ORI-ORI Energy 1338 
AE097 (NEMS) 1339 

1350 

1413 

1424 

1480 

$1.20 

$1.19 

n/a 

$1.34 

ISl6 

IS43 

ISSO 

$2.10 

$2.28 

$1.26 

$1.21 

n/a 
$1.39 

1612 

1639 

1637 

$2.16 

$2.46 

$1.31 

$1.22 

n/a 
$1.40 

1693 

17i2 

1729 

$2.11 

$2.77 

$1.37 
S1.17 • 

n/a 
0

$1.41 

1767 

1799 

1808 

n/a 
S1.97 

Sl.97 

$1.40 

n/a 

n/1 

$1.44 

180S 
nfa• 

1871 

1.0 

1.0 

1.0 

1.0 

-S.I 

·I.I 
-0.4 

-I.I 

-7.4 

-7.0 

-7.0 

-7.0 

-4.2 

-4.0 

0.2 

-1.9 

-2.9 

-3.1 

n/a 

-3.0 

I.I 

1.2 

1.9 

·o.9 

-3.7 

-0.5 

-1.0 

-1.6 

-I .I 

I.I 

I.I 

I.S 

S.1 

2.5 

0.9 

7.4 

0.8 

0.8 

1.0 

I.I 

1.2 
I.I 

-1.0 

-1.0 

-1.2 

-1.0 
.1.3 

-1.2 

3.2 

1.6 

1.6 

1.2 

2.8 

1.3 

0.2 

0.5 

-0.1 1.0 

0.8 0.3 

n/a n/a 

3.1 . 0.7 

i.4 
1.6 

0.9 

1.2 
1.2 

I.I 

0.8 

0.8 

0.8 0.7 

0.8 n/a 

0.8 0.7 

0.8 0.8 

1.8 1.3 

· I.S n/1 

1.5 1.41 
1(2'• 

1.0 • 0.6 

0.8 o.s 

·I.I -1.3 

-1.0 -0.9 

-1.0 -0.9 
·-1.1 -0.9 

-0.9 -0.9 

-0.6 •l.8 

-1.0 -0.9 

-0.6 0.6 

2.3 1.5 

0.7 0.6 

0.7 0.6 

0.5 0.7 

2.4 1.0 

0.7 1.2 

0.6 -0.S 

1.6 2.4 

0.8 

0.1 

n/a 

0.1 

1.0 

1.0 

I.I 

0.8 

-0.7 

n/a 

0.1 

0.9 

0.9 

0.9 

iiiltl' 
-, .3 

0.3 

n/a 
o.s 
0.8 

-1.0 

n/a 
-0.9 

-0.4 

-0.7 

•n/a 

-1.0 

-0.3 

0.9 

n/a 

0.6 • 

I.I 

0.9 

n/a 
-1.4 

1.4 

0.4 

n/a 

n/a 

0.4 

0.4 

n/a 

0.7 SGM 

Markal-Macro 1338 1459 1574 1674 1741 1806 1914 1.7 1.5 1.2 0.8 0.7 1.2 
I Gr0\\1h rates arc calculated from non-rounded levels. 2 AE097 projections extend only to 2015 . 3 Oflice o( Managc:ment and Budget fiscal 
year 1998 assumptions. 4 SOM projections do not include geothennal. wind. biomass waste. and other municipal waste. 5 The SGM mode:! 
docs not include gasoline. 
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Table l: IAT International Baseline 
Average Annual Growth Rates (percent) 

Real Economic Growth Energy Growth Emissions Growth 
(GDP) (Quads) . (MMTC) 

1990-00 2000-10 2010-20 1990-00 2000-10 2010-20 1990-00 2000-10 2010-20 

Australia 2.8 2.8 ·2.6 2.1 I.S 0.9 0.9 

Canada 2.6 2.S . 1.2 1.7 1.0 0.7 

China 8.4 • 7.S S.8 3.9 2.8 2.2 

Fonner Soviet Union -3.S 4.6 4.2 -3.S 1-2 
' 

Eastern Europe -4.S 4.2 4.3 -3.0 
·India 4.1 4.S 3.9 3.9 
Japan 2.1 1.7 0.9 2.2 

Korea s.o · S.9 4.4 4.0 
Mexico 4.0 4.0 3.2 4.2 
Western Europe 2.3 2.S . . 2.4 I.S 

United States 2.1 2:2 1.4 1.7 I.I 

Rest-Of-World 3.6 3.4 3.0 3.0 2.2 2.2 

The Analytical "Starting Point" 

The IAT began its analysis of emissions ,#<fuction.l'~ lic1 ~ ~ :p i1:1ing one core emissions 
reduction scenario. Then we explored the econoDUc effect ·of.c~ges to this scenario. The 
central policy modeled -- the "sta.rtjn,g"a-i',oint" ~ ario - i~~ med at reducing carbon and other 

, • l ·, , , • • U,!~ rl!!°~ ' 

greenhouse gas emissions by stabilizing then( at 1990 le:vels. The "starting point" scenario 
pursues those reductions by_.iss~g tradabt{iussip,rr"pf.:mits at the_ earliest point of eriergy 
production.or.when imported int<>' the Unitea:Sa }iftiie policy is announced in 2000 and its 
restrictions°t~ phased-iri:'~fJf:;i'tfu year pedod;~b-that the policy takes full effect in 2010. The 

., • • • , .. . .,•,.,, W.,.:M • .' ,,,. :!) , ,~,Jj • • -r.;~J• .• '',"''' 0 ' 

pennits are mitjally auctioned ~ tl:tat all revenues generated through pennits would be recycled 
through the 'eco~o#iy through· tie~cif re<Iuction. The initial discussion of the "starting point" 
scenario assumes 'nc> iiiteinationaN:9operation. An option incorporating international trading· is 

_,..., ·: • • _, •• ·- •-=··•l JI ,.,. ,., ,..... .. 1r.-,~~-'t·i . , 

discussed 011.ce the dynanucs·tlfthe no trading "starting point" scenario have been established. 
. '. : ; • , • ;~t,f-4\t:~:!{;j~t': . . . • 

Estimates of reductions ofnoii.:Carbon emissions, such as methane and forest carbon sinks, are 
obtained from engineering estimates outside the models. Early in the process, the IA T estimated 
a sttike-price for these sources of $70 per ton (which turned out to be low). Appendix Table A 
;Jliows baselines for, and the quantities of emissions obtained from, these non-carbon sources at 
this price. These carbon tons were· subtracted from the emissions targets being modeled. But the 
cost of obtaining them was not factored back into the models and, is therefore missing. While 
the engineering estimates are uncertain, the cost of abating non-carbon sources could increase the 
estimates of economic effects by. as much ~ 14 percent. 

The "starting point"scenario was ,employed as 81' analytical starting point for this analysis 
primarily because it has already been the subject of much attention within the analytical 
literature. Most analysts of climate change policies have used an emissions freeze in the year 
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201 0 at 1990 levels as their framework. The IAT, therefore, used this scenario in order to 
facilitate comparisons of its work to that of other researchers. 

Indu,stry and regional effects, as presented here, show only the effects of the climate change 
policy on the industry's output (shipments plus inventory change). We considered this .our first. 
step in understanding the likely sectoral consequences of emissions reductions. • 

The •starting point" scenario ;nc~rporates • 'slight impro;ement in en.;.,~;in~ GDP) over 
the EW AEO baseli~e, which declines by 1.0 percent per y~ This ~ .. .. ent could come • 
ab~ut because the climate change !'°licy unde~en gene~ reseeao~i:~es in the futur~ 
pnce of energy, or because of the 1mplementat1on of the ate C~e1 

•• .. •. 9 • ... (CCAP),tor 
other policies. The prospective "announcement effect," · erefore, isi;lhat Q . de!•!b"t 
distinguish between a change in future policy regardin • ~ sions and an, • •• , ... 
shock, such as the two oil price increases in the 1970s. to somewhat fi •••• e of 

. diffusion of energy efficient technologies and a higher ra • Mation through R&D in 
anticipation of future higher energy prices. The IAT ass , . vement in energy-
intensity of 0.25 percent. so that the total_ ann~ c?3-°g~ the . . ·: • -·~1'':,'¥1 to ~DP is 1.25 
percent per year. A faster technology alternative ~ r • ~iUnvest1gat •.. .. re-detail on energy- . 
efficient technology ~provement is proyided <11t;~ • •• ..• • ... er.) 

Unless otherwise stated, the t'!fl/eandfig_¢!es that.firwwere derived using the 
DR/ model and using the "sta,!jii,g point'! scenario;_;which does not incorporate 
international emissions tr<lf,g. Th~s!_; timatz..l}iierefore, will be at t~e high end 
of the likely range, due~o/fioth modelstruct~and the absence of trading. 

t'lb • • .,iiiK/:ll~,.\:# ~;,l~~;il;ir\\lif" 

. . ,. 
"S~arting Point~ :Results. 

. A,;q[it . ,, ' ' • • 

• Estimates oJ'permit _rmces' are around s100 per ton qfcarbon in 2010 and risinf s/i~tly 
thereqfler, and are consisient across models. While the three models used for this analysis vary 
in structure and often in terms·ofmacroeconomic outcomes, they generate fairly consistent 
. results as to the implicit price of carbon in the economy. Table 3 presents the results obtained 
by the three models for .the value of a permit to emit a ton of carbon. Figure 1 shows the path for 
~e value of carbo11 iii these models. · All of these estimates pertain to the "starting point" option 
in which emissions are frozen at their 1990 level in 2010 and thereafter. • 
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• 

DRJ-DRI Energy 
SQM 

Markal-Macro 

Table 3: The Implicit Price of Carbon (1995$) in ·2010 and 2020 
1990 Level Case, No-International Trading 

2010 

95 

81 

145 

. 2020 

Note: Emissions stabilized at 1990 levels in 20 IO with a IO year phase-in. Revenues used for Federal deficit n:duction and assuming a 1.25 
percent annual decrease iri E/GDP. SGM pennit prices arc calculated using the rate o(ql1~p;in carbon to GDP, C/GDP), which incorporate -~ 
emission rates by the different fuel types. NEMS estimates arc forthcoming. r . ~W 

• • . ' fl, 

. Figure 1: Price Path of the Implicit :Bpt:e ofC~~n (1995$) : 
1990 Level Case, No Internati':iial.Ti'ading 

2!50,--------- ,---- ------

225 

200 

175 

I 

1:: 
'II 

i 100 

I 75 

0 

ij 
----··• -··---·---

--ORI (1980 ta.II C-> • SGM(1tlllOLlvllC-> • Ma1u1-Maao (1111>11 ta.II C-> 
.. :;, ...... ,, .- .. - .,._.-~--,-- · ·- - · · - •.. · - . - · - · ·-- · --- -· -·-···- •· · · ------· 

Note: Emissions stabilized at 1990 levels in 2010 with a 10 year phase-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent ~ual decrease in E/GDP. SOM permit prices arc calculated using the rate of change in C/GDP. SGM and Markal-Macro models use 
data and generate results in five year intervals. 

The ORI model concludes that an implicit price of $95 (1995$)° per ton of carbon in 20 IO would 
result in stabilization. The Markal-Macro model estimated $145 (1995$) while the SGM model 
predicted about- $81 (1995$), in 2010. 2 A pennit price of $100 per ton is the equivalent of a price 
increase of 26 cents per gallon of refined petroleum product~ $1.49 per thousand cubic feet of 
natural gas, $52.52 per ton of coal, and 2 cents per kilowatt hour of electricity produced . 

2 The higher pennit price from the Markal-Macro model reflects. in part. differences in model structure. 
but results mostly from differences in the calibrations of baseline .emissions. 
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The models .also agree that this implicit price of carbon ·grows somewhat over time. This reflects 
_ the fact that the 1990 emission ceiling becomes a progressively more binding constraint over \ 

time, given projected growth in base case emissions. By the year 2020, the implicit price of . 
carbon rises to $125, $106 and $130 per ton (1995$) in the DRI, SGM, and Markal-Macro 
models, respectively. -

. . . • ' . 
Emissions reductions lead to small reductions in short-term economic uawcb CGDPl: but uawcb 
later OIJ.Pears to recover, The burden of reducing carbon and other gre~us# emissions­
leads to short-term reductions in economic growth as measured by G _:_ • __ e reductions, 
however, are not large and, in many instances, are recover •• ater 

.- ... 
:, ;:.·'· G.IOII. 

. I I UMi_ -- ---- -----

, ~- . 

I ,~-
l ~90% 

~ ~-
•l .00% . 

I 

ote: Emissions stabilized at 1990 levels in 20 IO with a IO year phase-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual decrease in E/GDP. 
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This improvement occurs in the ORI model because the emissions reduction policies modeled 
have some effects that favor savings and investment at the expense of consumption. If the 
Federal government auctions off emissions permits, it acquires the wherewithal to reduce the 
. deficit ( or retire debt) and, in effect, increase. the na~ion' s savings. This allows the cost of capital 
to fall and favors investment. the marginal profitability of investment also rises· under these 
policies because new investment allows firms to neutralize higher energy costs. 'In effect, capital 
is a long-term substitute for energy and is favored after a transition period. Thus:le'cost of . 
investment falls and the incentive to invest is strengthened. This faster of investment 
(discussed in greater detail below) gives the economy a new and lar • • if!"stock: as a result 
the economy's ability to grow improves until it actually re 
the years following the transition. 

Figure 3 shows comparable results for the SOM and M' • 
ORI model, which focuses on short-term transition issu , 
larger estimates of GDP losses, the SOM and Markal-Ma ••. •• ' 
issues and focus on longer-term prospects. The SOM . • 
economy of0.l 7'percent of GDP in 2015, but the ecori®fuy the 

• · 
. , • ,.~ . 

Figure 3: S~M and Ma{J:i~~j~O ~eve .;- •se 
No. International Trac:l:ing, Gr ~Domestic ~reduct 

' e 
uic y ough these 
losses for the 

ugh 2020 . 

•1.2fto ---------,-----------------
2000 200$ 2010 2015 2020 

--sGM -MIIUI-Macn> 

NocciEmlsslons stabilized at 1990 levels in 20 IO with a IO year phase-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent lllllllll decrease in C/GDP. 

The Markal-Macro simulation results show a reduction in GDP of 0.90 percent from baseline in 
2010 in the stabilization case. GDP remains below baseline levels throughout the forecast 
horizon. The GDP impact profile reflects the model structure, which represents the base case 
solution as a set of optimal energy use and technology choices given fuel prices. technology 
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characteristics, and discount rates. Since a carbon constraint limits the. use of fuels and 
technologies that would otherwise be_ chosen, projected GDP must fall. Moreover, since the 
balance between investment and consumption is optimized within each case considered, • 
economic welfare. cannot be increased by an investment-oriented revenue recycling scheme. 
Consequently, although investment will adjust, the maximiz.ation of economic welfare under a 
carbon constraint does not lead to higher GDP in the future years in the Markal-Macro model. 

The models used by th~ IAT offer a similar picture in some regards-all ,' 
aggregate economic output that are not very large ( even the. peak 
years). But they also differ in predictable ways, given the' . • ••• • ture. ' 
Robert Repetto and Dr. Dunkin Austin of the World Re 
of climate ~hange policy ~d found that model struchn•,~in 
difference in resuits, if environmental benefits are igno 

Disequilibrium macro models, such as ORI, tend to iden transitional losses and steeper 
transitional rebounds. Computable g~neral equilibrium o -~ SGM, see more sanguine 
short-term effects and see the economy stabilizing aftet·a more . o ess adjustment. The 
SGM model, however, is less flexible than some ····~ pie gene • _, ,.,...,.. ·~ model ~ause 
it does not allow instantaneous shifts jn capi · •• • odel maintains vintaged capital 
stock in the electricity sector and retires old trici : _ itaL:otiy when it cannot cover 
operating expenses or reaches its .fixed- litr mz e.. fe o. •• • e analysis to incorporate 
the costs of reallocating capital stocl{. . . • _ ·. 

. . , • . . 

Which, then, is right? DRI's trans( orial los •• ·may be oYerstated, but so would be the rebound 
and the shift to a higher gro~ iti it esti for ~ ~ears. SGM and Markal-Macro 
probably un~rstate the tr~~$.;icti~ l proble . • _ •• void the later-year growth surge that ORI 
sees as driy~}).\ ~ighe~:~!$1!;,~l~vestm • .- • e· models pro~a~ly serve as brackets for th~ 
range of reasonable estimates·o'rthe;economic effects of an emissions.freeze at 1990 levels m. 

••-ir,1 .;,r,:• ·"•-- ·•-1---:'il, ~,- • · , 
20 IO and thereafter. '.·~ •• • • · 

_ ~~'tf ~;_i.~{~k1~·~1 
-.,~,fi•Cfi! i· 'o 1~ lii",, 

• J·,'irri/!1!'::•~!1•::.;•~---· 

Unemploymetiiand {njlation'. The - ect of the emissions stabilization policy results in 
. approximately a 0.2 ~ e point increase in the unemployment rate from 2001 tlu:ough 
2011, with a peak increase of.about 0.4 percentage points in 20 I 5, as estimated using the ORI 
model. The unemployment rate first rises as GDP falls, but then returns to its pre-policy level by 
2012, as shown in Figure''4. The inflation rate increases by about 0.3 percentage points until 

• 2009, measured by the 8Illlual rate of change in the Consumer Price Index (CPI). The annual rate 
of change in the CPI declines by about 0.1 to 0.2 percentage points per year for 20 IO through 
2020, as· shown in Figure 5. 

3 Repetto. Robert and Dunkin Austin. "The Cost of Controlling CO2 Emissions: A Guide for the 
Perplexed:· World Resources Institute (Forthcoming). 
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Figure 4:' DRI-DRI Ener.gy 1990 Level Case, ~o International 
Trad_ing-Unemployment Rate 

a.a 

a.a 

0.4 

0.2 

0 

-0.2 

I ·; 

'

J•;•" . • ' ~-
r,1,. '~- ·- . 

Note: Emissions stabilized at 1990 levels in 20 IO with a IO year phase-in.- ·.Revenues used f!)r Fcder,1 deficit reduction and assuming a 1.25 
pcrc_ent annual decrease in E/GDP. ,:?.,:{!/ 4•;• !?; ,;, • 

• -1J'ri', "" t, • J f" ,.,, il!', J; ~ .vt 
Figure 5: DRI-DRI.Energy 1990 Level Case, No International 

~rTrading-Tuflation Rate 
/";. ·.::1 ·,: ... . -~lZ;,;~:"'·· 

• •• • '"-"·/ , . .: IJ!,I, 
•:~ , :· ' . · ·'ijl •: ~tl'!,,/ ,'~~~,_•li_;. 

,, .. ., ·• .• .. J ... i: - - - --""------------'---------·· ,. -"···-·--· DA 

u 

-0.3 ---- -------------- ----------

8 
N 

Note: Emissions stabilized at 1990 levels in 20 IO with a IO year phase-in . Revenues used for Federal deficit reduction and assuming a I .:!5 
percent annual decrc:ase in E/GDP. 
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Investment policies are key to rettin~ the economy back on track. In the baseline forecast, slow 
labor force growth of 0.8% per year leads· to slow potential GDP growth, which results in slow 
capital stock turnover. The slower rate at which the capital stock is renewed is of direct • 
consequence to mitigating carbon and other related emissions, since improvements in energy­
efficiency or carbon-abating technologies generally must be embodied in the capital stock in 
order to be effective. Thus, any global climate change policy, to be effective, muJlocus on ' 
investment at the expense of consumption. The deficit reduction policr, tio • one of the 
several revenue recycling options examined, promotes savin • , which , ., s investment. 

The ORI model suggests that investment under a climat 
investment in the baseline by 2006, as seen in Figure 6. • 
implemented in 2010, investment exceeds the baseline 
differenc·e rising to about $100 billion in 2020. Perso 

to excee'a ,. 
, on 

the other ~d, remain below the baseline level throughou d, so E drops 
by about $80 billion in 2008, as seen in Figure 7. After • ~ tto CE gradually 
moves toward baseline_by 2020. • _ 

Figure 6: DRI-DRI Energy l~Qf9-e,,.e,·Nlo ln~:;i>,itional 
. . Tradh~~ nv . ✓ . 

/ • 3/ 

•-~ ,-------- ·' ..... , __ _..,....._ __ __..... ________ _ 

-------- ------ ·- - --·- --

·-2.~ - -,..,,,,-------- ------------
1 I 0 

2 
... 
2 

Noce: Emissiom stabilized at 1990 levels in 20 IO with a IO year phase-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual decrease in E/GDP. ' 

The faster rate of investment drives the rebounding of real economic growth in the later years of 
the model simulation. But it should be noted that consumption does not rebound in the same 
manner, although it does recover from its peak losses, as seen in Figure 7. But consumption can 
be taken as the measure of economic activity that is closer to consumer '"welfare"' than total GDP, 

13 



DRAFT ~May 30, 1997 

• t • ·~ .. 

which includes investment, because consumption includes all activities that are of direct 
consequence tQ households. Thus, while increases in investment drive the economy's growth . 
path back to and perhaps even above· its original trend, it does so by diverting resources away 
from uses that allow consumers to enjoy them directly in the short tenn. • . 

Figure 7: DRI-DRI Energy 1990 Level Ca~e, No International 
Trading-Consumption 

-uo~ 

.,.~ .___-----~~---=----i-,,,--------
1 ·. J,· i\,~i:.f' 

' . 
:'. .• :. , Ill . 

... 
i 

, 

Note: Emissions stabilized at 1990 levelslo20J0;with a 10 year· es 11$Cd for Federal deficit reduction and assuming a 1.25 
percent annual decrease in E/GOP. ., · ••• • ~ • 

· ,: ' <?·1:~\:~1'.11-, •• , · . . • 
The paths of conswnption ano investment following the imposition of a climate change policy 

: • ,.. -, -~ .,t, • •1·fi,"',~l•~,1:.:a ;~ ·• 'r . • • 

depend critically on assumptions ~anting the manner in which revenue flows related to the · 
allocation of emissi~ns pemlits ar~:managed and the conduct of monetary ,policy by the Federal 
Reserve. These sensitivities· are dis~us·sed in a later section . 

• ·11?,::. ' ' 
Amon~ fuels, demand for coal bears the brunt q.f weenhouse w stabilization The reduction in 
energy-related greenhouse emissions in the 20 IO time frame will require a combination of three 
types of energy system changes: · increased end-use efficiency, reduced end-use activity, or fuel-

, switching towards an increased market share of low- and no-carbon fuels in the energy mix. 
Increased end-use efficiency or reduced end-use activity tends to lower the demand for all fuels, 

• while fuel-switching favors low- and no-carbon fuels, such as natural gas and renewable energy, 
• relative to coal. The three models used by the IA T place different emphasis on these three 
strategies, with corresponding differences in projected fossil fuel impacts. 

Table 4 presents the effects of carbon-limiting policies on the economy's·energy consumption 
and fuel mix. Using the ORI model, total energy consumption falls from 105 quadrillion Btus 
(quads) in the base case in 2010 to a level of 88 quads under the policy,, a reduction of 16 percent 
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in that year. By 2020, energy consumption in the economy has declined by 20 percent, from 109 
quads to 87 quads, when compared to the b~e case for that year. The table shows comparable . 
results using the Markal-Macro model, :when the 1990-level emissipns freeze produces a decline 
in projected energy consumption of 14 percent in 2010 and 16 percent in 2020. SOM model 

·results are similar to both the DRi and Markal-Macro results; energy consumption drops by 15 
percent in 2010, and 20 percent in ·2020. . • • 

· . Table 4: ~If~ of Carbon S~bilizati~n-~D '' •. ; • 
- Energy Consumption and Fuel Mix ( _ drilbgl.lJr.J!J, .• 

DRI-DRI Enel'I)' 
Total U.S. Energy Consumption 

Natural Gas 

Oil 
Coal 

SGI\I 
Total U.S. Energy Consumption 

• Natural Gas 

Oil 
Coal 

l\larkal-Macro1 

1990 • 2010 020 . 

Actual Base case ,990 n1:.'r:~c::ff 

84.3 . 

19.3 
33.6 
19.0 

84.3 

19.3 
33.6 

10S.3 

27.4 
41.1 

24.3 

39.0 

2S.8 

11S.6 

3S.I 

4S.0 

24.6 

n/a 

. n/a 

• . ~~'.:ill' 

86.7 

24.9 
37.4 

1S.2 

90.0 

36.7 

34.0 

8.S 

96.7 
36.7 

40.1 
4.7 

.n/a 
n/a 

n/a 

Note: Emissions stabilized at 1990 lcvell in 20 IO with a IO year phase-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual decrease in E/GDP. SOM uses ·a 5imilar rate of change in C/GDP. I. Under the Markal-Macro results._ the increase in the use of • 
renewable energy sources. such as wind, account for the difference the total U.S. energy consumption and the-sum of the component fuels. 
NEMS estimates arc forthcoming. ·_1;t;:·'y7:·:·t, · · · . 

