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Executive Summary 
.. ' 

• Fossil 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 Revolution. Global emissions are currently growing by more than 1 % per 
year, and concentrations arc rising by roughly half a percent per year. 

• In the absence of a proactive rcsp0nse, emissions will continue to grow, and will 
more than double atmospheric concentrations by the end of the next century. The 
Intergovernmental Panel on 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 are likely to have 
significant impacts on human health, water availability, agriculture, natural 
ecosy~ and sea levels. Increased climate variability could lead to greater . 
frequency oflarge ~orms and other catastrophic events. 

• Emission controls would not only reduce the likelihood of climate change but would 
also provide ancillary benefits, inciuding 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 respons1ole 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 emissions domestically 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 system allowing emissions trading is considered a particularly promising 
efficient mechanism for controlling emissions. A pennit system would involve the 
issuance or sale of tradable greenhouse gas emission permits. Pemtits could be 
bought and sold on a commodities market, allowing the greatest degree of flexioility 
in where emissions are reduced. 

• During the past year-and-a-half, the Iriteragency Analysis Team has analyzed the 
potential costs of permit trading systems to achieve a.variety of emissions targets over 
time. For example, a permit system to stabilize U.S. carbon emissions at 1990 levels 
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from 2010 to 2020 would involve the annual sale or distribution of a quantity of 
pcmtlts equivalent to 1990 U.S. emissions. 

• · Jn its "central case" estimate of the costs of a stabilizatjon policy, the IA T analysis 
suggests that pennit prices would range between $80 and SlS0 per ton of carbo~ in • 
2010 and between $105 and $150 in 2020 (in 199S 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 pemut auction were recycled through the 
economy. In any event, overall GDP effects are relatively small, with a maximum 
decline of about 1 % from base a few years a,fter the policy is initially introduced. 
Direct compliance costs (the outlays by households and businesses to reduce 
greenhouse gas emissions) would range from $12-!8 billion per year in 2010. 

• F.conomic impacts would vary by industiy 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. economy's 
ongoing shift away from energy-intensive manufacturing toward information 
technology, services, arid other activities. The central regions of the U.S. would be 
more ~ngly affects, while the east and w~ 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 activities that cannot be exported. 

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



Todd-Here is an annotated presentation I give to agency heads on the science of climate 
change. Hope it's help/ ul; I'd be happy to take you through it!. 

Rosina Bierbaum, OSTP 6-6077 

There is a strong scientific consensus that human activities are affecting the global climate 
system as stated by the Intergovernmental Panel on Climate Change (IPCC). This 
represents more than 2000 scientists from more than 50 countries. 

Figure 1: Greenhouse effect 
There is a natural greenhouse effect that keeps world 33°C or 60° F warmer than it would be. 

Without this, life would not be possible. Water vapor, CO2, methane, nitrous oxide and other 
trace gases trap heat as it is re-radiated out to space. 

Figure 2: Changes in 4 greenhouse gases over time 
Since pre-industrial times, humans have added to the natural greenhouse effect by releasing 
additional GHG to the atmosphere. Burning of fossils fuel--coal, oil and gas for energy is 
primary cause of emissions (about 6 Billion metric tons of carbon/yr); changing land-use 
patterns through agriculture and deforestation also contribute another 1-2 billion metric tons 
per yr. 

So, we've incr Concentrations of CO2 30%; doubled methane, and increased Nitrous oxides 
15%. 

Figure 3: Cumulative CO2 emissions, 1950-1990 
Whose emissions are in the atmosphere? To date, developed countries account for most of the 
concentrations in the atmosphere (e.g., US with 4% world's population= >25% of what in the 
atmosphere. Note that developing countries with 80% of current world population represent only 
about 20% to date. 

Of course that will change--that's where 90% of the population growth will take place. And 
energy use--which averages about l/15-l/20th of our "per person" use will increase if it can ( e.g., 
there is only 1 car per 3000 people in China. 

Figure 4: Projected CO2 emissions 
Under business as usual, we expect emissions from the developing countries to rapidly increase-­
equal those of Annex 1 (US, OECD, Former Soviet Union and E. Europe) by about 2035 and 
continue to climb. 

Figure 5: Global temp and CO2 since 1750 projected to 2100 
What's happened to date? Over the last century, the global mean surface temperature increased 
by about 0.5° C (almost 1.0° F). 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. 



• And where are we headed? To another 2-6° F by 2100. 

Figure 6: US Precipitation and drought trends over the last 100 years, 
What does warming do?-a warmer earth essentially speeds up the planet's hydrological 
cycle or water cycle--There is more evaporation meaning there is more water in the 
atmosphere that will come down as rain or snow. The increased evaporation will also lead to 
drying in some areas, so we expect both more soil drying and more precipitation 

Figure 7: We're beginning to see changes along these lines in the US. This map show that 
while, overall, US rainfall has increased about 6% over the last century, we are also seeing an 
increase in dryness in some areas (light blue). The type of rainfall is also changing. We are 
getting more of our rainfall in extreme downpours that promote flooding--not the 'gentle rains 
from heaven' so conducive to agricultural growth. The frequency and intensity of floods and 
droughts will change. In the United States, the Great Basin, California, Missouri, Arkansas, l ✓ 
Texas Gulf, Rio Grande, and Lower Colorado River Basins are likely to be most vulnerable. 

Figure 8: Florida/or graph by region of sealevel rise 
Warming the ocean causes Sealevel to rise--mostly from thermal expansion of the water, some 
from melting of seaice and glaciers. Here I show you (thanks to USGS) what a 1 m. rise in 
sealevel will do to Florida. Expected sea level rise over the next century could inundate 9000 
square miles of lands. The Atlantic and Gulf Coasts are particularly vulnerable. 

Figure 9: US Coastal lands at risk from a 20" sealevel rise 
This shows the land loss (which totals about 9,000 square miles--the number used in the 

. POTUS UN speech) for a 20 inch sealevel rise-'."the scientists' "best guess" by the year 2100. 

Figure 10: Shifting beech tree ranges under 2 model runs 
Warming the planet and altering rainfall also shifts the idea ranges for ecosystems. IPCC 
estimates 1/3 of the Earth's forests could undergo a major change in vegetation: the 
Northeast United States will likely lose beech trees and sugar maples. Western conifer 
forests will decrease in area. There will be also be significant shifts in the ideal range for many 
agricultural crops (likely to cause more hunger especially in the tropics) 

Figure 11: Heat-related deaths projected for the US 
Heat-related mortality and illness will increase (if this graph were of major cities in 
developing countries, all of the numbers would be in thousands. Reduced air quality will - ✓ 
exacerbate respiratory disease, asthma, and allergic disorders. Geographic ranges for disease 
will expand, leading to an increase in diseases such as malaria, dengue and yellow fever. 50-
80 million additional cases of malaria per year are projected worldwide. 

Most impacts research has only evaluated the effects of a doubled CO2 world in equilibrium. 



We must also begin to understand what impacts might be experienced if atmospheric concentrations 
more than double. Which is where we are headed 

Figure 12: VP's favorite chart (CO2 and temp over the last 170,000 yean as measure in ice 
cores) 
Where will "Business as usual" take atmospheric concentrations? In 100 years, through 720 
ppm--approaching 3x preindustrial levels --levels not seen in the last 50 millions years of the planet, 
certainly faster than natural systems have been exposed to, and all in a geologic blink of an eye. 

Figure 13: Emissions as usual venus stabilization paths 
And so, we must heed the old Chinese proverb and "change the direction so we don't end up where 
we are heading". That's the goal of the treaty. Note that to achieve a 550 ppmv concentration target 
- which represents about a doubling in atmospheric CO2 concentrations - worldwide emissions must 
veer off of BAU (red line) in the next 15 years and begin declining steeply during the second quarter 
of the century. 

Figure 14: Temperature over the US 2xa nd 4x CO2 
This map centered over the US show how average temperature increases for a 2x and 4 x CO2 
world--2 to 6° F for a doubling, but 15 to 20 degrees F for quadrupling. 

Figure 15: Soil moisture 2x and 4x CO2 world 
In the growing season, soil moisture deficits would approach 30-50% for quadrupling, as opposed 
to 10 - 30 % for a doubling. 

We clearly wish to avoid these impacts. Mitigation actions are urgently needed. 

(I also attach 2 pages of the IPCC findings) 
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Annex I and Non-Annex I Fossil Fuel Carbon Emissions: 
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Precipitation Trends(%) per Decade (1900-1994) 
green, increasing; brown, decreasing 
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Trendsi 100 years 

0 20% 
• 10% 
• 5% 

Dark Blue = Increased Precipitation 
Light Blue = Decreased Precipitation 

Detailed analysis of these data suggest that "since about 1970 precipitation has • 
tended to remain above the twentieth century mean, averaging about 5% 
higher than the previous 70 years. Such an increase hints at achange in climate." 

Source: Karl et ul. Consequences. Vol. 1. No. 1, Spring 1995 
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U~S~ Coastal La11ds at Risi< fro1n a 
20-inch Sea Level Rise by 2100 
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Average Annual Excess Weather-Related Mortality for 
1993, 2020 and 2050 Climate 
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Atmospheric Carbon Dioxide Concentrati~ns 
-- Comparing Past Interglacial Ice Core Records with IPCC Projections for the Next 100 Years --

Source: "kudh11in Forcing ofClinmlt· Chungt·" Clinmtc Chan,tr 1994. ll'CC Rc,·ord. Cumhridgc Uninr~ity l'n·s,, 19')5 
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t~Majifcategofies of finp~cts Id~ntified bf the-~PCC ::; 
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Human Health: ~,, <), ) v ~ -k~ 

Potential for the spread of vect<ir-borne diseases and heat-related health 
conditions; 

Food Security: 
Threats to some regions of the world, especially in the tropics and subtropics 
where many of the world's poorest people live; 

Water Resources: 
Likely to be increasingly stressed, leading to substantial economic, social, and 
environmental costs; 

G Human Habitat Loss: 
Sea level rise likely to lead to impacts on small islands, across coastal plains, 
and in river areas; and 

Natural Ecosvstems: .. 
Likely to shift as individual species respond to changes in climate. This may 
lead to reductions in biological diversity and in goods and services. 
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·AFew~ftlie CentralIPCC Findings -1996 :J 
••• ,. •••• ,.,_ - ';: • . 'l-.: ,. , • - • • _ . • ·.-,· • • :- . .. .. ... .,._ · ·:• ... . ~ · • • ••• , - ·-

~ The Earth's average surface_J~mperature, assuming no major policy 
changes internationally, is projected by the IPCC scientific 
assessment to increase about 2° C above present by 2100 (with a range 
of 1 ° C to 3.5° C depending on scenario an,d uncertainty). This is a 
rate faster than for any similar period during the last 10,000 years. 

~ Sea level is projected, by the IPCC, to rise by about 50 cm by 2100 
(with a range from 15 to 95 cm) and to continue to rise significantly 
thereafter, even if greenhouse gas concentrations are stabilized. 

c;, Models are accounting, with greater accuracy, for the observed 
increases in the composition of the atmosphere and can simulate the 
recent history of observed changes in surface and vertical 
distributions of temperature. However, the ability to predict details of 
regional patterns and consequences of climate and global change 

_ remains relatively imprecise. 

® The IPCC concludes that "the balance of evidence suggests that there 
is a discernible human influence on global climate". 



b ~'.\-1-T s(.,t:;,v(_c B~-,EK-
1. THE CLIMATE SYSTEM AND THE GREENHOUSE EFFECT 

(DRAFT - NOT FOR QUOTATION OR ATTRIBUTION) 

A natural greenhouse effect keeps the Earth about 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, such as methane, nitrous oxide, 
and hydrofluorocarbons (HFCs), trap heat as it is re-radiated from the Earth back to 
space. Since pre-industrial times, human activities have added to the natural greenhouse 
effect by releasing greenhouse gases into the atmosphere. These emissions have led to a 
steady increase in the concentrations of greenhouse gases in the atmosphere (figure 1 ). 

• The atmospheric concentration of carbon dioxide (CO2) 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 CO2 

emissions, accounting for about 85% of US annual totals; changing land-use patterns 
through agriculture and deforestation also contribute a significant share. 

On a global scale, burning of fossil fuels releases about 6 billion metric tons of 
carbon into the atmosphere each year. Changing land use patterns from forestry and 
agriculture contribute about another 1-2 billion metric tons per year. Emissions of other 
greenhouses gases from a variety of industrial and agricultural processes effectively add 
about 20% to these totals. 

Without intervention, the level of emissions and concentrations of greenhouse 
gases will continue to increase, resulting in a variety of global, regional and local effects. 
Global average temperature will rise, although there will be considerable variation of 
temperature increases on the regional scale. The Earth's water cycle will intensify, 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 will 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. 

The Second Assessment Report of the Intergovernmental Panel on Climate 
Change (IPCC) describes a series of changes that have already been observed: 

• Over the last century, the global mean (average) surface temperature increased by 
about 0.5° - l.0°F. 

• Over the same period, global mean sea level has already risen 4 to 10 inches. 
• 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 wannest in this century, the ten wannest years 
this century have all occurred since 1980, and 1995 was the wannest on record. 

A paper published in the April 17, 1997 issue of Nature (Mynemi, et al) 
presented compelling evidence of significant regional ecosystem response to wanning 
experienced during the period 1981-1991: 

• Over that 10 year period, high latitudes (between 45° and 70° North) sustained a 
longer growing season, and an advance of up to seven days in "greening" in spring 
and summer, 

• These latitudes appear to be experiencing an increase of approximately 10% in 
photosynthetic activity, possibly due to the longer growing season and increased CO2 

fertilization. 

Precipitation trends over the last century show that global precipitation has 
increased. Change can also be seen in United States precipitation trends. In the May 
1997 issue of Scientific American, Tom Karl reviews the records of total rainfall and 
extreme rainfall for the United States over the last century: 

• Total precipitation has increased by about 6 percent since the beginning of the 
century, as has the frequency of heavy downpours. 

• Since the beginning of this century, these intense precipitation events have increased 
by about 20%. Such events lead to flooding, soil erosion and even loss of life. 

Global wanning, the global intensification of the water cycle, and the rise in sea 
level observed over the past century are all consistent with predictions from global h 
climate change models. Estimates of future changes include: - 1 • ..(... '- ~\-,:-t ~ L._J <. h,4-~' 

d'-~-ti ? 

• Global surface temperature is projected to increase an average of another 2-6° F by 
2100, with significant variation by region. Temperature change of this magnitude 
would be faster than any observed changes in the last I 0,000 years. 

• Global mean sea level is projected to rise another 6 to 28 inches by the end of the next 
century. 

• The rate of evaporation is expected to increase as the climate wanns, leading to an 
increase in average global precipitation as well as frequency of intense rainfall and 
floods in some regions. In some regions, tht- soil moisture will decrease, leading to 
increased frequency and intensity of droughts. 

Most of the climate impacts have been evaluated for a world at equilibrium after a 
doubling of greenhouse gases. But a doubled greenhouse gas world is one in which 
intervention has occurred. A continuation of business as usual implies a world with far 
higher concentratioµs and far greater effects. The Geophysical Fluid Dynamics 
Laboratory at Princeton has recently modeled the effects of doubling and quadrupling the 
level of greenhouse gases and compared the results: l 

l.. ... t /J tl....,i 

2 
-f,..,,.,-fo. J) h' j1 1H,L.,_,;_.? 



• A quadrupling of such concentrations is likely to increase temperatures in North 
America by 15 to 20° F, as opposed to the 2 - 6° F expected from doubling. 

• In the growing season, soil moisture deficits would approach 30 - 50%, as opposed to 
IO - 30 % for a doubling. 

3 



II. GLOBAL EMISSIONS & ATMOSPHERIC CONCENTRATIONS 
(DRAFT - NOT FOR QUOTATION OR ATTRIBUTION) 

Models have been used to project future emissions and atmospheric 
concentrations of CO2 and other greenhouse gases. 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" case which assumed that 
technology continues to improve at historical rates. The IPCC business as usual 
simulations show that current annual emissions of 6 billion metric tons of carbon could 
grow to 15 billion tons per year by 2050 and 20 billion tons per year by the end of the 
next century. Carbon Dioxide is clearly the most important greenhouse gas. 

Over the same period, human-related emissions of other greenhouse gases is also 
likely to increase. Despite the fact that their emissions are lower, these other gases play a 
significant role in greenhouse warming, adding about 20% to the effect of CO2 alone. 
Methane has a much shorter atmospheric lifetime than CO2, but is estimated to be 21 
times more effective at trapping heat in the atmosphere over a 100-year period. Nitrous 
oxide is 320 times more powerful than CO2 over a 100-year period. Some of the 
hydrofluorocarbons are thousands of times more powerful, and once emitted, effectively 
reside in the atmosphere permanently. 

These large increases in emissions would lead to an increase in the atmospheric 
concentration of CO2 and other greenhouse gases, and increase the radiative forcing ( or 
warming potential) of the atmosphere. The IPCC business as usual scenario indicates 
that even with continued technological improvement, unless policies to control emissions 
greenhouse gases are implemented, the atmospheric concentrations of these gases will be 
much higher by 2100 (Figure 2): 

• CO2 concentrations would reach about 710 parts per million by volume (ppmv). , . ..t.. • 
• Other gases will add at least 20% to this total on a carbon equivalent basis. 
• For context, pre-industrial levels of CO2 were about 280 ppmv, and have increased to 

the current level of about 360 ppmv. 

Even if it were possible to freeze global emissions today, concentrations would 
nonetheless continue to rise throughout t.lie next cennl.r'J and beyond, eventually 
exceeding a doubling of pre-industrial CO2 levels. Freezing emissions, which continues 
to add greenhouse gases to the atmosphere at a constant rate, will not lead to a 
stabilization of atmospheric concentrations (Figure 3). 

Since the IPCC Second Assessment report was published in 1996, the relationship 
between annual emissions and stabilization of greenhouses gas concentrations in the 
atmosphere has been examined. Figure 3 shows the results of one analysis that tried to 
outline the optimal economic pathways (Wigley, Richels, Edmonds, Science, 1996) to 
meet atmospheric carbon concentration targets of 450 to 750 ppmv (for CO2 only). 

4 
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• Each target requires significant reductions in projected global carbon emissions; and 
all of them require dramatic reductions in annual emissions rates sometime during the 
next century . 

• To achieve a 450 ppmv target - which represents a two-thirds increase in atmospheric 
concentrations over pre-industrial levels - reductions in the growth rate of worldwide 
annual emissions must begin by 2007, and emissions must fall to about half of 
current levels by 2100. 

• To achieve a 550 ppmv target-which represents about a doubling in atmospheric 
CO2 concentrations - reductions in the growth rate of worldwide annual emissions 
must begin by 2013, and overall emissions must begin declining steeply during the 
second quarter of the century. 

If we look at emissions on a global scale: 

• Of the 6 billion tons of carbon currently emitted each year, approximately 65% come 
from developed countries, and 35% from developing countries. 

• The U.S. is currently the largest emitter of carbon dioxide1 with China the second 
largest source. 

• If current trends continue, developing countries will account for 50% of total global 
emissions by 2035, and China will have become the largest emitter (Figure 4). 

• Because of the long-lived nature of these gases, the atmospheric reservoir of carbon in 
2100 will remain dominated by decades of emissions from the developed world . 

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 Western 
Europe, and 0.4 tons per person in devdoping countries. 

• If current trends continue, in the year 2100 developing countries would he emitting 
slightly more than 1 ton of carbon dioxide per person each year whereas the 
developed world would be emitting close to 5 tons per year for each individual. 

• If the world wanted to keep CO2 from exceeding a doubling, per capita emissious 
wouid have to approach .5 tons per person per year. 
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III. 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 clearly show that detectable changes are underway and that ecological • 
systems are responding to these changes. Numerous efforts are underway to assess the 
vulnerability of ecological, social and economic systems to future changes by defining 
plausible future scenarios of climate change and using model simulations to evaluate 
sensitivities to various levels and types of change. 

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. 

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. These analyses also assume that the sensitivity of the 
climate system itself to this change falls in the middle of the range outlined by the IPCC. 
If the actual sensitivity is lower than projected, impacts will be less; if it is higher, 
impacts will be more severe than described here. 

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 ~ecti~ describe a range of climate change vulnerabilities and 
predicted impacts of c41 d~~b~f the atmospheric COIJ.centrations of greenhouse gases. 

. - ~ f ' '-- .,.J .... )1,.1\ l l 
Health Effects 

According to the World Hca!tl-i Organization, the vulnerability of human 
populations to climate change va.ries across populations depending on environmental 
circumstances, social resources, and preexisting health status. In general, developing 
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 
such as cholera and salmonellosis. The incidence of infectious diseases, which are still 
the world's leading cause of fatalities, may also increase. 
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• A study of deaths associated with summer time heat stress and winter time illnesses in 
44 US cities estimated that climate change could double the number of weather 
related deaths (See Figure 6). The elderly are at greatest risk in the US and urban 
populations in developing countries are also especially vulnerable to heat stress. · 

• 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 50-80 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 
vulnerability 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 would 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. 
Reductions in runoff of up to 25 percent in the basin are projected under some 
scenarios of doubled CO2 equivalent climate change. 

• Runoff lo~scs of this magnitud:! 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 

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 CO2• 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 7). Mountain-top species and isolated populations are 
particularly vulnerable (Figure 8) 

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 8). 

• 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. 

Other Natural Areas 

Natural ecosystems are highly vulnerable to degradation from climate change. 
Feder~lly 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: 

~ Pr~cipitation changes a.aid' 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. 
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Coastal Areas 

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 J ~1~11 ~ 
land, and an additional 4000 square miles of wetlands if not protective measures are r-A "j ... ~ 1 

taken. A 1 meter rise would have greater impact. Figure 9 illustrates the effect of a r-, ~t• + ~ + 
,,......__, 0~ .. 

meter rise on Florida. 4• ~ . f ;-1..v,,.. 

• Internationally, low-lying areas, such as parts of the Maldives and Bangladesh, ...... ....._1::i 1. ... p.1>-< 
would be completely inundated by a 1 meter sea level rise, creating large numbers of l J..>i . 1 "' ..... 4 .. .._ 

environmental refugees which put stress on governments and social structures. ""~~ ). .. ~ J 

• A 1 meter sea level rise would affect 72 million people in China, assuming existing ~~ .. 'll-.1.-.l J 

levels of coastal development. 

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 tem1 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 r.ot expected to change sub~tantially. This is because forming practices are considered 
to be highly adaptable to different cJimates, because production of important food crops 
can shift to new locations in response to changes in climate, and because CO2 has 
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. 
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• Increases in the range of pest habitat could increase vulnerabilities to pests and 
demand for, and use of, pesticides. 

• In the United States, large areas of the eastern and central regions of the country face 
moderate to severe drying. Drought could become more frequent, particularly in the 
great plains. 

• Developing countries are more vulnerable to losses than are developed countries (See 
Figure 10). 

Conclusion 

The ultimate aim of the Framework Convention on Climate Change is " ... 
stabiliz.ation 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 civiliz.ation 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 
apparent risk of the rapidly changing atmosphere argues that mitigation and adaptation 
measures are warranted. 



Rising Concentrations of Carbon Dioxide in the Atmosphere 



Global CO2 Emissions and Concentrations (placeholder figure) 

<40. 800 
~ 
>- 760 2 
Q. '> 100 

1592a 

(I) 30 
E C: 

0 0. 850 
~ ..9, 
(I) C: 600 E 0 
(D 

20 1592a ! (\I 650 
0 C: 
() g 600 1592c 0 
·2 · g 
(D 

i 
10 --..c: -- 1592c 

i: 
< 0 300 

2000 2020 2040 2060 2080 2100 2000 2020 2040 2060 2080 2100 

Year Year 

Figure 1 Figure2 



Energy emission pathways and stabilization cone en trations 

Deflection Date BAU • 2007 2013 2018 2023 
Maximum Emission Date 2011 2033 2049 2062 
Maximum Emission · 8.0 · 9.7 11.4 12.5 

• The deflection date is the year in which emissions in the emissions stabilization trajectory first fall below BAU 
e.missions by more than 0.1 PgC/yr. 
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Annex I and Non-Annex I Fossil Fuel Carbon Emissions: 
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Average Annual Excess Wea:fhe*.;Related Mortality for 
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Projected Shifts of Sugar Maple Range 
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Polley Options for Controlling Emissions 

Ideally, a domestic program for controlling emissions would ensure that specified 
emission goals are achiev~ while granting the private sector the flen1>ility to invest in response 
strategies that achieve emission reductions at the least cost. In addition, a response strategy 
should exploit the vast market on the horizon for advanced technologies - be they for energy 
efficiency, renewables, natural 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 following: 

• An Emissions Trading Program for Greenhouse Gas Emissions: This program involves the 
creation of emission pennits for those emitting greenhouse gases. These permits would be 
allocated to emission sources either by fonnulae 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. In addition to emission trading, other government 
interventions, such as energy efficiency standards that overcome other market failures, may 
be appropriate. 

• 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 d~lining government and priv~te 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. U6age of 
high carbon fossil fuels (e.g. coal) will decline, while the demand for other energy sources 

• (e.g. natural gas orrcnewablcs) will grow in importance. A transition program would reduce 
the costs to individuals and communities associated wjth 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 and the integrity of the trading system. 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 trading 



allows those with high abatement costs to purchase allowances from those whos~ costs are 
lower. Total costs will therefore be lower than through traditional regulations which require all 
polluters to comply with a specific standard. Nevertheless, emissions trading still involves ./ 
people and Jinns adjusting to higher energy prices. 

Under traditional regulation, fums have little incentive to investigate ways of abating 
pollution by more than the minimum re.quired to comply with regulatory requirements. As a 

. result, firms under-invest in pollution control R&D. Emissions trading offers dynamic efficiency 
gains because it creates incentives to continuously improve pollution abatement technologies.in 
order to create "surplus" allowances for sale. 