;iF -~;-

DRI, Markal-Macro, ancl SGM demonstrate that dampened energy consumptfon and reduced 
carbon emissions are concentrated in coal use. As seen in Table 5, ORI results show that about 
57 percent of the total emissions reductions in 2010 result from reduced demand for coal, 30 
percent from oH, and 13_ percent from natural gas. By 202Q, 65 percent of emission reductions 
are generated from reductions in demand for coal. This translates to a 25 percent total emission 
reduction for coal in 2010 and a 36 percent reduction in 2020. Markal-Macro produces 
somewhat simi_lar results: it shows that about _57 percent of total emissions reductions in 2010 
occur due to reduced coal use; and 16 percent due to reduced oil use; while natural gas 
consumption is. 5 percent above the base case. By 2020, coal accounts for about 80 ·percent of 
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emissions reductions. The SGM model results are also similar; i.e., coal is responsible for 80 
percent of emissions reductions in 20_10 and 2020. • • 

The different spread of percent of total emissions reductions by fuel occurs because renewable 
energy sources and increases in the consumption of natural gas play important roles in the 
Markal-Macro and SGM models. It is also true because DRI's model sees strong transportation 
demands and more limited technological prospects for serving it, while transportau..'$i choices do 
not take into account price expectations. This is in contrast to DRI's tre.Ertment-9.ffue utility 

. sector, which is re:atively forward looking when e:xam~ choic . • • 

• . Table S: 1990 Level Case, No International Tra ng 
• Percent of Total Emissions R,:,,Jiction ~X;lbel 

. DRI-DRI Enel'I)' 

Natural Oas 

Oil 
· Coal 

SGM 

13 
30 -

57 

NltUral Oas n ' 
• "2""'\ Oil - , . , 

Cp,al • • ..i.:.. . . 82 

Markal-Macro j¥-' 

Natural Oas ·•' -S•. 
--,:" ii'f' 

Oil • 116 ·, 

~:,s ' • /~:.- ·1 .,.,. 

-~~·· 
8 

28 

65 

3 

18 

79 

4 

IS 

80 

n/a Natural Gas : , ~~.· ,.:; t ' 
00 ~ ~ 
~ -~ a ~ 

Note: Emissions stabilized 111990 levels Ul.20l0widl a 10 year phase-in. Revenues used for Federal deficit reduction and assuming a 1.25 
pctccnt annual dccieaiein EIGDP. NEMS eadmicr.s ve forthcoming. 

I' \ ~~,1~)i;1;i:/:: , .,, '• ;~•.,. :>')• , 
·on the demand siiie, according to DRI, about 46 percent of total emission reductions in 2010 
come from the··elediic 'sector due to ·fuel switching and decreases 1n demand for electricity, 26 

• percent come from red~ed denijmd for transportation and 19 percent come from reduced 
demand by the industrial sector ;,·as shown in Table 6. The commercial and residential sectors 

. collipbute a combined 8 percent to the total of emissions reducti~ns. The corresponding 
e~tes obtained fro~.the Markal-Macro m9del show that electricity uses account for 40 
percent of total reduction in emissions, arid transportation, i.ndustrial, and residential and 
comme~ial us.~s for 16 percent, 17 percent, and 15 percent, respectively . 

. . ;;: ~~ . . . ·· .. ,.·.• ;•;....:::,· 
. ••: •:1,.·,r·•• 
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DRI-DRI Enerv 
Residential 

Commercial 

Industrial 

Transponation 

Electricity 

SGM 
Residential 

Commercial 

lndustriil 
Transportation 

Electricity 

Markal-Macro 

Table 6: 1990 Level Case, No International Trading 
Percent of Total Emissions Reducnon by Demand Sector 

2010 

5 
3, 

19 

27 

46 

n/a 
' nli 
n/a 

n/a 

n/a 

Residential and Commercial IS 
Industrial 

Transponation 

Electricity 
·NIMS 
Residential 

Commercial 

Industrial 

2020 

IS 

22_ 
17 

53 

n/a 

n/a 
n/a 

Tran~ponation n/a 
Electricity n/a 

Note: Emissions stabilized at 1990 levels i,n 2010,with a 10 year~in. ~cnucs used for Federal deficit reduction and assuming a 1.25 
percent annual demasc in E/GDP. SGM wies a1'slmilar rate o( ., •••• ~· ·• ' •• :P. SGM docs not generate data by demand sector. NEMS 
estimates arc t1 ... g. • •• • • • 

·~ 
Thus, aero~~, .. ,, :, and wne~ .~&~from different perspectives, the majority of reductions in 
emissions o~t:e~~~~ the bni~~egies comes· from .reducing utility cons_umption of . 
coal. Reducing coal use under utiltty.,ootlers is generally the largest, cheapest option to reduce 

.,. ,,.,:; ,r :=1 !:·~~~ .. ·-':'.: .• ,·,~- r,·q•,,,1"' .,. 1:~.... . 

' .. . 

. carbon em~foris'irithe::~*omy. lnis -is accomplished through better operating rates and 
through ·the· substitution."~(g~fh.ed combined-cycle units for coal-fired units. The implicit price • 
of carbon obtained in most Jji~l runs is usually the one that accomplishes this transition in _ 

'·: t.l; ·nj'f"' • 

electricity baseload. Th~:_rarige of carbon values - generally about $100 per ton in the no trading 
cases - is as high as it is because most coal-fired units are fairly old and already fully amortized. 
Th~ their product costs mainly consist of fuel and operating and maintenance expenses but not 
capital costs. Thepri,ce of coal, therefore, must rise considerably to make coal-fired electricity 
more ~iv'eon the margin than electricity generated by a new gas-fired plant that entails new 

. • •. ·•l'.(:'!-:1 • ' 

capital costs. ·· . . 

International tradin~ of carbon permits amon~ the Annex I countries leads to sizable reductions 
in costs needed to stabilize emissions. The discussion so far has centered on the how the U.S. 
economy reacts when the United States independently reduces emissions. However, establishing 
an international market to trade emissions permits is a preferred to ll:Dilateral action that has beei:i 
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proposed by the United States for inclusion in a multinational agreement. The purpose of such a 
market would be to increase the eftici,ency and lower the cost of reducing global emissions by • 
giving all emitters the incentive to search for least-cost solutions across national boundaries . 

. In brief, under a system of tradable permits, a country could either reduce emissions domestically 
or purchase additional ~missions "rights" (i.e., permits) from other countries. · Countries with . 
opportunities to reduce emissions that cost less than the going permit price wo~d A e an 
iilcentiv~ to reduce emiss~o~ and sell ~eir "ri~t to e~it" for cash. Co •·. • e~, . • had ?nlY_-high 
cost options to reduce em1ss1ons (that 1s, reduction options that costm •. • e permit pnces) 
could purchase emission permits. The forces of supply and,. and e permit price 
an~ ~e market ~centives would push ~e trading group, ;a ":hole, t - .. east cos;;J' 
em1ss1on~ re_duct1ons first. A_s a result, 1t costs less for _ ··-. trading ~ up, as . J;~ , _ _ .. re~ ·;the 
target em1ss1ons levels, than 1t would for each country teralL ll'5 reduce its ei:JUSSJ. . .' the 
target levels . . Such a policy, of course, raises a variety a d institutional qu' ons 
regarding how it would be implemented with certainty. . s are not addressed here: 
instead, the simple assumption i_s made that the policy wor • ~ de_d and least-cost 
approaches to abating carbon· are identified and traded~ 

Using the SGM model, the !AT modeled two ~ trading sc. 0s. In the first, it • 
. examined the affects of establishing a pefl1!.it =ke~~~~-Unit~fi§tates~ Canada, Western 
Europe, Eastern Europe, Japan, the Fo~~~f Soviet ~~(Is!W~ 'Australia (collectively 
known as Annex I countries under the Climate Co~ ention)!:~ tli'e second scenario, it examined 

. the effects of Joint Implementation, ,1hat !is, esui§]ishing a wi'der permit market that includes the 
rest of the world. These scenarios ·~lEompai:a· to a sce~o in which each of the Annex I 
countries independe~tly imp}em~ ed our H~!1J P..f:> .. ~t" scenario for stabilizing carbon 
·emissions; that is, stabilizi9S1'eniissions at 1990:levels'in 2010 with a·ten year phase in, where 

. ··-·. \:k;-:0-., - . '"'. , :-:,·"'." ,9"••;· -.~-,:,~~h,,;.r:;;.. :• , • • 

revenues are used to reduce the deficit, and under the assumption of moderate technological 
•• • ., , j··'·,.,,. l" 'l•r.--'- ':, . ..i l- ,ij ... . 

change (i.e.~ a 0.25 percent ~c-~ --~~er the baseline in the annual increase in energy or carbon · 
efficiency) °"' 1" ,. ; ·,;,,;.'.:,~ -- • i,; , i. · 

• ·: '"t '::: . •;.it\1'_·••_·.*.a'~_._:f .. ~!-~_r_;,:~~~ • • • .~ ::~•~·>;~~i:;:. -·- r...-: l, ;1·'~ 

International emissions'tiading calls fut~ question one of the basic assumptions regarding 
intem~tional compliance when performing the estimates. This concerns the case of the FSU. 
The "starting point" case 'assumes·' that all countries are restricted to their 1990 emissions level 
before they trade. The FSU • nations, however, · will have emissions below their 1990 levels for 
years to come. Thus, under this rule, they would be able to sell to other nations their "right to 
emit" up· to their 1990 levels, but would not have to perform any actual emissions reductions. 
Thus, emissions trades would not result in "corresponding reductions" in annual emissions. 

The IAT performed its analysis both with and without "corresponding reductions." The case 
without "corresponding reductions" allows the FSU to sell emissions rights up to its 1990 base. 
The case with "corresponding reductions" does not allo\Y these trades. Instead the IAT specified 
that if a nation's emissions were below their 1990 level in the base case, its baseline for the 
purposes of trading was shifted down from the 1990 level to whatever the nation's actual 
emissions would be. For example, the FSU had carbon emissions of 1050 million metric tons 
(MMT) in 1990, and is projected to have emissions of 836 MMT in 2010. Their baseline in 
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2010, therefore, is 836 MMT, even though it is lower than the 1990 level. Thus, any tons "sold" 
from the FSU in these simulations represent actual emissions reductions. The results obtained . . . 

usi~g the SGM model appear in Tables 7a and 7b. 

Under the Annex I trading scenario, the United States, Canada, Western Europe, Jap~ and 
Australia each bear real costs for emissions reduction. The losses experienced by the different 
nations reflect the economic assumptions.made for them (which are presented earli~r-in this 
report,. in Table 2) and their energy policies to date. Japan, for example · roJ~~d to have 
relatively slow economi~ ~owth an~ already has relatively ~h ~ner ,,~ .~ mid an extensive • 
nuclear program. Thus: 1t -~s no~ ~roJ~cted to have strong ~jib m em~~~<>,y~r the next fewR 
decades. Japan has a high 1mphc1t pnce o~ carbon ($2~~ ton) as s~~W1'&4!J~1t8-: Weste.,gi 
Europe fares somewhat worse than the Uruted States, stJ].ce 1ts eco JfFc gro~ __ IS.proJ~~tedto 

• • • • • I ·t: ; • • ,:,'.ti~'.'4tJ~t:•, .. ,.;:::~~.f.!'~" 
be stronger, and its energy pohc1es have already been raised. • "~~i~it, ••• V!f 

S:if . 

Table 7a: SGM 1990 Level Case-GDP I 

Australia 

Canada 

Eastern Europe 

Fonner Soviet Union 

Japan 

Western Europe 

• No Trading vs. Anne~l 
NoTradln& 

2000 200S 

0.0% -0.2o/e -0.So/• . ~. ~;4% ',..,,M·: ~ .. ~~\ . ~.t/4, t,I% -0,3% -0:2% -0.1% 
0.0% -0.4% -1.w. ,:~ -l.lo/e tn1' , i. CU>% ., .. ~,a,:lo. w. -0.4% -0.3% -0.2% 

.,I,# ' ~ - :, · ··,., ... , •• ~~' 

o.oo/o o.o-1o o.0% • o.o-1o ~ o.o-1o -~ • • c);()% .. •• :;". o.o-/o o.w. 0.3% o.3% 
.:.-,.·•· .,',l'.i' •· • ·••"·' ~'/)' 

0.0% . 0;0-1. 0.0-,. • 0.0-/4 .•. 0,0% 0.ie/e 0.So/e 0.6'-'o O.So/e 
,r.,..,.~i'._.. . ... 

0.'0% -0.2o/o \:: :4.6% -0.43/o -0.3% , 0.0% -0.1% , -0.2% -0.1% -0. lo/e 

0.0% -0.2%'
11
'},: :o.1% ~~;4% -0.2% 0.0% -0.lo/o -0.3% -0.2% -0.1% 

0.0"/o 

,',~•ii· .. ' .• i 

UnitedStates 0.0-/o -0.1% -0.2% r;;;.c).2% -0:2% 0.0% -0.lo/o -0.lo/o -0.lo/o -0.1% 
Note: Emissions stabilized at 1990 levels in 2010 with a 10 ye•pblse-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual _dccRasc in C/GDP. , • • {tj[~~i;J~' • • 

•. -:Table 7b: SGM 1990 Level Case-GDP Impacts to Annex I Cou~tries 
• • No Trading vs. Annex I Trading 

.. NoTndin& Annn I Trading 
(With out Corrtspondlng Rtduttlonsl 

2000 2005 2010 2015 2020 2000 200S 2010 2015 2020 

Australia 0.0-/4 -0.2% -0.S% -0.4% -0.2% 0.0% 0.0% -0. lo/o -0.2% -0.1% 

Canada 0.0% -0.4% -1 . lo/e -1.1% . -1.1% 0.0"/o 0.0"/o -0.2% -0.2% -0.2% 

Eastern Europe 0.0% 0.0-/o 0.0"/o 0.0-/o 0.0"/o 0.0"/o 0.0"/o 0.7% 0.7% O.!io/e 

fo,mcr Soviet Union· 0.0% 0.0-/o 0.0-/o 0,0-/o 0.0-/o 0.0"/o 0.0"/o 0.4•/o 0.5% 0.!io/. 

Japan 0.0"/o -0.2% -0.6% -0.4% ' -0.3% 0.0"/o 0.0-/o -0.1% -0.1% -0.1% 

Wcstmt Europe 0.0% .-0.2% -0.7% -0.4% -0.2% O.Oo/o 0.0% -0.2% -0.2% -0.1% 

United States 0.0% -0. lo/o -0.2% -0.2% -0.2% 0.0o/o 0.0% -0.1% -0.1% -0.1•1. 
Note: Emissions stabilized at 1990 levels in 20 IO with a IO year phase-in. Revenues used for Federal de licit reduction and assuming a 1.25 
percent IIIIJlual decrease in C/GDP. 

GDP losses in Canada are the most severe among the Annex I countries. Canada is already less 
carbon intensive. but not as energy efficient as other Annex I countries. For example, Canada·s 
carbon to population ratio is about 17 percent below that of the United States. while its energy to 
GDP ratio is about 46 percent higher. Canada also relies more heavily on non-carbon sources of 
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. energy, such as hyclroelectrical generation, making emissions reductions more difficult to come 
by. 

Table 8 shows the implicit price of carbon by country without trading, trading with Annex I 
countries, and with Joint Implementation with the developing countries. the United States 
shows smaller output losses than Japan or We~tern Europe predominantly because.it has more 
"cheap" carbon-abating opportunities. Thus, it is somewhat easier for the United . ' es to reach 
emission targets than other regions, which have already "picked the low" it." 

Australia 

Canada 

China 

Former Soviet 
Union 

Eastern Europe 

India 

2010 ,I 2020.~f; .•• • _ ,:,7:,.'iF 

No Annex I Trading )oint • • Annex I Trading · ' 
Trading Implementation 

132 

222 

• 
0 

0 

with 
CR 

S6 

S6 

n/a 

56 

56 

without with 
·cR CR 

23 20 

23 20 

n/a 

23 

23 

without with without 
CR CR CR 

JS 16 12 

JS 16 12 

, JS 

16 12 

16 

16 

12 

12 

• n/a n/a n/a 16 12 

Japan 268 56 23 . "I JS 16 12 . - ~ ~ 
Korea . n/a l#~c:,{; "1• 16 12 
Mexico • . n/a jj{!• n/a n/a 16 12 

Western Europe 130 56 

1
.ttf'23 139 SO JS • 16 12 

United States 82 ~ '.f, 23 · 107 SO JS 16 12 
h: ~..:,c.'.f.«.,~ -~ ~ . . 

RcstofWorld 1~ • ✓,n111/a' · '1/1~ n/a <"9 • n/a n/a 16 12 
Note: Emissiom stablllad at 1990 levels In 20 l O with a IO year phale-ln. Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual decrease in C/GDP. • indlcati:s the cell is blank because the country is a non-Annex I country. CR-corresponding reductions. 

. • '\jl ,. • ::r1;~~h -~,r~iit1; •.•:;;~~ . . .' 
Under Annex 'fttadiitg·with "coiresponcling reductionst the implicit price of carbon falls 
clramatically--to $56 in 2010 and s·so iii 2020. All countries gain through these lower permit ., ·-r .... ~--•-·· i,.:. ·. ·, • •• .. ,_,, -~''.. ... 

prices, because as a whole they achieve stabilization at 1990 levels more cl)eaply. The source of 
these cheap emissions ti"ihe'F$U and the' Eastern European nations. The implicit price of carbon 

. • •.·! , , ..,•;-. ,rf¥tt4< 

falls because it is cheaper for all of the industrialized nations to pay for carbon abatements in . 
those nations (due to lax environmental standards and slow economic growth) than to pursue 
domestic options only .... These nations gain as they become emissions permit sellers under Annex 
I trading. If "corresponding reductions" are not required~ the FSU would be allowed to sell 
permits up to its 1990 level further depressing the price to $23 per ton in 2010 and $35 in 2020 . 

. : ;--r!:. · ,· ......... _::.t · • . 

Under Annex I trading with "corresponding reductions," the United States purchases 72 million 
metric tons of permits from the FSU and Eastern Europe in 2010 at a cost of $4 billion ($95), 
which offsets $5 billion of abatement expenditures within the United States. U.S. purchases of 

• permits abroad increases to 157 million metric tons of permits in 2020 at a cost of$7.8 billion, 
which offsets $12.2 billion of cost increases that would have occurred domestically if the U.S. 
did not participate in international trading. 
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Joint Implementation with developin~ countries reduce the costs q,fpermit prices even further. 
Joint implementation - emissions trading on a global scale - reduces the pennit price further, to 
$20 in 2010 and $16 in 2020 (with corresponding reductions). If corresponding reductions are 
not required the implicit price of carbon falls to $9 in 2010 and $12 in 2020. Under this broader 
market for tradeable emissions pennits the· FSU and Eastern Europe lose their monopoly on · 
permit sales. Specifically, Joint Implementation encourages China and India to reduce their use 
of coal and e~ter the market as emi~sions permit se~lers. As shown in Figure 8~ ~ s of 
carbon perm1tS are greater under Jomt Implementation than under Anne tradirig. 

• • Figure 8: U.S. Imports of Carbon Permits Un. ,Altern• e;: 

-J~~ 
... ; 3/f<~~ .. ..... ......... . 

Targets-Annex I Trading and Joi plement.a'..fio, 

~ ...-------------

2025 

• -Annex I Tf'IClinl>--1990 Lavel Cue -Annex I TradinO-~ ol 1990 Levels 

-Annex I Tradift0-11~ ol 1990 Llvttt . __ ,,._n-.1tt0Leve1ca. 

: .. ~:- ·:t~....,_---,.-,---.....,.,,. 
-Joint ~-11~ ol 1990 Lovtt C.uo 

2030 

••• • :'!f:;\~i;iGt~~iA~ '. . ,,, 
Note: Emissions stabilized It 1990 lev~ls in 20 n> ~~J~ phase-in. Revenues used for Federal deficit reduction and assuming a 1.2S 
percent annual dc!crcaso in C/GDP. . . ~ ,i!W-!!"" 

:,: .:~,;;;;i;;'-,::t~liii~f~ • 'oiI)• 

conditions for the DR! Model moderates the short-term economic €(feces q,femissions reductions. 
The IA T incorporate Annex I implied pennit prices estimated by the SGM model under permit 
trading, with correspollifi~g reductions into the DRI ~odel. For in 2010 SGM's Annex I trading 
implicit price of carbon estimate ($56) was incorporated into the DRI model. 

. ,r.•• . . . 

,.,, '.t,X· 

The results fro~'the DRI model using the SGM permit trading implied pennit prices are 
. represented in Figures 9, 10, and 11. As shown in Figure 9, the maximum effect on GDP is less 
than half, 0.5 percent less than the baseline in 2006 compared with about one percent in 2005. 
The lower permit prices also has a somewhat dampening effect on the increase in investment • 
under the no trading case, l:!ut shows a much improved effect on the impact on consumpti~n, a 
-0.7 percent change in 2010 compared with a -1.4 percent change in 2008, and reaches the 
baseline consumption estimates in 2018. 
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Figure 9: DRI-DRI Energy 1990 Level Case with and without Annex I 
Trading-GDP 

O.eo% 

0.40% 

0.20% 

I 0.00% 
I 
! 

! -0.20% 

I -0.40% 

l -0.&0% 
~ 
0 
<, 

-0.&0% 

-1 .00% 

-1 .20% 

I I 
- ORI 1990 Lovet Cau. No lnttmabOnal T radtng I 

- ·---~ORI 1990 Lovet Cut. "'"' carbon pnall fnlmthe SGM Anntx I t1111~ng case ___ __ ·} 

' r~,, 
r-,. 
f ., 

I -

' 7; :l;t' ~~~;'!siJi~~'i·;, ',[,,: ~.. _.. . 

Note: Emissions stabilized at 1990 levels in 20 IO with a IO YC!lt phase-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual decrease in E/GDP. t ' ·' - • 

,.".J,. ···-
!. 

' ' 
Figure 10: DRI-DRI Energy !990 Level Case with and without 

Annex I Trading--Investment 
, ~_;11 . ' •• ,.., •. 

• ~·~ .. -.... , 
,I, 8.00% - ----- - - --,------------- ------ - ·- -- · - ·-·· 

' i •-~ 

i I 
! ~-
t I ii 2.00% ' 

l , .00% I 
I I I o.00% 

-1 .00% ! 
I 
! 

-2.~ 

I "' 0 "' 8 0 0 
N N N 

- ORI 1990 Level Case. No lnt1m1bon1I Trad,ng 

-+-ORI 1990 Ltvtl Case. ''"" carbon pncu from tilt SGM Anntx I trading cast 

Note: Emissions stabilized at 1990 levels in 20 IO with a IO year phase-in. Revenues used for Federal deficit reduction and assuming a I .:?5 
percent annual decrease in E/GDP. 
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Figure l_l: DRI-DRI Energy 1990 Level Case with and without 
Annex _I Trading-Consumption 

.,.~ ------------------~ 
I 0 

iii .,,,,.: ·, 
-ORI 1990 ..-Cue. No-■ TtlldinO 

,,tt~\ 
Note: Emissions stabilized at 1990 levels in 20 IO with a IO year phase-in. Revenues 
percent annual decrease in E/GDP. £;:~· i/ • ~-

,ti;J;tf A~t)Y ' _,J __ .•:~_::• 

t~'II~•>'· ,.1,".iit! _,.; .. 

"_ deficit reduction and assuming a 1.25 
y 

Important SensitiVities 1r l r.{f .• -~',;'· 

The following represents a number of variations' from the "starting point" scenario that the IA T 
analysts exanifued to address a number of factors that will influence the climate change policy 
process. The#e .incbJde the°t:ffects<S~:Jl) timing, including different transition periods to full 
implementation and delaying implementation; (2) lower or higher emission level targets; (3) 
different revenue recycling optiorts~··mcluding comparing the deficit reduction case with 
scenarios where revenues are distributed to consumers, distributed to business, arid a 
combination of both consumers and business; (4) policy announcement on the rate if 
technological innovation and diffusion as well as the steps needed to achieve a higher level of 
innovation and diffusion; (5) other collateral environmental benefits; and (6) international trade; 

_ and (7) Federal Reserve reaction assumptions in the DRI model. 

Increasing the implementation period from 5 to IQ years dampens the ne~ative ~ffects on GDP, 
Delqyin~ implementation until 2015 does little to improve GDP effects. The IA T examined 
differing effects on GDP of a 5-year and a 10-year implementation period for the "starting point" 
scenario with the NEMS model. These results are shown in Figure 12. A 5-year ramp-up 
between 2005 and 2010 results in a maximum output loss in 2010 that is 65 percent greater than , 
that associated with a ten year rai:np-up and a return to. the baseline two years later. Thus, shorter 
transition peri(?ds result in a more pronounced economic cycle in response to policy--a sharper 
downturn and deferred recovery. • 
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Figure 12: NEMS 1990 Level Case, No Intematjonal Trading­
Sensitivity to the Length of the Impleme~tation Period and to 

• • ·Implementation Timing 

1.9ml, ,---------------------~-,-----, 

0.9ml, 

·I . I o.~~---:-~::::---====.==;;:::=:.:::::;;::----r-7"'------
1 1 -0.9mlo 

f-, .~ 

l .,.9mlo 

~ •2.~ 

-2.9mlo 

-5-yea,Ramp ...,. o.te,to2015 

'l'i;I-'" 

. ~-

• ir:,,.cf11' 
.·ij:~}' . 

Note: These simulations were conducted using ORI and thc:NEMS Energy, odcl and • not confonn in detail to those conducted using 
ORI and the ORI Energy Model. • S-Y car and I 0-Y car Banp 10 1990 Lovels in 20 IO; 19901.c:vcls in 20 l S using a S-Y car ramp-up. Revenues 
are used for Federal deficit reduction, assuming l.2S • • • • t annual decrease in E/GDP; . 

• Figure 12 also shows the res"1t 9 .<~el~;ing , ilnpleml ioit by 5 years, to 2015 combined 
with the sh~~r 5-year raniil ~P,/~riod. GP,P.~e'§ij '.for the delayed case are less severe in the 
initial peri~; but become~

1

~ 'iefthan eithei'.~~5:year or 10-year ramp-up to stabili7.ation in 

2010. '~~t~~l\~c. ..,,.,,.,n,ot11 • 

lead to wearer economic losses while' less strin~ent ones have less severe impacts The three 
models were used to anal~'liow changes in the level of emissions affect the implicit price of 

. • • • . '~ :,: . . .. ~..:;:~::,,.!., .. ~ ·-~·'.[!11" • 

carbon. If the em1ss1on ~get_f9r the year 2010 and beyond is raised (made less severe) to a level 
equal to 110 percent of th~ 't 990 emissions level (that is, to a target of 1,472 million tons as 
opposed to 1,338 million'tons), then the DRI model estimated that the implicit price of carbon 
drop almost by half """.' 'io about $50 per ton of carbon, while the SGM model dropped from $81 to 
$37. The very large decline in the implicit price of carbon reflects the· fact that additional 
emissions red~ons ~e progressively harder to find. On the other hand, a more stringent target, 
one that freezes emissions at 90 percent of their 1990 level in the year 2010 and beyond, leads to 
an implicit price of carbon of $200 per ton in 2010 and $150 per ton in 2020, according to the 
DRI model. The SGM model estimated that the implicit price of carbon would be $145 and 
$183 in 2010 and 2020, respectively. The implicit price of carbon generated by Markal-Macro 

• for the 90 percent of the 1990 level case with no international trading wou~d be $187 and $207 in 
2010 and 2020. respectively. Table 9 and Figures 13 and 14 describe the sensitivity of these 
results using DRI. SGM. and Markal-Macro. • 
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Table 9: Sensitivity of the Implicit Price of Carbon • 
to the Stringency of the Emissions Target 

No International Trading 
2010 

DRI-DRI Enercy 
Carbon Emissions goo;. of 1990 Levd Case 200 
Carbon Emissions 110-/4 of 1990 Level Case so 
SGM 
Carbon Emissions 90-/o of 1990 Level Case 145 
Carbon Emissions 110-/o of 1990 Level Case 37 
Markal-Macro 
Carbon Emissions goo;. ef 1990 Level Case 187 
Carbon Emissions I l 0-/o of 1990 Level Case 101 

Note: 10 year phase-in with revenues used for Federal 'deficit reduction and assu 
similar rate of change in C/GDP. 

2020 

ISO 

Figure 13: DRI-DRI Energy No Internatio ., • ,, 
the Implicit Price of Carbon to the Stringiifly o . 

sitivity of 
s Target 

250,-------~-------------

,200 

-ORI (1NO Level CU.I -..ORI ~of IHO IAvet C.N) 

------·----------------------

Note: 10 year phase-in with reven~ used for Federal deficit reduction and assuming a 1.25 percent annual decrease in E/GDP. 

··.· , 
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Figure 14: SGM No International Trading-Sensitivity of the Implicit 
Price of Carbon to the Stringency of the Emissions Target 
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Note: 10 year phase-in with revenues used for Federal deficit reduction and assuming a 1.25 percent annual decrease in C/GDP. 
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In 2020, permit prices rise to about·ss·s compared with the $125 permit price under stabilization. 
Using the ORI model, an emissions target of9() percent of 1990 level results in an implicit price 
of carbon of$200·per ton in 2010 and $150 in'.''2020. Unlike in the other cases, the implicit price 
of carbon falls after 2010 .. _Thisis because'ffie1itltial price increase is large enough to set in 
motion a series of capital stock iinproveme~ts: :p~icularly in utilities, that reduce the ongoing 
level of emissions by enough to allow the implicit price to fall in the future. Thus, this result is 
predicated on.the idea that future 'price.expectations·could be wrong. In fact, if decision makers 
had perfect price expectations, the implicit price of carbon would lie somewhere between these 
two values over the period. 

It is no surprise that the 90 percent of 1990 emissions case results in a more severe decline of 
GDP in the transition period. But what is surprising, and questionable, is that this scenario also 
has a greater long-term potential for economic recovery. As shown in Figure 15, GDP declines 
to a peak loss of 1. 9 percent below the base case in 2005. It recovers to the base case level in 
2013 and increases to 1.0 percent above tJ}e base case in 2020. The long-term rebound effect 
results from a greater amount of revenue used for deficit reduction ( or debt retirement), which 
pushes interest rates down substantially and drives up investment. The !Ilagnitude of this ,result . 
is questionable. 

The DRI modeL as discussed. is prone to depicting large effects of interest rates on investment. 
Thus, when confronted with a very large implicit price of carbon and, in tum, large amounts of 
forced saving, either through deficit reduction or by grandfathering these new property rights to 
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finns, it produces much higher levels of investment and a higher long-term growth path. The 
reality is probably more mpderate at both ends. _In essence, this case appears to tax the ability of 
the model to manage these revenue flows. 

Figure 15: DRI-DRI Energy No International Trading-Sensitivity of 
• GDP ~o the Stringency of the Emissions Target 

,.~ ;.-· ------------------ - - --"i!ll 

fi 
-IIIOl.avelCaM - ''°"'of'"° i..v.t cu. 

-----,,_...---,..,,.,.....- - -·----. . Jt . . 
Note: IO year phase-in with revenues used for Fideni deficit re . • and assumiog a 1.25 percent annual decrea:sc in E/GDP. 

The porti~nf tieta1 emi~~dtions Ir~- ~ :mid ~ii in bo~h the 90 percent and 110 percent 
of 1990 Level Case, No fntematipnal Trading, increases only shghtly--about 5 percentage pomts-

··· • --· ••• ··, •. ~~';'. ·•·:,. ,~Iii 

-while tQtal emissioni:educt1ons ffi>m:'~~ural gas change significantly. In 2010, under 
... , _,,, r, .. ,,t-••·· ,··,.1. 't;ir.'. '.li'q,l:!~t · •. "il.~ ·t, 

stabilization, about' 13:p,ercent of:totat:eriiission reductions are from natural gas. Under a 10 
• percent inc~e~,~ :¥ :~~!l'\(that-:ff~~:ta'rget of90 percent of 1990 emissions), ~bo~t 9 percent 
of total ermsston reductions ·are from natural gas. This occurs because the subst1tut1on of gas for 
coal in electric utilitie~,ii~n~fii:~ugh to achieve the bulk of the 90 percent (more stringent) 
target. Additional emiss)6n~}~ductions must be found, which forces the burden to be spread 

-1!tt· ~ 

more evenly among fuertypes and sectors. • • · 
..... ;...... . • 11·· . 

Ado,ptin~ a revenue rec;ydin~ option that favors capital formation leads to less impact on the 
economy durin~ the Transition and weater returns to the economy in the long term. The IAT 
looked at a number of revenue recycling policies in addition to the deficit reduction case.· These 
options are depicted in Figure 16. These include: 

• "grandfathering". permits to producers, meaning that every carbon-emitter would be given 
sufficient permits to allow them to emit at their 1-990 level. The permits allowing them to 
do so would then be t~aded freely, allowing a least-cost response to the problem to 
emerge; 
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• a 100 percent recycling of any revenues from permit auctions to consumers through a 
reduction in the personal income tax; 

• a 100 percent return to .business through a reduction in the marginal rates of the corporate 
income tax; or 

• a 40/60 split to consumers and. businesses, in proportion to their 
through tax rate reductions. ~ 

Figure 16: DRI-DRI Energy 1990 Lev~ e, NoJptema '\ • • 
Trading-Sensitivity of GDP to Revenu~Req:4ng Options·, · 

o.~ .,..---------------

0 .41114, 
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•1.0DI!. 

.,· ... ···•:>,,·,.·,r .,·.•.~;.·,•.:'.··;•;•;[_~.;.i, .. ·.-.·~ ... : .. ·.:,.··~ ..• ;'.•·:·•.·.,c.,.··' .. 8,___....,..... · .,..· ......,. .. .... ----.... _-,;ir:JfP""":•· ........... "2..,. •• -----------•. _: . ·a ~~tl1:~'.};:\:.1 i;: i 1· 
... , ,_ _______ ...,,__ __ 

___ OoftcjtR-...; 

--· 10DI!. ~ ,,,,.,.,.. .... , --- 40/90 Split (ma,vinel ..... , 

_:\::i.LJJ{,:f;t:;:{~f.\\ ·. ··tf·· 
Note: Emissions stabilized at 1990 lev.els in 2010 with a 1.0 year phase-in. Assuming a 1.25 percent annual decrease in E/GDP. 

t;?:::::::t!ii ' ' • 
According to the IA T analysis, the revenues generated from the implementation of this policy 
have the most positive effect ·when returned through either the deficit reduction plan, 
grandfathered permits,.or to business through lower taxes. Revenue recycled to consumers, in 
either case, result in a greater and longer-term reductions in GDP, when measured against the 
baseline, but would have ~orrespondingly lower impacts on consumption. 

The rev:enue recycling options that lead to better economic outcomes are all those associated with 
greater investment and capital formation. Deficit reduction leads to lower interest rates, which 
lowers the cost of capital and facilitates investment. Recycling revenues to companies has the 
effect of increasing savings through apparent profits and provides the wherewithal for greater 
investment spending. Similarly, grandfathering permits to producers allows them to "assetize" 
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their right to produce emissions. This allows firms to realize gains on this "right" and again 
provides the wherewithal to invest. 

Peak GDP losses during the transition period are less severe for the 100 percent to business and 
40/60 split when accomplished through reductions in the marginal tax rates, (about 0.7 percent in 
2005), compared with the other recycling options, (between 0.8 and 1.0 percent in that year). 

Fig~ 17 and 18 demonstraie the effects of revenue recycling on investfuent aJtnsumption, 
in relation to the effect on GDP, as shown in the previous fi _ e. As ~ - ~ s show, the key 
to economic recovery among the revenue recycling optio • • impr . ent in the 
economy. 

•-~ -.----------------

.,. 
ij 

-Otancll- Penlllll --- 1~ConllUlllelS 

, --'--1~ 8-u (marginal ratHI --~- 4Cll90 Split (rna,vinll rataal 

I ----- - ---------

Note: Emissions stabilized at 1990 levels in2010,with a _10 year phase-in. Assuming a 1.25 percent annual decrease in E/GDP.-
. :,• 
h~O" 
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Figure 18: DRI-DRI Energy 1990 Level Case, No International 
·Trading- Sensitivity of Consumption to Revenue Recycling Options 

--. ,~ConlUIM<S 

--· 1~ S..-.. (ma,vlnal ratH) --· 40/90 Split (ma,ginll .... ) 
~;?::• 

. • +,~·· , . ..i;, 
Note: Emissions stabilized at 1990 levels in 2010 with Ii 10 yeatl)hase-in. ~mliic,a ·:25 . t annual decrease in E/GDP. 

• . . • ,.;,i~I{ · ~iif;,':" • '1f ·•·· 
• ,ft ~1' ~1!' 

But the economic effects of these recycling options must 1,e' separated from the economic effects 
of carbon limitations per se. That ~ /~anomic :analysis cati' make the case - and models are .. ,,.. .. .. . .. ~• t ·. . 
often structured to demonstrate -:-:~that reducing· taxes on:capital could improve long-term 
economic performance. In order' separate?'tnese eti'~ts, the 1990 emissions freeze · 

• accompaniedb): the use of~y'P,CITilit auctidri ~ ~nues to reduce the deficit was compared to a 
, , • !·'• • ,), •. ' -;_-. .. ~ . ''.~'!lit·· ~-- ~-;. ,1: .• "·:. •·•- ~~!.;1~i ].,il .. • 

conventionarincrcase in thepei:sorial income tax to achieve a comparable level of deficit 
reduction. ·:~ •;:. • '":-.:::,;:.,, ,,.,~ • • " · 

,._._,}~:) 

• ~
4 
• . ::r~:.';:;~'.;,}~~!(P~--: , . . _ 

An increase in the personal income-~ results in smaller economic losses and a more prompt . . •· .. :",~' . ~ .. - .. ·-~·-/ ... ,. -·· . ".;,.. . . . . 
economic rebound than a "defic1t-equ1valent" carbon reduction pohcy, as shown m Figure 19. 
Thus, while revenue recy~ling·'options can affect significantly the outcome of a carbon-reduction 
policy; the gains they create ·are unrelated to carbon reduction itself. 

,,. • l'' 

/fr 
=' ·~· . .'' 

:.~-= .. . : .... ,, ! , ... 
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Figure 19: DRI-DRI Energy, No International Trading-Comparison 
of GDP, Recycling Revenue Recycling through Deficit R~duction and 

a Personal Income Tax Increase 

-1190l.ewtC... _,___ lnCOme Tu CU. 

' ' 

Note: Emissions stabilized at 1°990 levels in 2010 witlial"':; al decrease in E/GDP. 
• ~~i ·~-y~~:.' 

UJ~tal£~~/JJ:J'lK!.W~tlU!LJ!tellllll~W.l..-Ui~JQJ.~1lLCll&..1.f1.j~CUJtZZ. In its analysis of 
technology, the Markal-Macro model was used,o~detefuiine whether higher levels of energy to · 

• ~~~!ii1:'~~~~"too~~~=:~ :::::~'::~s ~~~:::g:~•I 
~ 1;;:-· · °f'.n-,,,,.,,... ... " ' ·,·)•,.,· •• .. ._ 

ene~gy was:~ _Jrom theJev~tgfJ:~ percent in the AEO97 p~oj_ections (foun~ in the ~'no 
pohcy" base case}to alcvel of 1.25 percent. In the second case, this improvement m energy 
efficiency was in~'"t~ 1. 75 petcent. These two benchmark levels were obtained by 
examining the,hlstoricalrcco.rd and ~rigineering estimates of potential- technical progress. The 
point of the analysis was·then~to-detenrtine not only what effect technical progress might have on . 
the economic effects of climate"c:hange policy, but also whether these.rates were themselves 
technically feasible. J~i' ·' • • 

~--~~~ ~ . 

According to results from the Markal-Macro model, an improvement in the energy ~ntensity of 
0.25 percent annually, or a. total annual decline of 1.25 in energy per unit of real output, can be 
achieved ~9Iout great difficulty using both off the shelf technologies as well as new 
technologies 'that are near commercial viability. For example, such an improvement can be 
produced if the "hurdle rates" - that is, the premium that households and firms appear to place in 
their discount rate when considering energy-efficiency investments _;_ declines by 8 r percent. 

· (For example, the discount rate households use when considering installing better insulation 
would have to fall from 46. percent to 23 percent). Thus, this improvement can be achieved . 
through diffusion practices even without assuming a highe.r rate of innovation and technological 
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• progress. In fact, some analysts believe that the enactment of the CCAP gets us to the 1.25 
annual reduction. 

' . 

The Markal model demonstrates that the higher technological case - ari increase in the annual 
rate of improvement in energy-efficiency of 1. 75 percent -- is more difficult to achieve. 
Specifically, this higher level of energy savings cannot be achieved through better diffusion of 
best technical practices alone. Thus, new innovation must occur if we are to movzleyond the 

• 1.25 case, To achieve the 1.75_ case, a new set of advanced energy effici&lcy ~~ ologies was 
added to ~e pool oftec~ol?gies .. These are part of the DOjfs~arcru • ~ -o. Some of these 

. technologies are aggressive m their scope: For example, . ' ~ge i. 1 • cy of new cars ,.,, 
entering the vehicle fleet in the year 2020 is :33 miles per.- • on·in the. . ... rises to~?; • 

· miles per gallon for new cars entering the vehicle fl~et • : . e 1. 7 5 ~;· Thef~, eel,!!~ 
. viable iq an outside peer-review of the DOE program. • AT wi1I be circulatifi8t 
technological assumptions necessary to achieve this 1. • • ark in a separate paper: 

Rather th~ use the· sp~~ific technological assump~ions _.g~ve ~:ig~kal, the IAT represented . 
!echnological ~rogress· in the ORI model by targeting ~ 75 pe~~M:lrate of energ~ . 
improvement .ID the economy for ~upply ~d end:~o!ogies ~~~o~. For residential 
and commerc;ial sector space heating/cooling and .. • • •• • . ng, ORI assumed improved 
performance and cost characteristics for varioifs~eat : _ .. ·:a'.ft901ing ~ ~ipment types and 
allowed the model to choose the optimal ~hriologid. To1:ffi~f ~ ects equipment based on 

• .."!-! .. • .'.{~ •1:i,,~~Jtw-t~::ri•.;.:· 

life-cycle cost estimates, which include a''"first-co~ bias" ~ ·weights up-front capital costs 
more heavily than future fuel costs, ;, J;bis is coajp"arable to the higher. discount rates used in 
Markal. • . <ii:')':'' ·L~i' ir "'" • • • · 

... . • -'

11

~ ·:t~~t , H . 
For all other r~si?ential ~d.:~~ercial s~§f~~ ·end-~ses, the ORI mo~el uses e~timates of 
the average efficiency of'all"~ -~d retrofit eqwpment purchases to determine fuel use 
requirements. '.fhese average efficiencies were increased to reflect improvements to technology 
performance and higher rates·ordiffus~on for more efficient t~chnologies. No changes were • 
made to the rates of capital stock tu#io.y~ and replacement. 

• ,' • •• • ~ • .; ·,~;:;~. ; j, ;t· 
~i·: ~.·? , ,: .. •. •. ~ _1' ),;~: -:?')f~--. -~~7 

Table 10 summarizes the effects of hi.gher technological progress (that is, the 1. 75 percent annual 
rate versus the 1.25 annual rate)' on the economic effects of carbon-limiting policies. As seen, 
higher rates of technological .progress can dramatically cut the implicit price of carbon and the 
associated transitional GDP losses. In the IAT "starting point" case (assuming 1.25 percent 
annual efficiency improvements), the implicit price of carbon in the three models is $95, $81 and_ 
$145 per ton in 2010 and $125, $106'and $130 per ton in 2020, for DRI, SGM, and Markal­
Macro-respectively . . In the more advanced technology case, the implicit price ofcarbqn is $88, 
$53, and $77 per ton in 2010 and $30, $51, and $35 per ton in 2020, for DRI, S'GM and Markal-
Macro respectively.-4 • - . 

-4 SGM applied the rate of carbon-efficiency for purposes of modeling technological improvement in 
energy-efficiency because it is easier for SGM to manaire C/GDP than E/GDP. Carbon to GDP is an equally 

• appropriate target and the differences in the results of the two specifications is not large. 
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. Table 10: Sensitivity of Implicit Price of Carbon (1995$) 
to Rate of.Technological Change -1990 Level Case, No International Trading 

2010 • 2020 

1.25 Case 1.1S Case 1.25 Case • 1.1S Case 

DRI-DRI Energy 9~. 88 12S 30 

SGM 81 S3 106 SI 

• Mllkal-Macro 14S 77 130 •• 35 
Note: Emissions stabilized at 1990 levels in 2010 with a 10 year phase-in. Revenues used for.deficit reduction. ORI ~t prices arc generated 
using the annual rate of change in E/GDP. SGM use~ a similar rate of change in C/GDP. • • ;'.,., •• 

The peak GDP losse~ change.according.ly, as shown in FiJ,20. ·usi _ ~?del,-the 
41 

peak output loss of -0.6 percent o~curs in ~005, and the ~ omy rea~ . . , ~. bey grow~g/· 
path br 2012. ~e economy's sh1~ ~o a h1_gher growth * 1s also,re pro $~b~;~f.'the 

. result 1s more ~hevable,. becaus~ 1t 1s achieved 1?1'ougff o~~cal progress -~ • 
revenue recycling that raises savings and fosters investme :m/ ct, the level of revenue 
recycling falls dramatically along with the implicit price o , 

The risk, however, is that these output gains may be somewhat av~~ because they do not 
' ~~"'.fi, .. •.•···• •,.. 

account for the cost o~ the investments needed t~,I~~:'.$~ ~gher -~ ... e!;~ological progress. 
For example~ firms will have to.perform R&D, that JD1glit~tract themfrom other R&D tasks. If 

,.,.. .,.,~k-• .11 •;.,ll,~~-·l!' • , • ,: •· '· • .,,:.. ,e,~ · . ' ~ - ' 

other R&D in the ecoriomy fell as energy- ancf'.carbon.ireJatedR&D was performed, overall 
J; ~,,. 1•f.f•"I, .11:• .Jr ,, •. :•: J.,,~-: i"!' ~.. ,.i· ~,:t • ' 

productivity could drop and offset the economy's pofontia1··grc;~_elsewhere. Alternatively, 
firms might increase total R&D effort, ~ut leave tlie economy\vith fewer resources to do other 
things. While it is likely that these effects are second-order when compared to the effects of the 
improvement in carbon-related efficien~y, thef1are still absent from the analysis. • 

. . ;)fy· i:~11:.. , :. JS~tf . • 

;,-\,Figure 20: DRI-DRJ Energy1990Level Case, No International 
.,,:;!ijrading-Se~sittvity of GDP ti.jhe Rate of Technological Progress 

''-'''':12·1, . ·::,\,';,~::,ii>~:•:.: • • 
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Note : Emissions stabilized at 1990 lc\'els in 2010 with a 10 year phase-in. Revenues used for deficit reduction. 
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These results indicate how important technological progress especially in the long term. A 
substantially higher rate of technological progress will improve short-term results. But it is 
capable of moving the analysis significantly once its effects are ~lowed to accumulate. • 

Reducine carbon emissions would also reduce other pollutants /eadine to direct economic 

benefit. The release of CO2 is inherent in the activity of burning fossil fuel underA.,«ir-ent • 
technologies. When CO2 emissions in the utility, industrial boiler, and • portanon sectors are 
reduced--either by using less fuel or by altering the mix of fuels-emi ·· · . ·trogen oxides 
(NOx) ~d sulfur dioxide _(SO2)_are also reduced._In the ~.~tm~ •':• • react with 
ammonia to form ammonium rutrate and ammonium sul~ ~-sigmfic . of fine 
particulate matter (PM2_5), which may cause significant ~iratory h6 pro 
mortality.' . 
To investigate this effect, the NEMS model was used t 1 

~Mi~'-. 
.electricity generation. When emissions are frozen at 199-= :u.l:r.:'!~;'J;~~-
estimates decreases in utility N:Ox and SO2 emissions ot:41) • 
2010. · · .,,. 

dNox m 
trading, NEMS 

ent, respectively in 

The NEMS model provided emissions for each .. • ,· ·: . NERC·!F.ons. These results were 
then translated into disaggregated county lev ••• temiss1 • . :· ··,calibrating'the NEMS results to the 

• county specific d~ta from ~PA's ~ation~r jfu.t~culi e' ri~~~~~~ results we~ th~n fe~ 
through EPA' s climatological regional dispersion:model, :ffich dilculates the resulting air . 
quality ch~ges for_each -~ounty. Fji~~~y, thes~~ults we~%sed to <=~timate health and welf~e 
effects of air pollution using EP1

0
,ethodol9~·develo~ifunder Section 812 of the Clean Air 

Act Amendments and reviewed and endorsec:t b EPA?s:,Science Advisory Board. . . 
• •• t • r 

.,,,~. • . • 

Health benefits from red~ ·· ·!Y NOx an k50 2 emissions in the "starting point" stabilization 
case include i ~~itied m~rtMity:$ciided cas~s of chronic bronchitis, reduced acute bronchitis, 
fewer upper ~d)oiy~,[espirat6ff ~ ~ ~.ims, and a decline in lost work days. The results are 
ve~ sensitive t? .. ~~.t ~ ~~ .~ttribut~.tc:, avoided mortality, here estimated at $5 _m~llion per 
episode. When mo~eti#d tlu=se benefits could have a mean value of over $4 bllhon per quad of 
coal· based energy geri~o~ •:~ _suming the estimated 7 quad reduction found by DRI (in Table 
4), this would yield ben~fits ~tabout $30 billion. 