An emissions trading-based policy can capture the same efficiency benefits as a system 
of emission taxes (an alternative the Administration is not considering), with two further 

• advantages. First, by setting overall quantity targets, emissions trading programs offer greater 
certainty that national ~ission targets will be achieved. Under an emissions tax system, total 
emissions would be the net result of decisions by individual polluters in response to the tax, and 
would not necessarily stay within a U.S. emissions capt. Second, under an allowance system, the 
government has greater flexibility.in deciding whether to collec~ revenues. It can auction 
permits, allocate them based on historical emissions, or undertake some combination of the two. 
This flexibility can ~ect the public acceptance of the mitigation program. Emission tax systems 
always involve revenues accruing to the government (although they can be rebated). 

US Experience with Emissions Trading 

The US bas had more experience with emissions trading ~ any other country in the 
world. Specific programs include: 

• Sulfur Dioxide (SOi) Allowance Trading: The Clean Air Act Amendments of 1990 required 
a 50% reduction in S02 emissions from electric utility boilers. To accomplish this goal, a 
fixed number of emission allowances were allocated to electric utilities based on a formula 
reflecting historical emissions. In addition, a small portion of allowances are auctioned every 
year to facilitate price discovery and new entrants. Allowances are specifically.excluded 
from being defined as rights to pollute, may be traded to any party anywhere, and may be 
.. banked" for use in future years. Participants need to conduct regular monitoring of 
emissions and make an annual accounting of their emissions. Penalties are imposed if 
emissions exceed the number of allowances held by a source. 

A functioning market in S02 allowances now exists, involving both bilateral exchanges 
between companies, and brokered exchanges through third parties. This market, along with 
other factors,2 has helped to dramatically reduce the cost of the abatement program. 

1 In principle, if the entire cost structure is known, any quantity target attained by a tradable permit system could 
also be attained by an appropriately calculated tax. In so far as forecasting in practice is difficult, however, the 
resulting level of emissions can be greater or less than the level targeted when the tax rate is set. 
2 These include the fact that the target that was actually adopted was not as onerous as many in industry had feared, 
the low price and widespread availability of low sulfur coal, the awarding of "bonus allowances," the postponement • 
of capital investments, and lower than expected transportation costs. 



. Initially, forecasters claimed that a 50%. reduction (10 million tons) in S02 would correspond • 
to allowance prices in the range of $400 to $1000.3 However, prices for allowances that 
would be needed in the next decade to achieve this level of emission reduction currently 
range between $100 to $120. In addition, 1995 emissions were actually 40% below the 

"'legally required levels for that year. • 

• Water EfJluent Trading: The 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 
fanns) contribute significantly to water pollµtion. A number of state and local governments 
ate employing trading systems for watersheds that either permit trading among large 
dischargers, 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 conswnes this excess, trading is expected to reduce 
• compliance costs. 

• Inter-refinery Lead Trading: EPA operated a lead tr~g 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 finn 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 5 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 197 4, 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 bas substantially expanded. Trades have numbered in the thousands and 
have been estimated by Hahn and Hester (1986) to have achieved savings between $525 
million and $12 billion. 

• Market Mechanisms for Chlorofluorocarbon (CFC) Phaseout: Under the _1987 Montreal 
Protocol to limit stratospheric oz.one depletion, the U.S. required the phase out of the 
production of CFCs by 199'6. As part of its program, the U.S. adopted a tradeable permit 
regime covering CFC manufacturers and importers. These allowances were allocated based 
on each finn's 1986 market share. As the market for CFCs declined, the system allowed 
£inns 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 limit on allowances. This program helped reduce the costs of the phaseout. 
In 1988, EPA estimated that the cost to halve CFC use would be $3.55 per kilogram. By 

3 Hahn, Robert W., and Carol May, "The Behavior of the Allowance Market: Theory and Evidence,"~ 
Electricity Journal, March, 1994. 



• 1993, it became clear that all uses could be eliminated by 1996 at a cost of $2.45 per 
kilogram. 

Emission Trading of Greenhouse Gases 
• . . . • 

An emissions trading program, like any program designed to limit greenhouse gases, 
must contain certain elements. First, an agreed upon emissions·budget, and any rules governing 
provision for the project-specific crediting of reductions made in activities not explicitly covered 
by the budget, must be established. A central authority must be given the domestic responsibility 
for verifying compliance and the integrity of the allowances, and must be provided sufficient 
information to do so. Finally, noncompliance with allowance limitations or reporting 
requirements must generate real consequences, such as penalties or subtraction of allowances. 

A program would have to establish pemrit lifetimes, monitoring and enforcement . 
provisions, as well as rules for permit banking, bo1TOwing, and trading . .Consideration should 
also be given to transaction costs, which should be kept as low as possible. However, 
particularly difficult issues involve determining what types of activities require a permit and how 
permits should be allocated. • 

What types of Activities Should Require a Permit 

Sources of greenhouse gases include not only those emitting carbon dioxide, but other 
gases such as methane, nitrous oxides, hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), 
and sulfur hexafluoride (SF6). Gases differ both in their atmospheric lifetimes and in their 
ability to trap heat in the atmosphere. In addition, carbon is not only emitted through the 
combustion of fossil fuels, but is also absorbed by "sinks" such as trees and soils. 

The decision for detennining permit holders should consider the following: 

• Coverage: While it may not be necessary to ensure that every ton of greenhouse gas is 
accounted for within an emission trading regime, the scope of coverage of the trading 
program should be sufficient to eJ)S~e compliance with targets set in accordance with an 
international agreement. 

• Administrative and compliance feasibility: The number of sources involved in the trading 
program should be smal1 enough to be administratively feasible and large enough to ensure 
market competition. In addition, monitoring and verification of permit compliance must be 
possible for those included in the program. 

• Potential to Diffuse Low Greenhouse Gas Technologies: Alternative points of intervention 
should be evaluated for their ability to .provide incentives for research, development, 
adoption and diffusion oflow greenhouse gas technologies. 

• Market Impacts: The permit program will have economic impacts on firms that vary 
depending on program design. For example, exempting certain sizes or categories of sources 
from pennit requirements because of administrative or equity concerns ( e.g., small boilers or 
home heating oil) has competitive implications within 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 ~ater heaters. Since virtually all of the carbon contained in fossil fuel extracted 
from the ground is eventually released to the atmosphere (with the possible exception of carbon 
in certain feedstocks ), 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 
extractio~ processing, refining, distributio~ 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 altematiye programs are described below for illustration: 

A Program Targeting Primary Fuel Producers 

The primary fuel producing sector - extractio~ processing. refining, and distribution -
has many levels where a pennit program could be implemented. One option would be to require . 
pennits at the point of first sale (a pennit is surrendered with the first inter- or intra- company 
transaction). Such a system 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 
als<:> 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 sector 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 S02 
emission allowance trading system. 

Targeting the six largest industrial 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 emissions associated with their automobile fleets or by 
including refiners in the program. Residential and commercial emissions could be similarly 
addressed by focusing upstream in the energy system. For the electric generating sector, this 



sectoral approach has the administrative benefit of using an existing monitoring and reporting 
infrastructure. 

Other Gl'fflJhou•• G••n and Sinks 

Other gases account for the remaining 15% of greenhouse gas emissions ( on a carbon­
equivalent basis). Most important among these is methane, which accounts for 11 % of national 
emissions. Since gases differ in their lifetimes and in their potential to trap heat in the 

. atmosphere, an "exchange rate" or trading ratio must be established to convert all gases into 
common units for inclusion in a trading program. Such ratios have been developed by climate 
researchers and could be applied here. These should be consistent with the rules established in 
the international protocol. 

Several, although not all, of the many sources of non-carbon greenhouse gases could 
likely be included in a trading system. For example, methane emitting coal mines, landfills, . 
livestock manure management facilities and potentially natural gas distribution systems may 
meet the criteria described above for inclusion in a greenhouse gas trading program. These 
sources account for 7% of national greenhouse gas emissions. Similarly, emissions of some 
sources of other gases could potentially be included ( e.g., magnesium production). • 

. . . 

Forests in the United States currently remove an amotmt of carbon equal to 8% of . 
national emissions from the atmosphere. Their inclusion in the trading program would 
theoretically enhance the system's flexi"bility. Translating the potential of sinks into monitorable, 
verifiable, and cost effective emission reductions would require the development of a 
comprehensive n~tional accounting system for sinks. Such a system is needed to ensure that the 
planting of trees and preservation of forests in a given area would not result in offsetting losses 
elsewhere. Nonetheless, the decision on whether to include sinks in the trading system will be 
influenced by the outcome of the intematioQ.al negotiations. 

Dlstrlb~tlng Emission Permits 

In an emission trading system, some mechanism must be provided for distributing 
emission permits to sources. Permits can be given to existing emitters on the basis of 
baseline/historical emissions or other formulae, given to consumers or others (who can then sell 
them to emitters), auctioned (where revenues accrue to the government), or some combination of 
the foregoing. The value of these assets could be large depending on the permit price, which is 
determined by the emissions target and the costs of substitutes. 

Alternatively, permit allocation fonnulae could take into account the marlcet impacts of 
the mitigation 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 

Under this approach, sources are given a number of permits based on baseline fuel 
production or emissions and an allocation formula. Various allocation formulae can be devised, 
weighted to greater or lesser degrees in favor of sources with high historical emissions. 
Emi.ssions allowances are endowed 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 capital 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 existing holders hoard 
permits. This problem could be mitigated .by setting aside a number of permits for purchase by 
new entrants or by auctioning a portion on the open market. Such an auction would also 
facµitate price discoveiy 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 withheld from existing sources to ensure compliance with budgeted 
national emission levels. 

It may be desirable to d~ign an allocation that would allow credit for early emissions 
reductions (those achieved prior to the start of the pro~ 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 for the first budget period in order not to exceed 
the national greenhouse gas emissions target. In addition, mechanisms' may be necessary to 
ensure verification of these credits. 

/ Auction 

Alternatively, an auction could be used to allocate permits. The price permit holders pay 
would depend in part on the auction design or method used. Auctions ensure that permits cannot 
be hoarded (a concern often expressed regarding allocation approaches), are available for trade, 
and would serve to inform potential traders about current price levels. Auctions would put new 
entrants on the same footing as existing emitters. As discussed earlier, .since an auction could 
produce substantial revenues, some decision would have to be made with respect to what to do 
with the proceeds: 

Given that an auction could produce substantial revenues, some decision would have to 
be made with respect to what to do with the proceeds. They could be used exclusively to reduce 
taxes or the deficit. Alternatively, as discussed below, a portion of the revenues could be used to 
address inequities in the distribution of control costs and to fund R&D for less carbon intensive 
energy sources and end uses. 

Supporting Technological Progress and Program Transitions 

The allocation of permits, or the use of auction revenue, could be used to promote more 
rapid diffusion of existing climate-friendly technologies and accelerated R&D for new 
technologies. For example, a reserve of allowances could be set aside to encourage more rapid 
development and diffusion oflow greenhouse gas emitting technologies. Manufacturers of 
energy consuming equipment could compete for the set aside based on the degree to which they 
produce equipment more efficient than the average in use or than required by current mandatory 
efficiency standards. Such a program could yield reductions in energy demand and help buffer 
the consumer from the impact of higher energy costs. Similar results could be achieved with the 
use of auction revenue. 



Permit allocation formulae could take into account the market impacts of the mitigation 
program. • -Set asides• could be made available to those industries, workers, or consumers who 
experience a grossly disproportional share of the costs of control. Auction revenues could also 
used for this pwpose. 

Other Polley Interventions 

In addition to an Emissions Trading Program, there could be other interventions to 
improve the functioning of markets. These could include standards for energy efficieD;cy and/or 
direct limits. on greenhouse gases. For example, methane from larger landfills is already 
controlled due to limits on emissions of volatile organic compounds. Histoijcally, government 
efforts for energy efficiency standard have targeted appliances and other residential and 
commercial equipment,·as well as personal transportation (i.e., the CoipOrate Average Fuel 
Economy (CAFE) program). DOE estimates that the federal appliance standards implemented to 
date will reduce carbon emissions by 14 million tons in the year 2000. Further development of 
standards could result in additional reductions. 

Emissions of greenhouse gases from the transportation sector account for about one-third 
of total U.S. GHG emissions and arc expected to grow by about 25% by 2010. The overall in-use 
fuel economy of the combined new light vehicle fleet (i.e., cars and light trucks such as 
minivans, sport utility vehicles, and pick.up trucks) has begun to decline. In 1994, President 
Clinton convened a Federal Advisory Committee Policy Dialogue to assist in the development of 
measures to significantly reduce greenhouse gas emissions from personal motor vehicles 
("CarTalk''). Although CarTalk ended without consensus among members of the Committee, the 
process did result in a number of proposed policies that could be pursued. 

In addition to the standards it sets, government indirectly affects the levels of greenhouse 
gas emissions through its policies towards transportation and energy market regulatioIL These 
also offer opportunities to generate reductions in greenhouse gas emissions. Most prominent 
among these are: 

Electricity Restructuring: States are currently adopting retail competition for the electricity 
industry. This trend could be accelerated with federal legislation. Retail competition is expected 
to lower the price of electricity by as much as 20-25% in certain regions and change the fuel mix 
of generation. Preliminary EPA and DOE analysis indicates that utility greenhouse gas 
emissions could ri·se by as much as 2-6% as a result. To mitigate the environmental impacts of 
competition and maintain the environmental benefits of current state level renewable and 
demand side management programs, a number of options have been adopted at the state level 
(for states that have already adopted competition) or are under consideration federally. These 
include: 

• A "portfolio standard" for renewable energy or greenhouse gas emissions: This would 
require that all generators meet a specified level of renewable generation or greenhouse gas 
emission reduction 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 fund 
energy efficiency projects, renewables, R&D, or low income consumers. California has 
adopted this approach. 

• lnfonnation disclos~ requirements: Generators could be required to disclose the emission 
profiles of their generation, facilitating the marketing of "green" electricity. 

• Additional 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 (in the case of certain conventional pollutants) 
will result in more pollution being µ-ansported into their states. Thus, additional 
environmental provisions to "level the competitive playing field" - which could include 
greenhouse gas emission reductions - are currently being debated. 

The Intermodal Surface Transportation Efficiency Act (/STEA): This Act establishes the !'llles 
for federal transportation fimding 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. These 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 conswnption on a 
long-term sustainable basis. 

• Brown.fields Restoration: Successful redevelopment of brownfields 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 studies 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 harming· 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 
than 2,400 economists. including eight Nobel Laureates) 

A strategy to accelerate diffusion of existing technologies and research, development and 
deployment of more advanced technologies is a critical component of any U.S. policy to stabilize 
greenhouse gas emissions. Without such a technology strategy, any emissions control program 



would result in greater economic costs and higher prices for carbon allowances than would 
otherwise be the case. Analysis suggests than an accelerated technology effort bas a large 
potential for bringing down the cost to the economy and this price. 

'. In addition to major studi~ in the early 1990s4, forthcoming analysis by five leading 
National Laboratories finds that a large potential remains for re4ucing U.S. energy consumption 
and greenhouse gas emissions while meeting the full energy needs of U.S. businesses and 
families. In the long tenn, reducing emissions sufficiently to stabilize greenhouse gas _ 
concentrations at even twice pre-industrial levels, which will likely still have severe national and / 
global environmental impact, poses an unpreccdclited challenge that can only be niet with 
superior technology brought about by aggressive ditfus~on and significantly higher levels of 
R&D. 

Two types of technology provide significant opportunities to reduce greenhouse gas 
emissions in the near- to mid-tennwhile providing our full energy needs. Fir~ energy-efficient 
technologies arc currently underutilized in all sectors of the economy. These technologies allow 
us to do more while consuming less energy and reducing pollution. Through increased energy 
efficiency, we can maintain GDP growth while cutting energy usage and associated greenhouse 
gas and other air pollution. Second, a variety oflow- and zero-carbon technologies, such as 
solar, wind and biomass power, advanced industrial processes and highly efficient fuel cells, are 
becoming increasingly competitive. These technologies can supply energy or produce energy 
services with little or no carbon emissions, allowing us to further sever the link between GDP 
and greenhouse gas emissions and other air pollution. Working together, energy efficiency and 
low-to-zero carbon technologies provide the means of sustaining economic growth while 
meeting medium- and long-term limits on greenhouse gas emissions. 

In the longer term, greater technology opportunities exist - including a variety of 
advanced low-to-zero carbon technologies and carbon sequestration. In addition to reducing 
greenhouse gas emissions, these technologies provide other benefits to the nation that have long 
been the basis of national policy, including: achieving major reductions in criteria air pollutants, 
decreasing dependence on foreign oil~ increasing productivity of domestic industries, and 
promoting U.S. leadership in the large and growing international market for advanced 
technologies. Greater penetration of today's energy-efficient technologies can also enhance 
economic productivity through more efficient use of our energy resources. Shifting capital from 
energy expenditures to new investments elsewhere ih the economy will help drive economic 
growth, employment and consumer income. • 

A clear policy on limiting U.S. greenhouse gas emissions would help to focus att~ntion 
on energy consumption and will provide important incentives for the diffusion of existing 
technologies and the development of even more advanced technologies. The technological 
response to past environmental policies, such as acid rain controls and the ban on CFCs, has been 
dramatic. In both cases, the actual cost of control has been substantially less than early 
projections . 

.csee National Academy of Sciences. Policy Implications of Greenhouse Wanning (1991) and 
Office ofTeclmology Assessment, Changing by Degrees: Steps to Reduce Greenhouse Gases (1991). 



Unfortunately, even with a clearer market signal, the technology response to a 
greenhouse gas policy will continue to be restrained. A host of market barriers contribute to 
today's large energy efficiency gap - the signific~t underutilization of existing, cost-effective, 
energy-efficient technologies. Many federal programs, many of which were launched in the 
President's Climate Change Action Plan, are successfully overcoming market barriers to key 
energy-efficient technologies through partnerships with the private sector. These programs need 

. to be fully supported, and additional initiatives need to be put.in place to target the remaining 
barriers to the use of energy efficiency and low-to-zero carbon technologies. 

Additional barriers lead to systematic under investment in important research and 
development of new technologies. To achieve a sustainable emissions pathway through the year 
2010 and beyond, there is an unavoidable need for advances in low-t9-zero carbon energy . 
teclmologies. As global population and energy demand continue to rise, technological advances 
provide the key to stabilizing global concentrations of greenhouse gases at safe levels without 
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 of ten 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 nwnber 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 nwnber of federal, voluntary programs are currently enhancing markets by overcoming 
the barriers to energy ~fficiency. 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, 5 the CCAP programs are successfully overcoming market barriers · 
and are currently expected to deliver approximately 70% of the emissions reductions originally 
projected. With ~ontinued support beyond the year 2000, these programs will significantly 
restrain growth in U.S. greenhouse gases through 2010 and beyond. Even at 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 

5 Total expenditures on CCAP programs in 1997 is $183 million, 40% million below the 
President's requested budget of $305 million. 



$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: 

• 

. . 
' 

DO E's Rebuild America program and EP A's Green Lights and ENERGY STAR Btµldings 
programs arc demonstrating that many of the-barriers to energy efficiency in the 
commercial buildings sector 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-S0%. _ 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. 

• EPA and DOE's ENERGY STAR Consumer Labeling programs are removing barriers that 
consumers have faced in purchasing energy-efficient home products, such as heating and 
cooling equipment and appliances. The programs have already transformed a number of 
markets, including cutting the energy used by computers, monitors, and printers by 50% 
at virtually no incremental cost to the customer. Other energy-efficient technologies, 
such as heating and cooling equipment, do have higher initial price tags. The programs 
are providing important information to consumers through a national education campaign 
on the highly profitable opportunities that efficient equipment offers when energy bills 
are considered. Manufacturers of home products are partnering•with the federal 
government and labeling their more efficient products with the Energy Star logo,. 
Through 1996, this program has seen thousands of products. labeled and billions of t. 
dollars invested in ENERGY STAR products. Consumers are savings over $500 million per -1 ~ .,J'-' t 
year on their energy bills. l' 0,.,.-\' 

. . • ~ ;:\.. 

Because the CCAP's focus on the year 2000 limited the options that w_ere implemented, a J . / 't _ ~ "· 
longer term goal provides significant new opportunities to overcome remaining market bamers -· )1' ~ 
and develop key technologies. . - ~ 

Research, Development, and Deployment of Clean Technologies 

A strategy of continued diffusion of energy efficient and low-carbon technologies and 
accelerated development of key new low-carbon technologies during the next decade sets the 
stage for development and diffusion of a number oflonger tenn low-to-zero carbon technologies 
that may begin to see limited penetration by 2010, but will have substantial impacts after 2010. 
The accelerated technology development effort must focus on four strategic thrusts: ( l) clean 
power generation, (2) energy efficiency, (3) carbon sequestration accompanying a transition to a 
hydrogen-based economy, and (4) basic and very advanced research. Responding to the climate 
problem may require breakthroughs in all of these areas, and in any case the high-risk nature of 
R&D requires the pursuit of multiple pathways. 



Increasing the probability of achieving these desirable outcomes wil,1 require expanding 
the government's current R&D spending in these areas, which is roughly $1 .3 billion per year. 
Also, the policies described in the previous section, including partnerships with industry, market 
pull deployment initiatives, and improved regulatory processes, will be required to ensure 
technological success and accelerated market penetration. The benefits could be enormous. A 
1997 study by Pacific Northwest Laboratory found that developing and deploying advanced 
technologies over the next 15 to 30 years could substantially lower the cost to the U.S. and 
·global economy of achieving major reductions in emissions of greenhouse gases. 

Clean Power Generation 

Natural gas technologies now set the benchmark for low cost, cleaner power generation. 
Further advances in natural gas turbines could yield overall energy conversion efficiencies of 

. 60% or more in the next decade, double conventional plants. High temperature fuel-cells, such 
as molten carbonate and solid oxid~ may have significant application in power generation with 
further R&D, promising high efficiency and low emissions. Molten carbonate fuel cells could 
eventually cut greenhouse gas emissions by as much as SO%. Continued advances in high 
efficiency coal power plants, such as integrated gasification combined cycle, could approach 
50%, allowing some continued use of abundant U.S. coal even in a greenhouse 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&D and deployment could make a number of renewable technologies competitive on purely 
economic grounds in the next two decades: wind power, photovoltaic (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. Roya]/Dutch Shell projects these 
technologies to be the dominant ~lobal source of energy by the middle of the next century. 
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Renewable technologies are becoming more competitive over time. Both wind and PV 
are experiencing a 20% cost reduction for every doubling of cumulative production. 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 continue to occur not just because of R&D, such as advances in thin film 
PV, but also through economics of scale and improvements in manufacturing that come with R>v1>, "I f "'' (.,.-
increased production. A number of different PV technologies are being pursued, providing (" ''- FA."" ,· 
multiple opportunities for breakthroughs. Accelerated RD&D for wind could potentially have an er • '. <:..-...th ._ 
impact on CO2 emissions in 2010. L ~ "--i 
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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 technology strategy. 

Energy Efficiency 
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Technology R&D in transportation is essential because the sector produces one third of 
U.S. COi, 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. 

Federal RD&D into buildings technologies has been remarkably successful. Consider 
just five technologies developed or advanced by the national laboratories in the past two decades 
at a cost of roughly $40 million - building design software and advanced lighting, windows, oil 
burners, and refrigerator compressors. These have provided cumulative net savings of more than 
$28 billion to consumers and businesses, exceeding the $8 billion spent on all energy efficiency 
R&D since 1978. They now provide 16 million metric tons of annual CO2 savings. 

Continued RD&D in the buildings sector is likely to prove just as cost-effective. Key 
near-term technologies include improvements in lighting, superwindows~ advanced design 
.software, high-efficiency appliances, heat-pump water heaters, gas heat punips, improved 
insulation and duct systems, more efficient cooling including gas cooling. Longer term R&D 
could resuJt in electrochromic glazings for windows, building-integrated PV systems, and 
building fuel cells, all of which could see some market share before 2010 and make a large 
impact in the following decade. The Industries of the Future visions and technology roadmaps 
identify the best R&D opportunities for increasing energy efficiency and reducing emissions in 
the industrial sector while increasing productivity. These include advanced materials 
development, separation technology, catalysis, bioprocessing, renewable feedstocks, sensors and 
controls, and industrial cogeneration. All of these industries hope to dramatically improve their 
environmental performance while increasing their competitiveness. The pulp and paper industry, 
for example, sees the possibility of becoming a no-net-COz industry, through a combination of 
efficient use of energy and biomass cogeneration. 

Carbon Sequestration 

In addition to the portfolio ofR&D options related to less CO2 intensive technologies for 
energy supply and use, capture and disposal of CO2 offers an additional a 
ltemative for reducing atmospheric concentrations of CO2. If major reductions in CO2 emissions 
are necessary, and global reliance on fossil fuels continues beyond the middle of the next 



centuey, then some form of CO2 sequestration will almost certainly be needed. A long-tenn 
R&D stllltegy would include demonstration of a number of sequestration options and research 
into their possible environmental impacts; converting C~ into an industrial chemical feedstocks; 
other novel ,sequestration options, such as C~ fixation by micro-algae; selectively permeable 

• • membranes for CO2 capture; processes for converting fossil fuels and biomass into C~ and 
• hydrogen; development of hydrogen infrastructure technology, including trclM>ortation and 
storage; and PEM fuel cells. 

Basic and Advanced Research 

A number of areas of basic research could prove crucial to responding to climate change, 
including biotechnology, fermentation microbiology, combustion research, polymer and ceramic 
science, process engineering, supercritical C~. new materials synthesis, and nanotechnology. 
We need to better Wtderstand the underlying biochemistry of the bioconversion of carbon 
'dioxide to methane or to other potential fuels and feedstocks. This new research includes the 
ability to sequence the genetic material of microorganisms and plants, to develop new molecular 
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 l \ 
opportunity. All initiatives descn'bed are very preliminary. ) 

ResidentiaVComrnercial 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 intensive industries will be accelerated, resulting in successful 
development of new technologies sooner. These investments will be targeted on those 



elements of industry's Techno-logy Road Maps which will have the greatest potential to 
reduce emissions. 

-• Cogeneration and Biomass Gasification - The development of advanced industrial 
turbines and biomass gasification technologies will be accelerated to provide ~y 
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 
other major industries to achieve significant emissions reductions 1,,y 2010. 

Transportation 

• 

• 

• 

• 

Accelerated PNGV Initiative -- The PNGV initiative will be expanded to accelerate the 
vehicle development and decrease the costs -making these vehicles even more attractive 
to conswners. 

Light Truck Diesel R&D - The light truck diesel R&D initiative will increase light truck 
fuel economy by 40% - cutting carbon emissions from the fast-growing sport-utility 
vehicles, light truck and minivans market, while simultaneously meeting stringent criteria 
pollutant emissions standards. 

Increased Ethanol Fuel R&D - Increased ethanol R&D will accelerate commercial 
competitiveness ofbiofuels with significant greenhouse gas benefits by supporting 
greater feedstock work and accelerating completion of production facilities - bringi,lg 
ethanol costs down faster than anticipated. 

Consumer Information/Market Incentives - Increase consumer demand for low 
greenhouse gas-emitting vehicles (such as those resulting from PNGV) through improved · 
consumer information and outreach, market incentives, fleet programs, and other 
measures. 

Cross-Cutting O~portunities 

• Financing for Energy Efficiency Investments - Programs to improve access to financing 
for energy efficiency investments: 

• "Set Aside •tor Clean and Efficient Technologies - A new U.S. climate change policy 
would provide unique opportunities to provide further incentives to improve the 
penetration and innovation of energy efficiency and renewable technologies. For 
example, under a domestic trading system with a cap on greenhouse gas emissions, a 
reseive of allowances or a portion of auction revenues could be .set aside to spur new 
R&D investment and production and use of energy efficiency and low-to-zero carbon 
technologies. 



• 

• 

Business Accounting Practices - An initiative to work with businesses to develop n~w 
practices that more accurately reflect energy liabilities. 

Government Procurement -- An initiative to harness the combined purchasing power of 
all levels of government and provide large markets for efficient and clean technologies. 

Electric Utility Sector 

• Bio",,,ass Co-firing with Coal - Biomass, particularly waste biomass~ has been co-fired 
with coal for over 10 years. This initiative will continue ·technology development to 
allow greater fractions ofbiomassto be co-fired and sponsor technology demonstrations 
.at coal plants and offer technical assistance to plant operators, suppliers, farmers and 
others. ' 

• Expanded Renewable Energy Technology Development and Deployment - This initiative 
will expand technology development efforts on key renewable energy technologies such 
as photovoltiacs, wind and biomass while aggressively working with power companies, 
States and communities to accelerate their use. 

• CO2 Sequestration and Hydrogen Production - This initiative would include 
demonstration of a number of sequestration options and research into their possible 
environmental impacts; converting CO2 into an industrial chemical feedstocks; and other 
novel sequestration options - such as converting fossil fuels and biomass into CO2 and 
hydrogen. 

Clim~te Change Policy and the Role of Worker and Community 
Transition Assistance 

The adoption of a new agreement on global climate change will represent an effort on the 
part of the government to reduce greenhouse gas emissions under this and other future . 
agreements. 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 emiss1ons 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 adversely 



' affected. Given the geographic isolation of some of these industries, the 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 commwtity and ~orker 
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 committed 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 J 
policy. As previous experience with free trade, acid rain, militazy base closmes, 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. • 

. . 

Survey of Worker Transition Programs 

The Department of Labor (DOL) has been responsible for a number of 
retraining/reemployment assistance programs that also provide income support payments. While 
their primary focus has been reemployment, the income support component of these programs 
have generally been coordinated with the regular unemployment insurance (UI) program. 
Benefits have generally been paid only subsequent to the exhaustion of UI benefits. While some 
programs paid weekly benefits that were more generous than the UI benefit levels, and the 
duration and conditions for receipt of benefits have varied greatly, most current programs tend to 
set them at the UI benefit level. Newer programs have also made income support conditional • 
upon participation in training. The Administration bas strongly supported the consolidation of 
these programs, including current legislative activity, moving away from categorical dislocated 
worker programs. Some important examples of worker transition programs are: 

Clean Air Employment Transition Assistance (CEA TAJ Program 

The CEATA program was authorized by an amendment to the Job Training Partnership 
Act included in the Clean Air Act Amendments of 1990. Its purpose is to provide retraining and 
readjustment assistance to workers dislocated by a decision to reduce employment as a result of a 
finn's compliance with the requirements of the Clean Air Act. Grants are awarded by DOL to 
eligible grantees ( e.g:, states, sub-state grantees established under JTP A, employers, employer 
associations, and representatives of employees). 



The program includes retraining services, readjustment services (including readjustment 
• planning, labor market information, job search and placement, supportive services, relocation 

assistance) and needs related payments to participate in training or education. CAETA was 
funded from specially allocated funds for FY 1992 and 1993. Since then CAETA projects have 
been funded with JTP A National Reserve funds. Over half of terminees received some 

. retraining, while the remainder have received basic readjustment services. The cost per 
participant, based on recent project requests has averaged about $20,000, including the cost of 
needs related payments. 

Trade Adjustment Assistance (T AA) Program 

The TAA program offers Trade Readjustment Allowances (TRA) and reemployment 
adjustment services to workers who lose their jobs due to import competition. Established in 
1962, the program initiitlly emphasized compensating workers for their lost income, and 
relatively few workers received training, job search assistance, or relocation allowances. 
Beginning in 1981~ the program emphasis shifted to providing training. TRA benefits were 
targeted to th~ long-term unemployed, and more funds were made available for training. 

, Eligibility is a two-step process. First, groups of workers from individual firms or plants file a 
petition for eligibility with the DOL, which determines whether the group is eligible ("certified"). 
Second, individual workers are eligible for TRA benefits if they worked for and were laid off 
from a certified finn during the certification period and they meet other conditions. 