~;~f t 
• · ~~ 

NOTE TO READERS; The IAT has not yet quantified the NO~ and SO2 emission reductions 
from the industrial and transportation sectors or estimated the reduction in emissions of other 
criteria air pollil~ts:'.e.g., carbon monoxide and volatile organic compounds. 

s This analysis assumes that no new regulations to control criteria air pollutants would be implemented at 
• the Federal or state level. It is important to note that actions are being considered at the Federal and state levels, 

including proposed new National Ambient Air Quality Stand~rds. the Clean Air Policy Initiative, and new State • 
Implementation Plans, that could reduce NO, and SO: emissions from utilities over the next decade independently 
of controlling CO: emissions. 
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The losses experienced by the United States by handicq1ZPin~ eners:;y-intensive industries in 
international trade need not be laru. There is widespread and legitimate concern that forcing an 
implicit energy price increase on U.S. · producers will disadvantage them substantially through 
trade, particularly with those countries outside of Annex I that might not be subject to the same 
emissions limits. The IA T used the ORI model to examine the overall trade implications of such . 
a possible energy price differential. Industry trade results are discussed in the lndustry Results 

section of this report. . • . • . • . • . . .. . / 

The DRI model examines overall trade effects by assuming a,rate at A · · ucers who export 
to the U.S. experience cost increases. In the aggregate, ahai!t60 percei;it:Q • • rts-of;;/· 
manufactured goods come from Annex I countries that ~1tlso experi_c;n • • • plicit . 
carbon prices (and, therefore, energy prices). The ORI ~ odel, ther~~ , ass ~ ·, -~-> . ~ 
manufactured imports, in general rise by an average of • ~ rcent1ff the full c~ -· 

. expetjenced by U.S. manufacturers. • 

This assumption, howe~er, can be criticized as being to ,.. V •·' ' ~ ; ·,u.s. producers. If 
exporters from non-Annex I countries do not experience the co~ : that Annex I producers 
do,_ the~ they will no doubt substitute their produc~lf~~~ex r~~ion. Given 1:11is likely 
switching of ex~ort sources, _the ORI model w~~j!111-~ tJl the as~ion_ that foreign 

~~t~co~~~~=-a co~mcrease 7~7-W~ rc-;as oppos~ t~:60 pe~nt of 

Figure 21 presents the results undei:tbese two cases. The effect of the carbon-hmitmg pohcy on 
trade is depicted in these runs as ~Jingl}::;sipall. So~ • ofthe change in trade flows is 
reconciled in the ORI model by .~owing th~~~ changeu te to move, but as seen in Figure 2~, the 
anticipated ~ges in the ex~bru,,ge rate th~~are not large and do not vary between the 

~<·, .,,, ,. , .. .iiia:•,L, ... • >, .. ,, , ~""!l)!'l>(,'.lio!iilf , 

two assumptions. The smalldiff~ences aie.JJ,otnecessarily counterintuitive. There are already 
.,. , . ··:, .·, :-·. '.f1 .. ::pi..•,-!!':. • •1~ _.-,, .. _,·:-.,1~~P .. ':~1~~ _.,..,_ • • • 

substantial ~~·pnce diffel'.Ct1<-:t:S_~d differing environmental restnctions among trading 
','.-,; ;j:i• ,, ', . , .,,,, " ' •"1•,y-•, ·., '':~, .. ~ ... 

nations that are larger than the·P.rice ·mcrease that results from the policies considered here. 

·,:r~1~:m;~:itk•-· --~£lt\!IY~1• 
This aggregate ·treatment does not capture the effects that mwn be borne by specific . industries 
due to their varyingeheiiiititensities. This more detailed examination is presented in Table 13, 
in the section on industry effects· ' • 

. ;_· ~ '.1~i :·11\{; ;.-' 
!•·;,::­

:·J:~ 
'':\'" 

., J 

,,...". 
.,; ~. 
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Figure 21: DRI-DRI Energy 1990 Level Case, No International 
Trading-Sensitivity of the Trade Balance to.International 

Price Ratio Assumptions 

20 -,---------- ----------- ---- ------. 
10 .. 

I o-.-------~-- --~--------------1 
f 
j · 10 

: 
! -20 

1.30 

I 
I -40 ... 

-50 

.....a 1990 L•••' ca11 (&0% ca .. , --30%Ca11 

' . -/if;'' • ' .~fk,;,)~~~ll~t~~.JiJ 
Note: Emissions stabilized at 1990 levels in 20 I 0. Revenues used for deficit reduction and assuming a 1.25 percent annual decrease in E/GDP. 
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Figure 22: DRI-DRI Energy 1990 Level Case, No International 
Trading-Sensitivity of the ·Exchange Rate to International 
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Note: Emissions stabilized at 1990 h:\'els in 20 I 0. Revenues used deficit reduction and assuming a 1.25 percent annual dccn:ase in E/GDP. 
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~'IDJ:J~~l&.Ja.tl!l.UU.~:r.QJ.~tm"-J}j~~ll.J!if1'1..$'1lllimll/J!J1UJi.1':.'111'.a.J.'JJ.JH,. The 
ederal Reserve reaction function in the ORI model is an empirically derived estimation of likely 

Federal Reserve policy responses.to changes in price inflation and the unemployment rate, 
among other variables. It is seen by DRI as the best proxy for Fed decisions in the model 
simulations. In essence, the reaction function will abate unemployment unless doing so would 
lead 'to high rates of inflation. • This reaction function was used in the analysis ~ the default 
setting for the assessment of the alternative target profiles and implementation ~es. This 
section reports on a set of sensitivity analyses which consider different • ral~ rve actions: 
maintaining nominal non-borrowe~ reserves at baseli~e leve!§,. and a • ---.: real non- • 
borrowed reserves are held at basehne. As can be seen z o ~ ure ts of the 
alternative monetary policy assumptions are substantial. . . . 

If the Federal Reserve maint~ris no~inal reserves at b• -. e, the:S1ze of the G • _ _ · .... 
approximately doubled, from a 1 percent peak loss whe ,, • ~ ion function is otl • )Just ·over 2 
percent peak loss when more restrictive policies are purs __ •• " . is essentially no difference 
between holding nominal non-borrowed reserves constan ·an : o ._ .''~g ;real non-borrowed 
reserves constant. (!he level of non-borrowed reserve~ n the 6 ~.:::~l ~~m is an important _ 
Federal Reserve pobcy. If the Fed chooses to hol~J,1,CU9JJ!f:1l reserves£ 9.~,_ then the funds that 
banks hav~ to l~nd goes down when inflation ~ii~}! .. ,,. :reserves are~~ld constant, banks can 

lend more 1f pnces go up.) . . .,~/1,'?' ~: . _ _ ';,~;· 
>.·• ·""' ' ' '•· .... ' 

The sensitivity cases presented here, h9wever, focus only oh.using the collected funds to reduce . 
the federal deficit. The lower deficit (<>r greater stirplus) makes it easier for the Fed to ease credit 

. conditions without making inflatioriwrir~e (i.~~ed, as s~(?\vn in Figure 5 inflation subsides by 
2009 and inflation thereafter is lower than in the base} case).The Federal Reserve can th~refore do 
much to ease the economic.transiiion in sucJ{aiifen\ito~ent. B~t, the impact ofihe Federal 
Reserve reaction _functio~ '~ndatnentally dei,etids on howrevenue recycling policy affects price 
inflation and the unemployment rate. In cases where price inflation remains high and 
unemployment losses are lower, the reaction function would ease credit conditions at a slower 
rate, _and the divergence ~tween the reaction function results and the nominal reserves at base 
case may be much smaller. • • •• • 
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Figure 23: DRI-DRI Energy, No International Trading- Sensitivity of 
GDP to Federal Reserve Policy Assumptions 

1.0D,I, ,-------'--------------------, 

--,..,_ Re•rv• Reaction OIi 

Note: Emissions stabilized at 1990 levels in 2010. Revenues.med for deficit u 1.25 percent annual decrease in E/GDP: JY , .... 
Figures 24, 25, and 26 show projections of the Federal Fun • ate, the 10-year Long Tenn Bond 

-:'tJ .... >;•"¥,.' •·,!\t· :·.·I;,. , 

Rate, and the Federal Deficit/SllfRl~/ respec~y_cly, from,,.W:e DRI model with the Federal 
Reaction Function used in the ~ysis of th5 :~90 Let~l'Case, No International Trading 
("starting Jl?ip~"). Th~se r~~t;i ow hoY{~w~~tlie treatment of revenue flows is in.the 
DRI mod_~;.: ~.2gst3:11t1al ... ~~1~~-the_d:~~t(~e ~ were produced before_ the_ agreement to 
balance·~::i~~~~,in 2002.~ i~);i,~yed m May) allow interest rates to fall, which 1s the key to 
the economy's mvestment response; 11':·h, . 

. 
:.,,,-ff,:J1[1:~~;. t'1,,,. • ,;;jJt-

:· ~"i',;;!~ 

--~~;~f ~-
.~1~f·:·: 
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Figure 24: DRI-DRI Energy 1990 Level Case, No International 
Trading:... Real Federal Funds Rate 
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Note: Emissions stabilized at 1990 levels in 20 I 0. Revenues used for deficit reduction and assuming a 1.25 percent annual decrease in E/GDP. 
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Figure 26: DRI-DRI Energy 1990 Level Case,' No International 
Trading-Path of the U.S. Federal Deficit/Surplus 

50....--------~---------------, 

-300 '---------------~=---~.....-::::'=-----' 

I · 1 I , ~1-P'·· 

~~ii':, 
~a ... ea.. 

iJ,~ij::,'· ·• •• 

Note: Emissions stabilized at 1990 levels in 2010. Revenues ~d for deficitmlu 

tfl .i 't 
. tl:-1~~~i· .~t.:·· 

... :;~:':.;;t. • • ;.~,• .r.ik:- • ' 

TJ,e results presented in the s~ctions bel_ow on "Industry Results" and "Regional 
and Employment Effeq~"i." not inc~':!f!.~Pf'!ss_-:,~~rder emissions trading. Tl,e /AT _ 
is in the.process of genertJ!lng industry ~ndregional results based on using implicit 
carbon prices from SGM 4nnex I tradiilf results to simulate macro economic 
conditions /or tl,e DRi model, wltic/1 will extend the final section of the core results 
to tl,e indushy and regionallevfis. 

' . •· · :, ·:·' ..... 

Industry Results 

Using the ORI model, the IAT examined both the industry impacts and the impacts to regional 
employment associated with carbon-limiting policies. Regional impacts are discussed in the next 
section of the report. Table 11 provides impacts to the energy producing industries and to 
industries that are considered to be energy intensive. Table 12 lists the industries with the 
greatest increase from base case output and the largest decline from base case output in 2010. 

Different energy models place different emphasis on three strategies for coping with energy price 
increases, with corresponding differences in projected fossil fuel impacts. These strategies 
include increased end-use efficiency, reduced end-use activity, or fuel-switching towards an 
increased market share of low- and no- carbon fuels. Increased end-use efficiency or reduced 
end-use activity tends to lower overall fuel demand. while fuel-switching favors low- and 
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no-carbon fuels, such as natural gas and renewable energy, relative to high carbon fuels such as 
coal. 

The DRI energy model results (reported here) ~mphasize improved efficiency and reduced 
end-use activity. In this model, stabilization reduces .the use of all fossil fuels ( coal, oil, and 
natural gas) relative to baseline levels. In_contrast, for example, the NEMS results r~ly more 
heavily on fuel switching opportunities in the utility and transportation sectors, as,#11 as • 
efficiency. improvements in cars. The NEMS stabi~ization runs s~ow gr,.~er_ ~ions in coal 
use than the DRI runs, but natural gas use actually increases relative t 1. e due to fuel . 
switching and a higher level of end-use energy demand. • 

Table 11: DRI-DRI Energy 1990 Level C 
)mpact on the Output of Energy Producing Indus 

. (percent change from thlii. •• N..@~~~ -------=~--:------2010 2020 

• . Ene"I)' Producers 
Electric Utilities 

Petroleum Refining 

Coal Mining 

Natural Oas 

Gas Utilities 
Crude Petroleum 

Fuel Oil 

. "Pipelines. ex. Natural Gas" 
Ene"I)' l■tenslve Industries _.,,,,, 

No trading 

•I l.6o/e 

-8.So/e 
-25.9-1.,. ',y 

.'l!ll"° 
-19.9% . 

J,ii• ·:' 

-lUo/e 
.ii'i'.s% 

"': ;•h·' 

,. '3.6% 

-18.2% 
-10.9-/o 

-12.4% 

-16.7% 

-8.0% 

With International 
Trading 

n/a 

n/a 
n/a 

n/a 

n/a 

n/a 
n/a 

n/a 

Food and KindmlProducts 0.2o/e n/a 
. ,.i•. ~.1 .•1. •~1~:i•,1: 

Chemical and Allied Products -l .6o/e n/a 
•• . ...,.r:,, j°('.1'~.::;l½I~ ,;";,!I';..,~· 

Petroleum and Coal.Produc:u n/a -10.0% n/a 
Stone. Glass, an-i-cf~ ~ n/a 2.3% n/a 

Paper and Allied Prod'i.c:u ·:f1
\j;:;-.,, n/a 0.4% n/a 

Primary Metals ,tf::?'.• :,£\h:\f·t: '..... n/a -1.0% n/a 
Note: Emissions stabilized at 1990 levels ill 20 IO with a 10 year phase-in. Revenues arc used for Federal deficit reduction. assuming a 1.25 
percent annual decrease in E/GDP. • .Estimales for t_hc international trading scenario arc forthc!Jming. • 

; : , I'' •. ~i;t~:i:f(;~ir~ ,.I, • • • 

Energy intensive_ industtj~i~ ,·put at a disadvantage by higher implicit prices for fossil fuels 
following the imposition of policy. This occurs because they are displaced through trade -- an 
effect that DRI depicts·as relatively minor - or because the composition of the economy's output 
changes in favor of less energy-intensive goods and services. These composition shifts drive the 

• industry results. For some industries, however, composition may shift in favor of energy 
intensive industries because the economy's composition shifts from corisurhption to investment. 
which cails up a different mix of goods itself. 

For examp}e, a number of e~ergy intensive manufacturing and construction sectors benefit in the 
long-term by the stir,nulus to investment created by· the reduction of the deficit. Table 12 shows 
that 6 of the top 10 industries, in terms of output increasing above the base case. are directly or 
indirectly related to construction, which reflect the increase to the investment component of the 
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economy. Figures 27 and 28 show the short-term output losses and the long-term output gains of 
a number of these industries. • 

On the other band, industries whose production is used primarily for consumption, particularly 
energy products such as petroleum and coal, but also including paper, chemicals, and food and 
kindred products, continue to show losses in aruiual output. The energy producing industries 
show losses in output from between 8 percent for pipelines and 26 percent for co~.Ji_ining . 
. Consumer non-durable goods producing industries show losses of outpufuhat rles from 1 • 
percent for food processing to 10 percent for rubber and plastic footw e longer-term, 
other than ·the energy producers, the consumption-oriente,~"'~,._,tries .~-~ to just about . 
reach their output levels in the baseline. 

This niix effect is particularly and obviously important 
• • suggests output of petroleum products will decline by 

compared to the base case. As seen in Table 12, coal pro 
percent lower in 2010 and 39 perc.ent lower in 2020 wh_.9).r,c • 
base case. .., • ·• 

d States WI be 26 
1ected levels in the 

Figure 27: DRI-DRI Energy 
Trading-Output in Key Indus 

e, o nternataonal .._ ..... 
,...11,j-,. 

·""' tio~, Milf and 
Wood Products, Veneer an~'Plywo and Gypsum 

l 0 

i 
- ·- - -- ------------- ·----

--Mil -Wood Produc:11 

-Conc:r9M - Gypsum -e-Cut Stone and I.Imo 

Note: Emissions stabilized at 1990 levels in 2010. Revenues used for Federal deficit reduction and assuming a 1.25 percent annual·dccrcasc in 
E/GDP. • • 
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Figure 28: DRI-DRI Energy 1990 Level Case, No International 
Trading-Output in Key Industries-Motor Vehicles, Steel and Mill 
Products, Structural Metal a_nd Plate Work, Aircraft, Aluminum 

•-~ ,.---------.,.,-----------------, 

-MolOtVllllala --Ain:nfl --SINlandMIIPIOClucll _.,._,, _Swcual_and_Wallt 

' ,' 
, ·, . 

'A' • 
Note: Emissions stabilized at 1990 levels in 2010. Rncn~ s used for.~c:it rcduc:tion'ind assuming a 1 :2s percent annual decrease in E/GDP. 

Mining (including coal, oil, and ~ gas ~ ti~.!loyment would be 6 perceni and 7 
percent lower, respectively, il)_20)0 and 2020~~~lines are lower than output losses 
because pr~~~_vity in ~c(fri~~ is genffi~;'~lf~ipated to improve and the nation's coal mix 
is projected)~)hift to more~~<mye coal ·~strves. These employment losses are particularly 
severe in the :east and west south central regions. • 

• :~:~t);::;>}:}( .~. - •• ,. . :i::111~ 
Electric utilities experience ~mallefpercentage reductions in output, but their losses are larger in 
dollar terms .• Utility oiitpufdeclines by about $30 billion in 2010 and $52 billion in 2020 when 
compared to the base case. '}:>~~leum refining and coal mining also experience larger losses than 
other energy-related industries't>n a dollar basis. • • • 

,,, 
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Table 12: DRI~DRI Energy 1990 Level·Case, No International Trading 
Impacts on the Output of Selected Industries 

(percent change from the base case) 

Industries with the Larsest Percent Increase in Output • 

Aircraft 
~ruck Trailers 
New Construction 

Truck and Bus Bodies 

Partitions and Fixtures 

Lawn and Garden Equipment 

2010 

3.0 

3.0 

2.8 

2020 

3.7' 

,i, 3.7 
, S.4 

;; 3.S 

3.9 

3.3 :t' 

• Elevators and Materials Handling Equipment 

. Structural Metal Products '" ,· . 
. 

,..r::• 
-1." 

Concrete and Gypsum 

Plumbin& and Heating Equipment 
Packqing Machinery 

Industries with the Largest Percent Decline In Output• 
• Rubber and Plastic Footwear 

Nonfenous Metals 
Household Audio and Video Equipment 

Chemical and Fenilizer Mining 

Watches and Clocks 

Iron and Fenoalloy Ores . 

-3 .9 
-S.4 

-6.1 
.3.3 

• 4 .9 

-2.8 

Other Leather Goods 0.4 
Nonfenous Wire and Cable i:t -2.S · -2.8 
Misc. Nol)fenous Om ;:J'), .~i1

• -2.3 -3. 7 

:::rt:rsOr&anic and lnorg. Chemicals,.. • • ~~jt,, _ .~~~f~t~{ :~:~ ~:: 
Note: Emissions stabilized .at 1990 levels In 2010. Revenues used for deficit reduction and assuming a 1.25 percent annual decrease in E/GDP. 
• Excluding eDCl'I)' pn,ducing secion. " ' ' '' • •:;•,/~~:; .:.r•· • · 

· . .;;.;{J:\;~~:I)f;\,,,.,. • : .... . t, . ~ , ... , • • . 

As discussed earlier,· the ORI 111 • • • er found that the effect of a carbon-limiting policy on 
·---· ~ ,• •. :-:· •• ·-~. ;.4 '.,t~.;.·~t .. .l • ... : • .•• 

international tnide,is ~latively smallacross all industries. However, as Table 13 shows, the trade 
impact on some specific industries '~ relatively large. For example, imports by the cement 
industry incre:ase by .. 13:~t. and eiports are off by 3 percent, a net trade loss of 16 percent. 
Steel imports increase by almost 7 percent while its exports are cut by about 1 percent, a net 
trade loss of abc:mt 7 percent: • On. the other hand, fuel oil imports decline by about 3 9 percent, 
while exports increase by about 1 percent, a net trade gain of 40 percent: Imports for the 
industries listed in this.table generally increase, while exports decline slightly. 
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.Table 13: DRI-DRI Energy, 1990 Lev:el Case, No International Trading 
• Effects on Exports and Imports in 2010 

Paper and Allied Products 

Pulp Mills 

Paper and Paperboard Mills 

Paperboard Boxes and Containers 

Paper Coating and Laminating 

Sanitary Paper Products 

Chemical and Allied Produces 

Industrial lnorg. and Organic Chemicals 

Fenilizers 

Pesticides and Aar, Chemicals 

Petroleum aad Coal Products 

Petroleum Refining 

Fuel Oil 

. Stone. Glau. aad Clay Products 

. . Cement 
Concn:tc and Gypsum 

Cut Stone and Lime 

Primary Metals 

Steel and Mill Products 

Iron and Steel Foundries 
Iron and Steel Foraings 

(percent change from base case) 
lmpons 

0.9-/o 

2.3% 

1.6% 

1.49/o 

J,(>-1 • . 

1.5% 

2,7% 

2.3% 

0.3% 

Expons 

0.1% 

-2.8% 

-0.2% 

-1.1% 

-1.49/e 

0.00/4 
-0.1% 

.o.se;. 

0.lo/e 

0.00/o 

-0.1% 

-0.1% 

3.7o/e 

2.S% 

-0,89/e 

-0.2% 

-0.6% 
Note: Emissions stabilized at 1990 levels ID 2010. Revenues used for Federal deficit reduction and assuming a 1.25 percent annual decrease in 
E/GDP. , 

Regional and Empi~yment Effects 
. . -~-~·,,. ·,)t 

The effects of clirriate change policy ori the various regions of the country are shown in Table 14. 
In general, states in the East North Central, East South Central, and West North Central regions 
will have proportionally greater losses in population, 150-, 125-, and 75-thousand, respectively, 
and employment, 210-, 165-, and .125-thousand, respectively, than the other regions of the 
country. See Figures 29 and 30. Total non-farm employment loss due to the climate change 
policy is about 900 thousand in 2005 compared with the baseline total non-farm employment of 
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135.3 million in that year. In 2010, total non-fann employment loss· due to the climate change 
policy is only 400 thousand, compared with the baseline total non-farm employment of 140.9 • 
million, as the economy starts to recover. The New England, Middle Atlantic, and the .Pacific 
Southwest are expected to show long~term gains in population of 125-, 110-, and 130 thousand, 
respectively, and in employment of 125 .. , 45-, and 65-thousand, respectively, because of climate 
change policy implementation. , • • . 

Figure ;9, DRI-DRl Energy 1990 Level Case, No Inte-diatio✓ 
Tradi~g- Population by Region ( change fi , m the b'~ dlse • 

I 
, ' 

-0.2 -0,15 

· IMJI 

' SJ 
CJ 

a 

-0,l ~1i:~~:JJ.'0$ ~ .• f-, , 

IJ}i~~ . a2oos 
t!~ { .~,. tJii";~; 

. . . . . • fl~-~l(ft~f;C.,r: .. , . 

0,1 

J lollcldle-
1 , 
I 
: -e~ 
I 

0.15 

Note: Emissions stabilized at 1990 levels~ 2010 . . ~venues used for Federal deficit reduction and assuming a 1.2S percent annual decrease in 

E/GDP. •• .•• L, ;;, ~;~~It~::1/ ·h•,;,,, 

The key to the regional eff~cts reiiefo#'h~w revenue raised through permit sales is recycled to 
the economy. In the policy revieweditor regional effects, revenues are used to reduce the Federal 
budget: deficit, which supports savings and, thus, increases investment. The climate change 
policy favors those states ~~''production in industries support investment in structures and 
capital goods equipment,-and of.course, those areas of the country that are not as dependent on 
fossil fuel production. lbe climate change policy's effects are mitigated in those regions whose 
mix of industries favor.investment goods industries and where the levels of industry production 
are large and can absorb the losses in production in industries that produce consumer goods. 
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Figure 30: DRI-DRI Energy 1990 Level Case, No International 
• Trading-Total Non-Fann Employment by Region 

(change from the base case) 

,-------------.:::::,-:..~J■■■-■-■-■-■---~ i PICillc:S-.. Msii .. @~•1--:¾B1 ! 

a Hewe...-

.,oaT!louundl -50 --~-iJh1~~'i ·. 50 ~'.~ ~~~,;.· 

-~t· Jc ~!r··1t:.;_i.;,,;:.::.:.:.;~-~ .. ;,ti • 

.zoo .,so 

. ifff 
Note: Emissions stabilized at 1990 levels in 20 I 0. Revenues used for Federal deficit reduction and assuming a 1.25 percent annual decrease in 

E/GDP. i~~?l't .~f~~·· ', l • 

As shown in Table 14, although.the West South Central region is expected to have the greatest 
losses in fossil fuel employment,:about 15 '.4iousand in 2010, this .represents only about 6 percent 
of its total mining empl6ymen'f in thaf year~·,,:On the other hand, the East South Central Region is 
expected to _lose about 8 thousand in, f0 10, but this represents ~bout 22 percent of its total fossil 
fuel employment in the same year. ·· .}l • · 

, • • A! _:y• ,.1 • .•• ~ 

... -~-~-<-~· . , ..... 
::~ / 
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Vear -

200S 

2010 

2020 

2005 

- 2010 

2020 

_ 200S 

2010 

2020 

200S 

2010 

2020 

200S 

2010 

2020 

200S 

2010 

2020 

Table 14: DRI-DRI Energy 1990 Level Case, No International Trading 
Regional Impacts 

New 
England 

0.9 

1.9 

2.9 

0.3 

1.7 

2.7 

0.4 

4.4 

9.0 

0.0 

0.1 

0.3 

9.6 

26.S 

36.9 

1.7 .. ~ . 