Workers are entitled to TRA benefits for up to 52 weeks, job search allowances, 
relocation allowances, and training assistance. Workers arc also eligible for the second 26 weeks 
ofTRA benefits if they arc enrolled in approved training programs. Prior to 1981, TRA benefits 
were far more generous than regular Ul benefits, replacing 70 percent of lost wages. Under the 
new NAFT A-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 ill JTP A) in their efforts to provide retraining and readjustment services. In 1988, . 
following the most recent legislative amendments, it was es~ted that average TRA benefits 
were $2,732 per participant& and total benefits per TAA recipient (i.e., UI benefits, TRA 
payments, and T AA job 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 UI. 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 empioyers• had to harvest redwood timber and own at least three percent of the acres with . 
in the expanded park. • Affected mill employers• generally had to obtain at least 15 percent of 
their raw material from affected woods employers in 1977. • Affected contract employers• bad to 
have at least 15 percent of their employee hours worked during 1977 be within or directly related 
~~~~00~ • • • 

REPP weekly l~yoffbenefits replaced the worker's full wages and salary and were 
generally available for up to four years. m 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 ful~ range 
of REPP benefits included weekly layoft'benefits, vacation replacement benefits, continuation of 
health and welfare benefits, accrual of pension rights and.credits, retraining,job search assistance 
(ISA) 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 are useful in worker, community, and sector adjustment and transition efforts. 
All of these programs are well tested and currently are fully operational. 

The Busines~oopenitlve Extension Service (RBS) provides a range of assistance to 
rural businesses and to entrepreneurs including Rural Business Enterprise Grants funded at $450 
million and Business and Industry Programs funded at $700 million in FY 1996. RBS Rural 
Economic Development Grants were funded at $20 million in the same year. Through its Rural 
Utility Service (RUS), USDA delivers infrastructure development programs. In FY 1996, Water 
and Waste Disposal grants and loans were funded at $1 billion, Rural Electrification loans were 
funded at $940 million, and Rural Telecommunications loans were funded at $490 million. The 
Forest Service (FS) Economic Action Grants were funded at $31 million, and payments to 
States for Schools and Roads were funded at $300 million in FY 1996. The Rural Housing 
Service (RBS) single and multi-family housing loan, loan guarantee, and other housing 
assistance programs were funded at $2.868 billion in FY 1996. Community Facilities loans were 
funded at $280 million in FY 1996. 

Finally, the Extension activities of the Cooperative State Research, Education, and 
Extension Service (CSREES) are a long established and highly regarded nation-wide network 
of specialists providing assistance, primarily to rural Americans, on a wide range of subject 
matter, including economic development and adjustment to ~tructural change. In FY 1996, the 
Extension activities were funded at $428 million at the Federal level, with additional state and 
local government funding in every state. For the most part, the USDA programs operate 
independently of each other. However, each USDA office provides coordination across its 
programs and information on program linkages to other Federal government programs. The 



Extension Service provides broad information on the availability and access to a wide range of 
government programs. 

At least four models of pro~ coordination in economic development and adjustment 
in rural America can be identified. The first model is one of coordination among services 
delivered by an individual USDA Office or Service, with services delivered at a local community 
or individual recipient level. The second model is that of the Appalachian Regional Commission 
in which program actions and expenditures are the result of ~ed program planning and 

. execution across a multi•state region and over an extended period. • 

The third model~ is illustrated by the Empowerment Zone/Enterprise Community 
Initiative (E7JEC) designed to empower high-poverty commW1ities to strategically plan for . 
sustainable development and to obtain assistance from various Federal, state, local, private and 
non-profit programs to accomplish their plans. Also, the Rural Economic Area Partnership 
(REAP) assists rural places in the Northern Great Plains to diversify their communities and to 
adjust to long-tenn out migration and employment and population decline. 

, A fourth model is represented by the Northwest Economic Adjustment lnffladve, 
funded over a five year period~ to assist businesses, workers, tribes, and communities injured by 
reductions in Federal timber harvests in California, Oregon, and Washington. This is a 
coordinated effort by several Federal Agencies to create, in partnership with state and local 
initiatives, a comprehensive approach to economic revitalization. The comprehensive, multi­
year, and regional approach to economic transition in this model may make it particularly useful. 

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 realignment of a military base, 
or the termination of a defense contract. The Office of Economic Adjustment (OBA) provides 
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 developing 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 realigmnent 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 of 320,000 
positions. Another 92,000 civilian positions are sch~uled 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 finns have chosen to diversify to commercial products, while others 
believe they can survive by selling off peripheral operations and protecting their market niche . . 
The nwnber of private sector jobs directly supported by DoD contracttdias declined by 29 
percent 1987 and 1994, from 3;9 million to about 2.8 million. 

The largest impact of DoD downsizing has been in the private sector, where ·the ripple 
effects ofDoD 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 diverse 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 conmiunity can find that a closed military base is its single 
greatest asset. Facilities have been freed up with the potential to generate new jobs that can 
replace, or even exceed, the losses resulting from the closure, and expand a community's tax 
base. The transition period for a base closure community often takes three to five years, with 
complete base redevelopment som~es taking up to 20 years. N~netheless, almost 26,000 new 
jobs and more than 550 tenant businesses have already been created on bases closed since the 
BRAC process began in 1988. On average, around 60 percent of the civilian jobs lost are 
replaced a year after formal closure. • 

Finally, whenever there is a change in the work force at a defense nuclear facility, 
Section 3161 of the Defense Authorization Act of 1993, requires the Secretary of Energy to 
develop a plan for restructuring the worlt. force. These plans include: adequate notice of the 
impending changes; minimizing involuntary separations; offering preference in hiring to the 
extent practicable; providing location assistance; providing ~ng and educational and out 
placement assistance. The Restructuring Plans that are developed are different at each site but all 
Plans must demonstrate that a work force analysis has been conducted that identifies future work 
needs. Since FY 1992, the Department has separated 37,000 of its contractors through FY 1996. 
Of these, 78% have been voluntary, including early retirement, non-retirement-voluntary 
separations, and attrition. • 

The total estimated·costs through FY 1996, for separating these 37,000 employees was 
$643 million or slightly under $17,400/employee. This compares favorably with DoD and 
private industry benchmarks and is substantially below $25,000 in benefits per worker. In 
general, separation costs include severance, early retirement with benefits, training and out 
·placement service. Each community adjacent to a defense nuclear site under going work force 



restructuring is eligible to fonn a <;:ommunity Reuse Organization (CRO) and apply for 
funding to plan and implement programs to mitigate the social and economic impacts of 
restructuring.· To date, 11 communities have planning underway and most ·of these communities 
have formed a CRO and have implemented programs and projects. • 

Factors that are used to evaluate the potential success of a project or program include: 
projected job creation for workers affected by downsizing (communities should seek to create at 
·teast one job for each $10-25,000 in federal funding received, leveraging those funds to attract · 
other private and public funds); the ability to reduce the region's dependence on the Department; 
consistency with identified strengths of the region; past performance of the applicant, if any; 
local participation u;i the project; cooperation with regional or state economic development 
efforts; ability of the project to become self-sufficient; optimal use of site equipment or 
technologies; other factors such as matching funds. Since 1993, over $160 million has been 
provided to support the diversification of affected communities, including assistance to CROs, 
Department field organizations, and Management and Integration contractors. 

Another model under the jurisdiction of the Department of the Interior is the Alaska 
Native CJahns Settlement Act of 1971. The Act gave Alaskan natives (Eskimos, Indians and 
Aleuts) title to 44 million acres of public land and $962.5 million in cash as settlement of their 
aboriginal claim to land in Alaska ($462.S million from the federal treasury and the rest from 
oil revenue-sharing). More than 200 village-level Native corporations, as well as 17 regional 
and urban corporations, and, were formed to manage the lands and cash payments. 80,000 
Native Alaskans born on or before December 18, 1971, who could prove one-quarter blood 
Native ancestry, enrolled in local and regional corporations, obtaming shares in the 
corporations and additional rights to revenue from regional mineral and timber resources. 
Along with cash compensation, these corporations could also earn income from their 
investments. • 

Issues In the Design of Economic Transition programs for Climate Change 

A number of issues would have to be addressed in designing an economic transition program for 
climate change. These 'include: 

Sources of revenue 

If a climate change control program is implemented through a system of marketable permits, 
the revenues from a permit auction could serve as the funding mechanism for an economic 
transition program. Current projection of revenues raised from these auctions suggest a potentially 
large funding stream that would be available for either a dedicat~d 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 
forms of assistance, the value of which would be determined in the marketplace. • 

Targeted Population 



• A program could narrowly focus on employees of and communities 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 foIWard, it would be difficult to 
determine all of the industries or firms 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 makjng certification of whether the 
dislocations were due to climate policy or g~eral economic factors problematic. 

Criteria for documenting eligibility . 

A dedicated economic transition program must establish criteria for detennining elig:ioility. 
If a climate change mitigation program is implemented through a system of tradeable emission 
allowances, pennit prices could provide useful infomtation 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 
fimts 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 1995 -- 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 detennining the timing of the economic transition 
program. 
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Using a group of economic models with different strengths an ~esses, the Administration's 
Interagency Analytic Team has analyzed the economic"effects ofpolicies to limit emissions that 
I d h . I b I 1· "•r :.:.•: .. ;.r-:'t~(f:.c,~,(·:,. 
ea to c anges m g o a c 1mate. _ .. ".\t,:/t:~t>· 

.:~l~W:~ }f~f~ .. . ··-~\~~-· . 
The.starting pojnt for this analysis was a scenario in · __ :ch ~on emissions in the year 2010 

t, • · lit ,,.; " :""•...,.. ,i,,• ... • ·I,.,., • 

were reduced to their 1990 levels. This starting point ·was selected.because it was presented in 
previous Administration analyses of the issue and because·:it has been the subject of numerous • 
analyses by academic researchers. G~ss-border'ttading of emissions rights (or permits) was then 
allowed to reduce transitional ecori~mf~ losse(created ~y such a policy. This is particularly true 
in the short term. A dramatic acceleration of technological progress also has made the potential 
to reduce further economic loss~: if it can be ~hl~yed, but over a longer time period. The 
economic iosses are also featice4 by policies·~ use any resulting revenues for the Federal 
budget deficit reduction oi'otherj,olicies, ~hich favor investment and long-term growth. 

-, J: ." ·:.:~~:t: :{.;: ·i, '. • 
The starting point scenario, would ~ the implicit price of carbon in the economy by about 
$100 per ton ofcarbon. (Actu~l household burdens would be somewhat offset by conservation 
and presumed subsequent efficiency improvements.) These higher energy costs would produce 
GDP losses, at peak, between 0.2 percent and 1.0 percent of GDP. The economy would 
thereaft~r 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 trading. 

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 flighC 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 emissions. 
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Introduction 

In June 1996, the Department of Energy (DOE) and the Environmental Protection Agency (EPA) 
sponsored a joint workshop where more than 50 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 workshop, the Interagency 
Analytical Team (IAT) released what were then preliminary results on the economi~effects of 
emissions reduction proposals. 

Since that June 1~96 workshop, the IAT has reviewed its w.dt,.selec • ,.;11e ,.m.9.~eling ,,r-· · 

instruments, improved its ~pproach to old on.es, ~d d~v . <f ed a ne~]ff ~lF~!. runs th~~~::, 
lea~ to_a better ~derstandmg of the economic dm~ens1onsofthe cl1!°8te ch~!'.~},t~ro~Jem. 
!hi~ paper descnbes th~se efforts. It first summanzes ~ T n;J,~el s~lect1on ~ £~-;~econd, 
1t discusses the (pre-policy) base case used to measure ... ~ ofvanous pobcyoptions. 
Third, it discusses the IA T's core emissions reduction seen.mo.;/ inally, the bulk of this paper 
discusses the results of the IA T'.s analysis. • ~ - ,. 

. . . l '&... • 
. • . ~~ 

The modeling work performed for this analysis was done by economists~ at DOE and EPA. The 
. ,.1\~ .•f,1t't'·11:-~;_: ~ ·: :.1"..:. • .. :J,:,1·.!."" 

IAT also included members from the Departments of_Co~erce, Treasury, Labor, and State, as 
,. ·:• 1~id"'~~·~-,4~"'1~ ... ,.... '.. , 

well as members of the White House staff. ,l)le·majonfi::tjf)heIAT m·embers are still primarily 
from DOE and EPA-the agencies that ha:~·the prim~~ ·>:nsibility for the Administration' s 

~= w . 
energy and environmental policies. ,.~l ilI' • 

A , ,,, ... 
'¥:...:.::: .-~ . 

Model Selection . 1#';~: tt ;-~.' · • If: ·~ ;., . ,,.:" ~'I • 
• ~ /.tJi;'.,.~. ~1..''' 

The first task that the IAT c<infrorited was to review the analytic "toolbox" to assure that it had 
• •""'-' •, 'Mlf,.~•t"•. '•• •• ,v.•• -:,• -~v.' "' •.( 

all the to~!s necessary to ~ify ~~ economi¢:effects of a broad range of climate change 
proposals.·· ~~ the ~e, the:~J.~µed primarily on the Data Resources, Inc. (ORI) macro model 
to measure economic effects. '1i\fter tlris ,reevaluation of our modeling needs, it was apparent that 
the complexity of the ~ysis wo~drequire a broader range of analytical tools. 

_ •r/::~~:i·.\i ~/;}<: ·;;:,. . ><~i;t:'. f 

At a public meeting lasfNovember, the IAT announced the selection of three models for its 
analysis. It decided to continue to use the DRI model, but also included two additional models: 
the Second Generation Model (SGM) and the Markal-Macro model. Each of these three models 
met the criteria of being available in the public sphere; being well documented; having a track 
record of analysis in the climate change area; being widely understood within the energy­
environnient community; and bringing'a unique capability to the IAT.'s work. Used separately, 
but in concert with each other, they provide the broad analytical capability needed to examine the 
many complex economic effects of potential global climate change policies. 

The ORI 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.' The ORI 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
term trends in response to climate policies. As such, it is particularly good at describing the 
economy's long-term path while not as good at describing short-term transition isstfes. In this 
sense, its strengths and weaknesses are counterpoised to those ofDRI . • maµ,p-:i in scope, 
SGM also provides detail for 12 global regions that allows ~ IAT to .e°"'piinf 1he effects of 
permit trading and joint implementation. SGM assesses the~ acts C~<iuse gas emissions 

policies on economic growth, consumption, and ~ergy r . . . .• ./ 
• 1:he DRI_ model and SGM :an be_ thought of~ lymg at = site,:µ s of an axis .. ~ ~)ll'es 
time honzons. A second d1mens1on of the chmat~. chan~•·concems the _ro~ f 
technology. Both DRI and SGM allow technological pro~:to move forward m response to 
the parameters of their models . . But given the unpredi~~ :of innovation, the IAT 
concluded that a second approach would be helpful. The Mar~~~1P~del consists of an 
integrated energy supply and demand modeling 5,!',~1.~.~l~arkal) ~J~_[croeconomic model 
(Macro) useful for translating technological assum • tfons iiltO econom1c~otitcomes. 

A
lli.,.;;.· . • °JI'' . ,,... .i 

. 4'r. 
The Markal-Macro model is particularly ~ful in ~enpg: ~-~·qµestion, "How do we get there 

.,~ • ~.I: f"' . "(;.,.t •·• ·.• ,.,.._,~:. ' ~ . 

from here?" Markal-Macro identifies optimal, under perfecfforesight, for achieving and 
quantified goal. Markal-Macro allows• the user to control t~ hnology innovation and diffusion 

·~!· ,.:r·;~,-. . ,.,;;,, ""' ~~ 

and its .cost to the user in orde~ t'!,~~~termine ,~ ·levels ~t rnergy efficiencies that might be 
expected from a long-term pohcy)innouncement. This model also allows us to understand the 

.J "1 r'I·.,, ~'"" • ,y-..· ,·"~ .. _. ," . ·-·•-r,o: .. ;.;;--~ 

implications of technology.and its interactiofrWith the economy, and helps us determine whether 
expected energy efficient techncilogies hola '·tli~key:to continued economic ·growth. 

--4.~i: ·· ) ·J~\:, ~i))f{·1~~'"• •• • 
The DRI model and the SGM model in some sense provide notional brackets for estimates of the 
economic effects of carbon-limitingpolicies. The ORI model is focused on short-term 
transitions and measures.the economy in quarters. In some sectors, the DRI model has forward­
looking behavior, bufit is stnic~ed to examine the effects of short-term changes in the 
economy, and is often held to overstate the transitions created by broad, secular changes in the 
economy (and, as will be discussed below, might overstates subsequent economic improvements 
as well). The SGM model focuses on long-term transitions and measures the economy in five­
year intervals. Thus, it risks racing past short-term transition issues, while identifying the 
economy's ultimate destination. 

1 The majority of the ORI results reported by the IA T use ORI 's own Energy sub-model. In a limited 
number of cases. OOE'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 energy and emissions baseline forecasts were taken from the Energy lnfonnation 
Administration's 1997 Annual Energy Outlook (AEO97). The ORI baseline is DRl's own 
October 1996 long-tenn 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 

A 

baseline forecast was taken from the International Energy Agency's World Ener~ @utlook, 
except for the baseline forecast of the Fonner Soviet Union (FSU), whictcameJrom World 
Bank projections. The IAT then imposed, as best possible, consistenc .. si'the models with 
regard to projections of baseline GDP, total energy conswp_efon, an ·:: --~ - ·,!sions. Once ~ 
these were calibrat~d into the 3 models, the models solvdor energy~ • • • l !YPe. Th~: 
the baselines of the three models are consistent, but not fcirntical. ,~t~'i 

!~ 

Tables _l and 2 summarize the IAT baseline. In the base . economic gro .is'.projected 
to slow over the next several decades, as the retirement o , .• ' . ; ·'. om" workers slows labor 
force growth and reduce~ the economy's potential growtp:rat ··::.. ~'g ._demand therefore grows 

. . ' . Al' ~ ;;--.111. 
somewhat more slowly than 1t now does. Energy intensity, me~ ~ ;~ergy use per dollar of 
GDP _(the E/qDP rati?), is~ key ingredient in th~q,~ forecas~ ~ measures the 
growing e~c1ency with which the economy ~!"'eil~ ;lwi!11e 1970,s'\~a 1980s, the E/GDP 
rate of dechne averag~d almost 2 percent ~~~~an~:.J'.~~~l~ pnce effects and 0.5 
percent due to non-pnce effects. Moderate·pnce increases·~tlie growth of more energy­
intensive industries in the late 1980s led to a stabi!liation r(eii:fgy intensity. The baseline 
projection used for this study incorpoiates a t .qj,ercent anpual reduction· in energy consumption 
per unit of real output, which is talcen from the~EIA' s Ann~ Energy Outlook. With these 

~-!'I:..~.. . •, ;,.,:: ... ~ ...;~~-

improvements included, energy demand grows at an annual rate of about 0.8 percent over the 
•· .!:·~ ' .,•;~.i°'."...,:·"f~""'•H....-rli't:,M .. 7 

• period from 1 Q95 to 2020, tailing off at the '.CJid of tbe:Period as does economic growth. 
_/ . -?t~~1. -~J~;;~,;:,;~~;~ il11Pz- ···· . 

Carbon emissions in the baselin~ ~ projected to increase by about 1.2 percent a year through 
2010, and by 0.~ percent anniiaJ!y_ froni 2010 to 2020, reaching 1805 milljon metric tons in 2020. 
In 1990, the year most frequently used in the international negotiating process as the reference 
level of carbon, ~carbon emissions wen/ 1,340 million metric tons, 22 percent below EIA' s 
projection for 2010 and 36perc~t below DRI's projection for 2020. • 

. l ~\ . f ;:,\~J 
.:•~•-:•;i;.f':~ 
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Table 1: IAT Domestic Baseline 
Y car Average Annual Growth Rate (percent) 1 

1990 1995 2000 2005 2010 2015 2020 90-95 95-00 00--05 05-10 10-15 15-20 

Population 
DRI-DRI Energy 

AE097 (NEMS) 1 

SOM 

Markal-Macro 

GDP (Billion 1992$) 
DRI-DRI Energy 

AE097 (NEMS) 

SGM 

250 

250 

250 

250 

263 

264 

263 

263 

276 

276 

276 

276 

287 299 

287 299 

287 299 

287 299 

$6,139 $6,743 $7,515 $8,320 $9,163 

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

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

311 

311 

311 
311 

323 1.0 0.9 0.8 0.8 0.8 0.7 

n/a 1.0 0.9 0.8 0.8 0.8 n/a 

323 1.0 0.9 0.8 O.& 0.8 0. 7 

0.8 ~fl- 0.8 0.8 323 1.0 
A~-

$9,996 S~0,6 O t.9 • ~t· 1.9 1.8 t.3 
$9,880 ·· • •• •• • 1.9 ~ , '>"'.~i'' tl .. 1.8 1.5 n/a 

'·"' ':-:, ·r~- -~l.,. ~ 
$9,880 .$lgs91 1.9 ~ ' • • J•l .8 l.S l.L ~ 

• ,.,,_, ~~: .. lil"-s ,• ;,,· 
Markal-Macro $6,139 $6,739 57,549 58.384 59,198 59,88~ 0,498 1.9 - ~ -3 • r "il.9 ,i 1.4 1:2 ' ~=~:=-•••~::•=•;:~ $7,::: S~:30 $9:,53 $9;:•' 10,581 ' :~~ ~~ ~~i,::~:: 
·AE097 (NEMS) 83.7 90.0 97.9 103.4 107.9 11 • Ii;;h .5 1.7 I.I 0.9 0.5 n/a 

.- r~'1:-~·' 
96.0 102.0 107.0 I 10~ ·· -~ ~i~ :;;; .. 1.2 1.2 ·t.o 0.6 0.5 

Markal-Macro 83.7 90.9 98.0 103.7 107.8 110.1· 115.3 j::•2;L7 .. .. .;'.l}.S I.I 0.8 0.5 0.8 

SGM 81.2 90.6 

~:~~~::::(TBlu/S
92

1~~P) 13.2 12.8 12.1 11.s ..... ·~l: .. 10.2 i~~ ~f.,,:: 1.0 -I.I -1.3 -1.0 

AE097 (NEMS) 13.6 13.4 13.0 12.3 .~:::{1:1t]¥:ii':£:)~A'.\.n/a -0.4 "•1:;;o.6 -1 .. 0 -1.0 -0.9 n/a 
"i';~ ... ) · !¥f,'• .. .. :,•:.~•~•''••:•wK ,- •~ 

SGM 13.2 13.5 12.8 12.2:;/F°ll .6 JP~ ,;~~~:Z, , - ~-4 •• -1.0 -t.0 -1.0 -0.9 -0.9 
Markal-Macro 13.6 13.5 13.0 12.4 11.7 _..t;l 1.2 •.~::,::~1.0 . -0.2 -0.8 -1.0 -I.I -0.9 -0.4 

Minemouth Coal Prier (S95/ton) .,. . .~:r· ~t{~t'!,;;' 
DRI-DRI Energy 523.92 $18.45 $15.28 SJ4.4I 513.76 513.16 $12.70 -5.1 -3.7 -1.2 -0.9 -0.9 -0.7 

: ! 

AE097 (NEMS) $19.88 . $18.83 518.38 S17.47 S.16.92 $15.46 . .. n/a -I.I -0.5 -t.0 -0.6 -1.8 n/a 

SGM 
~f )' 

519.88 519.45 $1.8.48 517.30 $16.47 515.73 '$14.96 -0.4 -1.0 -1.3 -1.0 -0.9 -1.0 
:,~ , .... ~.. - { 

Markal-Macro 519.88 $18.8,3 51_7_37 $16.39 ; ~l~.90 _ $1639 516.14 -I.I -1.6 -t.2 -0.6 0.6 -0.3 

World Oil Prlcc(S95/Baml) .. ~•f:-\,,t._;. ~~J.:_J\•.,~? • 
DRI-DRI Encqy ::ti~;,::, 525.23 -SJ7.14 $16.18 518.93 ' -~l:24 522.86 523.95 -7.4 -I.I 3.2 2.3 1.5 0.9 

AE097 (NEMS) . !.:':i:~ $24.87 517.26 SJ8.20 519.72 520.41 520.98 n/a -7.0 I.I 1.6 0.7 0.6 nta 

SGM - .,:' ~ /·$24.87 $17.26 $18.20 $19.72 520.41 520.98 521.57 -7.0 I.I 1.6 0.7 0.6 0.6 ... ........ . 

Markal-Macro "' -1: • $24.87 $17.26 $18.59 $19.75 S20.29 521.05 $22.20 -7.0 1.5 1.2 0.5 0.7 I.I 

Natural Gas Price (wdlbcad $95/Mcf) 
DRI-DRI Energy _,,. • • 'JUI Sl.46 $1.87 $2.IS 52.42 $2.54 S2.6S -t.2 5.1 2.8 2.4 1.0 0.9 

AE097 (NEMS) $1.97 Sl.61 Sl.82 Sl.94 $2.01 52.13 n/a -4.0 2.S 1.3 0.7 1.2 n/a 

SGM $1.97 $1.99 $2.07 $2.10 $2.16 $2.11 $1.97 0.2 0.9 0.2 0.6 -0.5 -1.4 

Markal-Macro S 1.7 I Sl.55 $2.22 S2.28 52.46 52.77 Sl.97 -1.9 7.4 05 1.6 2.4 1.4 

Guollne Prices ($9S/Gal) ~ 

DRI-DRI Energy S 1.40 

AE097 (NEMS) Sl.34 

SGM 

Marital-Macro 
n/a 

$1.34 

Sl .21 

SI.IS 

n/a 

SI.I 5 

Carbon Emissions (MMTC) - Total 

$1.20 

Sl.19 

n/a 

$1.34 

S1.26 

$1.21 

SI.JI 
Sl.22 

n/a n/a 

Sl.39 Sl.40 

$1.37 

$1.17 

n/a 

Sl .41 

$1.40 

n/a 

n/a 

S1.44 

·2.9 

-3 .1 

n/a 

-3 .0 

-0.1 

0.8 

n/a 

3.1 

1.0 

0.3 

n/a 

0.7 

0.8 

0.1 

n/a 

0.1 

0.8 

-0.7 

n/a 

0.1 

0.4 

n/a 

n/a 

0.4 

DRI-DRIEnergy 1338 1413 1516 1612 1693 1767 1805 I.I 1.4 I.:? 1.0 0.9 0.4 

AE097 (NEMS) 1339 1424 1543 1639 1722 1799 n/a 1.2 1.6 1.2 1.0 0.9 n/a 

SGM 1350 1480 1550 1637 1729 1808 1871 1.9 0.9 I.I I.I 0.9 0.7 

Markal-Macro 1338 1459 1574 1674 1741 1806 1914 1.7 1.5 1.2 0.8 0.7 I. :? 
I Gro,,1h rates are calculated from non-rounded levels. 2 AEO97 projections extend only 10 201 5. 3 Office of Managi:menl and Budget fiscal 
year 1998 assumptions. 4 SGM projections do not include gcothcnnal. wind. biomass waste. and other mun icipal waste. 5 The SGI\I modd 
docs not include gasol ine . 
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Table 2: 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 l.S 0.9 2.0 0.9 

Canada 2.6 2.S 1.2 1.7 l.O 0.7 

·China 8.4 • 1.S 5.8 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 1.2 ~ 
·India 4.1 4.S 3.9 3.9 3.3 ·};.,' 

.·4' 
Japan 2.1 1.7 0.9 2.2 .JU 
Korea s.o S.9 4.4 4.0 -~/?2:9 

:, 

Mexico 4.0 4.0 3.2 4.2 2.4 

Western Europe 2.3 2.S . 2.4 I.S 0.6 

United States 2.1 2.2 1.4 1.7 I.I 0.8 

Rest-Of-World 3.6 3.4 3.0 3.0 2.2 2.2 

The Analytical "Starting Point" ~:•itf\ v;~ 
• l ,•~;:.1 -' 

' . {':.'J:'· ' • 

The IAT began its analysis of emissions rea~ctions po ic1es·ijY,'~1ning one core emissions 
;.,•.... M·•" • .1'( ;. ·:..,,,. -t\(<l<I ' 

reduction scenario. Then we explored the economic effect ofchanges to this scenario. The 
.",t.,_~ .. ~!w" , r,'jc,· 

central policy modeled -- the "startiltg point" ~o - is .aimed at reducing carbon and other 
•.,.'-,~l ,.w:r-t1 

greenhouse gas emissions by stabilizing them·at 1990 leyels. The "starting point" scenario 
pursues· thos: reductions by __issUU1g tradable,:.~~j~~'~rmits at the earliest point of eriergy 
production.or)yhen importedjnto the United. States~ :!Toe policy is announced in 2000 and its 
restrictions arephased-iri 'ov~ aten year period,:~ri· that the policy takes full effect in 2010. The 
permits are initially auctioned sctthatall revenues generated through permits would be recycled 
through the economy through deficifreduction. The initial discussion of the "starting point" 
scenario assumes no iiltemationarcooperation. An option incorporating international trading is 
discussed once the dynamics of the no trading "starting point" scenario have been established. 