;.:;4~?l:I~ 

Middle 
Atlantic 

South 
Atlantic 

East North Eut South 
Central • Central 

West 
North 

Central 

Dispe)lable Income. o/• cban1e from the base cue 
0.4 

0.7 

0.9 

-0.1 -0.4 -0.S -0.1 

-0.1 -I.I -1.3 

0.1 -1.4 -1.S 

Total Non-farm employment. % cban1e fi 

-0.4 . -0.8 -1.0 -1.3 

0.3 -0.4 -I.I 

o.s -0.2 • -I.I 

Minln1, Oil, and Gas Employment. •/4 cba • 

-8.S -8.3 -S.9 -10.9 

-10.9 -11.6 

-14.0 -1S.6 

0.0 0.0 

0.1 

0.2 

0.0 

0.0 

-7.8 

-6.2 

48 

West 
South 

Central 

1."· 

·sands) 

-21.S 
-28.S 

-41.8 

Pacific Pacific 
North-west Southwest 

-I.I 

-8.3 

0.0 

0.1 

0.1 

-1.0 

6.7 

7.3 

-1.6 

• 0.3 

0.4 

0.3 

0.6 

-0.9 

0.8 

0.6 

0.0 

0.1 

0.2 

-0.6 

17.3 

23.9 

-6.S 

-s.s 

-S.4 
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Appendix Table A:' Assumpdons Rega~ng • . • •• '. • 
· Non-Carbon Greenhouse. Gases ·; • :, : , , . • • 

. (million -etric tons'·ot carbon equiv~ent) .. .... ". 
1900 1995 2000 2005 2010 

~ 
.,,.,. . . 

.. r . · .-

.. , . 
. . . " 

: . ·-=~ 

2015 2020 

. OM 169 • .. :·. 111 ' 150 ·152 .. 

HFCJ'FC 24 Dia ~ 
• r • 69 • ... 

N2O . ·. 37 34 
.. . 

31 .• ... 32 

Slnk's • · • . , . • •136 •l28 • -Ill . •120 

... .. 
-

V 

\ 152 154 • 155 

133 . · 

37 

•103 
• ·tOlal • • • • • ·.· : : • • . • : . · 95 • . ilia • _ _.~. 102 A i33 . 

. •. COit Effective Recludlou la Emllllou (aa■mlq u lmplldt price or carl>oa o~per to■) 
CH4 
HFCPFC 
N2O 
Sinks 

Totll Reduction 
Emluiou witla Cost Effecdve Reclucdou 

·014 169 

223 

·' 126 . 126 
• HFC PFC 24 • Dia 4l 41 23 
N2O 37 · ·34~ • ' •. 31 · n 

• Sinks •136 . -µI~~ • ~120 •126 •lll 
Tola! Other Gas Emissions 95 • . ~. • a • . u.. • • 133 ... 61 • 71 64 
Reductions Below 1990Levels I - · • . • • • 34 23 • 31 

: Million metric IOII of carbon equivalent calculalcd ._ I 00 year Global W11111 (OWP) (IPCC. 1995). The S70 per ton 
cit price of Cll'bon was III estimate used by die 1-,.r.pr to aCIICl'lliaa Helt "· -otcirbon uslna die IA T models. . 

. " - . ... . ' . . . , 
\ . .. . . . 

' . .. . 

.:.... 
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Introduction 

In a June 27, 1997 speech to a United N~tiolis ~vironmental conference, President Clinton acknowledged 
that "concentrations of greenhouse gases in the atmosphere are at their highest levels in more than 200,000 

• years and climbing sharply." If that trend does not change, the President noted that the resulting climate 
changes would "disrupt agriculture, cause severe droughts and floods and the spread of infectious diseases." 
In underscoring the fact that no nation can escape the danger of climate change, the President stated that: 
"We must create new technologies and develop new strategies like emissions trading that will both curtail 
pollution and support continued economic growth. We owe that in the developed world to o~lves, and 

• equally to those in the developing nations. Many of the technologies that will help us to meet the new air 
quality standards in America can also help address climate change. This is a challenge we must undertake 
immediately." 

Drawing on the guidance of the President's statement to the United Nations, it is clear that any future climate 
change policies adopted by the United States should be anchored by a technology-based investment strategy. 
Such a strategy will focus on the diffusion of cost-effective technologies that are now available but 
underutilized, even as we continue efforts to develop new technologies. Yet, the,sectors of the economy vary 
widely in how they produce goods and· services. For that reason, the impact of future climate policies - as 
well as the technologies available to·respond those policies - will also vary widely. This is true for both the 

• sectors as a whole and for the individual firms within those sectors. For policy makers and for business and 
labor leaders, it is important to understand these different impacts and opportunities. 

Sources of U.S. Greenhouse Gas Emissions 

Greenhouse gases include carbon dioxide (COJ, methane (CHj, nitrous oxide (N1O), and ozone (03) . 

• Chlorofluorocarbons (CFCs) and partially halogenated fluorocarbons (HCFCs), a family of human-made 
• compounds, their substitutes hydrofluorocarbons (HFCs), and other compounds such as perfluorinated 
carbons (PFCs), are also greenhouse gases. Of these gases, CO2 accounts for the largest share by far of all 
anthropogenic emissions and is primarily the result of fossil fuel combustion for energy use. The greenhouse 
gas emissions are typically measured in "carbon equivalents," according to their respective "global wanning 
potential." 

Total U.S. greenhouse gas emissions in 1995 were 1,557 MMTCe (million metric tons of carbon equivalent), 
• with gross emissions of 1,674 MMTCe offset by 117 MMTCe of carbon sequestered by the nation's forests. 
Since 1990 energy-related carbon emissions have increased by about 10 percent to 1,467 MMT in 1997. 
They are expected to grow 1.2 percent annually, reaching 1,722 MMT by 2010. 

U.S. Carbon Emissions by Fuel 

Petroleum products are . the leading source of carbon emissions from energy use and nearly 80 percent of the 
petroleum emissions result from transportation. Coal is the second leading source of carbon emissions, with 
most of the projected future increases in emissions from coal result from electricity generation. 
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Table 1. U.S. Carbon Emissions bv Fuel Tvoe 

1997 'Percentageoffotal 2010 PercentageoITotal 
199S Emissions 2010 Emissions 

Petroleum 613 42% . 730 42~ 

Natural Gas l3S 23% 412 . 24% 

Coal - 519 35% 579 - 34% 

Other (includes 0 0% 1 0% 
methanol and lfqui1 l ' : 

hydrogen) ' 

TOTAL 1467 100% 1722 100% 
Source: DOE Annual Energy Outlook 1997 

U.S. Carbon Emissions by End-Use Sector 

· End-use sectors include the foliowing: residential and commercial (collectively c~ed ''buildings''), industrial, 
and iransportation. Emissions from each of these sectors are roughly equally distributed among the three: 
buildings (35% ), industry (33% ), and transportation (32% ). These shares are projected to remain fairly 
constant through the year 2010 and beyond. The most diverse of the end-use sectors is that of industry, 
which consists of farming, agricultural services, fisheries, forestry, mining, oonstruction, and manufacturing . 

. . 

T bl 2. U.S E a e • nerl! ,. e ate ar n m ODS IV a or n . se R I d C bo E Issi b M 111 E d U Sect or 

PercentageofTotal 
1997 1997 Emissions . 

Bulldinp 512 35% 

Industry 471 33% 

Transportation 48S / 
32% 

TOTAL 1467 100% 
Source: DOE Annual Energy Outlook 1997 

~nergy End-Use Sectors 

The Bulldinp Sector 

2010 

' 576 

548 

598 

1722 

PercentageoITotal 
2010 Emissions 

33% 

32% 

35% 

100% 

Residential and commercial end uses combined to consume 35 percent of the nation's total energy 
requirements in 1997. The major components of energy use within the buildings sector are summarized in 
Table 3 on the following page. 

Table 3. 1991 Building Energy Consumption by End-Use 
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EndUse Pe:a:ntaaeofTotal 

SpaceH eathg 26% 

. ' SpacEC oolbg 9.4% 
. . 

I W aterH eat:bg_ 108% 
; 

R efi geati:n 49% 

L:i;;Jhthg . ' 149% 

ccakhg 2.6% ,. 

• 0 fuet-App.l:ancEs 315% 

Total ·· .100% 
Sam:e: DOE A~ner:gyO utb:)k 1997 

• ' 

Residential primary energy use per household has declined only two percent in the period 1979 to 1995. 
According to the Energy Infonnation Administration's Annual Energy Outlook 1997 (AE097), total energy 
·consumption in the residential sector is projected to increase by 9 percent between 1997 and 2010. Most of 
the growth in this sector is expected occur in the "other uses" category, which includes items such as 
electronic equipment and small appliances. Not surprisingly, therefore, most of the in(7C3SC in energy 
.demand during this period is attributed to greater use of electricity. • 

. . 

Measured in terms of energy use per_square foot of building space, the commercial sector has witnessed 
improvements in energy efficiency on the o~der of 30 percent between 1979 and 1992. However, total energy 

.. consUQlption has been rising over the past two 4ecades as a result of overall growth of the commen:ial sector. 
Future energy demand is also predicted to increase by 9 percent in the period 1997-2010. As is the case with 
the residential sector, end-use products such as office equipment and consumer electronics account for the 
majority of net growth in energy demand through 2010. 

Table 4 summarizes the category of end-use energy in the combined buildings sector for the years 1997 and 
2015. 
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Table 4. Total 1997 and 2015 Buildhm Ener~ Consumotion Bv End-Use (In Quads) 

1997 2010 Percent Chan2e 

Space Heating • 8.77 8.85 0.9% 

Space Cooling 3.17 
- · 

3.09 -2.3% " .. 

Water Heating 3.63 3~69 1.5% .. 

\ 
. . , 

Refrigeration • 1.67 1.42 -14.6% 

Ughting 5.04 · 5.04 
' 

--0.2% 

Cooking 0.87 0.89 2.3% 

Other Uses/Appliances . 10.62 13.84 , . 30.3% 

Total 33.77 36.81 9.0% 
Source: DOE A,nnual Energy Outlook 1997 

Table 4 shows that most or'the growth in building energy demand will occur in the "other uses" category, 
growing by 30 percent in the period 1997 through 2010. This category CUITCntly accounts for nearly 32 
percent of total building energy use and is expected to increase to 38 percent in 2010 as small appliances and 
office equipment continue to penetrate the market. In the residential sector, this category of end-uses includes 
personal computers, ~shwashers, clothes washers, and dryers. For the commercial sector this includes office 

•

• equipment such as personal computers, monitors, fax . machines, copiers, printers, scanners and. multifunction 
devices. Additional products included in the "other" category include new telecommunications technologies, 
medical imaging equipment and vending machines. . • • 

Factors Shaping Industry Response 

Currently, numerous opportunities exist to improve the level of energy efficiency within the buildings sector. 
By tightening the building shell and installing properly sized, energy efficient heating and cooling equipment, 
consumers can experience substantial monetary gains through greater.savings as a result of lower monthly 

, utility bills. In addition to saving money, consumers can benefit from improved overall comfort resulting 
~m better indoor air quality, superior lighting, and reduced noise levels. However, the savings are often 
hard to verify, sometimes varying from building to building~ Although consumers have clearly accepted 
improved insulation levels and some o~er energy savings features, it is not clear whether or when the more 
complicated or advanced savings opportunities will achieve significant market penetration. 

Technology Options 
• ' 

Cost effective technologies which are· currently available in the buildings sectors include, but are not limited 
to, the following: 

• Better insulation of building shells 
• Better control systems for regulating the use of energy consuming equipment (time and temperature 

controls by zone, energy-use optimizers, energy management systems) • 
• High efficiency heat pumps 
• Heat.pump water heaters 
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• Decreased hot water requirements through better designed clothes washers and dishwashers 
• Increased motor/compressor efficiencies for refrigerators 
• High efficiency lighting - fluorescent fixtures, electronic ballasts, control systems 
• Substitution of lower-carbon fuels (on a full fuel-cycle basis) 
• Reduced air infiltration practices, including improved duct work 
• • Energy efficient windows • 
• Whole house design that allows for substantial equipment downsizing 

Barriers to Ad_optioh . 

Despite the proven cost effectiveness of these and other energy effici~ncy technologies, it is dear that they are 
not widely adopted by consumers. This is due to a number of institutional, organizational, and other barriers. 
The existence or availability of a financially attractive technology does not by itself mean the technology will 

• be purchased and used in sizable quantities.. For high rates of market penetration, a number of other key 
factors must be in place: 

• Potential buyers of products need to know about the technology 
• Potential buyers need clear, reliabl_e iuformation on the performance and economic benefits of the 

technology . 
• Potential buyers must be the ones to see the benefits oflower·energy bills. 
• Service providers and users of the technologies must have expertise to appropriately design for, install, 

,-id operate the technology 
• Sources of capital must understand the low-risk nature of these investments 

The Department of Energy (DOE), the Environmental Protection Agency ~ A), and members of the 
financial community are developing innovative financing methods for energy efficiency investments. In 
addition, DOE operates a program of test procedures, energy conservation standards, and labeling for certain 
major energy using equipment in the residential and commercial sectors. These include refrigerators, 
freezers, air conditioners, water heaters, furnaces, dishwashers, clothes washers, clothes dryers and kitchen 

,. ranges, ovens, commercial heating and air-conditioning equipmen~ certain incandescent and fluorescent 
lamps, distribution transformers, and electric motors. The Energy Policy Act of 1992 (EP ACT) also . 
established maximum water flow-rate requirements for certain plumbing products and provided for voluntary 
te_sting and consumer information programs for office equipment, luminaires, and windows. Our nation has 
made significant progress in overcoming these barriers, but more needs to be done to meet the challenge of 
climate change. 

The Industrial Sector 

The industrial sector consists of an extremely diverse set of business enterprises - both in terms of products 
and processes. It includes agriculture, mining, construction and manufacturing. Even within individual 
subsectors, a range of activities exist that have vastly different energy use patterns and carbon emission 
profiles. Agriculture includes, for example, both ranching and farming. Mining includes $e exttact,ion .of 
both energy and non-energy mineral resources. Construction ranges from the building of new homes, offices, 
highways, and power plants to the maintenance and repair of those same facilities. Finally, the manufacturing 
subsector incorporates a range of industries that produce beer, paper, and clothing on the one hand, and 
aluminum ingots, plastic resins, cars, and computers on the other. Energy requirements for each of these 
industries are as different as the products they produce. 
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Trends in the Industrial .Sector 

Broadly speaking, industrial activity will grow by about 2.35 percent annually in the period 1997 through 
2010. Y ct, from the perspective of energy use and overall carbon emissions, there are significant differences 
within the many subsectors. For convenience, such activity can be categorii.ed into those subsectors which 
arc energy-intensive and those which are not. Output in the energy-intensive industries - including 
.chemicals, petroleum refining, pulp and paper, glass, cement, iron and steel, and alµminum-will grow by 
1.34 percent annually through 2010. The energy intensity of those subsectors will decline by only 0.53 
percent In contrast, output in the non-energy-intensive industries will increase by 2.65 percent annually 

. • while their energy intensity will decline . 1.23 percent per year. Despite the more rapid decline in energy · 
intensity, the more rapid growth in economic activity means that overall energy use ( and, hence, increases in 
carbon emissions) will increase more quickly in the non-energy-intensive industrial ~bsectors. 

Table 5. 1997 Comnarison of Enersnr Intensive and Non-Intensive Industrial Subsectors 
I 

.. . . 
Energy Intemity 

Output Energy Use (1000 Btus per 
(Billions of AnnualGrowth ·(Trillion DoDarofOutput) Amull Olangein 

1987 Dollars) Rate· Btus) i:.11:1:,.,,. Intemitv 

Energy-Intenslv ~ - 920 1.34% 17,197 • 18.7 -0.53% 

Other 2,847 2~65% 17,224 6.1 -1.23% 

Total 3.767 2.35% 34.421 9.1 -1.22% 
Sou~ce: DOE Annual Energy Outlook 1997 

Carbon emissions in the industrial sector are the result of two different types of processes. The first is the 
combustion of fossil-fuel resources while the second involves non-energy related production processes. The 
energy-related emissions, estimated to be about 471 MMT in 1997, ac.count for about 96 percent of total 
.carbon emissions . . This includes emissions from electricity generation which are distributed aaoss all the 
industrial sectors. According to th~ AE097 forecast, this is expected to grow to 548 MMT by 2010, and 16 

. percent increase over 1997 levels. Unfortunately, emissions data for individual industrial sectors are not 
currently reported in any pu~lished sources. • • 

In addition to emissions resulting from the combustion of fossil fuels, the primary industrial processes that 
generate carbon emissions include: 

• the manufacture and consumption of limestone (e.g:, in iron smelting, steelmaking, glass manufacture, 
flue gas desulftµization) • 

• dolomite consumption 
• soda ash manufacture and consumption (e.g., in glass manufacture, flue gas desulfurization, and 

chemicals production) 
• carbon dioxide manufacture 
• aluminum production 

One example of non-energy related process emission occurs in the production of cement. The calcination 
reaction which converts the limestone raw material into clinker generates direct emissions of approximately 
11 MMT. This is based upon 1995 data, the latest available at this time. Total non-energy related processes 
contributed a total of perhaps 21 million MMT of carbon emissions in 1995. • 
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Economic M~deling Results for the Industrial Sector 

· There are a variety of models and analyses which have be~n used to characterize the impacts of climate • 
policies on the industrial sectors. A June· 1997 study by a consortium of non-profit groups, for example, 
estimated that caibon emissions could be stabilized below 1990 levels with an overall net benefit to the 
economy. The reason is that cost-effective energy efficiency improvements and productivity gains were 
:shown to offset the increased energy prices stimulated by proposed climate policies (Energy Innovations, 
1997). The Interagency Analytical Team (IAT) also used aggressive technology investment assumptions in 
an analysis with the Markal-Macro model to show that the cost of energy services could actually be about 3.0 
percent lower for all sectors in the year 2010 and beyond - despite the higher energy prices resulting from a 
cap in carbon emi~ions. This result contributed to a riet positive (albeit small) GDP benefit showing up as 
early as the year 2000. • • • • 

To analyze the impacts of climate policies on specific industries, however, the IAT employ~ the 
ORI/McGraw-Hill Inter-Industry Model. The model calculates production, detailed inter-industry transactions. 
and trade for 246 industries, using production and trade data from the ORI Macroeconomic Model and 

· detailed projections of changes in efficiency and productivity over time. • 

Under the ''central stabilization case,'' which estimates the effects of stabilizing carbon emissions at 1990 
levels from the year 2010 through 2020, direct emissions reductions in the industrial sector account for about 
19 percent of total emission reductions (48 MMT) in 2010 and 21 percent (70 MMT) in 2020. Reductions in 
overall energy demand as well as improvements in industrial energy efficiency account for these reductions. 
Also under the central stabilization case, energy intensity across all industries initially declines at a rate of 2.6 
percent per year vs. 1.5 percent in the base case and later slows to about 1.5 percent per year versus 0.9 
percent in the base case. 

One major area of concern is the effect of carbon constraints on the energy-intensive industries which account 
. • for'only one-fourth of total industrial output but one-half of total industrial energy use. These concerns reflect 

both domestic demand, and international competitiveness. 

The impact of climate stabilization policies on the demand for energy-intensive industrial products may be 
very sensitive to how the policy is implemented. 

• If emissi(?n permits are auctioned off and the revenues are used to reduce the budget deficit, the 
reduction· in government borrowing wHl reduce real interest rates and, in turn, stimulate demand for 
consumer durables, new construction and business inv~tment. Higher construction, investment, and 
durables demand raises the demand for such energy-intensive goods as cement, alwninum, and steel. 
Pulp and paper.products, energy-intensive chemicals and other energy intensive products more closely 

' tied to non-durable consumer good consumption -- pulp and paper products, and some chemicals -- fair 
• less well under this scenario. • • • • 

. • • In contrast, if emission permits are given to households (or the revenues from auctioned permits are 
returned to them through income tax reductions), the main effect is to stimulate household 
consumption expenditures rathe( than business investment. In this case, higher qon-4ura,bles 
consumption stimulates the demand for paper and paperboard from the pulp and paper industry. 

A second and central concern is the following: as higher energy prices raise production costs, U.S. 
energy-intensive producers might lose market share to competitors from non-Annex I countries under a 
climate treaty that affects Annex I but not Annex II countries. 
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• The results of the DRI model provides a midpoint in the ranges of other studies, which either tend to predict 
that carbon stabilization policies would have only minimal impacts initially. and even a small positive in later 
years as energy-intensive industries begin to implement offsetting productivity investments; or which predict 

. severe impacts that could perhaps drive. large portions of these industries overseas; with little net effect on 
global emissions. The results from DRI analysis show that while· a carbon stabilization policy would affect 
energy-intensive industries, the most dire predictions overstate the impacts of climate policies. For the policy 

. cases. other than for oil and coal, the impacts on output for energy intensive industries relative to the base 
case arc less than 1.9 percent assuming no international emissions trading, and less than 1.2 percent with 
international trading. •• • 
' . . . 

. Geographic and regional shifts in global energy-intensive production arc inevitable even without a climate 
policy. For instance, according to the D;RI Baseline Forecasi the carbon and energy.intensive industries in 
the U.S. will experience declines in their share of both U.S. employment and outpuL These industries are · 
projected to employ only 2.9 percent of the U.S. workforce by 2010. This figure decreases to 2.3 percent by 
2020. _ Similarly. the energy intensive 'industries share of output drops from 9 .1 percent of GDP or 27 .9 
percent manufacturing output in 2010-to 7 .2 percent of GDP or 23.3 percent of manufacturing output in 
2020. Even in the baseline, emerging Asian countries share of basic metals exports is expected to increase 
from 11 percent to 17 percent by the year 201 0. and chemicals and plastics exports are forecast to increase 
from 13 percent to 19 percent. • 

• The IAT's ORI analysis did account for changes in terms of trade for U.S. industries. Under this analysis, 
non-Annex I producers (mcluding China Mexico, Korea and Brazil), which CU1Tently account for about 40 
percent of U.S. imports, would not be faced with energy price increases from a stabilization. If that were to 
occur, there would be an increase in imports from non-Annex-I countries and decreases of U.S. exports to the 
world market Yet, the relatively rigid representation of substitution possibilities in production that 
characterizes the [>.RI model may overstate the effect of energy price incre~ on production costs. In 

• contrast to the DRI model, models that have a more detailed and flexible representation of production 
technologies (such as general equilibrium models) or that represent technological shifts (i.e. from integrated 
steel mills to electrometallurgical mini-mills or_ from primary aluminum to secondary aluminum) would yield 
lower estimates of production cost increases. As the Markal-Macro results have shown, depending on· the 

• depth of technological substitution that is available to industries', the overall result may even show a slightly 
positive GDP benefit over time. 

Factors Shaping Industry Response 

Within the manufacturing subsector. several industries are substantially more energy intensive than others. 
And among these energy-intensive industries, numerous differences exist in terms of the products each 
industry produces and the processes they employ. 
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Aluminum 

The aluminum industry has three major segments - primary materials, semifabricated materials, and finished 
products. The U.S. aluminum industry _is globally competitive in all parts of the industry and is a net exporter 
of semifabricated aluminum products. The last greenfield smelter in th.e U.S. was built in 1980 and there are 
cwrently nQ plans to build any new faciliti~s. • • .- ·• ,. 

Unlike other basic industries," the U.S. al~um industry is highly depen~t upon the cost of el~city, 
such that any future changes due to restructuring would have major impacts on the competitiveness of this 
industry. The primary aluminum industry in the U.S. purchases electricity at approximately half the price of 
other industries, in part because ofhydropower (Pacific Northwest) and in part because of long-term 
negotiated rates. The future ofU.S·. primary aluminum will depend on differences (if any) in the price and 
availability of hydro- ~d coal-generated electricity. These differences will have substantial regional impacts. 
Almost all the smelters in the eastern part of the United States rely upon coal- based electricity, whereas the 
smelters in the Northwest use hydro-based electricity. · Should a policy.be implemented based on carbon 
emissions, th~ eastern smelters in the United States would be impacted more than western smelters. • 

. . . 

. Technological change in the aluminum industry has been incremental. Continuous process improvements 
have reduced energy consumption per ton by approximately 25 percent between 19~ and 1994 and retrofit 
technologies with significant improvements in existing energy efficiency levels are expected to be in place by 
2010. Increased use of recycled metal could also yield substantial energy savings. This depends on • 
developing advanced scrap separation and smelting processes and on overall advances in process design. 

Petroleum Refinine 

Petroleum refineries distill crude oil, crack the resultant intermediate products into smaller molecules, and 
then purify and blend the various fuels to produce a number of useful products. Gasoline is the principle 
refinery product, accom1ting for over half of industry sales. U.S. refining industry is the largest in the world 
with capacity at about 15 million barrels per day (bpd). However, no new refineries have been built in the 
U.S. for more than a decade and the number of refineries has decreased from about 285 in the late 1960s to 
about 175 currently. . _ 

In the petroleum refining sector, industry impacts will depend on sensitivities such as the extent to which 
prices of fuel used as an input are increased as opposed to policies that affect the overall demand for the 
refinery products produced. Other factors that will affe~ the petroleum refining industry include the price of 
marine bunker fuel which can accom1t for 25 to 55 pe~nt of transportation costs. The characteristics of 
individual refineries will also affect the response of the industry. The refineries most wlnerable are located in 
highly competitive regions, they are typically old, arid they produce a standardized product subject to a high 
degree of competition. Many of the old refineries are only marginally profitable under existing conditions. 
Less affected refmeries will be those that have been renovated and modernized in the last five years, or 
produce specialized prod~ts. 

. . 