•' ; ' ~ : 'i, 

. . . . . ·. 

Estimates of reductions of non-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 strike-price for these sources of $70 per ton (which turned out to be low). Appendix Table A 
~hows 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 as 14 percent. • • 

The "starting point"scenario was employed as an 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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2010 at 1990 levels as their framework. The IA T, therefore, used this scenario in order to 
facilitate comparisons of its work to that of other researchers. 

Industry 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" scenaiio incorporates a slight impro;ement in en~;inten~ /GDP) over 
the EW AEO baseline, which declines by 1.0 percent per year. This 4ripro~ent could come • 

,ijlJ.~ ~ , ..• -.. ,~~,., 

about because the climate change policy undertaken gener.!,~;foreseeabJ_f:~ es in the futur~,..., 
price of energy, or because of the implementation of the ~ inate Ch, ge~~t~.?.!~ (CCAP)! __ or 
o~:r po~icies. The prospectiv.e "announce.ment effe~ "~ refore,,.i~t allo~ ;~,;;gi~g7k;~ • 
d1stmgu1sh between a change m future pohcy regardu~g;carbon eip1ss1ons and an,~'?gen<>.µs 
shock, such as the .two oil price increases in the 1970s. !i~~s to somewhat f~et.nrte of 
diffusion of energy efficient technologies and a higher ra e:o JmioY.~tion through R&D in 
~tici~ation of future higher energy prices. The IA T ar,es:~ ement in ene~gy­
mtens1ty of 0.25 percent so that the total annual changem the ritfo.ofenergy to GDP 1s 1.25 

"lllll"''~""·'·••···,··-
perc:nt per year. A ~aster technol~gy alte.mative~ ;:}:?~vestigateit :~~re·detail on energy-
efficient technology 1D1provement 1s provided ~ m:ilifa . per.) ·T . 

. / . - ~ 

~ Afr •~~""'•·~~~~;.."' 
Unless otJ,erwise stated, the ta~~andjigiires that follow were derived using tJ,e 
DRI model and using the "stiiiti/,g poin(" scenario/ which does not incorporate 

,. ~--· ,.· •1"·~ "" • 
international emissions trading. These.estimates; therefore, will be at tl,e /1ig/1 end 
of the likely range, du~_:t~ Jo/,th model_ rli:uct~~ nd the absence of trading. 

:.:;·•. (~~~.~, .. . -p~ ~ '"!' .";~.~~j~~ .. , ~1•••f' 

~t/1:~,;~fi?-i.-.. ·~i~,:.1, :.:t.-t ~ :~ --

··,~~i:~??ti·;~'t!. • ~~~~~· • ·~ :~ji,. 
. . )~- . · ·:· 

"S~arting Point" Results ~~/: .. ·· .. _>,. 
LA:.t• " •• - •I\~ ·~::~tt~-

. • '.--~~.-:..:...:.:. • , , :.,"' ~/..'.i/.,1 ~-

Estimaies ~(permit prices are ·around $JOO per ton Q.fcarbon in 20/0 and rising slightly 
thereg,fter, and are consistent across models. While the three models used for this analysis vary 
in structure and often in terms of macroeconomic 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 
the value of carbon in 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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DRI-DRI Energy 

SGM 

Table 3: The Implicit Price of Carbon (199S$) in 2010 and 2020 
1990 Level Case, No-International Trading 

2010 

9S 
81 

2020 

12S 
106 '. lti,<. ' 

.~);r/ 
Markal-Macro 14S :;~ 130' 

NEMS n/a ,iii!J, ,r4f ";ja 
Note: Emissions stabilized at 1990 levels in 20 IO with a IO year phase-in. Reven11es used for Federal deficit rcducuon and assuming a 1.25 
percent annual decrease in· E/GDP. SGM pennit prices are calculated using the rate of dllge1n carbon to GDP (C/ODP), which incorporate . .-. 
emission rates by the different fuel types. NEMS estimates are fonhcoming. • ~[~#~&;~~ i~ ·-

• · -~,· -'\~~Jt:~:~ ~~r~ 
Figure 1: Price Path of the Implicit 1":i~ of C!rbon (199S$) . "iJf;:ii::.;'.~~r- • 

2110 

1990 Level Case, No Intemation~~\~~ing • "''1::t_s]' • 

225 

21)0 

175 

I 

1:: ---. _____ .. _________ ___ ., 

'II 

l ,ao 

I 75 

I 
.• , 50 : 

... :;:;i\;~ ~ --------
; ·: o __ ..--,........~_-___ • ___ ....,... _______________ _ 

·! •• I ·I 
- ORI (1990 lavll C..i ■ SGM ( 11180 La¥11 C..J • Marui-Mac:lo (11180 Lavll C..i 

Note: Emissions stabilized at 1990 levels in 2010 \\'ith a IO year phase-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual decrease in E/GDP. SGM pennit 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 $81 (I 995$), in 2010. 2 A permit 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. 

n-.. ,u., i-, i ~ ~ I !tV 
t \vt '1 . , .. ~~ 

. 1 . 

2 The higher pennit price from the Markal-Macro model reflects. in part. differences in model structure. 
but results mostly from differencesJ n the calibrations of baseline emissions. v \,._..., t 1~ '(hil ,._._ ~ ~ ~ 

. _ 'y-.P'J ""' __;,, I~ I 1\ i.1.> i , / _.... i.J-" 'ti • Cl " (_._~ ~,., !!,,q'- ~ 
I~ _/I .,.,vl 1 ~ • 8 ' ~ • \ 

"')) ~ , \ I>--""\. o._ __ v ~ -I lJ (I",._.. ~ +"°" ~ 
v'" ~ • ·-
~ -.r"- --·--- ------... . _ __,, 
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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 ORI, SGM, and Markal-~acro 
models, respectively. 

Emissions reductions lead to small reductions in short-term economic wowtb CGDPJ, but wowth 
later qppears to recover, The burden of reducing carbon and other gre~guse~ps· emissions 
leads to short-tenn reductions in economic growth as measured by GD .• ~, · ~e reductions, 
however, are not large and, in many instances, are recoverecfii~iater • "Ii,' 

I jQ· . .• • ~ 

Results from the DRJ model are presented in Figure 2.J: result~cateJ_,, ,,~~~#tial 
GDP loss as the emission-limiting policy _begi~s. to be -~~:J~~~~ese losses ~~~J.9 a , 
peak loss of about one percent of total economic output µi:th~xear 200.5 - that 1s, the economy s 
growth slows until the size of ~e economy is, at worst, a~~?~~? ~~cent smaller in that year 
when compared to the base case. After 2005, the econo.Il!Y actwilly gro,ws faster than it would 
have absent climate change policy and starts to make up"'.the l~Tgro.~~:· ·J.3Y the year 2013, the 
economy is back to the point at which it would have been had no pcilic,y1been enacted. In 
subsequent years, the economy improves slight1y''~tiriip~ to the "~lpolfcy" base case-this 

' • .. • >-,>,.-I .... • . • . ---~a1',•i-·' ,.,. • 

differential reaches 0.3 percent by 2020, the lasfyear·Qfthe'.model rwi 
• . JI~:,;:"'' ,4~'! -·~~~~1~ 

• Figure 2: DRI-DRI Energy 1990Level Case, 
No International Trading~Gross D~mestic Product 

, /~/: • ., . <'.:( • ~lgf 
0.40% . ---- -··· - ~: >"' .5.. ·;.: -- ~,,,_. ... _ 

-100% . 

·1.20% . 

I 

Note : Emissions stabilized at 1990 levels in 2010 with a 10 year phase-in . Re\'enues used for Federal deficit reduction and assuming a I .::?5 
,crccnt annual decrease in E/GDP. 
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This improvement occw-s in the DRI model because the emissions reduction policies modeled 
have some effects that favor savings and investment at the expense of consumpt~on. If the 
Federal government auctions off emissions permits, it acquires the wherewithal to reduce the 
deficit (or retire debt) and, in effect, increase the nation's savings. This aliows 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~~qje cost of . 
investment falls and the incentive to invest is strengthened. This faster 

4 
of ll!vestment 

(discussed_ in grea!~r detail bel~w) gives the_e~onomy a new': and l~~~J.§1 stock: as a res~t 
the economy's ab1bty to grow improves until 1t actually re~ ·a mo ~ill lii er growth path m 

the years following the transition. . • r . . . , . YI 
Figure 3 shows comparable results for the SGM and M • • Macw models. In ~ntr&st~ the 
DRI model, which focuses on short-term transition issu l • y, therefore, tena,o~duce 
larger estimates of GDP losses, ~e SGM and Markal-M . __ .. • ls move quickly through these 
issues and focus on longer-term p~ospects. The SGM ~ ,,. e • - ~ "'l:'-"'~Ifeak losses for the 
economy of0.17 percent of GDP m 2015, but the economy thertmo~ .. through 2020 . 

. ~. 

Figure 3: SGM and Mark.al-Macro 1990 Leve ··case 
~ ,"! 1 • ~ ~~~ ............. ~ ~ ' ~"" 

No. International Trading~ Gross''Domestic Product 
. ~ '. • . .ti' ' '.',~~\~Y,lf,~frl' 

0.- r------ - - =-· _ _ _____.;•';_"·--=·~..:..:-• -l1cy~- ~ i"""_,, ..... .;,,~,.'h;1.,..,~;.;:,I • "'-----

•1.00% 

•l.20% '------ - - ---- --- --- --- -
2000 2005 2010 2015 2020 

---- --- ----- - -
-sGM --- Mlfl<ll,Macro 

Note: 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 C/GOP. 

The Markal-Macro simulation results show a reduction in GDP of 0.60 percent from baseline in 
1010 in the stabilization case. GDP remains below baseline levels throughout the forecast 
.1orizon. 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 maximization 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 ~y the IAT offer a similar picture in SOme re8ards-al~~w ~ osses in 
aggregate economic output that are not very large (even the ORI peakloss~ad over five 
years). But they also differ in _predic~ble ways, given theP tur:-~ ysis by Dr. l!J 
Robert Repetto and Dr. Dunkin Austm of the World Re~ urces lnstitµte:·exaJJ!I}~ · 62 analy~e, . 
of climate change policy and found that model structure!t"@l accountftr tw"J -: · :: • .. e }f 
difference in results, if environmental benefits are igno · )) 

Disequilibrium macro models, such as ORI, tend to ident1 .~. . .. : transitional losses and steeper 
transitional rebounds. Computable general equilibrium:m5~ &1 :~ • .. ~~ SGM, see more sanguine 
short-term effects and see the economy stabilizing afteti more ·A o~~ adjustment. The 
SGM model, however, is less flexible than some com_p~ble geneniit~1jiJ1nium model because 

··-"•""· ' •• ,' •• • ~ - •• , ·•,r,1· 
it does not allow instantaneous shifts in capital~-~ ~SG¥'.~.odel mail!Wns vintaged capital 
stock in the electricity sector and retires ol~ ~~~l~:cayital-.ofily when it cannot cover 
operating expenses o_r reach~s its flxed lif.~ine. ~'fe~fili~wthe analysis to incorporate 

the costs of reallocatmg capital sto#I· / .. , • • . . 

Which, th:n, is rig?t? DRI's ~#~~ii l_o~~!f:~ay bejyi rstated, but so would be the rebound 
and the shift to a higher gro~ P:th it esti~ .. ~~~~ years. SGM and Markal-Macro 
probably understate the transitional problem, '15ut also avoid the later-year growth surge that DRI 

. • ....,~ . .· •. ~ .. t ;:j-.~-.. -. ... ~~--- ,.",i<;:i,,:~-~ 

sees as driven by higher leve~ 9{Jnvestmen½:3]Jie'inodels probably serve as brackets for the 
range of reasonable estimat~ 'o(~e.economic effects of an emissions freeze at 1990 levels in 

20 IO and thereafter. 
1 

, . '''?If~}~ 
Unemployment and Inflation. The effect of the emissions stabilization policy results in 
approximately a 0.2 percentage point increase in the unemployment rate from 2001 through 
2011, with a peak increase of about 0.4 percentage points in 2015, 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 annual 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 Repeno. 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 Energy 1990 Level Case, No International 
Trading-Unemployment Rate 
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Note: 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. .,fi.,,J. •• ~it·--· · 
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Figure 5: DRI-DRI Energy 19._90 Level Case, No International 
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Note:: Emissions stabilized at 1990 le\'els in 20 IO with a IO year phase-in. Re\'enues 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 ~ettin~ 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 iri 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, mus~focus on 
investment at the expe~e ·of ~onsumpti?n. The deficit red~ction P?licy~ ~o~~~e of the . 
several revenue re~ycbng opnons exammed, promotes sa'i: which.lioo. stidlil:,mvestment. ·"' 

The ORI model suggests that investment under a climate: ' ge polic~~-~ ins to ex~~ 
investment in the baseline by 2006, as seen in Figure 6. 1? 'y the tim,:s,;ffie poliey;;~ ~ ~·:~..._,~£:.t,(. 
implemented in 2010, investment exceeds· the baseline / apout $SO billion (1992$)~~ this 
difference rising to about $100 billion in 2020. Perso ·:~ · • ~ ption Expenditti'res":(PCE), on 
the other hand, remain below the baseline level throughou . . :.. 6~ .. ast period, so that PCE drops 
by about $80 billion in 2008, as _seen in Figure 7. Aft~o -6fGg· ~- :·m:i .908, PCE gradually 
moves toward baseline by 2020. ..,-- • • • · 

~ -- • i;;.w· . ..~~~~~ - -· ,, .. _.,,·· .. : . . 
Figure 6: DRI-DRI Ener~ ~ !£~:tf~:., No Int~~atmnal 

Tradmg..;..;Jnvestmenf· •• • . ~;;-
·~V A"'' ;~ .,, ... .. t ' .. , . ·,:,,, 

•-~ .---- - - -------------------

.I uo~ 
,,, -J 

.... .-,.•·.. ,,: .. 
' ·• ' .I s.cw 
'? J -~:-. 

•~_-· ... 
I -~· . 

l 

.,,. 

'"!" I o~ I __ __ _________ _ _ 

I 
. -1.~ 1 

•2.~ _I - -,--- - ----- - ------------
! I 0 

2 

Nore: 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 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. 
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·which includes investment, because consumption includes all activities that are of direct 
consequence to 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 term. 

Figure 7: DRI-DRI Energy 1990 Level Case, No International 
Trading-Consumption , / 
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Note: Emissions stabilized at .1990 levels 1n20-!#!th a 10 ye~~:-d'::s 11$ed for Federal deficit reduction and assuming a 1.25 
I decTCaSC • E/GDP ,, · ·,--,....-:! ·' ...-<,.~,.,,•;;;_ • •fj · percent annua in • ., ... ,..;:~-; .1;~\1;-r- ;&"ii'itt ::..W-~ 

. ·. .'' '!:/;,\,. ~-0,~t}igft~, . ~:I~ • ' 
The paths of consumption and J~~~ent following the imposition of a climate change policy 

' • ' ri-, .~, ... , .... ,! -, f • 

depend critically on assumptions regarding the manner in which revenue flows related to the 
allocation of emissions permits are~managed and the conduct of monetary _policy by the Federal 
Reserve. These sensitivities are discussed in a later section. 

Amonr fuels, demand for coal bears the brunt af menhouse ras stabilization The reduction in 
energy-related greenhouse emissions in the 2010 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 DRI model, total energy consumption falls from 105 quadrillion Btus 
(quads) in the base case in 20 IO 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 b3:5e case for that year. The table shows comparable 
results using the Markal-Macro model, when the 1990-level emissions freeze produces a decline 
in projected energy consumption of 14 percent in 2010 and 16 percent in 2020. SGM 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: Effects or Carbon Stabilization on,, / 
. Energy Consumption and Fuel Mix (qf~drillio!: . .,~•· t' 

2010 1990 

Actual Base case 
£ ' 

evel Case, : ·' 
ational 

DRI-DRI Eneray 

Total U.S. Energy Consumption 

Natural Gas 

Oil 

Coal 
SGI\I 

Total U.S. Energy Consumption 

Natural Gas 

Oil 

Coal 

l\larkal-1\lacro' 
Total U.S. Energy Consumption 

Natural Gas 

Oil 

Coal 

NE!\1S 

Total U.S. Energy Consumption 

84.3 

19.3 

33.6 

19.0 

84.3 

19.3 

33.6 

19.0 
,.,,!t,.' ,,. 

84.3 .' ::~}> 
19:3 

.:~!• 

, 33.6 

1<\i(.; 1~:o 
.;-; ,. ~-~: , ~~ ":\~ -

• ~.;;;:,;. : ;..i~ < \.! ; 

10S.3 

27.4 

41.1 

24.3 

36.S 

23.9 

n/a 

r 

.4 .._.. .0 
l •• _,,~- 31.1 
-!.kio~li.t"";.: ,( -~ 
'f <•;\ff~ ~- 39 0 
,>.t~~~~,t.'-:.i' • 
3 .. ,,;.)'' 25.8 

n/a 

115.6 

35.1 

45.0 

24.6 

n/a 

86.7 

24.9 

37.4 

15.2 

90.0 

36.7 

34.0 

8.S 

96.7 

36.7 

40.1 

4.7 

n/a 

Natural Gas •0:~~ .. .... r::·?, .... , _ n/a n/a n/a n/a 

~~al : • {::/\:i ' • :: :: :: :: 

·""'•·Ir 

Note: 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. SOM uses a ,imilar rate of change in C/GDP. I. Under the Markal-Macro results. the increase in the use of 
renewable c:ncrgy sources. such as wind, account for the difference the total U.S. energy consumption and the sum of the component fuels. 
NEMS estimates arc fonhcoming. ' • 

ORI, Markal-Macro, arid SGM demonstrate that dampened energy consumption 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 oil, and 13 percent from natural gas. By 2020, 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 similar 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 2010 and 2020. 

The different spread of percent of total emissions reductions by fuel occw:s 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 transportap.9.it choices do 
not take into account price expectations. This is in contrast to DRI' s tr~ent ~fihe utility 
sector, which is relatively forward looking when examining fuel choic.es:. • 

DRI-DRI Ener&Y 
Natural Gas 

Oil 

Coal 

SGM 
Natural Gas 

Oil 
Coal • 

Markal-Macro 
Natural Gas 

Oil 
Coal 

NEMS 
Natural Gas 

~:., ' •· .::·~}~ii . 

Table S: 1990 Level Case, No Inten,!ational Tf!~Dg-:";~-i:,:~~
6 

.<;/?,.., 

Percent of Total Emissions R~uction ~I:~el ~ f~_:l/;:Jf:i'~.;i. . .,,1.,;::'
1
~' 

2010 

13 

30 

S7 

8 

28 

6S 

3 

18 

79 

-4 

IS 

80 

n/a 

n/a 

n/i 

Note: Emissions stabUm:d 11 1990 levels iD 2010 with a IO year phase-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual dec:reasc in EJGDP. NEMS emmarcs an: forthcoming. 

. ~·t:t }:,· :: ;i: . -. '+\'f~'.:?;fr~g;:.:- . 
On the demand side, according to DRI, about 46 percent of total emission reductions in 2010 
come from the electric 'sector due to fuel switching and decreases in demand for electricity, 26 

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

. .••· . . 

contribute a combined 8 percent to the total of emissions reductions. The corresponding 
estimates obtained from the Markal-Macro model show that electricity uses account for 40 
percent of total reduction in emissions, and transportation, industrial, and residential and 
commercial uses for 16 percent, 17 percent, and 15 percent, respectively. 
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DRI-DRI Enc'l)' 

Residential 

Commercial 

lndnstrial 

Transponation 

Electricity 

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

2010 

s 
3 

19 

27 

46 

2020 

SGM 

Residential n/a 

Commercial "'• 
,/ . 

r:~ 

~L~3rf··· Industrial 

Transponation 

Electricity 

Markal-Macro 

Residential and Commercial 

Industrial 

Transponation 

Electricity 

NEMS 

Residential 

Commercial 

Industrial 

n/a 

n/a 

n/a 

IS 

17 
-;. ~. 

;.._\._ 

,!"• -~~'. 

n/a 

IS 

22_ 
17 

S3 

n/a 

n/a 

n/a 
.;,;:· 

Transponation _, 1_, -• • f.,;! A~~ n/a 
Electricity· ;;trw-• .If~ ~1 n/a ~jr~ n/a 

Note: Emissions stabilized at 1990 levels in 2010 with a IO year phlse-in_. __ Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual dcCRasC in E/GDP. SGM uses asimilar rate ofc:hanp in C/ODP. SQM docs not generate data by demand sector. NEMS 

cstimate_s ~:[~!;~ i;;,i\it\i~ ~J}-7;,, • 

Thus, acros~ models and whenYieweti from different perspectives, the majority of reductions in 
.. A .,. . • •··• . ' •••• ,,.,,·, ·--~••.'"·,~. 

emissions obta4i~ under the broadesfstrategies comes from reducing utility consumption of 
coal. Reducing coal use under utility.boilers is generally the· largest, cheapest option to reduce 
carbon emissions in the economy. This is accomplished through better operating rates and 
through the· substitution'of gas~fired combined-cycle units for coal-fired units. The implicit price 
of carbon obtained in most model runs is usually the one that accomplishes this transition in 
electricity baseload. The range 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. 
Thus: their product costs mainly consist offuel and operating and maintenance expenses but not 
capital costs. The price of coal, therefore, must rise considerably to make coal-fired electricity 
more experisive on the margin than electricity generated by a new gas-fired plant that entails new 
capital costs. ' 

International tradine q,(carbon permits amone the Annex I countries leads to sizable reductions 
;n costs needed to stabilize emissions. The discussion so far has centered on the how the U.S . 
.!Conomy reacts when the United States independently reduces emissions. However, establishing 
an international market to trade emissions permits is a preferred to unilateral action that has been 
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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 effici,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 oftradable permits, a country could either r~duce emissions.domestically 
or purchase ·additional ~missions "rights" (i.e., permits) from other countries. Countries with 
?Ppo~ties to reduce_ e~issions that cos_t les_s than the _going permit pri~~ ~oul~lve an . 
mcenttve to reduce emtss1ons and sell their "nght to emtt" for cash. Coumnes .tliat had only high 
cost options to red~c~ emissio~ (that is, reduction options ~ t cost .. -&i1he perm~t p~ces) . 
could purchase ~m1ss~on permits. The forces ~f supply and1~ and woyJg~~.- _ permit pnce I 
an~ ~e market ~cent1ves would push ~e trading group, ~ hole, ~~~Jfast cos~#· 
em1ss1on~ ~duct1ons first. ~ a result, 1t costs less for tf tradmg. ~ up, as ~~~1<=;,.~~~i~ .the 
target em1ss1ons levels, than 1t would for each country miih.l~erall '.ro reduce its ~ 9-~~.to the 
target levels . . Such a policy, of course, raises a variety _ d institutional questrons 
regarding how it would be implemented with certainty. ·_. :~ s are not addressed here: 
instead, the simple assumption i~ made that the policy woffl1:fr~n<ied and least-cost • 
approaches to abating carbon are identified and traded~ "...;,1r 

· 1,t"ll, 

Using the SGM model, the IAT modeled two in~ :.trclding sceriarif In the first, it 
examined the ~ects of establishing a perIW~ rti~k~J]1s~~:,~ ~ :State~~ Canada,_ Western 
Europe, Eastern Europe, Japan, the Former Soviet Uliton {f:SID, iru:I Australia (collectively 
known as Annex I countries under the Climate Cqiwention)f'!n ffie second scenario, it examined 

,.• .·, -··" _.... ...., .. 
the effects of Joint Implementation, that is, est~lishing a wider perqiit market that includes the 

. , ....... c'.. ' ,. ~ 

rest of the world. These scenarios 'are compared to a scenario in which each of the Annex I 
countries independe~tly implem~ed our "stJlrti!lg P'?.~ scenario for stabilizing carbon 
emissions; that is, stabilizinfemissions at 1999 Jevets·in 2010 with a·ten year phase in, where 

'"l" ' .· .. ,... .. -.: ··· .,-~-. .... -.~ ,. 

revenues are used to reducethedeficit, and under the assumption of moderate technological 
change (i.e., a 0.2S percent increase ~yer the baseline in the annual increase in energy or carbon 

ffi 
. ' .. -. ' .. ;, :--· .. ' •·' . 

'.. '.. .....,~. ... t e 1c1ency). --- .::t •• .. ~ ... t~:-t~' '· _ 
•~,• ::t\~/j :~ ,t~A:\~·~ 

' . . . . ,,;.· .. ~:/ ~ ~~~_,~ /' 

International eniissfons trading calls into question one of the basic assumptions regarding 
intern~tional compliance when performing the estimates. This concerns the case of the FSU. 
The "starting point" case as-sumes' 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 wou}d 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 allow 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 
using the SOM model appear in Tables 7a and 7b. 

Under the Annex I trading scenario, the United States, Canada, Western Europe, Japan, 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 earlier in this 
report, in Table 2) and their energy policies to date. Japan, for example/Tu.projected to have 

;~• - ·'- .. 

relatively slow economi~ ~owth an~ already has relatively~ :ner~~fl~~and an extensive 
nuclear program. Thus, · 1t 1s not proJected to have strong ~wth m em15-~o~pver the next few 'l' 
decades. Japan has a high· implicit price of carbon ($26~""'ton) as ~~~1:!1 J)ili1e _,8. Wester( 
Europe fares s~mewhat worse than the United States, si,~~~ its econ~niic gro~ i~ J>f!>jected to 
be stronger, and its energy policies have already been nµsed. ·" ': :;, ;.', .. :, 

• ·· .. ·., :.:··:_ .. , -::,.~ 

Table 7a: SGM 1990 Level Case-GDP lmRilC to Annex I Countries 
. ,:~=.: r• •:+;,(: -;;:-~ii/ii:'-~•"J · 

No Trading vs. Annex • . :Trading; •;~:l .:, 

2000 2005 

No Tradin& ~:;--..i;_~ :;;::\cA■nn I Trading . . 

.. ,~s)'-''.~,. 2000 -~ -~200,.. ~~po20ndl Oing Red2u0clt5ions) 2020 
2010 2015 '',\ ,2020 J 

Australia 0.0% -0.2o/. 

Canada 0.0% -0.4o/e 

Eastern Europe 0.()"/4 0.0% 

Fonner Soviet Union 0.0% 0.0"1. 

-0.5% .:;,().4% ...;;.,,..().2% · 0.0"/o -0.1% 

-l.1%,/r-:1.1% ~Im~::.· .o.~.:;:1:~ -1% 
0.0% 0.0"/4 <, 0.0"/4 - . O;O% • 0.0"/o 

-..: i · - ... ,. -".'' 

Q,0-/o 0.0".4 0.0"/e 0.0% 0.1 % 

-0,3o/e -0.2% -0.1 o/e 

-0.4o/e -0.3% -0.2% 

0.3% 0.3% 0.3% 

O.So/e 0.6% 0.5% 
-- ~-

Japan 0.0% -0.2% _..()J,o/. -0.4~o -0.3% , 0.0"/o -0.1% -0.2% -0.1% -0.1% 

0.0% -0.2% -0.3% -0.2% -0.1% Western Europe · :0.7% --~.4% -0.2% 0.0% -0.1% 

United States 0.0% -0.1% -0.2% ~/.::0.2% -02% 0.00/o -0.1% -0.1% -0.1% -0.1% 

Note: Emissions stabilized at 1990 levels in 2010 with a 10 yearpbuc-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual decrease in C/GDP. • ,:''?\· :j;: ; ; j'. • 

"-~.}f..:.:•:.~•"' 

. Table 7b: SGM 1990 Level Case-GDP Impacts to Annex I Countries 
No Trading vs. Annex I Trading 

NoTnding Annn I Trading 
(With out Corresponding Reductionsl 

2000 2005 2010 2015 2020 2000 2005 2010 2015 2020 

Australia 0.0"/o -0.2% -0.So/o -0.4% -0.2•;. 0.0% 0.0% -0.1% -0.2% -0.1% 

Canada 0.0% -0.4% -1.1% -1.1% -1.1% 0.0% 0.0% -0.2% -0.2% -0.2% 

Eastern Europe 0.0% O.Oo/o 0.0% 0.0% 0.0% 0.0"/o 0.0% 0.7% 0.7% 0.5% 

Fonner Soviet Union 0.0"/o 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.4% 0.5% 0.5% 

Japan 0.0% -0.2% -0.6% -0.4% -0.3% 0.0% 0.0% -0.1% -0.1% -0.1% 

Wcstcm Europe 0.0% -0.2% -0.7% -0.4% -0.2% 0.0% 0.0% -0.2% -0.2% -0.1% 

United States 0.0% -0.1% -0.2% -0.2% -0.2% 0.0% 0.0% -0.1% -0.1% -0.1% 

Note: Emissions stabilized at 1990 levels in 20 IO with a IO year phase-in. Revenues used for Federal detici1 reduction and assuming a 1.25 
percent annual dccrell$c 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 hydroelectrical 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 Western Europe predominantly because. it has more 
"cheap" carbon-abating opportunities. Thus, it is somewhat easier for the United Sy.tes to reach 
emission targets than other regions, which have already "picked the low.truit." . 

Tabie 8: Implicit Price of Carbon (199S$) Und,r~ n~x I n :,.--,-:;::.,. 

lmplementation-SGM 199.~el Cas~ :,~ 

Australia 

Canada 

China 

Former Soviet 
Union 
Eastern Europe 

India 

Japan 
Korea 

Mexico 

Western Europe 

2010 
No Annex 1 Trading 

Trading 
with . without 
CR CR 

132 S6 23 

222 S6 ·23 

• n/a n/a 
0 S6 23 

0 S6 23 

• n/a n/a 

Joint 
Implementation 
with 
CR 
20 
20 

, with without with without 
~¾CR CR CR CR 

3S 
3S 

',:fi" 3S 

16 

16 

16 

16 

12 
12 
12 

12 

:,o 3S 16 12 

"9' _,:,v .,,~.,.,., } :Va n/a 16 12 

268 S6 ~...-it ; 9 ·:y1.) ' SO 3S . 16 12 

• n/a ,e/a .' 20 ;;.;/ 9 · i:!' • • 111• n/a 16 12 
• . .,7,· '····' ~'t<-;;· • ;: • n/a n/a 16 12 

130 ~: /:f~t • Z:;? : . ,~. , 139 so JS 16 12 
82 ,s6 f"~.-r 23 ,t~-.. • .,.-q, . 107 SO 3S 16 12 

~:~:e:,:;~sd 't•_ • / -~~ "--\f-'. n/a t ·· .;; • n/a n/a 16 12 

Note: Emissiom stabiliad at 1990 levels in 2010 with a IO year ph&te-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual decrease in C/GDP. • indicata the cell is blank because the country is a non-Annex I country. CR-corresponding reductions. 

··<:1:~~.\ililt:>~ -- ---~::)ilit~~Ji~ • 
Under Annex I 'trading·with "corresponding reductions," the implicit price of carbon falls 
dramatically;--to'. $_56 in_2010 and $50 in 2020. All countries gain through these lower permit 
prices, because·; ·a\vh~lethey achieve stabilization at 1990 levels more c~eaply. The source of 
these cheap emissions is ilie FSU and the· Eastern European nations. The implicit price of carbon 
fall~ because it is cheape~ for ilii 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. 

• . .~ 

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 qfpermit 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 permits the FSU and Eastern Europe lose their monopoly on 
pennit sales. Specifically, Joint Implementation encourages China and India to reduce their use 
of coal and enter the market as emissions pennit sellers. As shown in Figure 8, ~rts of 
carbon pennits are greater under Joint Implementation than under Annex'tr trading: 

• Figure 8: U.S. Imports of Carb~n Permits _u~~~ ?\ltem·a~~._gation 
Targets-Annex I Tradang and Jo1nt<Jmplemen~atio~ : 

I .•r • \I-I,~ 

--- • T,_...INO Level c:a.. ---•IT~~ of 1990 l.eVllt 

--• Trading-llC,,., of 1990 l.eVelt . -Joinl lmpl_llll.,,._ltlO Level C.N 

. .. ,; . --- , ....... n-.. ~ ol 1990 l.eVel C... --·mpl-latton-l IC,,., of 1990 Level C.N --- --------- - ------
• ·"\ 1~ {~ri~/0/ '~.1-tc, ,. 

Note: Emissions stabilized at 1990 levels in 2010 ~ a 10 year phase-in. Revenues used for Federal deficit reduction and assuming a 1.25 
percent annual .decrease in C/GDP . .. J;:,>. ' ~iet ';.; · ,:-

- •';e-.i , t\ ~,::.'.:'.)f\,;.,, ~~/ 

Using the SQM implicit carbon prices from Annex I tradin~ to simulate macroeconomic 
conditions for the DR! Model moderates the short-term economic effects a.femissions reductions. 
The IA T incorporate Annex I implied pennit prices estimated by the SGM model under permit 
trading, with corresponding reductions into the ORI model. For in 2010 SGM's Annex I trading 
implicit price of carbon estimate ($56) was incorporated into the ·oRI model. 

The results from the ORI model using the SGM pennit trading implied permit 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 pennit prices also has a somewhat dampening effect on the increase in investment 
under the no trading case, qut shows a much improved effect on the impact on consumption, 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 
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Figure 10: DRI-DRI Energy ~~90 Level Case with and without 
Annex I Trading-Investment .. ; ~ . 

1 .00% -····- ···-··- · I 

I.Oft 

,lllft 

I ~ . 

2.00% : 
I 

i 
! 

1.00% i 
I 

I 
I 

0.00% 

•1.00% : 

.z.~ 

I I 0 

0 
N 

0 

2 
- ORI 1090 Level Cut. No ln1tm111on11 Trldtng 

..... ORI 1990 Ltvel c ....... 111 .. _,, pnces ln>m Ille SGM Anne• I ndlng .... 

iote: Emissions stabilized at 1990 levels in :?O IO with a-IO year phase-in . Revenues used for Federal deficit reduction and assuming a l .:?5 
percent annual decrease in E/GDP. 

.,., 



DRAFT -May 30, 1997 

Figure 11: DRI-DRI Energy 1990 Level Case with and without 
• Annex I Trading-Consumption 

o~I 
o.~ec---------------------:;,r.-,,::;.;;'---

I"°~ 

J .o.~ 

I t .o.~ 

l "°-~ 

I.,.~ 
. •l .20% 

.,.~ '--------------------.---.-----; fi 

"',v- • • ·:~::\tr:: )-1>"' i f • 
Note: Emissions stabilized at 1990 levels in 2010 with a 10 year phase-in. Revenues used forFcdcnl deficit reduction and assuming a l.2S 
percent annual decrease in E/GDP. ,.: • .,.· ' : • '.->:: ; .:_:;; •· 

-~·•,\ •=·. :~~~i ~L~i Jt 
. •· . 

I r;,;••); . ,; f _;,, ~'f 

.. :)·tt/ ~ ·: /' 
/ t'f " .:~-= .. -· 

:oi. ·~!:/ ~f~-: ":: _,,. · .. ,,. 
~\~~:,~ _f,}~-i.:.; ·f-1:.~~.,,•~, • .,:_:·· ... . 

Important Sensitivities 

The following represents a number of variations from the "starting po inf' scenario that the IA T 
analysts examined to address a number of factors that will influence the climate change policy 
process. These include the effects of: ( 1) timing, including different transition periods to full 
implementation and delaying implementation; (2) lower or higher emission level targets; (3) 
different revenue recycling options, including comparing the deficit reduction case with 
scenarios where revenues are distributed to consumers, distributed to business, and 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 as·sumptions in the ORI model. 

Increasing the implementation period from 5 to JO years dampens the newtive e.Q"ects on GDP. 
Delqyin~ implementation until 2015 does little ro improve GDP t:,Q"ects. The IAT 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 ramp-up and a return to the baseline two years later. Thus, shorter 
ffansition peri~ds result in a more pronounced economic cycle in response to policy--a sharper 
downturn and def erred recovery. 
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Figure 12: NEMS 1990 Level Case, No Intematjonal Trading­
Sensitivity to the Length of the Implementation Period and to 

• -Implementation Timing 
' 
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Note: These simulations were conducted using DRJ and thc_NEMS Energy odel and Ibey iSo not confonn in detail to those conducted using 
DRJ and the DRJ Energy Model. · S-Year and 10-Year Ramp to 1990 Loftis in 2010; 19901.cvels in 201S using a 5-Year ramp-up. Revenues 
arc used for Federal deficit reduction, assuming 1.25 pcn:cnt annual decrease in E/GDP. . 

' /f/~j~:.>.• 6. ~ . 
• Figure 12 also shows the result Qf:d:laying ilie:implem~ tion by 5 years, to 2015 combined 
with the shorter 5-year ramP:tip :period. ODJ>'f ftects~for the delayed case are less severe in the 
initial period,but_become~~t~than eith~ttii~1.5:year or IO-year ramp-up to stabilization in 

20 I 0. <'JE~Jltt~;"~ .. ''41\ --~:~.. • • • . 

Raisine or lowerine emission tafeets lecufto obvious resu/ts--more strinunr emission tar~ets 
lead to weater economic 'losses while less strin2'.fnt ones have less severe impacts The three 
models were used to anal~ how changes in ·the level of emissions affect the implicit price of 
carbon. If the emission target:for'ihe year 2010 and beyond is raised (made less severe) to a level 
equal to 110 percent of the ·1990 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•-:- to about $50 per ton of carbon, while the SOM model dropped from $81 to 
$37. The very large ·decline in the implicit price of carbon reflects the· fact that additional 
emissions red~ons are 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 20 lO and $ I 50 per ton in 2020, according to the 
DRI model. The SOM 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 
.:or the 90 percent of the 1990 level case with no international trading would 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 

DRI-DRI Eae"I)' 
. Carbon Emissions 9()0/4 of 1990 Levd Case 

Carbon Emissions 110-/4 of 1990 Level Case 

SGM 
Carbon Emissions 9()0/4 of 1990 Level Case 

Carbon Emissions 110-1. of 1990 Level Case 

M■rkal-Macro 

Carbon Emissions 90% ef 1990 Level Case 

Carbon Emissions 110% of 1990 Level Case 

No International Trading 
2010 

200 

so 

14S 

37 

187 

101 
Note: 10 year phase-in with revenues used for Federal deficit reduction and assu 
similar rate of change in C/ODP. 

2020 

ISO 

Figure 13: DRI-DRI Energy No Intema ~ -"'!'~ sitivity of 
the Implicit Price of Carbon to the Stringeil s Target 

'v' 

280 ...----------------'---- -----' 

225 

200 

- ORI (11190 Level CaM> --ORI (110% of 11190 Level C...) --OR• (?Cl% of 11190 Level CaM) 

---- - -. . ----- -·- ---------------

Note: 10 year phase-in with_ revenues 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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. ":- ;:/ hr, -i, ..... • . 
In 2020, pennit prices rise to about $85 comp~d with the $125 pennit price under stabilization. 
Using the ORI model, an emissions target of 90 percent of 1990 level results in an implicit price 
of carbon of$200·per ton in 2010 and $150 ~t 2020. Unlike in the other cases, the implicit price 
of carbonfalls after 2010. _This is_becaus_e·~e~~tiaI price increase is large enough to set in 
motion a series of capital stock improvementir j:,articularly 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 tne base case in 2020. the long-tenn 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-tenn growth path. The 
reality is probably more moderate 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 to _the Stringency of the Emissions Target 

,_.,,. ;....· ----------------------'i'',."" 

- ttlO Level c. .. - t ,~ ol 1tl0 Level c. .. -~ ol 1NO l-C... 
--------,.,,-.----.,....-----.----- - --. .. r, j§i ' tf . 

. . ,f{f•· .tfrii ' 
Note: 10 year phase-in with revenues used for Fcdcral deficit reduction and assuming a 1.25 percent annual decrease in E/GDP. 

The portion cif total emissi&{;;at tions from co ;~ d oil in both the 90 percent and 110 percent 
•• •:,• . ~·· ..... '"'.' ·'·'~;r..· •·· ~ - ~ ·,:•<. 'ff.~ -~ 

of 1990 Level Case, No fn~onal Trading, increases only slightly--about 5 percentage points-
-while total emissJ~n ~eductfo~Jrp; ~n.m11 gas change significantly. In 2010, under 
stabilization, about_'l3 pei:cent of'~~~ ~ssion reductions are from natural gas. Under a 10 

• percent increase_in the.target (thads/ ~target of90 percent of 1990 emissions), about 9 percent 
of total emission-reductions are from\1atural gas. This occurs because the substitution of gas for 
coal in electric utilities· ~ '"nofenough to achieve the bulk of the 90 percent (more stringent) 
target. Additional emissi_ons· reductions must be found, which forces the burden to be spread 
more evenly among fuel types and sectors. 

Adoottne a revenue rec.ye/in~ option that favors capital formation leads to less imoact on the 
economy durine the transition and e,eater returns to the economy in the lone term. The IA T 
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".pennits to producers, meaning that every carbon-emitter would be given 
sufficient pennits 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 raie reductions. L. 

Figure 16: DRI-DRI Energy 1990 Levd,Ca~~. No .Y,terna On 
Trading-Sensitivity of GDP to RevefflteReCY,~ilg Options·, 
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Note: Emissions stabilized at 1990 levels ln2010 with a 1_0 year phase-in. Assuming a 1.25 percent annual decrease in E/GDP. 

According to the IA T analysi_s, the revenues generated from the implementation of this policy 
have the most positive effe_ct 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 correspondingly lower impacts on consumption. 

The revenue 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 inv~st. 

Peale 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) .-

Figures 17 and 18 demonstrate the effects of revenue recycling on inves~ nt amlonsumption, 
in relation !o the effect on GDP, as shown in the_ previo~ fl~ ~-. As -~s sh~w, ·the key 
to economic recovery among the revenue recycling option .;isitb 1mpro¥ •. • ent m the p, 

~~- 5 

figure 17: DRI 1990 Level Case, No •· tematioiial Trading- : 
Sensitivity of Investment to Reventl'Jf " ··-atng Options 
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Note: Emissions stabilized at 1990 levels in2010.with a 10 year phase-in. Assuming a 1.25 percent annual decrease in E/GDP. · 
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Figure 18: DRI-DRI Energy 1990 Level Case, No International 
Trading- Sensitivity of Consumption to Revenue Recycling Options 
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• Note: Emissions stabilized at 1990 levels in 2010 with a 10 year phase-in. A,saimlrigal~ pcrcc:ntannual decrease in E/GDP. 

. /t' • ,.{j-:;·· ~ ?;1it!;f:'· • 
But the economic effects of these recycling options must ~ s·eparated from the economic effects 
of carbon limitations per se. That is, economic'analysis can make the case - and models are 

_":: • • .~ :!'ii' .1·~-' 

often structured to demonstrate ~.t.:hat reducii:ig taxes 011 capital could improve long-tenn 
economic performance. In ()rderto separate'these effects, the 1990 emissions freeze • 

• ,! ":"".~·· · - ~· -•,:. . . ,.,,,,.. ' ' . ~. 

accompanied by the use of anf permit auction reveriues to reduce the deficit was c.ompared to a 
conventionarinci-ease i~~th;j;ersonal income"~ to achieve a comparable level of deficit 

reduction. : 
1'-':;,~f (l,i . '\'~if Jf 1ti L • 

An increase in the personal income tax results in smaller economic losses and a more prompt 
economic rebound than a·~deficit-equivalent" carbon reduction policy, as shown in Figure 19. 
Thus, while revenue recycling ·options can affect significantly the outcome of a carbon-reduction 
policy; the gains they create are unrelated to carbon reduction itself. 
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Figure 19: DRI-DRI Energy, No International Trading-Comparison 
of GDP, Recycling Revenue Recycling through Deficit Reduction and 

a Personal Income Tax Increase 
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Note: Emissions stabilized at 1990 levels in 20 IO with a .IO year phase-in: Assuming a· L"2S percent annual decrease in E/GDP. 

. Afiff~=· .II I. • . 
Technolo~cal prowess can be ve,;j/hem.ful upecially ·m the Ion~ term. In its analysis of 
technology, the Markal-Macro model was -~~:~<>·dc~1ii1ine whether higher levels of energy to 
GDP (E/9.RfJ~vings ~~~-~~-aj~. This aii~~¥~~··~umed. two benchmarks for technological 
progress·~·~e ~f :~~t, the ~tiaI.:~ea~y-state improvement jn the economy's efficient use of 
energy was:in~from the.level of 1.0 percent in the AEO97 projections (found in the ~•no 

...... ,.~ . _.,.. •·' ·' •)l :'1. ,• ·!:. : • • ••.. ,. . . " 

policy" base case) to a level of 1 ;25 percent. In the second case, this improvement in energy 
efficiency was increased to 1. 75 percent. These two benchmark levels were obtained by 
examining the historical record and engineering estimates of potential technical progress. The 
point of the analysis was theri to determine not only what effect technical progress might have on • 
_the ec·onomic effects of climate change policy, but also whether these rates were themselves 
technically feasible. ;; • 

According to results from the Markal-Macro model, an improvement in the energy intensity of 
0.25 percent annually, or a total annual decline of 1.25 in energy per unit of real output, can be 
achieved without 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 81 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 higher 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 - an increase in ~e 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 mo~j,ieyond the 

• 1.25 case. To achieve the 1.75 case, a new set of advanced energy effici&icy tediiiologies was 
added to the pool of technologies. These are part of the DO ,,esearc~t£.t~6. Some of these 

. technologies are aggressive in their scope: For example, the;average nie!~c.ien~y of new cars ·9" 

e~tering the vehicle fleet in the ye8:1" 2020 is 3~ miles ~ # n·in the., .. : :se~.rises to~_?; 
~des ~r gallon for new c~ entenng the vehicle fleet ~ !file 1.75.~. :1tey~~te.e;ied 
viable m ~ outside pe~r-review of the DO~ pro~. ~ :...1111 ~ circulatin~!_.;,;l;"" 
technological assumptions necessary to achieve this 1. 7 •• • cliiiiark m a separate paper. 

• • ' 
Rather th~ use the spe~ific technological assump~ions deve o~.~'1~kal, the IAT represented 
!echnological ~rogress m the DRI model by targetmg ~ 75 pe~m;!_g!.1~ .rate of energ~ . 
improvement _m the economy for ~upply ~d en~:~seo~ogies ~ '.~i~or~. For residential 
and commercial sector space heatmg/coolmg .~ c:i-~ ~¥,S!Y.pg, DRI ~ed. improved 
perfonnance and cost characteristics for various heat~g~ana:~ _ling equipment types and 

.. ~.. 1,<iilR . ·,.,., #, ·lt :,i- l. . ;.,•• ·". ,~ , i •• •· 

allowed the model to choose the optimal technologies. 'The mooel ·selects equipment based on 
••• ••• ;· • - • •- •'lll-l!t. •'►-.t, ·•·'" i ''r ,~ 

life-cycle cost estimates, which include a"first-cosf hias" tliat weights up-front capital costs 
·'!!!• ' .. 1.:, 

more heavily than future fuel costs. ~sis com.parable to !}le higher.discount rates used in 
'';! '' ' "·' ••ir; · ,~-Markal • il~. ,; , • .<t~ .~,:~ · • • • 

• : . ,, i,t~ .. ;;-;";J\ ._,~,;, • 

For all other residential and commercial sector energy"•end-uses, the DRI model uses estimates of 
the average efficiency ofallnew mid retrofit.equipment purchases to detennine fuel use 
requirements. These averag~ efficiencies were increased to reflect improvements to technology 
perfonnance and higher rates'of_diffusion for more efficient technologies. No changes were 
made to the rates of capital stock turnover and replacement. 

• ·~, . 
' •. ;- ';,• . 
.- ~- ;?. • .. 

Table 10 summarizes the effects of higher 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 of carbon is $88. 
$53, and $77 per ton in 2010 and $30, $51 , and $35 per ton in 2020, for ORI, SGM and Markal-
Macro respectively.~ • -

~ SG M applied the rate of carbon-efficiency for purposes of modeling technological improvement in 
energy-efficiency because it is easier for SGM to manage C/GDP than E/GDP. Carbon to GDP is an equally 
appropriate target and the differences in the results of the two spec ifications is not large. 
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Table 10: Sensitivity of Implicit Price of Carbon (199S$) 
to Rate of Technological Change -1990 Level Case, No International Trading 

2010 • 2020 

1.25 Case 1.75 Case 1.25 Case 1.75 Case 

ORI-ORI Energy 9~ 88 125 30 

SOM 81 53 106 SI 

Markal-Macro 145 77 130 .. ik-- 35 
Note: Emissions stabilized at 1990 levels in 20 IO with a IO year phase-in. Revenues used for deficit reduction. ORI pe,m.it prices are generated 
using the annual rate of change in E/GDP. SOM uses a similar rate of change in C/GDP. • {" • 

The peak GDP l<?sse~ change.according.ly, as shown in Fil, ~· ·using~ e .: ~ m?del,-the 4' 
peak output loss of -0.6 percent occurs m 2005, and the ~horny reac~,m,J~cy growth;:· 
path b~ 2012. ~e economy's shi~ ~o a hi.gher growth e is also,mpre pr~ft\~~~~~.!,~re7the 

. result 1s more ~hevable,. becaus~ 1t 1s achieved 1?1'ough;po~~cal progress ~~~;~p • 
reven~e recyclmg tha~ raises savmg~ and f~ster~ ~ve~tm:µ~ict, the level of ~enue 
recycling falls dramatically along with the 1mphc1t pnce clf:Bn . · · . 

The risk, however, is that these output gains may be somewhat oy~ed, because they do not 
· '-iiiitr~:.-·- ,.- ...• c;;. 

account for the cost of the investments needed to -~~h.Jqe higher ·~~.,~!J~~~ological progress. 
For example, firms will have to perform R&D_ that µright <listract them lroin • other R&D tasks. If 

_, .... f, • •'·.i,...; •►..~'-i:1, .. ..,.,J{'ol~ I , ,,.,. 

other R&D in the ecoriomy fell as energy- aq:a ca.rborifrelatedR&D \Y8S performed, overall 
; ,,. , ·. ••-·9,• o;, ,:·'J·,.· .. ·:.· 1.~·:,·:,,. ... ' • . 

productivity could drop and offset the economy's potentialgroWtJielsewhere. Alternatively, · 
firms might increase total R&D effort, ~ut leave the 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 efficiency, the:fare still absent from the analysis. • 

. / }·;; /~? : .. . . :~Hi; • 

. ~ .. .--,Figure 20: DRI-DRI Energy 1990 Level Case, No International 
, ·::: Trading-Se~itivity of GDP t~.the Rate of Technological Progress 

r,~ >• .:... . :.·•' . ~ • .•• -· . ,· ,· :. .. ~: • : ;· ;_ ; • -~ .. :: .t 

. • , .... r--- ------'··-···_·. ---- - ----- ---------

, :1 
j o.~ ! 
I I 
I o- : . ' 

f -o~ ; 
1-0•~ : 

~ -o•~ l 
... aft ' 

•1 .- . 

•l.2~ ------------------------
i 0 

2 

- itto Lovet CH• Cl 2S EiGOP) .... 1990 Level CtH Cl 75 EiGOP) 

Note : Emissions stabilized at 1990 le\'els in 20 IO with a IO year phasc:-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 allowed to accumulate. 

. . . . 

Reducin~ carbon emissions would also reduce other pollutants leadine to direct economic 

hen(fit. The release of CO2 is inherent in the activity of burning fossil fuel undercmrent 
technologies. When CO~ emissions in the utility, industrial boiler, and 1Ansporti&n sectors are 
reduced--either by using less fuel or by altering the mix of fuels--emis.si~ offil.trogen oxides 
(NOx) ~d sulfur dioxide _(SO2)_are also reduced._In the a~~he~e, ·.o,g~ l..react with ~~ 
~oma to form ammomum _mtrate and ~o~um sul£,1e~-s1gmfica.nfoo~~~g, of fine ~f • 
particulate matter (PM2.s), which may cause s1gmficant ~ iratory µeilth prof>]~ ,and ~f: • 
mortality. s i:. I .;;'r· 

To in~e.stigate thi~ effect, the NE_M~ model was used to:~ ~?2 and No~ em1ss1orls 'irom 
. electnc1ty generation. When emissions are frozen at 1990J e.v • ; thout tradmg, NEMS 
estimates decreases in utility N:Ox and SO2 emissions 0£,~ • rcent, respectively in 
2010. · • ._, 

The NEMS model provided e~issions for eaca , •• :~~ NERC"~P.ons. These results were 
then translated into disaggregated county leyeJ~ tiir~roriil?~.'calibrating·the NEMS results to the 
county specific data from EPA' s Nationa!'J>articul~"iri~P,~l}::~~e· results w~re then fed 
through EPA' s climatological regional dispersionmodel, ~ ch calculates the resulting air 

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

quality changes for each county. Fjnally, these;results were.used to estimate health and welfare 
effects of air pollution using EPA J?ethodol~gy~develop_ed"':'under Section 812 of the Clean Air 
Act Amendments and reviewed ~ cl endors# :b , EP A_,~~-:Science Advisory Board. . • 

~-~ 4t.<•\, :r~t J . '.f~~~ . 
• ,, .,-~l. ~ :;:.:;,,!i\~it;) ~:. 1 • 

Health benefits from red~utilicy NOx anc;l..SOl'emissions in the "starting point" stabilization 
, •:.~• : : •,;~~:,:• , . '" ... M'A~•!,,,11: 'lA 

case include avoided mortality/avoided cases of chronic bronchitis, reduced acute bronchitis, 
fewer upper and lo~er respiratory 'symptoms, and a decline in lost work days. The results are 
very ~ensitive to'ilie 'value attributedto avoided mortality, here estimated at $5 million per 
episode. When-monetized these benefits could have a mean value of over $4 billion per quad of 
coal based energy generation.' Assuming the estimated 7 quad reduction found by ORI (in Table 
4 ), this would yield benefits.of about $30 billion. 

~-.:1. ·,:-;·, 1~\: ~ 
:_:: • .,t·· 

NOTE TO READERS: The IA T has not yet quantified the NOx and SO2 emission reductions 
from the industrial and transportation sectors or estimated the reduction in emissions of other 
criteria air polli.ltants.:..e.g., carbon monoxide and volatile organic compounds. 

5 This analysis assumes that no new regulations to control criteria air pollutants would be implemented at 
he 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 handica_win~ enereJ?-intensive industries in 
international trade need not be lar~e- 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 IAT used the DRI model to examine the overall trade implications of such 
a possible energy price differential. Industry trade results are discussed in the Industry Results 

section of this report. • _ • _ _ _ __ _ _Afr 
. A. I 

The DRI model examines overall trade effects by assuming a:rate at wlij.cliwci<fucers who export 
to the U.S. experience cost increases. In the ag~egate, ab~ioo perc~ i9,1if.~~ -of. . g­
manufactured goods come from Annex I countnes that wdi also expeq~ce~ifi«:!.J1!1Phc1t jt/ 

carbon prices ~and, ther~fore, ener~y prices). The DRI ~ del, the~5!ort as!iiffi,l~\i~~~~:f .. 
manufactured imports, m general nse by an average of 0;" ercent1 fthe full cost.~~/' 

. experi.enced by U.S. manufacturers. ~--

This assumption, howe".er, can be ~riticized as bei~g t~ vo ;~ :@~i.s. producers. If 
exporters from non-Annex I countnes do not expenence the cost.y::i~ that Annex I producers 

.., /-\:1"• .. - t ,., I ;t--~-r~ ,i.,. 

do,_ the:° they will no doubt substitute their produjt'?.!1::!.ef~~ex r ~~~~on. Given t_his likely 
switchmg of export sources, the DRI model w~ ~al.!4iJ ~~·~th the asSlJ!l1J>tlon that foreign 
producers ex~erience a cost increase equal ~;6ftave~~11,~ _ rce~t as opposed to 60 percent of 

the U.S. cost mcrease. / ·"' F' 1-~ ~ff _,I-tff' • • 
. . .,r' . •• • l ~~~J,w 

Figure 21 presents the results underthese two cases. The effect of the carbon-limiting policy on 
trade is depicted in these runs as ..:~ ~inglit<~ all. So_~ i-!>'of the change in trade flows is -
reconciled in the DRI model by .allowing the ~change rate to move, but as seen in Figure 22, the 
anticipated ~ges in the ~h;,ige rate th~ ~ ·are not large and do not vary between the 

, " ·.:. ,.. ~Ii... ' ~ ?~" ,:i':· io,j")ir''11o·~-~ " 

two assumptions. The small differences arenotnecessarily counterintuitive. There are already 
substantial ~gy price differences and differing environmental restrictions among trading 
nations that ·are larger than the~iice ·llicrease that results from the policies considered here. 

. ' ·~ '!,\:':f . • ·"'..~}t:tt;:,'.• . ' 

This aggregatetreatmerit does not ~~pfure the e_ffects that Jll.iih1 be borne by specific industries 
due to their varying energy intensities. This more detailed examination is presented in Table 13, 
in the section on industry effects • • • 

:· . ~-· ~ . 
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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 
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Note: Emissions stabilized at 1990 levels in 2010. Revenues ~cd for deficit reduction·~ 1SSU111ing a 1.25 percent annual decrease in E/GDP. 

Figure 22: DRI-DRI Energy 1990 Level Case, No International 
Trading-Sensitivity of the Exchange Rate to International 

Price Ratio Assumptions 
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Note: Emissions stabilized at 1990 kvels in 2010. Revenues used deficit reduction and assuming a 1.25 percent annual decrease in E.'GDP 
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Alternative views about Federal Reserve policy can yield si~ificantly different results. The 
Federal Reserve reaction function in the ORI model is an empirically derived estimation oflikely 
Federal Reserve policy responses.to changes in price inflation and the unemployment rate, 
among other variables. It is seen by ORI 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 as the default 
setting for the assessment of the alternative target profiles and implementation ~trat$gies. This 
section reports on a set of sensitivity analyses which consider different Eederal.~:erve actions: 
maintaining nominal non-borrowe~ reserves at baseli~e lev~_and a ~ , . ~ real non-
borrowed reserves are held at baseline. As can be seen fronr Ef ure 2'3i ct. ects of the If 
alternative monetary policy assumptions are substantial. . . -ii' 

A 
If the Federal Reserve maintains nominal reserves at baseit. e, the ·SI~~ of the GD,P !<>~)'i:(jt; 
approximately doubled, from a 1 percent peak loss whetftt~ ~ ion function is &i~frij~ over 2 
percent peak loss when more restrictive policies are pursu . .~ . is essentially no difference 
between holding nominal non-borrowed reserves constan an ; dffling real non-borrowed 

,4t ·1, :, ,,.,.,,, .... .. ,~, 

reserves constant. (The level of non-borrowed reserves·in the 6~g system is an important 
Federal Reserve policy. If the Fed chooses to hol4 nominal resel'\'~::~oijsifurt, then the funds that 
banks have to lend goes down when inflation rises. ']freiu reserves ~ ···1re1c1 constant, ban.ks can 
lend more if prices go up.) .,.fft[1.J~-- :, - • • ,,1:-,•·· • 

• ;;t'f ' ff . (1/~ 

The sensitivity cases presented here, however, foe~ only on using the collected funds to reduce 
£he federal deficit. The lower deficit (or greater surplus) makes it easier for the Fed to ease credit 

. conditions without making inflatio1{worse (~eed, as S~QMl in Figure 5 inflation subsides by 
2009 and inflation thereafter is lo~er than in)he.. bas~ case).The Federal Reserve can therefore do 
much to ease the economic transition in sucli'mi°'environment. But, the impact of the Federal • 
Reserve reaction function fundamentally depellds on how revenue 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 between 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.GO,I, ..--------------------------; 

Note: Emissions stabilized at 1990 levels in 2010. Revenues.med for deficit: 
.~t, A 

-~"'"· ,r,_,-·· 
,l !t 

~ 1.25 percent annual decrc:ase in E/GDP '. 

tJ{ ,I:}'' 
Figures 24, 25, and 26 show projections of the Federal Fun te, the 10-year Long Term Bond 

~.: . .. ,·.-~, •. r. ,·•:. • 

Rate, and the Federal Deficit/Surplus,respectively, from die ORI model with the Federal 
Reaction Function used in the analysis of the.1990 Levefl::ase, No International Trading 

~··~ ,.t·,;,"4,.,..... .. ~- ... -

("starting poi.µt"). These results:show howiinportaritthe treatment of revenue flows is in the 
.. "."·,.,. .'-~c-·• , •~. ~ \ '. \' • ..... . , , .. . _j i •• -, ·'·!J!" 

ORI modeL .'.Substantial dec~~sin the de~cit (tlles't~ runs were produced before the agreement to 
-~~"'"'~' '· •. ' . .. tlo I)_ •:'\"41• ••"':' .. .... j '"'~~~· . . .,~ ,, ,: ·- " 

balance·thc budget in 2002.was'achieved in May) allow interest rates to fall, which is the key to 
the econo~y's iilv~stment ~~sponst?:\, 

;,.f<:; ·:· ~~'.}~~\>-
.. ~ -~~ --- ~::,·:~..::-:· 

~. :. !~:.5}~ .: _ .. : ·~~,:~ 

. ,, 
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Figure 24: DRI-DRI Energy 1990 Level Case, No International 
Trading- Real Federal Funds Rate 

5.------------------------------, 

4 

Note: Emissions stabilized at 1990 levels in 2010. Revenues used for deficit reduction. ' isauD'I ng a 1.25 percent annual decrease in E/GDP. 
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Figure 25: DRI-DRI Energy 1990 Level Case, No International 
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Figure 26: DRI-DRI Energy 1990 Level Case, No International 