In the near to mid-term, process energy utilization can be reduced by 5-10 percent through utility system 
modifications, monitoring and maintaining equipment/process energy efficiency through development and 
adoption of advanced sensor/control technologies, and by minimizing and controlling heat exchanger fouling. 
In the mid to long-term, opportunities to improve energy efficiency include areas ·such as fired heaters, 
distillation catalytic hydrocracking, reforming and hydrotreating, alkylation, and hydrogen production. 
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Ows 

. The manufacture of glass and glass products in the U.S. is a large, widely diversified, energy-intensive . 
industry. The glass industry includes the following four segments: glass packaging, fiberglass, flat glass, and 
specialty glass. The diversified nature of the glass industry highlights the fact that competitive challenges 
faced by one sector will not always be ~plicable to the other sectors, and solutions m~t be tailor-made as 
well. • • • 

The two most pressing challenges for the glass industry are competition from other materials such as plastic 
and alwninum, and competition from foreign glass manufacturers with lower labor and environmental . 
compliance costs. To meet these challenges the industry will need to improve manufacturing processes, 
aeate additional markets and uses for glass products, and reduce.energy and waste disposal costs. Reduction 
in energy consumption, as well as the increased use of recycled glass, both support reduction in greenhouse 

• gases through reductions in fuel combustion. 

Options to improve energy efficiency in the glass industry include technological advances that accomplish the 
following:· • • • " • 

C enable the use of oxygen rather than air to fire glass furnaces, 
C increase the use of waste glass, or cullet, in glass manufacturing, 
C lead to the new ,coatings aild new structural components needed to enhan~ the performance· of 

manufacturing equipment, and 
C aeate new temperature sensors for furnaces to increase energy efficiency. 

Slccl 

The U.S.' steel industry is comprised of integrated producers, electric arc furnace (EAF) based mills, and 
specialty steel producers. Manufacturing processes for iron and steel production have changed considerably 
since the 1980s. The open hearth furnace, which was the workhorse of integrated ~Is in the 1950s, is now 
obsolete. The basic oxygen furnace (BOF), however, held on to a relatively constant share of total production 
during the same period, although this share has begun to fall gradually since 1992 with the rise of steel mini­
mills. These mini-mills use electric arc furnaces which use 100 percent scrap metal and therefore require less 
energy per ton of steel produced. Mini-mills are highly dependent on the price and availability of electricity . . 

and scrap. 

Over the next five years, steelmaking capacity in the U.S. is.expected to increase significantly as many new 
. EAF-based mills are scheduled to come on line. As the percentage oi EAF-based steel production increases, 

the average energy intensity of steelmaking will decrease, with associated decreases in coal use and increases 
in electricity use (and corresponding changes in the amount and type of emissions). In addition, this increase 
in EAF capacity will likely affect steel imports and domestic scrap prices. Measures that increase coal prices 
would have a far qi.ore dramatic impact on integrated mills than on EAF facilities, while all of the industry 
will be. affected by increases or decreases in electricity price. Deregulation of the electric utility industry is 
expected to benefit the industry by lowering electricity prices. 

• I • 

After a historical record of lagging technologically, the U.S. steel industry has begun to exhibit a high rate of 
technological change, including direct smelting processes that replace the blast furnace and coke o-tren, and 
direct strip ~asting processes that replace the continuous caster and hot strip mill. • • 
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Cbemicals 
( 

The chemical industry is more diverse than virtually any other tJ.S. industry. Chemicals are the keystone of 
U.S. manufacturing, essential to a wide range of industries; such as pharmaceuticals, automobiles, textiles, 

. . paper, electronics, agriculture, construction, furniture, paint, and appliances. Th~. U.S. is the world's largest •. 
producer of chemicals. More than 9000 corporations develop, manufacture, and market over 70,000 • 
chemical products. Investments in plant and equipment have tripled' since 1985 and R&D spending has more 
than doubled from $813 to'$~ 7. 7 .billion. • • 

The chemical industry bas reduced· energy intensity over the last decade and has made strides in reducing the 
• environmental impacts of chemicals productio~. However, to remain at the forefront of the global market and 

to maintain its competitive position, the industry will need to continue to take steps to strengthen market 
share, such as increased development of markets where the tJ.s: has a techn~Iogical advantage . . 

• Improvements to energy, resource and process efficiency will also play an important role in_the future 
competitiveness of the industry. ~e U.S. chenµcal industry has an excellent opportunity to greatly reduce 
U.S. industrial greenhouse gas emissions through advances in cuaent and emerging separation technologies. 
Advances in separations technology and chemical processes are anticipated to strengthen the U.S. chemical 
industry and ensure its competitive edge in the increasing globalization of markets. They will allow the 
chemicals industry to balance and sustain society's demands for higher environmental performance with 
. industry's demands for increased profitability and capital productivity. 

J>ulp and Papei: 

The U.S. has the world's largest installed pulp, paper, and paperboard production capacity, some 86 million 
air-dry metric tons (ADMT) per year in 1993, or about 30 percent of glob~ capacity. Manufactured products 
from the paper and allied products industry include newsprint, printing and writing paper, tissue, paper 
plates, card stock, coaugated cardboard, cartons, and construction-grade paperboard. The U.S. is home to 
close to 550 pulp and paper mills located in 42 states. Over the last twenty years or so, many of the smaller, 
older mills have been closed down and replaced with larger integrated mills. The integrated mills produce 
both pulp and paper and/or paperboard. The trend is toward larger size (over 2000 tons/day) plants with the 
capability to consistently process high-quality products at higher speeds . . 

The U.S. pulp and paper is both capital and energy intensive. New capital expenditures in the last ~ade 
have averaged 10.4 percent of revenues, making paper and allied products the most capital intensive of the 
manufacturing industries. This factor could COI)ceivably restrain the ability of the industry to install new 
technologies - especially technologies that will not significantly contribute to lowering production costs. 
However, because of the energy-intensive nature of the industry, rising fossil fuel costs would create 

• additional incentives to increase reliance on self-generated energy and further increase the energy efficiency of 
pulp and paper production processes. 

, \ . 

There are major opportunities for improving the efficiency of process energy use in the pulp and paper 
_ industry. An number of new energy-saving process technologies such as digesters and paper or pulp dryers, 

are under development or recen.tly commercialized and process heat integration analysis has been applied in 
several mills. Most process specific changes that bring energy efficiency improvements also bring 

• productivity and other improvements. Advan.ced biomass-based cogeneration systems, which would provide 
major improvements in efficiency over existing systems, are currently undergoing rapid development 

,; 

Cement 
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The U.S. hydraulic cement industry consists of firms producing portland, masonry, prepared hydraulic, 
natural, lime, and oil well cements. Portland cement represents more than 95 percent of total hydraulic 

• cement production; the remainder is mostly masonry cement _There are currently 47 cement companies 
operating close to 118 plants and 207 kjlns in the U.S. Total industry shipments in 1995 were 75 million ·' 

• • metric tons with total U.S. consumption of 86 million metric tons. • There were M)proximately 11 million 
metric tons of finished cement imports and half a million metric tons of exports the same ~- • • • 

/ - . , . . • ·_ ' . . 

Compared to world standards,-the U.S. cement industry is characterized as aging and relatively inefficient 
Plants continue to be shut down and others may be slated for closure due to technological or competitive . 
. obsolescence. Currently,, there remains a need to replace and upgrade plants in order to increase productivity 1. 
in domestic plants. Most major producers, however, are not in a good financial position to invest in extensive 
and expensive additional capacity. No new greenfield plants have been built in the U.S. in ten years. , 

Cuaently, 65-70 percent of U.S. cement capacity is foreign-owned- including three of the top five firms. 
Approximately 90 percent of cement imports are handled by domestic .producers, who use imports to . 
supplement domestic capacity, such that corporate profitability is not necessarily linked to the health of the 

• . domestic industry. 

A number of opportunities exist to reduce emissions such as increasing the share of production using dry 
process technology, increasing the use of efficiency enhancing machinery such as particle classifiers which 
reduce grinding loads, increasing the use of mix-ins when making concrete, and fuel switching. 

• W&h-Orowth Industries 

Industries other than the energy-intensive subsectors discussed above also ~pend on energy and will likely be 
affc:!eted by climate change mitigation policy. Among the reasons for focusing attention on these sectors are 
th~ • 

• Some of these industries are growing more rapidly than the energy-intensive industries. Most of the 
growth (64 percent) in industrial energy use from 1997-2010 will be by non-energy-intensive industry 
subsectors (3.4 of 5.3 quads). • 

• Service Industries employ 77% of the U.S. workforce and account for 74% of GDP. The distinction 
between service and manufacturing industries is becoming increasingly blurred. 

. I 

• Opporrunities exist for new technologies in high-growth sectors that have capital turnover rates that are 
higher than those of energy-intensive industries. With high rates of capital turnover, the opportunities to 
accelerate the diffusion and ac~eptance of energy efficient technologies are substantial, and can 
collectively lead to significant reductions in carbon emissions. 

• Under a climate change mitigation policy, industries involved in producing energy-saving products and 
providing energy servjces will benefit as demand increases for their products and services. 

. . 

Nop;.Ener:,:y Minerals Jndusu:y 

The non-energy mining includes the extraction of industrial minerals such as crushed stone, sand and gravel • 
as well as metallic ores including iron, and copper. In 1992 the non-energy minerals industry had a 
production of $32 billion dollars. As in coal mining (discussed more fully below), employment has been 
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steadily deciining since the early 1980s. Projections indicate that by tlie year 2000 this ~tor will employ 25 
. percent fewer people than in· 1980, dropping from 236,000 to 176,000 jobs. As with other sectors, the. 

minerals industry will be affected by rising prices resulting from efforts to stabilize ·carbon emissions. 
However, there are indications that the industry will be able to reduce overall energy consumption to at least 
partially offset increased energy prices. Aniong others, using high efficiency electric motors, incorporating. 

. new· process improvements, increasing maintenance of motor vehicles, system conveyor belts, drives, and 
~mpressed air s~tems can each provide savings of 10 to 15 percent, conservatively. 

Construction • 

Toe construction industry is as varied as it is large~ It includes firms with thousands of employees and firms 
with just one. · In 1992 there were just under ·2 million construction establishments employing over 4.6 million 
persons. Combined, the construction industry performed.business totalhlg almost $582 billion in 1992. 
Although much of the construction industry rises and falls with fluctuations in the economy, the industry as a 
whole is likely to remain stable through .the next 10 years, both in terms of employment and value of 
business. • ' • 

Much of the construction industry is labor intensive. Most construction work involves using small trucks to 
transport workers and materials, and hand and power tools, and physical labor to complete work. It is one of 
the least energy intensive 'industries in the nation. Energy costs (including selected power, fuels, and 
lubricants) account for approxima.tely 1.6 percent of each dollar of business done in the construction industry 
u a whoie. Nevertheless, there are important opporn.mities to reduce energy costs within the industry. These 
opportunities range from using more efficient inotor vehicles to incorporating the use new building materials 
(e.g., laminated beams, recycled products, engineered lumber products such as roof and floor trusses, 
insulated wall panels, and modular components) that reduce both construc~on waste arid costs. 

Motor Vehicle and Related Industries· 
. . 

Toe motor vehicle industry is much more diverse than the mere manufacture of new cars and trucks. It also 
• includes road construction and maintenance, freight and passenger services, petroleum refining and wholesale 
distribution, and automotive sales and services. Total employment in these related industries approaches 7 
million persons, providing about 7 percent of the. nation's jobs. 

Focusing Qnly on the automobiles industry, most analysts see little or no change in the sales of cars and trucks • 
over the next few years. This.means that competition will be fierce among the 26 firms that serve the major 
developed markets worldwide, including the so-called Big Three automakers - Ford, Chrysler, and General 
Motors. Within a decade some analysts project that, either as a result of sharing manufacturing resources, or 
as a result of mergers and acquisitions, as few as 10 "mega-manufacturing alliances'' may serve all of the 
developed countries. • 

Continuing productivity gains among the U.S. automakers has strengthened its overall economic position. 
The number of employees per hundred vehicles sold, for example, has fallen 2.9 percent per year in the 
decade ending 1994. At the same time, the industry should be fairly unaffected by greenhouse· gas emissions 
policies. This is due to· the fact that the assembly of motor vehicles requires only about 15 million Btu of 
energy per car. If carbon prices rose as high as $100 per ton, for example, this would add between o: 1 and 
0.2 percent to the cost of manufacturing a new car. On the other hand, new car and truck sales might slip u 
the cost of driving increases as a result of climate policies . . But new technologies can be incorporated into the 
design and construction of both light and heavy duty vehicles to redu~ the overall cost of driving despite the 
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• prospect of initially higher gasoline prices. Technology improvemmts include engine designs that reduce 
friction and increase combustion efficiency and body designs that deqease the aerodynamic drag on the 
vehicle. Meeting the PNGV goals ofan 80 MPG car that costs no more than today's vehicles (see the .. 
discussion on transportation below) will go a long way to minimize the impac~ on both the auto industj and 
the many related industries. • • • 

Barriers to Adoption_· . 
. I 

. . • \ . . - . . 

From the above discussion, it is clear.that numerous energy-saving technologies are available in the industrial 
sector- many of which offer additional benefits such as improved product quality. Despite this, however, 
many of these industries have historically avoided investing in energy efficiency technologies. Several factors 
help to explain why this may be the case. • 

·For most industries, energy expenditures represent a minor portion of their operating costs, averaging less 
than two percent_of value of shipments for the manufacturing sector. Industries such as primary aluminum, 

• hydraulic cement and industrial. gases are notable exceptions, with energy accounting for more than 20 
percent of value of shipments. However, for some of the fastest growing industries, such as electronics and 
computers, energy expenditures represent only 1.2 and 0.6 percent of shipments respectively~ In most 
industries, larger costs, such as labor and raw materials, receive attention before energy. For e~le, 
employee compensation averaged 24 percent of shipments in 1994.1 •• 

Opportunities for energy efficiency improvements must compete with other issues for finite resources within 
a company. While capital is the most often cited resource, staff time may be of equal or greater importance. 
Downsizing is common when industrial companies undergo ·resttucturing, resulting in fewer total personnel 
available to address all issues. When a choice must be made between addrc;ssing a potential emissions­
compliance, production-reliability or .product-quality problem, and identifying and implementing energy 
efficiency projects, the fonner receives the attention since failure to do so may result in the plant being shut 
down. One manifestation of this staffing constraint is the reduction in the number of corporate energy 
managers2 • 

Many businesses operate with a tight constraint on their capital budgeting. Hence, the allocation of capital 
remains a significant barrier _to achieving greater levels of energy efficiency. Given a choice between 
expanding existing production capability .and introducing new products, and reducing energy bills, the 
production-related projects will invariably win out Hence, presenting projects based on total benefits will 
likely be ~ore effective than building a case on the energy savings alone. 

· The Transportation Sector • 

Trends in the Transportation Sector 

Over the last decade, new light vehicle fuel economy has remained relatively flat in the U.S. This is due to 
. both an absence of increased fuel-efficiency standards and a lack of consumer demand for greater fuel 
.efficiency. As fuel prices declined following the oil shocks on the 1970s, consumers began turning away 
from fuel econoiny and looked more toward amenities such as speed; acceleration, size, and greater utility 

. ' . . 

1. "Considerations in the Estimation of Costs and Benefits of Industrial Energy Efficiency Projects," ACEEEJEPA 

2. Ibid.-
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when making their purchasing decisions. Corporate average fuel economy of the new light vehicle fleets (i.e., 
cars and light trucks such as minivans, sport utility vehicles, and pickup trucks) grew along with increasing 
CAFE standards throughout the late 1970s until the mid 1980s. Since 1982, however, the average 

• horsepower rating of the combined ne~ light vehicle fleet (cars plus light trucks) has increased by 60 percent 
: while the average fuel ~nomy of the saine fleet has remained unchanged. Had new cars sold in 1996 
retained the same average acceleration performance and weight as new cars sold in 1984, the technologies 
actually incorporated into ~e fleet during this period could have increased new car fuel economy by about 

• fiye miles per gallon, or close to .20 percent. 
.. / 

In addition, the share of light trucks is increasing, having gone from. under 25 percent of the market in 1982 
to almost 45 percent today. Light trucks face lower CAFE standards than cars (almost 7 mpg lower). 
Moreover, since light trucks tend to last longer than cars, they are likely to be driven more miles over their 

_. lifetime than cars. • · • • 

Contribution to Greenhouse Gas Emissions 

Passenger cars and light-duty·tru~ks contribute the majority of transportation emissions. Emissions from 
light-duty vehicles alone accounted for 20 percent of total U.S. greenhouse gas eID;issions in 1990, and in the 
absence of new policy measures are expected to rise from about 250 MMTC in 1990 to 35~ MMTC in 
2010. Energy use in trucks used for·commercial transport is only about 40 percent of energy used in . . 
passenger vchi~les, but is growing significantly faster . 

. . 
The major factors underlying the rapid increase in emissions from light-duty vehicles are growth in VMT, 
stagnant new fleet fuel economy lev~ls (miles per gallon, or mpg), and growth in the relative proportion of 
light trucks sold, which have lower· (i.e., less _stringent) CAFE standards than cars. • 

' . . 
Actua1 growth in VMT since 1990 has averaged 2.4 percent per year. Growth in VMT is a function of a 
number of factors, including demographic changes (e.g., more women in the workforce; immigration), land 
use patterns, the cost of driving each mile (now at an all-time low on an inflation-adjusted basis), among 
others. 

Factors Shaping Industry Response 

With consumers continuing to exhibit preferences for performance, size, and utility rather than fuel economy, 
no significant increase in new fleet fuel economy is expected to occur absent a driving force such as policy 
changes or fuel price increases. • 

Technology Trends and Options 

Three principal ways exist to reduce. carbon emissions from light vehicles: (I) reduce vehicle miles traveled 
(VMT); (2) improve fuel economy; and (3) use fuels with lower life-cycle.carbon emissions. Work 
developed for the "Car Talk" committee3 suggested estimated reductions of 445 to 585 MMT would be 

3. The" Car-Talk" committee is the Policy Dialogue Advisory Committee to Assist the President in the Development 
Measures to Significantly Reduce Greenhouse Gas Emissions from Personal Motor Vehicles formed in 1993 to see 
whether a consensus set of policies could be developed to return personal transport OHO emissions to 1990 levels by 
2005. 2015 and 2025. The committee.failed to agree on such policies, but substantial analytic results were developed 
by a team of govern~ent analysts working with several expert committee !Dembers. • 
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- possible in the period 2005 to 2025 from.a combined package ofland~use and t.ransit_~licies as well as 
efforts to improve overall fuel economy and reduce the ~n content of transportation fuels. . • 

_ Reducing VMT would involve a wide IJ.1ix of policies .. The goals would be to encourage land use ·away from 
• .• auto dependency, and shift the relative (full) cost of driving versus other transportation/ communication • 

; • alternatives such as workplace parking subsidy reform; and shifting of state and local subsidies to cost-of-
• driving fees. • 

hnproving fuel economy represents m important opportunity to reduce GHG entlssions since only about 15 
percent of the energy in gasoline is actually used to propel a typical vehicle. The P~ersbip for a New 
Generation of Vehicles (PNGV) builds on the prospect for an improved fuel econoiny. PNGV is a Fcderal­
industry,research partnership created in 1993 to encourage innovation in the US auto industry. The PNGV 
focuses on a research goal of tripling fuel economy of a typical 1994 family sedan by 2003-2004, while . 
meeting or exceeding federal-safety and emissions requirements, and without saaificing pcrfomiaricc, size, 
utility, or affordability. · Most current PNGV work on this goal is focused on improving drive train efficiency, 
developing practical on-board energy storage systems, and reducing vehicle mass through the use of light 
weight materials. A pre-production prototype vehicle with a 100 percent improved fuel efficiency is • 
expected in 2001; vehicles with 150-200 percent improved efficiency _will be available in the 2005-2010 
period. 

Fut\ll'C technological innovations would come from technologies such as multi-valve engines, lighter 
• materials, and next-generation tires, which ha':'e already been partially but not completely integrated into the 
new vehicle fleeL An additional component of the overall fuel C?C<)nomy improvement would be technologies 
such as direct injection engines and fully variable valve timin~, still in the development stage. 

Alternative fuels - such as biofuels - are another large opportunity for re(:lucing transportation carbon 
. emissions. Federal R&D has brought down the cost of biomass ethanol (from $3.60 per gallon in 1980 to 
$1.20 per gallon today). Further research has the goal further cost reductions to under $0.70 per gallon by 
2005, competitive with oil at its current price. Estimated carbon savings from use of ethanol largely as a 
gasoline blend is 20 MMTC in 2010. ' • 

Agriculture 
. . 

Basic farm commodity produ~tion was about 0;9 percent of GDP in 1995 and accounted for about 1.2 
percent of US employmenL These numbers-; however, belie the true importance of agriculture - the farm 
sector and agriculturally related industries in total account for about 13.5 percent of GDP and 17.3 percent of 
employmenL Processing and distribution is the largest component and is relatively more labor intensive. 

Contribution· to Greenhouse· Gas Emissions 

Agricultural greenhouse emissions include methane, nitrous oxide, and carbon dioxide. Estimates of non­
-energy greenhouse gas emissions are relatively imprecise. While agriculture represents less than 5 percent of 
total national greenhouse gas emissions, it is an large· source of methane and nitrous oxide. 

The principle sources of agricultural methane are enteric fennentation (animai digestion) and manure 
management associated with livestock production. Applications·of synthetic and organic fertilizers account 
for almost all of agriculture's N20 emissions. 
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. . . 
Globally, agriculture is a m~ch more important source of GHG emissions than in the United States, _ . 
accounting for about 20 perce~t of all greenhouse gas e~&Sions. Agriculture's share of world emissions of 

.. CO2 , CH•, ana N2O are estimated at 21-25 percent, 57 percent, and 65-80 percent respectively (excluding . 

. : emissions from natural sources). .Conversion of land to farm production (particularly tropical fomsts) is the . 
major agricultural source of CO2 emissions ·while rice and livestock production are the principle sources of 
CH. emissions. • , . , • • 

"t . • 

Soil Carbon: Depletion or sequestration olsoil carbon is a potentially important so~ce of agricultural . 
greenhouse gas emissions. Plants use photosynthesis to re~ve CO2 from the atmosphere and convert it to 
carbon which is stored in plant biomass. Left undisturbed, soils accumulate some of this carbon as organic · 
matter through root growth and decay of crop plant materials. Tillage is· used to loosen surface soil and 
subsurface material, improve aeration and water infiltration, and control weeds. All benefit crop growth in 
the short-term. T'tlling, however, also increases the exposure of soils to oxygen thereby accel~g the 
conversion of soil organic matter to CO2 , which is released into the atmosphere. Over time then, tilling 

• reduces both soil carbon levels and soil productivity. • 

Reductions in soil carbon levels in U.S. agricultural soil (between 30 and 50 percent over the last 100 years) , 
• may have been a significant component of the historic increase in atmospheric CO2 levels. 

Factors Shaping Industry Response 

"Agricultural production is an energy intensive indusuy. • Agricultural chemicals, particularly nitrogen 
fertilizer, are energy intensive. Transportation of agricultural commodities to market would also be affected. 
• Some components of the food processing sector are energy intensive but, overall, the sector is less energy 
intensive than overall manufacturing. • 

For every dollar of farm output, 12 cents is spent on energy with electricity accounting for 6 cents. This 
reflects the increasing reliance on electricity for operations such as grain handling and large-scale confined 
livestock production. Agricultural chemicals embody 6 cents of energy for each dollar of output, spent 
mainly on natural gas and electricity. Nitrogen fertilizer is among the most energy intensive chemicals and its 

• availability is a key to hi_gh agricultural productivity. Energy cost increases would directly increase bo~ 
agricultural production costs and agricultural chemical manufacturing costs. 

I • • • 

Technology _Trends and Options 

The Climate Change Action Plan for the U.S. identified tree planting, research and outreach to help farmers 
better manage nitrogen use, methane capture from covered manure lagoons, and increased ruminant feed 
efficiency as opportunities to sequester carbon and reduce emissions of agricultural greenhouse gases. 

()pportµnities for further sequestering carbon in agriculture would include the following: 
, 

• Conversion gf roac&ioal cropland and pasture to forest; Forest growth currently offsets about 8 percent 
of total annual U.S. greenhouse gas emissions on a carbon equivalent basis_. A nuinber of studies have 
outlined the costs and economic benefits to U.S. agriculture resulting from strategies to mitigate U.S. 
greenhouse gas emissions by paying farmers to convert cropland and pasture to forest Pulling the 
necessary quantities of land out of production, however. would raise land prices and would increase the 
cost of bidding land out of production. 
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. . ' 

• Promotine the use of manaeement practices that increff the quantity of carbon stored in 8'[icultural • 
~ Studies suggest that these sinks could technically offset a majority of U.S. greenhouse gas • . • 

, • I - • 'I .. ,_· 
. ·-

emissions, but economic analysis of such possibilities is limited. • • • -

~ • • llsipe hiofuels to mpl~e fossil fueis; Because the ~n released in the burning ofbiofuels would be 
taken back up by the next crop, replacing fossil fuels with biofuels offers a means of inaeasing the 
amount of carbon that is recycled in the production an<l·use of energy. The JPCC (1996) has C$timatrn 
_that for the world's iemperate regions as a whole, carbon emissions could be reduced by 85 to 493 
million tons per year by allocating 8 to 11 percent of their aopland io bi<:>fuel crops. , While the United 
.State's share of this is not addressed, the IPCC notes that the best mitigati<;>n <>pportunities are in areas 
·with good agricultural ~and and surplus production. ~ • 

• furthei: efforts to alter livestock manaeement practices to reduce methane emissions; The most 
· promising opportunities for reducing methane emissions in U.S. agricuiture are in new management 

practices for the feeding oflivesiock and the handling of livestock waste (particularly cattle). 

~nergy Supply Se~tors 
' ' 

Electric Power 'Generation 

Historically, demand for ~lectricity and economic growth have been closely correlated. Over the lat twenty 
years, U.S. demand for electricity grew by approximately three percent per year, but this rate of demand 
growth is expected to decrease between no~ and 2010, averaging slightly more than one percent per year. 

Wi~ several hundred billion dollars worth of_ combµied capital investments, electric power generation is one 
of the largest and roost important economic sectors in the U.S; economy. The character of this industry has 
changed over time and is in the midst of another major restructuring. In 1995, FERC required open access to · 
transmission for the pwpose of wholesale competition. Currently over 80 percent of the states are moving 
toward.electricity industry restructuring. Two broad trends can be noted. First, all the state decisions are 
leading to greater customer choice and second, there is a general trend to de-couple generation, ~mission 
and distribution. • · • • • 

. . . • . 

In addition to restructuring, the industry is undergoing a shift in the sources of generation. Nuclear energy is 
a carbon-free source of electricity that presently provides over 20 percent of U.S. electricity. Despite nuclear 
power's substantial contribution to today's electricity supply, no new nuclear power plants have been ordered 
by U.S. electricity generators since 1978. Although nuclear power generation was at an all-time high in 1995, 
the retirement of older plants and the lack of new nuclear projects will reduce nuclear in the future U.S. 
energy mix. Nuclear power plants. are due to begin retiring in 2010 with most capacity ~tired by 2030. 
Fossil fuel power plants generated over 80 percent of U.S. electricity in 1970, but that share has fallen to 
about two-thirds as nuclear power's share~ risen from virtually nil to about 22%; fossil gene.ration is 
expected to return .to about 80 percent over the next twenty years as the existing stock of nuclear plants are 
phased out , ' . ' . ' ' ' ' • 

Although the overall efficiency of fossil generation - the rate at which fossil energy is converted to 
electricity - has barely changed in the past 35 years, modest improvements are expected over the next 
twenty years as natural gas-fired generation doubles its share of total generation from about 15 percent today 
to over 30 percent. New natural gas-fired "combined cycle" power plants yield very high conversion 

• efficien¢es (>50 percent) by generating steam from the waste heat of advanced combustion turbines and 
using it to drive steam turbines. 
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Renewable energy is forecast to have high growth but remain a small part of the. base. Excluding • 
hydroelectric power, whose expansion possibilities are very constrained, ~ewable electricity generation is 
expected to double over the next twenty years but will still account for less that 2 percent of total electricity 
generation. Ute hydro share of the energy market w~ 4.4 percent in 1996. 

>.s state-by-state restructuring talces place, sev~ral ·s~tes have already mandated. minimum level~ of 
. renewable energy through "renewable portfolio standards," including Vermont, Maine, and Arizona Many 

• ·other states are considering similar measures to accelerate the adoption of renewable generation technologies. 
These technologies have become more competitive over the l~t twenty years. Photovoltaics have dropped 
from 90 cents per kilowatt-hr to under 20 cents per kilowatt-hour; wind technology has dropped from 25 to 5 
cents per kilowatt-hr. Cost reduction will contimle to occur through R&D advances and through economies 
of scale as production rates increase. 

Contribution to Greenhouse Gas Emissions 

the electric power industry is the largest direct energy consumer in the United States. Electric generators are 
responsible for 35 percent of national emissions of carbon dioxide, with over 85 percent of electricity-related 
emissions coming from coal-fired plants. • • 
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Table 6. Carbon Emmfons from Electricity Generation (MMT) 
, PercentageoITotal 

1997 1995 Emissions 

Petroleum 13 
: ' '., 2% 

Natural Gas ·- 55 11% 

Coal 454 '.87% 

Total 522 100% ' 

_ Source: DOE Ailnual Energy Outlook 1997 

. Factors Shaping Industry Response 

Rra,tructurin2 

..... , . 

2010 

12 

102 . 

512 

626 

' ' 

•PercentageoITotal 
2010 Emissions 

2% 

. 16% 

82% 

100% 

Restructuring of the electric ~wer industry offers a unique opportunity to mitigate future emissions of CO2 

from this sector. _ Many states are currently consi~g or adopting retail competition for their electric power 
markets. This trend inay be accelerated with federal legislation. Retail competition inay lower the price of 
electricity by as much as 20-25 percent in certain regions and change the fuel mix of generation. 
Restructuring without new environmental policies is expected to favor the expanded use of existing coal 
plants. These plants are largely depreciated, and hence can generate electricity for low incremental cost To • 
mitigate the environmental impacts of competition and maintain the environmental benefits of current state 

• level renewable energy and demand side management programs, a number of options have been adopted or 
_ are under consideration. These include: • • • 

• A ''portfolio standard" for renewable .enerey: This would require that all generators meet a specified level 
of renewable generation either by undertaking such projects themselves or purchasing "credits" from 
others who have. • • 

• A social benefit fund; Revenues from a charge on transmission service are used to ~ubsidi?.C energy 
efficiency projects, renewable, R&D, or low income consumers; California has adopted this approach. 

• Infonnation disclosure requirements; Generators could be required to disclose the emission profiles of 
• their generation, facilitating the marketing of "green" (or, less polluting) electricity: 

• Lcvcline of the playine field for air pollutant requirements- Many states are hesitant to adopt retail 
competition because they perceive that differing regional environmental requirements put their electric 
industry at a competitive disadvantage and will result in more pollution being transported into their 
states. Thus; additional environmental provisions to "level the playing field" - which could include 
greenhouse gas emission reductions - · are currently being debated . . Adaption of fuel neuttal· standards 
would promote utilization of lower emission systems. 

• Special consideration for enecey efficient and/or low emission technoloeies: This includes advanced gas 
turbines and micro turbines for cogeneration and self-generation, fuel cells, and renewable technologies. . . ' 

Distributed Generation 
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·.· .. .. 

Distnouted generation is the utilization of small power generation technologies dispersed through the 
distnoution system to provide local power close to customers, thereby reducing investment in transmission 
. and distribution resources and improving 19Cal reliability. This could include self-generation or cogeneration 

• by industrial and building sectors and involve po~et sales back to the grid. Cost competitive ·tec1mologics, • 
.such as smaller scale advanced gas turbines, are emerging which can compete economically with central 
station generation when full costs, inc~wling the avoided trans~ssion and distribution expenditures, are· • 
considered. AlJ of this will support the customer choice aspect of deregulation and lead to a reduction in cost 
of electricity for customers. The electric power producers wil1 II10ve from the concept of centralized power . ' . ' 

.. for economies·of scale to providing energy services for customers. This will provide: • • -• 

• 'economies of mass production of units ' 
•• umiller, .cleaner generation • 
• fuel security ·through diversity of generation portfolio 
• 'more options for customers to be green 

· Technology Trends and Options 

Electric sector e~ssions can be reduced either by· making generation less carbon intensive (e.g., conversion • 
efficiency improvements, fuel switching, cogeneration, or ~enewables) or by reducing the amount of electricity 
demanded through increased penetration of more energy~fficient end-use technologies. Studies by the • • 
America Council for an Energy-Efficient Economy (ACEEE) show that there is a long-tcrtn potential to save 
about 25 percent of industrial electricity consumption at a cost that is significantly lower than the current cost 
of new generation units. For example, an industrial site which purchased coal-derived electricity generated at 
35 percent efficiency could self-generate power in a cogeneration· mode at 75-80 percent efficiency, selling 
power back to the grid and producing their own steam. 

• Many of the following technologies ar~ projected to substantially increase their market share in the next 
decade. • • 

. . . . . . 
• The next generation of natural gas technologies (including gas turbines and fuel cells) are projected to 

achieve energy conversion efficiencies of 70 percent or more by 2005. • 

• High efficiency coal-fueled power plants, such as integrated gasification combined cycle, are likely to . 
'realize efficiencies exceeding 55 percent and half the CO2 emissions of current coal technologies. 

• Renewable technologies - wind power, photovoltµcs, solar thennai, and geothermal - have seen sharp 
cost reductions in the past two decades·, some by a factor of ten. 

• Options such as biomass gasification offer the ability to produce power with no net increase in CO2 

emissions. The growth of biomass offsets (sequesters) the CO2 released in electric power production. 
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• Petroleum 

·contrjbution Ip Greenhouse Gases 

·. . . . . ~ 

· ·• . . 

·· Petroleum products are the l~g source of carbon emissio~ from energy use. Petroleum accounted f~r 584 
MMTC emissions in 1995, and this figµre is predicted to increase to 718 MMTC by 2010. The majority • 
(-80 percent)°of pe.ll'?leum emissions result from ttansportationuse. • • • 

Factors Shaping Industry Response 

Petroleum product demand is largely a function of the demand for transportation. Petroleum product 
• consumption has been rising even though the amount of oil energy consumed per dollar of GDP has beeri 
falling since 1973. Oil energy per dollar consumed per dollar of GDP fell from 8,900 Btu/$ in 1973 to an 
estimated 5,100 Btu/$ in 1996, a drop ~f 43 percent The ratio will remain at 5,100 Btu/$ of GDP in 1997. 

' . ' , , . 

. Coal 

Electric utilities are the dominant consumers of coal. Overall consumption by utilities grew from 17 percent 
(84 million short tons) in 1949 to an 88 percent share (829 million short tons) in 1995. According to 
industry analysts, coal energy consumption will move up 1 percent in 1997 to 20.6 quads and coal's share of 

•. the energy market will remain at 22.7 percent. Coal consumptfon is expected to increase in future years along 
with the demand for electricity. • 

l 

Contribution 'to Greenhouse Gas Emissions 

Coal bas the highest carbon content per unit of energy among fossil fuels - as well as being a source of 
pollutants such as sulfur dioxide. It is used primarily in the electricity sector, where coal-fired plants 
currently account for approximately 56 percent of total U.S. electricity production. Coal is the second leading 
source of carbon emissions, and is projected to produce 579 MMTC in 2010, compared to 507 MMTC in 
1995. Even without consideration of the issµe of greenhouse gas emissions, most analysts project that the 
great bulk of capacity additions to electric utility plants from now until at least 2010 will be fueled with 
natural gas rather than coal. Thus, while most existing coal-fired plants are highly competitive suppliers of 
power that are dispatched ahead of gas~fired plants on the basis of lower fuel costs, fuel cost advantages 
cannot offset the substantially higher capital costs of a coal plant when new capacity is needed. 

Factors Shaping Industry Response 

In the stabilization scenario, coal production is lower than in the baseline. In contrast, the NEMS 
stabilization scenario run under assumptions that allow for substantial "overbuilding" (early retirement) of 
existing coal capacity suggests a substantially greater decline in coal use than the ORI energy model analysis. 
The reduction in coal. use from baseline in 2010 is twice as great-.. 58 percent vs. 29 percent 

. ' . . 
Several factors contribute to.the difference in perspectives. Most importantly,.the large reductions in end-use 
energy demand in the ORI energy model provide "room" to use more coal that is simply unavailable in the 
NEMS stabilization scenario. In addition, the NEMS involves a larger reduction to reach stabilization, 
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• putting additional pressure on coal,\he most carbon-inte~fve·fussil ~el. . 

Changes in coal ~e due to ~enhous~ ~ust be considered in ~ -co~text ~f overall industry trends that are 
projecied in the absence of any climate change action - ·despite output growth, employment in ·coal mining in . ,, 
1995 is already less·than half of 1980 leve~. Therefore, notwithstanding rising coal consumption in the 
baseiinc case, national coal employment is projected to fall .substantially.:..... reflecting the fact that ooal 

' . • ; . 

• • production productivity (tons per hour) rises at" a much faster rate than does coal consumption in all regions. 
• There is also a continuing shift towards,incre~d supply from regions where productivity is highest • 

' . : · ... . . . . . . . . . . 

In the DRI energy ·model results, there is a smaller shift away fu>m coal use (and production). However, DRI. : , · • 
has even higher labor productivity growth assumptions than does NEMS, which. by itself reduces employment 
over time in both the base and mitigation policy cases: • • ' • • • • 

• Nuclear Energy . 

· While the performance of existing nucl~ eleciric power· plants reached record levels in 1992, the number of 
operating reactors ·has leveled off. High operating costs, waste disposal ·difficulties, and other problems pose 
major challenges to the further expansion of nuclear electric power. 

The future contribution ~f nuclear power depends on three factors: economic retirements .of existing plants 
. prior to the end of their license period, re-licensing of existing plants to extend beyond a 49-year service life, 
and level of new capacity builds. 

· Factors Shaping Industry Response • 

The baseline cases in the two energy models each project a modest level of economic retirements, operator 
decisions against pursuing relicensing, and no construction of new plants. As a result, the projected 
contribution of nuclear power in 2020 is slightly more than half of its 1995 level. While the base cases are 
similar, the two models differ substantially in the stabilization case. In the DRI energy model stabilization 
case, nuclear generation follows the DRI base case path. However, in the NEMS case, re-licensing of nuclear 
plants becomes economically attractive, and premature economic retirements do not occur. As a result, 
nuclear generation does not fall from its 1995 level. In addition, the model suggests that new nuclear capacity 
could be added in ~e 2015 time frame_given the modeled carbon permit values in the stabilization case. 

I 

It should be noted that the model does not account for issues of public acceptability and uncertainty 
.regarding waste disposal that could present significant barriers to new nuclear investments. The anticipated . 
shift to more competitive electricity markets, in which the cost of capital for new generation facilities will be 
higher than that applicable to regulated utilities, tends to inake investment in capital-intensive technologies 

· with long lead times, such as nuclear generation, less attractive. For these reasons~ the prospects for new 
nuclear builds remain problematic. The models illustrate how different policy choices can lead to differing 
outcomes. 

Natural Gas 

Contribution to Greenhouse Gas Emissions 
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) .. . •• .. · . . . 'i · ·' •. : :J: •. • . • 

Of the fossil fuels, ~ gas consumption and emissions are predicted to increue most rapidly through. 
• 2015, according to AEO 97. In 1995, carbon emissions from natural gas were 267 MMTC, and this figure is 
proj~ted to increase to 3~0 MM!Cin 2010 and 319 MMTC in 201~. • . , • 

. • Factors Shaping.Industry Respo~se 

. Impacts of grceriho~ g~ emissions mitigation on the natural gas industry depend on the balance between 
the three available strategies in reaching the emissions reduction goal. Different modeling tools illustrate 
different possible futures: •. . • 

• The _ORI energy model s~ows a reduction in natural gas use relative to baseline on the order of 9 to 16 
percent between 2005 and ~015. • • 

.• NEMS, despite simulating a somewhat larger reduction in carbon emissions from the energy sector, 
shows an increase in natural gas use relative to base ~f between 4 and 11 percent over this same period. 

. . . . . 

The dramatically different alternative futures illustrate the way in which emphasizing different energy 
strategies to reduce carbon emissions - energy efficiency versus fuel switching - will produce different 
results. • • • • • • •• 

The key to cost-effective greenhouse gas reducti~ns in 2010 lies in the large potential of developing and 
implementing energy efficiency technologies in each of the economic sectors. Within the industries which 
may be required to reduce their greenhouse gas emissions, there will be opportunities to gain competitive 
advantage through creatively meeting the environmental challenge. There will be opportunities for other 
industries as well. For example, companies and individuals in the archi~ field can benefit as new 
building designs are needed to improve efficiency in both the residential and commercial sectors. In addition, 
industries that manufacture items such as heating and air conditioning equipment, office equipment, 
automobile parts, industrial equipment, and lighting, to name only a small fraction of potential industries, 
may also benefit under a climate change policy due to increased demand for these products. Finally, 
industries involved in. the development of renewable energy fee:bnologies will also be at an advantage as 
interest in solar, wind and other sources of energy grows. • 
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,· ... 

• Conclusion · • r . 

' ' \. ! 

From the aQOve discussion, it is clear that the way in which resources are used by iQdividual industries within 
• ~h economic. sector varies widely. This is not surprising given the vast array of goods and services -
produced by these industries. Because sectors are _unique, a climate change mitigation strategy must be 

. designed and implemented in a way that refleots a solid understanding and appreciation of the differing 
circumstances faced by U.S. industries. This will give each industry the ability to respond to individual • 
policies in a· way that both mjnimizes potential impacts and maximizes possible opportunities. In order to 
achieve this goal, fun.ire climate change policies must be based on the_ continued development and diffusion of 
cost-effective, energy efficient technologies. • 

\ 
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Policy Options for qontrolling Emi.ssions 
' • 

Ideally, a domestic program for controlling emissions would grant the private sector the 
flexibility to invest in response strategies that achieve emission reductions at the least cost, while 
ensuring that specified emission goals are achieved. In addition, a response strategy should 
exploit the vast market on the horizon for,advanced technologies -- be they for energy efficiency, 

. renewables, n~tural gas, or other low greenhouse gas technologies. And finally, a control . 
program should be fair, minimizing adverse effects on workers while ensuring a viable economic 
future for any worker losing employment because of the changes brought about by the action · 
taken to mitigate climate change. This chapter analyzes the fol~owing: 

. ' . . 
• An Emissions Trading Program for Greenhouse Gas Emissions: This program involves the 

creation of emission permits for those emitting greenhouse gases. These permits would be 
allocated to emission sources either by formulae or through an auction. Once allocated, they 
could be traded in the marketplace. An important characteristic of emission trading is that no 
matter what the initial permit allocation, the final allocation after trading will be the one that 
minimizes the cost of reducing emissions. • An emission trading program can be 
supplemented with other g·overnment interventions, such as energy efficiency standards, that 
overcome other market failures. • 

• Technology Research and Development (RD&D) and Diffusion. RD&D can reduce costs in 
all periods. However, it is particularly important in the long term, since controlling warming 
ultimately requires adopting an energy system that does not rely primarily on fossil fuels. 
This would involve stepping up and refocusing the federal government's R&D program and 
reversing the long-term trend of declining government and private R&D expenditures. 

• Economic Transition Programs. A successful greenhouse gas control policy could have 
important implications for the level and pattern of energy usage in the economy. Usage of 
high carbon fossil fuels ( e.g. coal) will decline, while the demand for other energy sources 
(e.g. natural gas or renewables) will grow in importance. A transition program would reduce 
the costs to individuals and communities associated with this environmental policy. 

· Transition assistance can help facilitate community and worker adjustments via retraining, 
job search assistance, and infrastructure development for new business in the community . 

. Greenhouse Gas Emissions Trading Programs 

Emissions trading involves allocating or auctioning emissions allowances; and allowing 
the trading of allowances in a market with sufficient mechanisms to ensure compliance with 
targeted levels. Emission trading creates new, marketable assets that can have substantial value, 
so distributional issues will be an important component of program design. Allocation designs 
or auction revenues can be used to address these distributional issues. 

Emission trading systems offer both static and dynamic efficiency advantages over more 
traditional forms of regulation. Emitters face different abatement costs, so emissions tradin~ 

• allows those with high abatement costs to purchase allowances from those whose costs are · 



Initially, forecasters claimed that a Sq% reduction (10 million tons) in SO2 would correspond 
to allowance prices in the range of $400 to $1000.2 However, prices for allowances that 
would be needed in the next decade to achieve this level of emission reduction currently 
range between $90 to $100. In addition, 1995 emissions were actually 40% below the legally 
required levels for that year. : • • • 

• )Vater Effluent Trading: Th~_US generally has regulated surface water quality through a 
system of discharge limits for large sources of water pollution. In addition, states have 
standards for ambient water quality which are often not attained even after large dischargers 
apply "best technology." The reason is that small ("nonpoint") sources (such as runoff from 
farms) contribute significantly to water pollution. A number of state and local governments 
are employing trading systems for watersheds that either permit trading among large 
disc\1¥gers, or allow large dischargers to fulfill their requirements by controlling nonpoint 

• sources. These include the Fox River in Wisconsin, the Dillon Reservoir in Colorado, and 
the Tar-Pamlico River in North Carolina. The latter two programs are designed to manage 
future economic growth. Thus, the quantity of effluent allowances allocated exceeds current 
discharge levels. Once growth consumes this excess, trading is expected to reduce 
compliance costs. • 

• Inter-refinery Lead Trading: EPA operated a lead trading program from 1983 to 1987 as it 
phased out lead from gasoline. Lead trading allowed refiners and importers to trade lead 
reduction credits in order to meet limits for the lead content of gasoline. The quantity of 
allowances to which a firm was entitled was determined by the amount of leaded fuel 
produced by the firm and the contemporaneous EPA standard. Those who bettered the 
standard could sell their credits to others. Some 10 .billion grams of lead were traded during 
the course of the program at prices ranging from 0. 75 to ·s cents per gram. Allowing the 
trading of lead credits reduced the costs of the program by approximately 20 percent. 

• Criteria Air Pollutant Trading: EPA. first began incorporating aspects of emissions trading 
in its air program in 1974, when it allowed a modified source to use "credits" earned by 
another source within the same plant to avoid additional regulatory requirements. Since then, 
emission trading has substantially expanded. Trades have numbered in the thousands and 
have been estimated by Hahn and Hester (1986) to have achieved savings between $525 

· miliion and $12 billion. • • 

• Market Mechanisms for Chlorofluorocarbon (CFC) Phaseout: Under the 1987 Montreal 
Protocol to limit stratospheric ozone depletion, the U.S. required the phase out of the 
production of CFCs by 1996. As part of its program, the U.S. adopted a tradeable permit · 
regime covering CFC manufacturers and importers. These allowances were allocated based 
on ~ach firm's 1986 market share. As the market for CFCs declined, the system allowed 
firms to allocate production among different facilities according to the least-cost pattern of 
supply. It also gave CFC users the flexibility to switch between different CFC compounds, 
within the overall iimit on allowances. This program helped reduce the costs of the phaseout. 
In 1988, EPA estimated that the cost to halve CFC use would be $3 ;5 5 per kilogram. By 

2 Hahn, Robert W., and Carol May, ''The Behavior of the Allowance Market: Theory and Evidence," The 
Electricity Journal, March, 1994. 

' l' 



of administrative or equity concerns ( e.g., small boilers or home heating oil) has competitive 
implications withi,n the energy market. . - • . 

• . -

• Public Acceptance: The program must consider the ease or difficulty with which various 
allocation approaches would be accepted by the public. • 

• Consistency with the international trading system: The domestic program should be 
,consistent with any international prescriptions concerning the coverage of sources and gases. 

} 

Carbon Sources 

Carbon dioxide currently accounts for about 85% of U.S. greenhouse gas emissions and 
number in the hundreds of millions since they include sources such as automobiles and 
residential gas water heaters. However, since virtually all of the carbon contained in fossil fuel 
extracted from the ground (with the possible exception ofcertain feedstocks) is eventually 
released to the atmosphere, a trading program need not focus uniquely on direct emitters, but can 
be implemented through other points in the energy market. These include fuel imports, fuel 
extraction, processing, refining, distribution, and secondary conversion ( e.g., coal to · electricity). 
In addition, these points could vary by sector. For example, an emission trading program could 
focus on the point of final combustion for coal, but on refining for oil, or distribution for natural 
gas. Given the wide variety of options available for including energy sources in a trading 
program, a few alternative programs are described below for illustration: 

A Program Targeting Primary Fuel Producers 

. The primary fuel producing sector - extraction, processing, refining, and distribution -
has many levels where a permit program could be implemented. One option would be to require 
permits at the point of first sale (a permit is.surrendered with the first inter- or intra- company 

. transaction). Such a sy~tem would include transactions between a coal company and an electric 
utility, between a natural gas producer and its marketing arm, between a natural gas producer and 
a broker, or between an oil extraction company and its refinery operations. Fuel importers would · 
also require permits to import fuel. This would capture the carbon from fuel consumed in the 
refining process. The number of market actors under this program design would be under 5000 
and virtually all carbon in the energy sect~r would be included in the program. 

A Program of Emission Trading at the Sectoral Level 

An emissions trading program could also be applied at the point of.combustion, allowing 
trading among affected sources. This system would be most comparable to the current SO2 
· emission allowance trading system. 

Targeting the six largest iµdustrial CO2 emitting sectors ( electric utilities, cement, 
primary metals, pulp and paper, petroleum refining and chemicals) in a sectoral trading program 
could encompass as many as 20,000 market participants and 90 percent of industrial CO2 
emissions. Mobile source emissions could be indirectly included in the system by.allocating 
transportation equipment manufacturers permits for emissi~ns associated with their automobile 



Alternatively, permit allocation formulae could take into account the market impacts of 
the mitigatio~ program. "Set asides" could be made available to those industries, workers, or 
consumers who experience a grossly disproportional share of the costs of control. A set aside 
could also be auctioned, with the revenues used to. redress gross inequities in the distribution of 
control costs. • • • • • 

Allocation Based On Baseline/Historical Emissions • 
. . • I 

Under this approach, sour~es are given a number of permits based on baseline fuel 
. production or emissions and ari allocation formula. Various allocation formulae can be devised, 
weighted to greater or lesser degrees in favor of sources with high historical emissions. . . • 
];:missions allowances are ~ri.dowed to facility operators for no cost and would be' transferable. 
Those receiving permits thus obtain assets of potentially large value from the government at no 
cost. 