Trading-Path of the U.S. Federal Deficit/Surplus 

'°-------~-----------------, 

TJ,e results presented in t/,e sections bd~w on "Industry Results" and "Regional 
and Employment E/fects"._do not include crf!ss-border emissions trading. TJ,e L4T 
is in !he process of generating industrji"and regional results based on using implicit 
carbon prices from SGJ,f Annex I trading results to simulate macro economic 
conditions/or t/,e DRI miidel, w/1ic/1 will extend the final section oftlte core results 
to tJ,e industry and regional /eve~. 

. . • p 

Industry Results 

Using the DRI 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 
increas~s. 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 ORI energy model results (reported here) emphasize improved efficiency and re~uced 
end-use activity. In this model, stabiliz.ation reduces .the use of all fossil fuels ( coal, oil, and 
natural gas) relative to baseline levels. In_contrast, for example, the NEMS results rely more 
heavily on fuel switching opportunities in the utility and transportation sectors, ~ :'well as 
efficiency improvements in cars. The NEMS stabiliz.ation runs show ~&iter ied'ua ions in coal 
use than the ORI runs, but natural gas use actually increases ~ lative to.·"' ~ • e ;due to fuel . 
switching and a higher level of end-use e~ergy demand. 

Enef'IY Producen 
Electric Utilities 

Petroleum Refining 
Coal Mining 

Natural Gas 

Gas Utilities 

Crude Petroleum 

Fuel Oil 

Notradln1 

-11.6% 

-8.8o/e 
-25.!Wo • 

~-.,._7'!"' 
-19.9% . 

,,i ~: , 
i~_;'J'i:'~:,;13.6% _A. 

~~,:~-: Jlill 

•Pipelines. ex. Natural Gas" ;{ ~•'..: -7.8% . -•.,i 

Eneray Intensive Industries 
'':'I 

Food and Kindred Products 
.. ' ~.• ''. . , •.... .. ··, 

-18.2% 

-10.9% 

-12.4% 

-16.7% 

•8.0-/o 

0.2% 

2020 
With lntrrn1tion1I 

Trading 

n/a 

n/a 

n/a 

n/a 

n/a 
n/a 

n/a 

n/a 

n/a 

Chemical and Allied Products n/a -1 .6% n/a 

Petroleum.MdC~~uas n/a -10.0% n/a 

Stone. Glass, an~~~ n/a 2.3% n/a 

Paper and Allied Products n/a 0.4% n/a 
Primary Metals ·••':;· • -•,, \7!)i~t .O-I. n/a -1.0-/o n/a 

Note: : Emissions stabilized at 1990 levels in 2010 with a 10 year phase-in. Revenues are used for Federal deficit reduction. assuming a 1.25 
percent annual decrease in E/GDP. Estimates for the international trading scenario arc forthcoming . 

• ·~- ' '··-~.~ ~ j-:. • 

Energy intensive industri~;·~ 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 ORI depicts as relatively minor~ or because the composition of the economy's output 
changes in favor ofless 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 consumption to investment. 
which calls up a different mix of goods itself. 

For examp_le, a number of energy intensive manufacturing and construction sectors benefit in the 
.ong-term by the stimulus to investment created by· the reduction of the deficit. Table 12 sho\vs 
that 6 of the top IO 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 hand, 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 annual output. • The energy producing industries 
show_losses in output from between 8 percent for pipelines and 26 percent for coal:i ining. 
Consumer non-durable goods producmg industries show losses of outpul.that ratj'fe"s from 1 
percent for food processing to 10 percent for rubber and plastic footwear: ;;: • • - e longer-term, 
other than the energy producers, the consumption-oriented.a tries ~ d to just about _;g 
reach their output levels in the baseline. . if 

This mix effect is particularly and obviously importan _ .. , 
• suggests output of petroleum products will decline by ~§=i m .;..w -~ri 
compared to the base case. As seen in Table 12, coal ~-~~ 'tedStates will be 26 
percent lower in 2010 and 39 percent lower in 2020 wh . rojected levels in the 
~~- • f • 

~ i- • ::,. 
~ ~-?!~-, ~\, 

Figure 27: DRI-DRI Energy 19,0.Level'(:~e, No International 
• • • .-~ ......... ~.JhUW.1'•,~·''~J... • · ~ .. ~ • • 

Tradmg-Output 1n Key In_'!~tiies-~ .:.~{.,<~~~on, Mall and 
W~od Products, Veneer ~~d-Plyw, 4, an~,~~e·and Gypsum 

::1 j' , . .m> 

4.~ 

------ ------ - -
-- New Con11Ndl0n 

--Concrttt and Gypaum 

__ .... ancl Wood-· 

-e,- Cut Stone and Lime 

-VaneerandPiv- ' 

Note: Emissions stabilized at 1990 levels in 2010. Revenues used for Federal deficit reduction and assuming a 1.25 percent annual ·decreasc 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 and Plate Work, Aircraft, Aluminum 

4.11%,------------------------~ 

it 
',!.• \•~ ~ 

Note: Emissions stabilized at 1990 levels in 2010. ~ucs used for ckficit reduction and assuming a 1.25 percent annual decrease in E/GDP. 

· ,,~\~t;r -it, I . . 
Mining (including coal, oil, and na~l gas ~xtraction)employment would be 6 percent and 7 

• • • ~ 1, ., . , -~' ~ , ~} tlf'.i ',,.·~~d': • 

percent lower, respectively, m 2010 and 2020; ~ -· aeclmes are lower than output losses 
because produ,ctivity in th~::~~u#rY is gen~Y,-&ntf~ipated to improve and the nation's coal mix 
is projectccfto shift to more'prt?~l.fct.ive coal "reserves. These employment losses are particularly 
severe in the east and west south central regions. • 

,, .:::; ' ',, -~~{~;/t~/1!,fi:~ 
Electric utilities experience ~mallelpercentage reductions in output, but their losses are larger in 
dollar terms. Utility 'output declines by about $30 billion in 2010 and $52 billion in 2020 when 
compared to the base case. Petroleum refining and coal mining also experience larger losses than 
other energy-related industries on 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 Lal'lest Percent Increase in Output ' 

Aircraft 

Truck Trailers 

New Construction 

Truck and Bus Bodies 

Partitions and Fixtures 

Lawn and Garden Equipment 

• Elevators and Materials Handling Equipment 

Structural Metal Products 

Concrete and Gypsum 

Plumbing and Heating Equipment 

Packaging Machinery 

Industries wltb tbe La1"1est Percent Decline in Output• 

• Rubber and Plastic Footwear 

Nonferrous Metals 
Household Audio and Video Equipment 

Chemical and Fenilizer Mining 

Watches and Clocks 

Iron and Ferroalloy Ores . 
Other Leather Goods 

2010 

3.0 

3.0 

2.8 
2.7 

. 2020 

2.7 

-3.9 
•S.4 

-6.1 

·.3,3 •. 

• -4.9 

-2.8 

Note: Emissions stabilized at 1990 levels in 20 l O. Revenues U1Cd for deficit reduction and assuming a 1.25 percent annual decrease in E/GDP. 
• E"cluding ellCIJY producing sccton. ·:i:;:/['.r.\t'.:. ~ i,~•},/,;fi" 

• • < .. ,: · · ,. :~bii~ ;: :- ~~-'?~ttiiwi/i'.\... ~ ,.. 
As discussed earlier~ the DR.fmodef found that the effect of a carbon-limiting policy on 
international trade is relatively small across all industries. However, as Table 13 shows, the trade 
impact on some specific industries''are relatively large. For example, imports by the cement 
industry increase 6i'13 perceilt and exports 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 ab~ut 7 percent. . On the other hand, fuel oil imports decline by about 39 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 Level Case, No International Trading 
• Effects on Exports and Imports in 2010 

Paper aad Allied Products 

Pulp Mills 

Paper and Paperboard Mills 

Paperboard Boxes and Containers 

Paper Coating and Laminating 

Sanitary Paper Products 

Chemical aad Allied Products 

Industrial lnofi. and Organic Chemicals 

Fenilizers 

Pesticides and Agr. Chemicals 

Petroleum aad Coal Products 

Petroleum Refining 

Fuel Oil 

Stone, Glau. aad Oay Products 

.. 
Compulu and Elcctroalc Equipment 

Computers 

Computer Peripheral Equipment /~ , 
Semiconductors 

(percent change from base case) 
Imports 

o.cr;. 

2.3% 

1.6". 

2.7% 

2.3% 

0.3% 

Exports 

0.1% 

0.6o/e 

-2.8% 

-0.2o/e 

-t:1% 

-1.4o/o 

0.0% 

-0.1% 

-O.S% 

0.1% 

0.0% 

-0.1% 

-0.1% 

3.7% 

2.S% 

-0.8% 

-0.2% 

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

Regional and Employment Effects 

The effects of climate change policy on 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, 
nd employment, 210-, 165-, and 125-thousand, respectiv.ely, 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-farm 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~tenn gains in population of 125-, 110-, and qo thousand, 
respectively, and in employment of 125-, 45-, and 65-thousand, respectively, because of climate 
change policy implementation. . • • • 

-0.2 

Figure ;9, DRI-DRI Energy 1990 Level Case, No lnte-li.atio✓ 
Trading.:.. Population by Region (change from the b::tas.°tj 

-0.15 

M 

El 
a 
as -
~ 

a 

-0.1 _:ik:i;:ti<ao.os J t"fJ • o: 
~1~ .. ::~ • i-1_f -.:-; St4-~ 

..iiW~o1.~t D- ..... 

0.1 

Wtll_,C:-. 

I 

,__,_ 
I 
; -AIIMIK: 

I 
I 
I -Ef191tnd 
' 

0.15 

Note: Emissions stabilized at 1990 levels in 2010. llcvenues used for Federal deficit reduction and assuming a 1.25 percent annual decrease in 

E/GDP. .i:. \\~:.;::<{):;:~L ,, ' 
The key to the regional effects relies ollhow revenue raised through pennit sales is recycled to 
the economy. In the policy reviewed'ror 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_)Vhere 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. The 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) 

t 

□-
~ ~ ~ ~ ~ - ~ ~ ~~--~;-~,;~;r 'l~"~:'~' :,"~' ,-

,tJ.• /• • 

.-lote: Emissions stabilized at 1990 levels in 2010. R.cvcnues used for Federal deficit reduction and assuming a 1.25 percent annual decrease in 
E/GOP. / ~",:~if( .J,'. . , .. h •• • 

,<,:~,::::~· -~:~~·!,:· . ~'- ~- . 
As shown in Table 14, although.the West South Central region is expected to have ,he greatest 
losses in fossil fuel employment, about 15 ~ousand in 2010, this .represents only about 6 percent 
of its total mining employment'iri that year~"On the other hand, the East South Central Region is 
expected to _lose about 8 thousand in 2010, but this represents about 22 percent of its total fossil 
fuel employment in the same year. ·· • 
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Table 14: DRI-DRI Energy 1990 Level Case, No International Trading 
Regional Impacts 

Year · New 
• England 

200S 0.9 

2010 1.9 

2020 2.9 

200S 0.3 

2010 1.7 

2020 2.7 

200S 0.4 

2010 4.4 

2020 9.0 

2005 0.0 

2010 0.1 

2020 0.3 

2005 9.6 

2010 26.S 

2020 36.9 

Middle 
Atlantic 

South 
Atlantic 

East Nonh East South 
Central • Central 

West 
Nonh 

Central 

Disposable Income, o/• chance from the base case 
0.4 -0.1 -0.4 -0.5 -0.7 

0.7 -0.1 -1.1 -1.3 -1.2 

0.9 0.1 -1.4 -1.S 

Total Non-farm employment, "• chan 

-0.4 -0.8 -1.0 • -1. 

0.3 -0.4 -I.I -1. 

0.5 -0.2 • -I.I -1. 

Mininc, Oil, and Gas Employment, % ch 

-8.5 -8.3 -5.9 -10. 

-10.9 -11.6 -7.8 

-14.0 -15.6 -6.2 

Population, chance from the baK-Case (mllllon1 , 

0.0 0.0 0.0 0.0 

0.1 0.0 -0.2 ''.'· 
• ,,;,,..;# 

0.2 0.0 -93 · 

West 
South 

Central 

, .. :-y· .... 

Manufacturiac Employaa'ent, chance 6-om the cue (CHUsands) 
'' " diJ' ~~ ..... , .. - .' 

1.7 -32.5 , •. ~r· -77.1 /(' -24.7 i)itt.19-5 -21.S 
21.7 •28.4. : .. , .' •116.1 ;lj• -32.5 ,{'t -28.3 -28.5 
13.9 •33.8• -.,::r/ •142.S ' !l -32.7 . .r: -· -35.3 -41.8 

, _ _. ' - • . .. ,... -~.r~-

Pacific Pacific 
Nonh-west Southwest 

0.3 

0.6 

0.7 

I , \ 0.3 .,~;;:I' 

0.5% 

-0.9 

-1.1 0.8 

-8.3 0.6 

0.0 0.0 

0.1 0.1 

0.1 0.2 

-1.0 -0.6 

6.7 17.3 

7.3 23.9 

Transportation, Co■lliunication & Utilities, chaqe f'rom the base case (thousands) 

2005 ,.1.1 -4.1 ,;r-h,, ~.).1 .15/>~l~11➔..i -8.I • -8.7 -1.6 -6.S 
~,l. .......... ~".')w 1. ·4 '. 4 .' •~ fj~j(• t:•";< •1" 

2010 .> 5;7 -2.9 • ,Jt~~.k~l6.5 ;25.9 .:;.~_:i"- -9.4 -13.5 -14.9 0.3 -5.5 
2020 · :,;,:;: t;I" -4:t .'. "f~~~'.i (&J ~jU~ :',_..;B· -10.0 -16.1 -17.9 0.4 -5.4 

Note: Emissions stabilized at J 990 levels in 2010. • Revenues used for Federal deficit reduction and assuming a 1.25 percent annual decrease in 

E/GDP. • : :_: ~- ;·-:..,_ ; ·: ;\,.r-.~:L. ...~\i ~ .. :t,i;?:;~_://<:_.·_·_.~· __ ._ 
.. ~·=h· • ~ - . 

. · .• ... 

:: ,• 1 .. .,. p 
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Appendix~ able A:' Ass_umptions Rega~ng _ • . _ .·: ••. • .• , .. :_ 
· Non-Carbon Greenhouse Gas~ ·; • .\ • .. • • . --.,·· • 

. (Jnillion metric tons·-.;; carbon equivaient) • • . . • .. • .- .• ~. .- ,,:/ 
· 1900 1995 20()0 . • . 2005 2010 · 2015 

BueUae Emlulou .. --CH4 169 • . _:·,111 a,o -.Sl 
HFCJ'FC 24 Dia ~ • •. 69 

. 
--

N2O 37 34 
. .. . 

31 '"32 
Sinks . · - · · . , _ - •136 •Ill • -121 .- • •l20 
Tow • . • • • • ·. • : • • . • 7 • . ·• ts ·· . Dia • ~. 102 A . j33 

' . . . .. · ~ .. 
• . COit Effecdve Reducdou la Emlulou (usa■lq a■ lmplldt price of carbo■ otm per toll) 

CIM 

HFCPFC 
N2O 
Sinks _·· 

TOlal Reduction 
Emlulou wltla Cose Effecdve Rcdacdom 

·QM 

HFCPFC 
N2O 

•. Sinks 

TOIII Other Oas Emissions 

.... 

. , 
' . . 

169 
24 
37 

·' 

171 

49 

.. ,_ 
.. 

.152 
·. 154 

·' 126 

41 
· 31 
·126 
' 71 

2020 

155 

133 . 
37 

-103 
223 

159 

. 126 
23 

. 33 

•Ill 
64 

. .. 
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Sector Emissions and Opportunities• for Mitigation 
under a Climate _Chang~ Mitigation _Strategy 

• ~ . . . . . . . 

. •. U.S. cJjmar.e change policies will be_ anchored by a productivity-led investment strategy. • SUch a 
• • • • strategy wllt focus on the dilfusion of cost-effective technologies, some of which arc now available, 
• ·: . others of which require continued research and ·development. _ • • • • • 

... .. . . ' 

• • .. 'f:iec:ause sectorS ·of the economy vary widely In how they produce goods and services, so too· will both 
·lbc Jmpacts of any climate policies, and the opponunitie.1 available both to sectors as a whole, and • 

. . . Individual firms wlmin those·sectors. For policy makers and business leaders. it is important to 
·understand th~e ·aiffcrcnt impacts and opportUnities • 

. ·Sources of tr.s. Greenhouse Gas Emissions . \ 

(Jmhmisc 1ues _include carbon dioxide (COJ). methaDo .(CHJ, }litroua oxide (Nz O). and ozone (q ). 
Chlorofluorocarbons (CPO) an4' p~tally malogenated fluorocarbons (HCFCs), t family of Jiuman-

. made compounds~ their substitutes hyatufluorocarbons (HFCij, and ouicr compounds such as 
perffuorinated carbons (PFCs), arc also:gfeeJlhouse gases. Of these gases. CO2 accounts for .the 
largest share by far of all anthropogenic emissions and is primarily &he result of fossil fuel combustion . 
for energy use. The emissions ·arc typically measured m •carbon equivalents,• according to their • 
respective •global warming potential." 

Total U.S. greenhouse gas emissions m 199S were 1,551 MMTCe (million metric tons of carbon 
equivalent). with gross emissions of 1.674 MMTCc offset by 117 MMrCe of carbon sequestered by 

• the nation's forests. Emissions have increased by about 7% since 1990. Annual U.S. fossil-:rclated 
carbon emissions have grown by abou.t 1.2% per year sino: 1950 and are projected to rise at almost 

. the same rate over the next twenty years. • • • 

U.S. Carbon Emissians by Futl 

Petroleum products are the leading source .of carbon emissions from energy use and nearly 80 percent 
• of the petroleum emissions result from ttansporwioli. Coal ts the second leading soutce of carbon 
emissions, with most of the projected future increases in emissions from coal result from electricjty 
generation. 

J995 Pcrcenta~e or ·2010 Percentage or 
. Total U195 Total 2010 

F.mi.uions Emmlonx 

PclrOlcum 599 42" 730 42% 

N~Gas 317 22% 412 24% 

Coal 507 36% S19 34% 

Other (includes 0.0 0.% 1 0% 
methanol and liquid 
hydrogen) 

l 



.. - 1995 

TOTAL · 1423 
, rouru: uv,:. 

Pcrceataae or 
• ·Total1995 

Emissfoas . •• 

.... -.. - •, ... · 
. • U.S. Olrbon.Bmurions ~ Elul-Ui, s~;;,;~<_ ·:_ .C:._:.'.· ~-; • ,·: 

. . • . . . , . . • . . . . J . . 

2010 

1122 

Percentqe of _ . 
. Total 20U~ : 

r-:...:- · .• . 
-~~ . 

End-use sectol'I include.the iollo~g: ~idemlal ~ c:oriu1iercial (collcctl~cly called "buildmis•), 
• Industrial. and ttansportation. Emissions from each of these sectors are roughly equally distn"buted 
_among die three: buildings (35~), tnnsponation (33%), ind mdusay (32">· These shares are _ 
projected to remain fairly constant over die next twenty ro twepry-fivc years. The most diverse of the 
ond-use aeaors Is that of industry. wbkb con.tdsts of fvmirJi, agricultural services, f15heries, forestry, 

-· mining, construction. and manufacturing. 1 , • ; • • • 
.• . • • , ' . • ' 

1"5 ·--
.. 

Buildings 494 

lndustty ., 464 

Transponation 46S 

TOTAL 1423 
• ' ourc,: DOE AIUIUal ;n,r. O"'IJH>k l !1!17 

Energy End-Use S~ors 

The Duildfnp Sedor 

Perceatage ·o1 2010 Pcrtmtage or 
.,. Total 19'5 ; -Total 2010 . .. 
. Emissiom Emissions 

35" 576 33~ 

33" . "'48 . . , 321 

32" 598 35~ 

-100~ 1722 100" 

As noted above, residential and commercial end uses combined consume 3S percent of the nation's 
energy. The major components of energy use within the buildings sector are summarized by the 
following table: • 

END USE RRCENTAGE OF TOTAi. 
.. 

• Space Heating 26% 

Space Cooling 9.49'i 

WllCr Heating 10.8% 

RcCrigemion 4~9% 

Lighting 14.9% 

1. U.S. Census Bun:iaa 

2 
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END USE PF.RCENTAGE OF TOTAL 

Coolcfng · 

• TOTAL 100~ 

· I. 

Residential primary eDerff use P'r household has declined only: two i,crcent In the period 1979 to 
1995. According to dlc Energy Tnformation Admioistraaon's Annual Enugy 0111/ook 1997 •• 

• . (AE097), total energy conaumption in the rcsidcnti'al ·acctor ls projected to increase by 13 percent 
' between 199S and 2010 . . Most of the ,rowth In this sector· is expected occur in the •other uses" 
-category, which iocludes items iuch u electronic equipment and small appliances. Not auiprisingly, 
therefore, most of the increase in energy demand during ~ period is att.nl>uted 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 order of 30 percent between 1979 and 1992. 
However, total energy conswnpdon w ·lScen riling over the past two decades as a result of overall 
po~ or the commercial s~or. l1uture energy demand u predicted to iilcrease by 12 percent in the 
period 199S-2010. Alt is the cue with the residcmial sector, end-use· products such as office .. 
equipment and consumer electronics account for the majority of net growth in energy demand through 
2010. 

. . 
The following table summarizes the category of end-use energy in the combined buildings sector for 

• dlc years 1997 and 2015:. • • • 
",_ 

- Total 1997 and 2015 Balldmg Energy Co111111Dpdon By End-Use (In Quack) 

1997 2015 · Percent Chance 

Space HeatlnI •. 11 8.89 J.41 

Space Cooling 3.17 3.08 ·-2.8% 
. 

Water Jleatfnc 3.63 3.73 2.'8" 

R~ceration 1.67 l.40 -16.2~ 
' 

Uchtfn& 5.04 4.99 .. -1.0~ 

Conkin& 0.87 0.91 4.6% 

Other Uses/Appliances 10.62 lS.04 41.6% 

TOTAL 33.77 3'8.04 12.6% 
orm:c: UUJ; Annual l:,m:rgy Oull00k. I YY/ 

From this table, it is clear that in the buildings sector, most of the growth in energy· demand will 
occur in the ·other uses· category, which is expected to account for 31 percent of end-use. energy 
consumption in 201S. TI1is category currently accounts for 29 percent of total residential energy use 
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' ·.' 
. . 

and is exp-ec~ to inc~e to ~9 p~ -~ 2015. ·as smaU appliances continue .to penetrate the ~- . •• _': •. - · -
In the residential sector, this category includes smaller appliances such as pcrsoual computer,, . . • ' · _. • 
mshwashora, clothes washers. and dryers~ The highest giowth rates in the commercial sector ue . _ . 
cxpcctCd to be for end uses dd£ have not yet saturated ,iie commercial market. This _includes office • • • • : -· . . 
equipment such as personal compuicrs,·monitom, fax machines, copfers,_printcrs, scanners and .. • ·• 
multlfunction devices. Additional products included in the •other" category include new . . •-· • 

_ telecommunicatiom teclmoloJies, medical imaging equipment and vending madJIDC$. ~-- _· . . . . . . ~ . . , 

F~on Shaping bullulrJ 1&1pans1 ·:<· :~ ~\·_ . · :" ,· .. ."'.· ._ ._ _ .. _ 

• Currently, numcroua ~po~iti~-exist·to·fmpro~: the iev~l.of ~gy efficiency wi~ the buildings . ~-: • 
• sector. By tlihtening the bull~ shell and lnstaJiini properly si7.ed, t.DC?IY efficient beating and • 

cooling equipment, comumcn can experience sub$tamial monctazy pins through greater savings as a 
result ot lower momhly utility bilh.. In addition to saving money, eomumers can benefit from 
improved overall_ comfort resul~ from ~r Jndoor air quality, superior lighting, and reduced noise 
levels. However, dlc saviogs are often hard to verify I sometimes varying from building to building. 
As a result, consumers and J?uildcrs arc no~ as :bulliih -on many ol lbc more complicated or advanced 
savings opporwnities dc$pitc clear acceptance of improved insul~on levels and some ocher energy 
aavfngs features. _ : · • • 

·redrnology Options _ 

Cost eflectivc tecbn6iogies ·w~ch ate ~y availabl~ 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 c:onsuming equipment (time and 

temperature controls by 7.0De, energy-use optimizers, energy management systems) 
• Iligh efficiency heat pumps • 
• Heat pump water heaters - • • . . _ 
• Decreased hot water requirements through better designed clothes washers and dishwashers 
• Increased motor/compressor efficiencies.for refrigeraton _ 
• High efficiency lighting - fluorescent fixtures, elccttonfc ba!lasrs, control systems 
• Substitution of lowcr-wbon fuels (on a full fuel-cycle basis) 
• Reduced air infiltration pra~, including improved duct work 
• Energy efficient windows . 
• Whole house design that allows for substantiai equipment downsizing -

Barrlen to Adoption 
. • ' • 

Despite the proven cost effectiveness of these and other energy efficiency technologies, ft is clear that 
• 1hey are not widely adopted by c:onsumers. This is due to a number of institutional, organizational, 

and other barriers. The existence or availability of a financially attraetivc technology does not by 
ilselr mean the technology will be purchased and med in sizable quantities. Por high rues 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 ~ clear, reliable information on the performance and economic benefits of the 

technology 
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. • Potential buyers mnst be the ·Ones tO see the ~ of iower energy bifrs 
• Service providers and users of the technologies must have ~rtise to appropriately design for, 

. . • . -install, and operate ,the technology . . .. •. ' 
. . • . Sources of capital must un4~ the lo~•risk ~ of these inv_esanems 

. . . . . . ~ . . . 

The .Department of Ellergy (DOE), ~e &viro~tal. Pr~tecrion Agency (EPA), and members _of the . 
financial community are developing innovative financing methods for cocrgy efficiency investments. 
ID addition, DOB operares a progmn of test" ~te$, energy consemtion ~. and l~eling 
for _certain major energy using equipment in aie residential and commercial ledOIS. lbcsc include 

• nfrigerators, freezers, air condWoners, Wiler heaters, furnaces, dishwashers, clothes ~hers.. clotbca 
dryers and kitchen ranges, ovens, col'1IJ1Cl'cial heating and air-c;onditiooirig equipment, certain 
incandescent and fluorescent lamps. distribution trarisfonnen:, and eleccric motors. 1bc Energy . 

,Policy Act of JS,92 (EPACT) alSo established maximum wat.er fiow-rate n:quirements for certain . . 
plumbing producu and provided for volu~ testing and consumer information programs for office 
equipment, luminaire.s, and windows. • • 

5 



The IDduatrial Sector· . . . , 
..... .. 

Tnnds in du Industrial Sector 
... . .. 

The industrial s~or directly emitted apptox4nately 463 MMTC in 1995 from the -~ustion of .. 
• fossil fuels, and about 20 million MMTC ((om ~ p~♦- This ~udcs carbon emi~sions · 
from dcctricity generation, which are distn'buted across all tile indu.urial sectors. Hmissions data for 
individual industrm, • s~~rs is not currently reported in any published sources. . ~ 

Combastlon-llelated Carbon li:missiom by Industrial Sedor (),fMl'CE) 

· .•• i,,1. . . 1994 

,...._I')' Direct trlmary Direct • . Primary Direct Primary Direct • Primary 

Aluminum . 3;86 ••. • -10.64 4.01 11.28 5.51 . 12.48 4.88 JJ.31 

Chemical • '5.73 68.97 68.11 · 81.62 78.91 93·.19 83.24 100.11 

Poreic& Products 55.51 65. 77 60.16 11.91 64.79 76.72. 69.15 82.4 

• Glass_ . . • 

•• Peuolcwn 66.6~ 
JWioiri1 

SLccl 39.22 

Food 15.96 

Ccmcm 6.87 

Ocher Mfg 

• . Total 
Manufaaurlng 

Notes 

46.3 

298.78 

• • • 

• • • 

69.64 13.77 

43.38 

21.26 US.71 

1.4 6.74 

75.2 56.85 

375.7' 3S0.14 

• 2.01 2.60 . 2.96 

• ·• . l.63 

86.56 76.S 7$).23 83.15 

49.39 35.11 .-0.78. 36.66 

22.68 16.07 . . 21 .98 20.06 

1.22 6.16 8.2 7.08 

91.06 59.1 '93.2 60.51 

435.08 34S.42 429.37 369.39 

a. • includes lmnbet, wood products, aml pulp and paper industries· . . . / 
• indicarcs essemial 4-di&:it SICs were not reponed or were not bJQJcen out by seiment for that year 
Direa 1cp1escnu end-use only; primary includes electricity gencnuion and transmission losses . 

. , 

3.93 

2.71 

86.29 

44.6 

26.91 

8.75 

96.39 

463.47 

The industrial sector is an extremely dlvcrse set of business cntc:priscs - both in terms of products 
and processes. Even within the manufacwting subsector, a range of industries exist from beer, paper, 
and clothing to alwninum ingots, plastic resins, cars, and computen. Energy requiicmcnts for each 
of &hcsc industries are as different as the products they produce. As a result, it necessary to gain _a 
thorough understanding of tho issues facing individual industries so that they will have the ability to 
~pond to policies iJ?, a manner that is most appropriate ro their particular_ circums~ccs. , 

The table above provides· estimates of carbon emissions from fuel combustion based on energy 
consumption as reported in the Manufacturing Energy Consumption Survey (MECS), usmg·a 
weighted average for fuel type and published carbon emission coefficients. lt includes only 
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•• . manufacturing sources~ and does not include other significant contn"butions from agriculture, mining, 
• construction and oil and gas exploration. In general, carbon emissions have increased across all 

• industrial sectors over the last decade, along with an increase·~ the combustion of fossil fuels. . . ' 

' ' 
ft'o~,u Emusions 

In addition to emissions ~tin~ from the combustion. tif fossil fuels, . the p~ industrial processes 
. .that 1eneme carbon emissions include: • • • • . . . . . ~ . 

• the manufacwrc • consumptio~ of limestone (e.8~, m ·iron smelting. st~JmaJdng, glass 
manufacture, flue ps desulfurimion) . . • 

• dolomite consumption . .. • . 
• 1oda ash manufacture and consumption (e.g., hi glass manufacture, flue gas dcsulfurization, md 

chemica1s production) . • 
• carbon dioxide manufaclurc 
• almninum i,ro;crucdon 

•• • 0~ example of ~ii-energy related process emission OCCUIS in the production of pordand ccmcn~ 
The calcinadoa reaction which converts the .Jhnestone raw material into clinker results in dJrect 
emissions o( approximately 30 MMTC. 

Economic -M~d,ling Results for th lndwtrial Sector 
' 

The lnteragency Analytical Team (IAT) used a number of models to analyze the range of impacts of · 
climate policies on the na~on's economy. In general. the inodel resuJts suggest that policies which 
promote the diffusion of cost:.effcctive technologies to reduce both energy consumption and carbon 
emissions show the most positlve impact on the economy. Similarly, model resul" which show the 
arcatcst flexibility in adopting productive tedmology invcstmenLS and incorporate the ability to trade 
emission permits also show the most positive impact on the economy. Analysis completed usiag the 
Mark.al-Macro model. for example, SUB1ests a positlve impact· on both the overall cost of energy 
services and on GDP when ~re aggressive assumptions are us~ wilh respect to the availability of 
energy-efficient technology investments. On the other hand, the DRT/McGraw-Hill lmer-Jndustry 
Model shows~ small loss to G~P using less optimistic asswnptio~ about technology investments. 

The DRI model also provide detailed estimates about the impact of cUnute policies on the production 
aod inter-industty transactions and trade for 246 industries over time. Under the •centra1 stabilization 
case," which estimates the effects of stabilizing greenhous~ gas emissions at 1990 lev~ls from the year 
2010 through 2020, direct emissions reductions in the Industrial sector account for about 19 percent 