Such an allocation mechanism could create entry barriers. In a capitaJ intensive sector 
like primary fuel production, where entry barriers are already substantial, .new entrants would be 
. further disadvantaged if they had to purchase permits - especially if existipg holders hoard 
permits. This problem could be mitigated by withholding a number of permits for purchase by 
new entrants or by auctioning a portion on the open market. Such an auction would also 
facilitate price discovery in a new market. Although new firms will still be disadvantaged ( as 
they will pay for all of their permits), they would be able to enter the market. The Pool of 
permits would need to be wtthheld from existing sources to ensure compliance with budgeted 
national emission levels ...:. unless there are specific international provisions for early banking. 

It may be desirable to desigq an allocation that would allow credit for early emissions 
reductions (those achieved prior to the start of the. program, but after the baseline period) -- in 
particular for those that reduced greenhouse gas emissions as part of government sponsored 
voluntary programs. If credits for past actions are given, the total credits allowed would need to 
be deducted from the overall permit allocation in order not to exceed national greenhouse gas 
emissions target. 

Auction 
Alternatively, an auction could be used to allocate permits. In this case, permit holders 

would pay the market clearing price for every unit of greenhouse gas released. Auctions ensure 
that permits are available far trade, and would serve to inform potential traders about current 
price levels. All participants have equal access to permits, placing new entrants on the same 
footing as existing emitters. As_ discussed earlier, since an .auction could prod~ce substantial 
revenues, some decision would have to be made with respect to what to do with the proceeds. . 

Supplementing Emissions Trading 

An Emissions Trading Program could be· supplemented ~ith other interventions to 
improve the functioning of markets. These could include standards for energy efficiency and/or 
direct limits on greenhouse gases. For example, methane from some landfills is already 
controlled due to limits on emissions-of volatile organic compounds. Historically, government 
efforts for eriergy efficiency standard have targeted appliances and other residential and 
commercial equipment, as well as personal transportation (i.e., the Corporate Average Fuel 



The Intermodal Surface Transportation Efficiency Act(ISTEA): This Act establishes the rules 
for federal transportation funding to the states. In 1991, !STEA authorized $140 billion in 
transportation projects over six years. The Act expires in 1997 and Congress is now considering 

• options for its reauthorization. ihese could include provisions that would indirectly reduce 
greenhouse gas emissions. Examples include the following: • 

• Congestion Mitigation and Air Quality Improvement Program: Additional funds could be 
targeted to transportation projects that reduce air emissions and energy consumption on a 
long-term sustainable basis. • 

• Brownfields Restoration: Successful redevelopment ofbrownfields can help revive inner · 
city areas and reduce sprawl, thereby reducing vehicle miles traveled. More funds could be 

• made available for these projects. • 

The Role of Technology Policies in Limiting Greenhouse Gas 
Emissions • 

"Economics $tudies have found that there are many potential policies to reduce 
greenhouse gas emissions for which the total benefits outweigh the total costs. For the United 
States in particular, sound economic analysis shows that there are policy options that would slow 
climate change without banning American living standards, and these measures may in fact 
improve U.S. productivity in the long run." 

The Economists' Statement on Climate Change, Feb. 13, 1997 (signed by more 
~an 2,400 economists, including eight Nobel Laureates) 

A strategy to accelerate the diffusion of existing technologies and the research, 
development and deployment of more advanced technologies is a critical component ofany U.S. 
policy to stabilize greenhouse gas emissions. Any emissions control program .- without such a 
technology strategy - would result in higher prices for carbon allowances than would otherwise 
be the case. Analysis suggests than an accelerated technology effort has a large potential for 
bringing down this price, and thus the cost to the economy. 

In addition to major studies-in the early 1990s3
, forthcoming analysis by five leading 

National Laboratories finds that a large potential remains for reducing U.S. energy consumptio·n 
and greenhouse gas emissions while meeting the full energy needs of U.S. businesses and 
families. In the long term, stabilizing concentrations at even twice pre-industrial levels, which 
will likely still have severe national and global environmental impact, poses an unprecedented 
challenge that can only be met with superior technology brought about by aggressive diffusion 
and significantly higher lev~ls ofR&D .. 

3See National Academy of Sciences, Policy Implications of Greenhouse Wanning (1991) and 
Office ofTechnology·Assessment, Changing by Degrees: Steps to Reduce Greenhouse Gases (1991). 



jeopardizing our quality of life. In order to stabilize greenhouse-gas concentrations at safe levels, 
new technologies will have to reduce emissions by more than a factor often during the next few 

. . decades and be competitive enough to achieve deployment throughout the world. This need for 
major and continual advancements can only be met through a strong commitment to -Federal 
RD&D. · _ • • - -

Existing Technologies Offer Significant Potential to Control Emissions 
. . . . . 

There is clear evidence that the full potential of existing, profitable technologies is not 
being realized. Many of these energy.;efficient technologies have relatively small market shares 
and low rates of technology diffusion. Their penetration is restrained because of a number of 
institutional, organizational, and other barriers that work against the diffusion of existing, 
energy-efficient technologies and the development of advanced technologies. _ Consumers and 
decision makers in business are often not aware of the availability of reliable, energy efficient 
equipment, nor the significant cost savings this equipment can offer. Even if they are aware, 
they may lack the information needed to make important investment decisions, or access to 
reasonable finance terms. .. -
A number of federal, voluntary programs are currently enhancing markets by overcoming the 
barriers to energy efficiency. The Administration's Climate Change Action.Plan (CCAP) 
launched over 40 initiatives in 1993._ Building on other DOE and EPA programs, the CCAP's 
goal was to return U.S. greenhouse gas emissions to 1990 .levels by the year 2000. Despite large 
Congressional funding cuts,4 the CCAP programs are successfully overcoming market barriers 

-and are currently expected to deliver approximately 70% of the emissions reductions originally 
projected. With continued supp~rt beyond the year 2000, these programs will significantly 
restrain growth in U.S. greenhouse gases through 2010 and beyo~d. Even ~t current funding 
levels, Administration projections indicate that these programs will eliminate 1/4 of total 
emissions growth through the year 2010, resulting in annual energy bill savings of approximately 
$30 billion (in 1995 dollars). A sustained commitment to these programs beyond the year 2000 
is needed to achieve these results, and restored full funding of CCAP programs will further cut . 
the growth in greenhouse gas emissions. Some examples of CCAP programs include: . . 

• DOE's Rebuild America program and EPA's Green Lights and ENERGY STAR Buildings 
programs are demonstrating that many of the barriers to energy efficiency in the 
commercial buildings s.ector can be overcome. By providing valuable information (no 
subsidies are provided), these programs have formed over 2500 partnerships to improve 

• energy efficiency in buildings. Partners can reduce their energy use by up to 40% 
through technology investments with annual rates of return of 20-50%. This potential is 
significant because total greenhouse gas emissions from energy use in commercial and 
industrial buildings is equal to all emissions from U.S. light duty vehicles: Program 
partners have already invested over $1 billion dollars in energy efficiency improvements, 
and partners are saving over $280 million per year on their energy bills. 

4 Total expenditures on CCAP programs in_ 1997 is $183 million, 40% million below the 
President's requested budget of $305 million. 



eventually cut greenhouse gas emissions by as much as 50%. Continued advances in high 
efficiency coal po\Ver plants, such as integrated gasification combined cycle, could approach 
50%, allowing some continued use of abundant U.S. coal even in a_ greenhous~ gas constrained 

-world while helping the U.S. realize domestic and global market opportunities for these superior 
technologies. _ • 

_ While electricity from fossil fuels continue to become cleaner and cheaper, expanded 
R&P and deployment could make a number of renewable technologies competitive on purely 
economic grounds in the next two decades: wind power, PV, biomass power, solar thermal, and 

_ geothermal. In a greenhouse-gas constrained world, these zero-carbon emitting sources of power 
would be even more competitive. Royal/Dutch Shell projects these technologies to be the 
dominant global source of energy by the middle of the next century: 

Renewable technologies are becoming more competitive over time. Both wind and PV 
are experiencing a 20% cost reduction for every doubling of cumulative production. 
Photovoltaic (PV) cells, which convert sunlight into electricity, have dropped from 90 cents per 
kilowatt-hour in 1980 to under 20 cents today while wind power has dropped from 25 cents per 
kWh to 5 cents. These cost reductions will ~ontinue to occur not just because ofR&D, such as 
advances in thin film PV, but also through economies of scale and improvements in . -
manufacturing that come with increased production. A number of different PV technologies are 
being pursued, providing multiple opportunities for breakthroughs. Accelerated RD&D for wind 
could potentially have an impact on CO2 emissions in 2010. 

' Finally, life extension· of nuclear power plants could provide substantial carbon 
reductions, so technology R&D to provide safe and economic extension of at least some nuclear 
plants is a vital component of the ~echnology strategy. • 

Energy Efficiency 

Technology R&D in transportation is essential because the sector produces one third of 
U.S. CO2, and large reductions are unlikely without major regulatory changes or substantial 
technology advances. Also, two other major national problems - urban air pollution and 
dependence on foreign oil - stem largely from the transportation sector. The current federal 
strategy is to develop cars and trucks that are highly fuel-efficient as well as ones that run on 
fuels other than petroleum, including natural gas, electricity, and biofuels (ethanol). An 
aggressive RD&D strategy could result in significant penetration of much more efficient vehicles 
and biofuels in the next two decades. • • 

The Partnership for a New Generation of Vehicle (PNGV) with the U.S. auto industry is 
pursuing multiple technology pathways for both advanced engines and energy storage. These 
vehicles could be commercially available just prior to 2010 and be 3 times more efficient than 
today's - providing large potential to reduce greenhouse gas emissions. In the slightly longer 
term, vehicles powered by proton exchange membrane (PEM) fuel cells have perhaps the 
greatest long-term potential for reducing transportation CO2. To ensure that the R&D leads to 
commercially viable vehicles, a number of programs are needed to guarantee that the 
infrastructure is available to support vehicles that run on non-traditional fuels. 
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-genetic engineering techniques, and to understand biophysical and biochemical pathways of 
photosynthesis. 

New and Expanded Efforts to Accelerate Diffusion and the Development of Clean 
Technologies 

New initiatives are currently being designed to take advantage of the many areas of 
opportunity. All initiatives described are very preliminary. 

• Residential/Commercial Sectors 

• Split Incentives - An initiative to overcome the unique split incentive barriers of 
landlord/ tenant and builder/buyer relationships. In these cases, the people who make 
investment decisions (i.e., the builder of new buildings, or the landlord) do not pay the 
energy bills. 

• Energy Information -An initiative to empower consumers and businesses by providing . 
better information is their monthly energy bills, including benchmark comparisons to 
efficient homes. • • • 

• Advanced Buildings Technology Development -- Accelerated development of a portfolio 
of buildings technologies - such as fuel cells in buildings, reflective surfaces and · 
materials, and advanced windows. 

Industrial Sector 

• Acceleration of Industries of the Future -- The Industries of the Future process for the 
seven most energy intn.sive industries will be accelerated, resulting in successful 
development of new technologies sooner. These investments will be targeted on those 
elements of industry's Technology Road Maps which will have the greatest potential to 
reduce emissions. 

• Cogeneration and Biomass GllSification -- The development of advanced industrial 
turbines and biomass gasification technologies will be accelerated to provide many 
industries with not only inexpensive electricity, but also a means to reduce fossil-based 
electricity generation. 

• Industrial Partnerships -- The federal government will work more aggressively with 
othe! major industries to achieve significant emissions reductions by 2010. 

Transportation 

• Acceierated PNGV Initiative -- The PNGV initiative will be expanded to accelerate the 
vehicle development and decrease the costs -making these vehicles even more attractive 
to consumers. • 
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other novel sequestration options - such as converting fossil fuels and biomass into CO2 
and hydrogen. 

• Climate Change Policy and the Role of Worker and Community 
• Transition Assi~tance • 

The adoption of a Global Climate Change Treaty will represent an effort on the part of 
the government to reduce greenhouse gas emissions. A successful policy could have important 
implications for the level and pattern of energy usage in the economy. Usage of high carbon 

·· fossil fuels ( e.g. coal) will decline, while the demand for other energy sources ( e:g., natural gas or 
renewables) will grow in importance. While the adoption of a technology program has the 

• potential to reduce the aggregate costs to the economy, consumers and business will still need to 
· alter their energy usage patterns if greenhouse gas emissions are to be significantly reduced. 

The development of new low energy ( carbon) technologies and shifts in the pattern and 
level of energy usage in the economy will undoubtably benefit some industries and regions of the 
country. The presence of these "economic winners" will help reduce the aggregate costs to the 
economy of this policy. Nonetheless, there will be workers and communities that will be • 
adversely affected by a policy to reduce greenhouse emissions. Workers in energy intensive 
industries and those in energy extraction are some of the most likely groups to be hurt. Given 
the geographic isolation of some of these industries, tl?.e surrounding communities are also likely 

. to be adversely ·affected. 

A transition program would reduce the costs to individuals and communities associated 
with this environmental policy. Transition assistance can help facilitate community and worker 
adjustments via retraining, job search.assistance, and infrastructure development for new 
business in the community. Previous experience strongly suggests that these investments in 
workers and communities have positive economic payoffs. Further, the development of such a 
policy at the initial stages of the climate change debate will help assure the public that the 
government has actively considered not only the long run ecological benefits of a global 
warming but that it is coqunitted to taking steps to ameliorate the costs. Explicit attention to the 
costs and design issues of a transition program and their interaction with the desired structure of 
the permit trading and technology programs would reduce the total costs of climate change 
policy. As previous -experience with free trade, acid rain, military base closures, and the federal 
government's own work force restructuring has demonstrated, this can be vital to building public 
support for the policy; • • 

As noted above the federal government has extensive experience with worker and 
community transition programs. Some of these programs are dedicated programs to ameliorate 
the cost of specific government actions, while others are programs designed to reduce the effects 
of general economic dislocation. Below is a brief review of some of the features of the federal 
programs that might serve as either models, or be augmented; to meet the needs posed by a 
climate change policy. • 
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Workers are entitled to TRA benefits for up to 52 weeks, job search allowances, . 
relo~ation allowances, and training assistance. Workers are also eligible for the second 26 weeks 
ofTRA benefits if they are enrolled in approved.training programs. Prior to 1981, TRA benefits 
were far more ·generous than regul~ UI benefits, replacing 70 percent of lost wages. Under the 
new NAFTA-T AA program, the conditions for receipt of income support has been tightened 
further -than in the basic TAA program, making receipt of income support conditional upon being 

. enrolled in training by the 16th week of benefit receipt. Although TAA and NAFTA-TAA are • 
separate programs, they have been interrelated to the basic DOL dislocated worker program 
(Title III JTP A) in their efforts to· provide retraining and readjustment services. In 1988, 
'following the most recent legislative amendments," it w~ estimated that average TRA benefits 
were $2,732 per participant& and total benefits per TAA recipient (i.e., UI benefits, TRA 

• payments, and TAAjob search allowances, relocation allowances and training) totaled $10,603, 
·based on a nationally representative sample. 

Redwood Employee Protection Program (REPP) 

Legislation was enacted in 1978 to provide employment and benefits to employers laid 
off between May 31, 1977 and September 30, 1980, as a result of expansion of the Redwood 
National Park. The program was operated only in a portion of the state of California. Benefits 
were paid through 1989. To receive benefits workers needed to be laid off.or retired from an 
"affected employer." . They also had to meet state requirements for ill. • They were not eligible if 
receiving Social Security retirement or disability benefit or if receiving a pension under a plan • 
contributed to by an affected employer. There were three types of affected employers. "Affected 
woods employers" had to harvest redwood timber and own at least three percent of the acres with 
in the expanded park. "Affected mill employers" generally h_ad to obtain at least 15 percent of 
their raw material from affected woods employers in 1977. "Affected contract employers" had to 
have at least 15 percent of their employee hours worked during 1977 be within or directly related 
to the expansion area. •• 

REPP weekly layoff benefits repl~ced the worker's full wages and salary and were 
generally available for up to four years. UI benefits were deducted from these layoff benefits, as 
were earnings, in whole or in part. Receipt of benefits was not conditional upon participation in 
training, and only 16 percent of layoff benefit recipients participated in training. The full range 
of REPP benefits included weekly layoff benefits, vacation replacement benefits, continuation of 

. health and welfare benefits, accrual of pension rights and credits~ retraining, job search assistance 
(JSA) allowances, relocation allowances, and severance payments. The cost of this program for 
the 2600 workers who received layoff and severance benefits, pension and health benefits, 
retraining, and relocation allowance was $142.0 million. 

Survey of Community Transition Programs 

The USDA has a broad menu of programs focused on.worker and community transition. 
These programs are primarily focused on longer term economic development and adjustment. 
Many of them ate useful in worker, community, and sector adjustment and transition efforts. 
All of these programs are well tested and currently are fully operational. 



. : The Department of Defense (DoD) has been closing military bases and assisting defense-
impacted communities. for more than 35 years. Through its Defense Economic Adjustment 
Program, DoD has worked with over 500 communities to alleviate serious economic impacts 
resulting from changes in defense activities, such as the closing or realigriment of a military base, 
or the terinination Qf a defense contract. The Office of Economic Adjustment (OEA) provid~s 
impacted communities planning assistance through technical expertise and financial resources, 
and serves as a focal point for information on other relevant Federal assistance programs. 
Financial assistance is provided through federal grants for the purpose of d~veloping a strategy 
action plan to identify and address the adverse economic impacts. The objectives of the defense 
economic adjustment program have focused on creation of new jobs, reuse of the military assets, 
minimizing the economic adjustment period, stabilizing and diversifying the local economy and • 
increasing the local tax base. • 

Recent reductions in the defense budget have required the closure and realignment of 
more than 157 major military bases and the consolidation of defense firms struggling to adjust to 
DoD procurement cutbacks. Jobs have been and continue to be eliminated with many workers 
forced to seek new employment. Communities, in turn, have had to develop strategies to create 
new jobs to replace those lost in the defense sector. The impact of the defense draw down has • 
been significant in terms of job loss. In 1987 DoD employed more than one million civilians. By 
September-1996, the employment level had been reduced about 28 percent - a loss of320,000 
positions. Another Q2,000 civilian positions are scheduled to be cut by 2001. The private sector 
defense industry has also seen a sharp drop in employment due to DoD procurement cutbacks. 
To adjust,' some defense firms have chosen to diversify to commercial products, while others 
·believe they can survive by selling off peripheral operations and protecting their market niche. 
The number of private sector jobs directly supported by DoD con~acts has declined by 29, 
percent 1987 and 1994, from 3.9 million to about 2.8 million .. 

• The largest impact ofDoD downsizing has been in the private sector, where the ripple 
effects of DoD spending cuts are felt beyond the prime contractor. The impact extends to • 
subcontractors and suppliers, as well as community retail and service companies. The severity of 
economic impact and the community's ability to respond depend on a variety of factors, such as 
the number of jobs lost, the size of the community, or the diversity of the community economic 
base. Metropolitan areas with a large and div~rse local economy usually adjust more easily that 
smaller, heavily defense-dependent communities. However, smaller communities can survive 
quite well if job gains in other sectors of the labor market offset the defense job losses. 
Conversely, a metropolitan area can suffer substantially if the health of the local economy is 
weak and not diversified. 

DoD's experience has shown that the primary responses to address the economic impacts 
must be community-based. The economic adjustment efforts begin and end with the community 
leaders, with support and coordination from State leaders and Federal officials. Effective 
decision making rests with those most impacted by the defense action - those who have the 
·greatest stake in economic recovery. Although experience suggests that the task of rebuilding an 
economic foundation is never easy, a community can find that a closed military base is its single 
greatest asset. Facilities have been freed up with the potential to generate newjobs that can 
replace, or even exceed, the losses resulting from the closure, and expand a community's tax 



n, 

transition program. Current projection of revenues raised from these auctions suggest a potentially 
large funding stream that would be available for either a dedicated or categorical program to 
facilitate the transition to a less greenhouse gas intensive economy. An alternate mechanism for 

. funding a categorical program might be for program beneficiaries to receive permits in lieu of other, 
fonns of assistance, the .value of which would be determined in the marketplace. 

Targeted Population 

. A program could narrowly focus on employees of and commUJUties dependent on energy 
industries or industries that consume large quantities of energy. Alternatively, a broader set of 
beneficiaries could be targeted, such as those manufacturing energy consuming equipment or 
engaged in industries indirectly dependent on energy (e.g., road builders). While identification of a 
limited set of industries most likely to be affected may be straight forward, it would be difficult to 
detennine all of the industries or finns that might respond to an increase in energy costs by reducing 
employment. This problems would be exacerbated by the fact that the effects of global climate 
policy will take place over a protracted period of time making certification of whether the 

. dislocations were due to climate policy or general economic factors problematic. 

Criteria for documenting eligibility 

A dedicated economic transition program must establish criteria for detennining eligibility. 
If a climate change mitigation program is implemented through a system of tradeable emission 
allowances, pennit prices could provide useful information. to trigger the availability of transition 
assistance. Such prices would reflect the additional cost to firms of the greenhouse gas control 
program. 

Timing of benefits 

It is likely that industries will begin to take action to reduce greenhouse ·gas emissions 
before a legally binding obligation officially takes effect. This is especially likely to be the case if 
firms are allowed to bank early emission reductions that they make before the program start date. 
For example, in the Acid Rain Program, actual sulfur dioxide emissions were 40% below allowable 
levels in 1996 -- largely due to emissions banking. In .addition, industries will anticipate future 
greenhouse gas constraints as they make capital budgeting decisions and will likely begin replacing 

• greenhouse gas intensive capital with less intensive alternatives soon after a control program is 
announced. This would affect the livelihood of workers and communities dependent on energy 
intensive industries and should be considered in determining the timing of the economic transition 
program. 
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Consultative Process on Domestic Implementation of a Climate Treaty 
. . 

Theme: . Maximizing Opportunity and Minimizing Impacts 

Intro: 

The buildup of greenhouse gases in our atmosphere ·poses a significant risk of climate change and 
other cl~atic effects. Thus we need to reduce greenhouse gas emissions and enhance greenhouse 
gas sinks. Policies to address greenhouse gas sources and sinks could have negative impacts, but 
could provide great opportunities as well. 

. ' 

The Administration's goal is to minimize the impacts and maximize the opportunities of climate 
change mitjgation. This can only be achieved through a true partnership between the public and 
private sectors. We want to encourage technolo.gical innovation; provide industry with the 
flexibility to meet environmental goals at the lowest possible cost; allocate responsibility fairly; 
and provide ~itional assistance. to those who need it. 

. . . 
We readily concede that each industry affected by climate change policy knows best how it can 
reduce its own net emissions. The government's role is not to tell industry exactly how to reduce 
its emissions, but rather to set up a fair, workable, performance-based, and flexible system; and to 
provide resources and incentives for research and transition assistance . 

Our national economic analysis has demonstrated that our society can afford to substantially 
reduce its projected contribution to atmospheric concentrations of greenhouse gases. It has 
demonstrated that the 'extent to which impacts are minimized and opportunities maximized 
critically depend on domestic policy"design. 

Thus we need to begin a national conversation on domestic climate policy. We need to look at 
national policy, but Y'e also need to look individually at each sector. Before we can minimize · 
impacts and maximize opportunities, we must understand better what those potential impacts and 
opportunities are. Using our draft sector paper as tool, over the next several months, we plan to 
meet with representatives of labor and industry in every affected sector. The goal is to understand 
what policies are needed, and then to incorporate them into our domestic policy package. • 
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Three outstanding issues: groupings of sectors, people and dates 

1. Grouping of sectors 

. These are the industry sector groups that we have discussed -- there are 22 listed. This list does 
not include any of the high growth industries listed in the Sectors paper (electronics, semi-

' conductors). • 

Autos ( 1 domestic, 1 both) 
Oil 
Gas 
Coal 
Nuclear 
Renewables 
Electric utilities (IPPs separately?) 
Labor 
Energy Intensive industries 

•• (one at a time - aluminum, pulp and paper, iron and steel, cement, chemicals, 
petroleum refining, glass) • • 

Energy Efficiency (focus on buildings?) 
Forestry 
Agriculture 
Airlines/ Aircraft (?) 
Electric generation equipment manufacturers 
Cooperative insurance 

a). While it is clear that a separate meeting for Labor is required to address the general issues, 
there is a question about whether relevant labor groups should also be invited to individual 
industry meetings. The industries will probably be divided on whether they want to have labor at 

· the table. It has been suggested though that having labor and enviros present would successfully 
position labor into a middle position. 

b). Same question about having interested, relevant enviros at individual industry meetings. An 
additional question is what outreach to do to enviros directly. 

c). Number of rounds of meetings: If labor· (and enviros) are present at the individual meetings, • 
then Judi suggests three rounds of meetings. One with labor (and enviros) and industry to explain 
the analysts; a second with. industry only after they have had a chance to make written comments;· 
and a third with labor (and enviros) again to discuss any remaining concerns, questions, etc. 

2. People to organize individual sessions 

Judi's initial suggestions -- Administration Internal Sectors Team should include: • 

Ev's replacement 



• 

• 

. Schedule 

ASAP--put together Administration Industry Outreach Team to do meetings 

June 10 ( or so) Large public meeting on ·economic analysis--Hand out draft sectors and IA T 
papers 
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