of total emission reductions (48 MMTC) in 2010 and 21 percent (70 MMTC) in 2020. Reductio~ ill 
overall energy demand as well as improvements in industrial energy efficiency account for these 
reductions. Also under the central stabilization case, energy intensity across aJl i~aies initially 
declines at a rate of-3.25 percent per yeu vs. l.S percent lil the base case 2nd later slows to about 
1.S percent per year vs. l percent in the base case: • 

One major area of concern is the effect of carbon constraints on the most highly encrgy-imensive 
. ~ustries such as cement, aluminum, steel. pulp and paper mills, and the energy-intensive sectors of 
the chemicals industry who account for a relatively small ponion of total output (2 % to 3 % of GDP) 
but a reJatlvely large portion (38 % ) of total industrial energy use. These concerns reflect both 
dome5tic demand, and international competitiveness. 
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As suggested earlier, however, . th~ ilnp= cjf. climate stibiUzation .policies on the demand for energy.;. • • ~ ••• 
• Intensive industrial products may be very sensitive to how ·the policy ls implemented. • -, . . • 

•• •• . • l 
1

• • .- ' . • •• • • ·. '. · . · ... . : ~ . •:~ • - _. : . ·r _ _ • .. ...... . . . ··_.'~ . .-_·· .. • . . . . !~ , . .. • 4 • ·• _ . .. 

• J/ oni1sion pumits llT~ actlon«J off and llN rt11_en11U ar6 ui~d to reduce the budget tkficit, tAt . •: . • ••• • . · 
: ndualon in gowrntMlll ·borrowtng wiU reduce nal inurat rates and, In aun, stlmulart demand • 
• for connunu durablu. MW constn4Ction 411d busina1 lnvutm1nt. Higher construction. • ... 

•• investment. and durable, demand raises the demand for such energy-intensive goods as cement, 
,I,rminum, and srccl. Pulp and paper products, e:norgy•int.cnsfve chemicals am other energy _ 
lnteoslve products more closely tied to -oo1Hfurabl6 CQNUJDer good consumption - pulp and pape~ 
-products, and some chemicals ~-&ir less well under this S<:CIW'lo. • • , . • • 

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

• . In contrast, ff ,mission ptrmiu ar~ gi11m to hou1tholds (or lht nvaum from auctioned pmnits 
• are returned to them thro11gh income 111% rtdualo,u), the main ,Jfect ii to stimulate hi,,ud,ofd 

_· consumptto,. ,xpDUlituru rtJJhu than businui invutmmt~ In this case, higher non-durables 
~on stimulates die demand for paper and paperboard from· tbe pulp and paper industty. 

I • • 

. • . . ! . / 

A second and central concern is the followiog( 1:-5 hip.er tDeray prices raise production costs~ _U.S. 
energy-intensive producers migbt lose market share lO competitors from non-Annex I countries under 

• a climate treaty that affects Annex I but not Annex n cowitries. ' • . • . = _ . . . . . 

. 'l1le results from the DRI analysis arand In contrast to those of a number of other studies, which t~ 
• to preclict that carbon •tabillmion policies would ~verely Impact U.S. encrgy-intemive industries and 
pedJapa drive large ponions of the$e industries overseas, with little net effect on global emissions. • 
The results from r.his analysis ahow· thai' while a carbon 11abilµation policy would affect energy­
Intensive industries, t:bc most dire predictions overswc rile impacts of climate policies. For die policy 
cases. other than for oil and coal. the impacts on output for energy intensive industries relative to the 

-base case are l_ess than 1.9 perccm usuming no intemationaJ emissions trading, and less than 1.2 
percent with international trading. • -' • • 

' • 

~eographic and regional shifts In global energy-intensive production are inevitable even without a 
climate PQlicy; Por tmtance, according to the DRt Baseline Forecast, the carbon and energy intensive • 
Industries in the U.S. will experience declines in their share of both U.S. employment and output. 
·These industries are projected to employ only 2.9 percent oftbe U.S. workforce by 2010. This 
figure decreases to 2.3 pcrccm by 2020. Similuly, the ~~SY intensive industries share of output 

• drops from 9.1 percent of GDP or 27 .9 percem manufacturir11 ouq,ut .in 2010 to 1.2 percent of GDP 
or 23.3 percent of manufacturing output 1n 2020. Even in the baseline, emerging Asian countries 
ahare of basic metals exports is expected to increase from 11 percent to 17 percent by the year 2010, 
and chemicals and plastia exporrs arc forecast to increase from 13 pcrccnt to 19 percent. 

. . 

The IAT analysis did account for changes In terms of trade for U.S. industries. Under this analysis, 
. non-Annex I producers (Including Cuna Mexico, Korea and Dr.ml). which cur:rcmly account for 
about 40 percent of U.S. imports, would not be faced with ei>ergy price increases from a stabHization. 
Under such condittons, there would be an increase in imports from non-Annex-I countries and 
decreases of U.S. exports to the world marlcct. The IAT undertook a detailed analysis of possible 
eff ects.1 ' , · • . . . - · · . . 

2. To mlect such changes in U.S. ilriport and export shares the analysis took the following steps: (a) based on 
the shm of cncrgy u an input to_ each sector~ die percent.age incrcaac iD cost of production ~as calculaicd; (b) 
the production cost mcrcases where then adjusted on the basis _of the changes in wages, inlcrcst rates, 3nd 
exchau1c mes occurring under the policy; (e) the share of imports coming from and e~m going to Annex I 
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' . ' Such an analysis could, be a more conservative (i.e. - severe from the perspective of us industry ) ' 
• estimate of the actual cbanges tliat would occur under die policy. Additio~ly, the rcJatively rigid 

. representation of substitution possibilities in production that characterizes the model· may overstate the .. 
. effect of energy price incteases on production ~sis. · In conctast to the DRJ model, models that have . • •• 

• .. : a more detailed ind flexible tcprcscnwfon of produceion technologies (such as pnml equib1>rium • 
. , • ·models) or that represent technolosfcal shift$ (i.e. from. imegratcd steel mills to electrometallurgical 

. mini-mill~ or-from primary' ab•mfnum to secondary aluminum) would yield lower estimates of . • 
• • producdon·cost increases. Argonne National Laboruory's AMIQA model, for example, shows that - : 

• . . : .while the energy intemive_seccors arc.nqarively affected by climate policies, the impacts are not as : 
deep as suggested by ocher forecasts. Pemaps more imponam, the ~ of AMIGA ~os which '. . 
Incorporate the more positive technology wumptiom from a recent study of five Jead"ms national • · 

· : • energy laboratories show a Sinai! but positive impact on GDP and the majority of the ~tion's 
. business sectors. ~ . . ;. ' • - . • • 

I • 

. ·F4dan Shapin; buhuir, R11pons, . . \ . 

• . Within the manufactudng subsector, ~eral -indusuie.t arc subsWltialJy more energy intensive than 
• • others. And among chese cncrgy-tntcnstvc industries, numerous dilf'etcnccs exist in terms of the 

products each iDdusny produces and _the processe.1 rhcy employ. . • '· 
.. : 

Aluminum 
. . 

The aluminum Industry has three major .scgmems - primary materials, semitabricatcd ma1crials, and 
finished products. The U.S. aluminum iJJdustry is glqbally competitive in all parts of the industry and 

• ia a net exporter of semifabricated aluminum products. The last greenfield smelter in die U.S. was 
built in 1980 and the~ an curtcDdY, no plans to build any new facilitiQS. • 

Unlike other basic industries, the U .s. aluminum indu.ffll' is. highly dependent upon the cost of 
electricity. such _that any future changes due to restrucn1ring would have major impacts on the 
competitiveness of this industry. Tho primary aluminwn Industry in the U.S. pUIChases electticicy at 

. ·approximaicly half the price of other Industries, in part because of hydropowcr (Pacific Northwest) 
and in part because of long-tenn negotiated rates. The future of U.S. primary aluminum will depend 
on differences (if my) in the price and avallabfllty of hydro- and coal-generated eleccricity. These 
differences· will have subswltial regional impacts. Almost all the smelters in the eastern part of the 

_ United States rely upon coal~ based clcctrlclty, whereas the smelters in lhe Northwest use hydro-b3licd 
electricity. Should a policy be implemented bued on carbon emissions, the eastern smelters in the 
United States would be impacted more than •~_tern smelters. 

Technological change in the aluminum industry has been incremental. Continuous process 
. improvemems have reduced cnera consumption per ton by approximately 25 percent between 1960 
·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. 

counuies in each sector was adjusted to account for signif&CUl changes that would immediately occur under lhe 
. policy (i.e. lhc share of cement imports to the U.S. rrom annex l countries, currently at 74.50% is reduced to 
37.251); anc1 (d) the non-annex I import and export shares far each sector from step •c• were then used with 
product specific elasticities to determine the relal!vc shifts in imports and expons that would fC:SU!t from the 
price increases. 



. ., . . 

• Petroleum.refineries distill crudc·on;ci-iclc the res~tant int~~Jiate produ~~ into smaller molecules, 
and then purify and blend the vario.us fuel$ to produce a number of useful products. Gasoline is the 

• principle refinery product, accounting for over half of industty sites. U.S. refining indusay is the . 
· _largest in the world with capacity at about IS millionbarrcls per day (bpd) . . ~owever, no new . 
. refineries have been built in the u;s. tor more than a decade and the number of iefinerie.t has 
• clecreased from about 285 ln the late 1960s to about 175 amemly. • 

• ' . ·1. - - ~ ~- -> . . . _ ... :; . . : :··:·' . ... :_..·-< ... ·· _· . ... ; ~-~\.-,!· . •·.· ~: i. • . 

In the petroleum refining scct0r. Industry Impacts will depend 011 sensitivities such as the merit to 
. which prices of fuel UICd as an input ue inaeased as opposed to policies that affect the overall . 
. demand for ·thc miner)' produas produced . . Other factors that will affect the petroleum refining • 
Industry incJwJe the price of marine bunker ftlel which can ~ (or 25 to 55 ~ of . 

• 1ranSporwion costs. 'the characteristics of individual refineries will also affect the response of the 
lodustry. The refineries most wlnerable arc located In highly competitive regions. they are typically 
old, and they produce a standardized product subject to a high ·degree of competition. Many of the 

· old refinerie& are only marginally profitable under wstiag conditions. · Less affected refineries will be 
. those that have been ~ ml modernized ln the lut five years, or plOduce specialized products . 

• . ' •. . ; .- ..... 

In the near to mid-term, process eilergy utilization cin be reduced by S-10- through utility 
system modificadons, monitoring and maintaining equipmem/process energy efficiency through 
development llld adoption of advanced sensor/comrol technologies, and by mjnfrnizing a controlling 
beat exchanger fouling. In die mid to tong-term, opponunities to improve energy efficiency Include 
areas such as fired heaters, clistJllarion catalytic hydrocracking, reforming md hydrotreating. 
alkyJatfon, and hydrogen production. • 

mm 
The maiwfacwte of glass and glass prod~ in the U.S. Is a large, widely diversified, energy­
Intensive industty. ·ne glass Industry includes the following four segments: glass pacbaing, 
fiberglass, flat glass, and specialty glass. the diversified nature of the glass industry highlights the 
fact that competitive cballengcs faced by one sector will not always be applicable to the other sectors. . 
and solutions must be tailor-made as well. . 

The two most pressing challenges for the glass Industry are competition from other nwcrials sucli as 
plastic and almninum, and competition from foreign glass manufacrurcrs with lower labor and 

. -environmem.al compllancc costs. To meet these cballenges the Industry wm need to improve 
- . man~ins processes. create additional markets and uses for glass produces, aad reduce energy 

and waste disposal costs. Reduction in energy consumpdon, 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 industiy inch1de 1echnological advances that 
accomplish the following: · • 

• . • enable the use of oxygen rather than air tn fire glass furnaces, 
• • lncrea.~e the use of waste glass. or cullet, ln 1lass manufacturing. 
• lead to the new coatings and new structural components needed to enhance the performance of 

• manufacturing equipment, l:flcl : . 
• create new temperature sensors for furnaces to increase energy efficiency. 
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• .~ U.S. steel. industry is COJ!>prised of integ~ed producers: electric arc_ furnace (l?AF) ~ mills, . 
• and specially sled producers. ~ng processes for f ron an,J-steel produc:rion have clwigcd 
considerably since die 1980s. 1bc open hearth furnace, which was the wo_rkhorse of imegrated mills • , 

,_ in the 19S0s, is now obsolete. The basic oxyacn fl1mace (BOF). however, befd on to~ ic!ativcly • ._ 
: constant share of roral production during the same period, at,thongh this ~ has begun to f.alJ • • 

gradually since 1992 with the rise of steel mini-mills. 'Ibese mini-nulls use clcc:trlc arc furnaces 
. which.use 100 petcenr S?'JP metal and thcrcf'orc require less energy per ton of steel produced. Mini-: . • 
. mills are bi:hlY dependent on~ price and avail~flity of electricity and scrap. : • .• . ·: ., 

• _: ·: Over the~ five~. st~g ~_;i~-1~ the U.S. b a~ to~ si~fi~y as 
. many new_. BAP4>ascd mills are scheduled to come. on line. As the percentage ot EAF-basecl steel 

· .: - .- production increasesr the. average ~gy lntcmity of stcclmaldng. will decreue, with associated 
decreases In ~al use and increases _in electricity use (ind corresponding changes In die amount and 

. type of emissions). In addition, this lncrcasc in EAF capacity will likely affect ~ impom ~ 
• _ domestic icrap prices~ Measures that increase coal prices would have a far more 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 
... iDdusiry by lowering electricity prices. ' • • 

After a historical record of lagging technologically, the U.S. steel industry bas begun to exhibit a high 
• rate of technoloaical chan,c, including direct smelting processes that replace the bl:m furnace and 
coke oven, and direct strip ~ting pl'OCC$Scs that replace the continuous caster and bot strip mill . 

. Chemicals 

The chemical. illcfustry is more diverse than virtually any other U.S . . industry. Clcmicals are the 
keystone of U.S. manufacturing, essential~ a wide.range of industries, such as pharmaceuticals, 
automobiles, textiles, paper, electronics, agriculture, consttuction, furniture, paint, and appliances. 
1be U.S. is the world's largest producer of chemicals. More lban 9000 corporations develop, 
manufacture, and market over 70,000 chemical products. Investments in plant and equipment have 
trirled since 1985 and R&D spending has more than doubled from $8.3 to $J7.7 billion. 

The chemical industry bas reduced energy intemity over the last decade md has made strides in 
reducing the environmental impacts of chemicals production. However, to remain at the forefront of 
chc 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 U.S. has a 
cecbnological advantage. Improvements to energy, resource and process efficiency will also play ·m 
bnpomnt role in me· future competitiveness of the industry. The U. S. chemical industry has an 
9xccllcnt opportunity to greatly reduce U.S. Industrial greenhouse gas emissions through advances in 
cummt and emerging separation tcclmologics. Advances in separations technology and chemical 

. processes arc anticipated to strengthen the U.S. chemical industry and ensure its c;ompetitive edge in 
&he increasing globalization of markets. They will allow. the chemicals industry to balance and sustain 

. society's demands for higher environmental perfonnance with industry's demands for incrca.,;ed 
profitability and capital productivity. • 

Pulp and J>mer 

The U.S. has the world's largest installed pulp, paper. and paperboard production capacity, some 86 



. . .. · .... 
: . 

. . , 

. . . ·- . . ~ . .. 
million· air-c&y··~c tonS (ADMT) per y~ ~ 1993,. ~ a~i 30 ~ of glob~ capacity. 
Manu&ctured products from the paper and allied products industry inrtude newsprint. printing and . 

, .· ·wnt~ paper. dssuo, paper plates, catd stock, cormgatec, cardboard, cutom, and comuw:ti~-gade ~ 
·. • ~ papetboard. -~ U.S. 1- borne to C?Iose to 550 pulp and paper mills located in 4~ ~. Over lhc-
• last twenty years or so, many of the ·smancr, older mws ave been closed down and ?Placed with .. : . . . 

larger integrated mills. The mteg,.S mills produce both pulp and paper and/or paperboard. The •• • 
· • trend is toward Jaraer size (over 2000 tons/day) plants :with the capability to consist~y process hil:h- . ' . 

• -~yp~~-~-~~~~~~~ -:.·i_.:;::,:.,:; .. ::;.:: :·._:;~; ·->>:~·-~ --- -/: ~~---:·_,<_·. ·:-: .. ·.-~:-_·:. ·- . . : • ·:· •• : . ~- .. · • ·?·· .. 
'Jbe U.S. pulp and paper ii bolh capital and cnci'IY iotcmivc. ?{cw capital cxpcodltmcs in the last . • • . 
decade have avenicd 10.4 percent of revenues, · malting paper and allied ~ the most capjtal • • ••. 
~ive of the ~ industries. This factor could conceivably restrain the abilliy of lhe • . . 
industry .to fnscall new technologies ~ .cspcciaity technologies thai will not.significantly contnoute to 
lowering production costs. However. because of the energy-intensive natme of the industry, rising •• 
fossil _mel costs would create ~itional inceotivcs to locreasc reliance on self ..generated energy and 
llnher ~c the energy efficiency of pulp ml ~ production processes: • . . . - - . . . ' • . . . . • , . ·. ' . - . 

' . • - ~ --: • • • '; .. i ' . . . . .. ~ • . ' . . • . 

There are ~jor opportunities for improving ihe efficiency of process ~ use In the pulp and _ 
paper industry. An mambct of new energy-saving process tedmol~gies such u digesters and paper or 

• pulp dryers, are under development or recently commercialized and process heat integration analysis 
has been applied· 1n several milla . • Most process spcdfic changes . that bring energy efficiency , . • 
Improvements also bring productivity and other improvemeim. • Advanced bio~ 
cogencration systems, which would provide major improvcmcnrs in efficiency over existing systems, 

. are currently undcraoiQI rapid ~elopmcnt. • • ' 

.Cement 

The U.S. hycbulic cement ·industty consists of firms producing pottland, ma.,oM)', .prcpued 
hydraulic, natural, lime, and oil well cements, Ponland cement represents more than 95 percent of 
total hydraulic cement production;~ remaiod~ iS mostly masonry cement. There are currently 47 
cement companies opcrattna close to 118 plants and 1lTT kilns in the u.s. Total industry shipments in . 
1995 were 75 nullion metric ~om with total U.S. consumption ol 86 million metric toos. There were 
approximately 11 million metric tons of finished cement imports and h~f a million metric tons of 
expqrts the same year. • • • 

Compared to world standard.,, the U.S. cenient • industty is characterized as ~ing and relatively 
inefficient. Plants continue to be shut down and others may be slated for closure due to tcchnotogic3.I 
.or competltive obsolescence. ~ently, there remains a need to replace and upgrade plams in order 
to increase productivity in domesdc plams. ·Most major producers, however, arc not in a good 
financial position to invest in extensive and expensive additional capacity. No new greenfield pl~c. 
have been built in the U.S. in ten years. • 

' 
Curtendy. 6S-70 percent of_ U.S. cement capacity is foreign-owned - including three of the top five 
firms. Approximately 90 percent ofcement impons are handled ~y do~ric producers, who use 
impons to ~pplemeat domestic capacity. such that corporate i,rofitabitity is not necessarily linked to . 
the health of the domestic industty. • . 

A number ·or opportUDities exist to reduce emissions such as increasing the share of production using 
dry process technology. increasing the use of efficiency enhancing machinery such as paniclc 
classifiers which reduce grinding loads, increasing the use of miit-im when making concrete, and fuel 

. . • . 
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• iwitching . . : ... 

:. • Bim:Grnwtb ,~ti.mies . .. . 

·: fndustries o~r than the energy ~ive ~IS discussed above also depend on·enerL'Y and will 
. Jlkely be attec!ed by climate change mitigation policy. Among the reasons for focusing auentjon on 
. 1hcsc·sectors are that: • : • .. .. . .. . , . 

. .. 

. . : • ~. ~~~ ~f ~e industries ~ -,~wins more rapidly~ the energy-~tensive ~ustti~ .. Most of. 
-~~ growth (75 percent) in industrial energy use from 1997-2015 will be by non energy-intensivc-

:-, • industries (3. 19 of S.03 ~)- _ , • _ _ • • • 

• •• Service Industries ~Joy 771 of the u.s~ workforce and. account for 74% .of GDP. The 
: cilstlnctl~n between service and m;auufaet¥ring ~es is becoming increasingly blumd . 

.. , 

• -_ . · Opportunities .exist for new tec:lmologi~ in. high-growth sectors that ~ve capital turnover rates 
• . that arc higher than those of cnergy-intemive industries. • With high rates of capital wi:uover, the 
• . oppommitics· to accelerate the diffusion and acceptance of energy efficient technologies arc 

.. 'aubswuiaJ, and can collectively lead to significant reductions Jn carbon emissions. 
. . . . .. . : ~ 

• Under.a climate change mitigad~ polfcy, Jndustrics involved 1n producing energy-saving products 
and providing eoeraY servi~ will benefit u demand increases for their products and services. 

-
· Non-Energy Minera11 Industry • • 

1'hc non-energy mining includes the extraction of industrial minerals such as crushed stone, sand and 
,ravel as well as metallic ores including ·iron, and copper. Jn 1992 the non-energy minerals industry 

-. ·bad a production of $32 bflllon dollars. As in coal mining, employment bas been.steadily declining 
since_ die early 1980s. Projections indicate that by the year 2000 this scaor will employ 2S percent 
fewer people than in 1980, dropping &om ~6,000 to 176,000 jobs. As with .other scaors, .thc 
minerals industry will be aff~ed by rising prices resulting from cffons to s&abilize cubon emissionli . 
. However, there arc lndicarions dw the industry will be able to reduce overall ener&Y consumption to 

• at least partially offset increased energy prices. Among others, using high efficiency eiectric motors, 
incorporating new process improvements, increasing maintenance of motor vehicles, system conveyor 
bcllS, drives, and compressed air systems can each provide savings or 10 lO 15 percent, • 
conservatively. • • • • 

. construction 

·n,e construction industry is a& varied as it is large. It includ~ firms with thousands of employees 
. and firms with just one. In 1992 there were just undct 2 million conscruction establishments 

employing over 4.6 million persons. Combined, the construction industry pcrfonned business to1aling 
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 conmuction work involves using small 
trucks to transport workers and materials, and hand and power tools, and physical labor to complete 
work. Jt is one of the least energy ~ive industries in the nation. Energy costs {Including 
selected power, fuels, and lubricants) account for approximately 1.6 percent of each dollar of business 
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. · · , 
. . . ... . .. . . 

. . . . ... 
· . . • . 

• • • •. • t I • • • • 

., 

done bl the CODS~on industry as a whole. Nevertheless~ 'iheie are important opportunities to 
·- reduce elieqy costs within tbc industry. -~ -opportunities l'aJllC from USllJI more efficient motor • .• ••... . . 

.- • • vehicles to incorporating the use new bw1diog materials (e.; .• laminated beams, recycled products, 
. engineered lumber FC>Cfucts such ~ roof and floor uusses, insuwed wall panels, and modular 
_componelUS) that reduce bQtb comuuction waste and costs. • • .- : · -. • • 

• • . : . . • .,· • . . · -~. • , ·:: .:•.:. : :• . . : .. .. ·.· ··:•: ...... ~ . . ..-::.~ :·.-..... • ., 
: . . . • • ~ :~ ... -· .• •. - ,.· .•.•• . ... .., . . . ~ 

·, . Motor Vehi~e··~d gei~~ indus~~'•· , •• ~<:,~:. ·. ··.':'<·'· • :_'··: ._ .. ~ _. ' •• . ~ . . ~-
_ • .. • .. . .. . • . ... • . .. ~ : ·>·•· · ... ' .·_ ... _·~.·: ..• :.·: ~ .. ·~ :.· .::--· .;.: .. \ . .. \~-... :·;>· . :_. .• .• '. ~ - .·•.· : •• _. . .. • . .. 
• • • The motor vehicle indumy is·much mole diverse ·lban the mere manufacture of new cars and LNcks. • 
. ll also includes road construction ancJ' maimenancc, freight and passenger services, petroleum refining 
• • ·and wholesale distribution. and automotive sales and &emce$. Total employment in these related 
-lnd~ei approaches? million pen~~ provuJ~ abo~t_: ·~rccm of the nadon'sjobs. • :-: , 

. . · : . · - · 
: . . . . . . . . . . . •. . . . .. 

Conthmtn, productivity pins· in the motor vehicle indusUy bas strcqt~ its overall economic 
position. The munbcr of employees per hundred veblcles sold, for example, has £alien 2.9 percent 

pct year in the decade ending 19!>4. At the same cime, the industry should ~ fairly unaffected by 
penhouse ps emisssiom pollci~. •. This ts due to the fact that tbe'as.cembly of motor vehicles. • 
• requires only about 1$ million B~ of energy per car. If carbon prices roso as.high as $~00 per t0n, 
for example, this would add between 0.1 and 0.2 percent to the cos~ of manufacturing a new car. On 
the ocher hand, new car and tfUck sales might slip u the cost of driving increases as a resul~ of 
climate ·policies. But new technologies can be incmporated into the design and conuuclion of both 

· light and heavy duty vehicles to reduce ~ overall cost of driving despite the prospect of 1nitialJy 
_higher gasoline prices. Technology lmpiovemcnts • Include engine designs that reduce friction and 
increase combustion efficiency and body designs that decrease the aerodynamic drag on the vehicle. . 
Meeting the PNGV aoals of an 80 MPG car that costs no more than today's vehicles will go a long 
way to mi!)jmiu chc Impacts on both the auto industry lad the many related iAdustrics. • • 

. . . ' . . . 

• Barrlcn ·to Adoption . · 

From the above discussion. it is ~ear that ll\UJ1CtOUS energy-saving technoiogies are available in the 
lndusuial sccror - many of which offer additional benefits such as unproved product quality. 
Deq,ite thi.(, however, many of these industries have blstorically avoided investing in energy 
efficiency technologies. Several .factors bel~ to expli:ll1 why this may be the case. 

For ·most Industries, energy expendtiures represent a minor port.ion ot their operating costs, averagJng 
Jess than two percent ot value of shipmems for ~ manufact11ring sector. Industries such as primary 
aluminum. hydraulic cement ~ 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 computcn, cacrgy expcndl~es. represent only 1.2 and 0.6 percent of 
shipments respectively. In most industries~ larger costs, such as labor and raw material$, receive 
attention before =cqy. For example, employee compensation averaged 24 percent of shipments in 
1994.3 . · . . . • ·: :- . :· .• .. • •. • • · . 

Opportunide& for energy efficiency improvements must compete with ~th~~ issues for ·finite resources 
Within a company. While capical is the most often cited resource, staff time may be of equal or . 
greater importance. Downsizing is common when industrial companies undergo resttuctUring, • 
iesulting in fewer total personnel available le> 'address aU issues. When a choice must be made 

3. ·eonsidemiom in die Esdmmon of Com and Benefits of lndum-u EnCTD E_ffiCiffl'.')' Pru~.,. ACEEE/EPA 
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.. .., . . 

between addressing a potcmial emissions-compliance,· production-reliability or product-quaiity 
. . problem, ~ identifying and implementing energy efficiency projects, tbe former receives the 
. • attention since &iluro to do so may result in the plant being shut down. One manifestation of this 

. acaffing constraint fs the reduction in the number Qf corpor3tC energy managers4 . . • • . . . 
: . . . • .. • . . : . . • .. · ... .' ·.· ••. . . •. •. :·~ ; . - . . .. • _ _. ·~ ·: : ·:--.. ••. . · .. . 

. · : . Many businesses operate with. a tight constraint on their capital budgeting. Hence, the allocation of . . 
. • capital remains a si&nificant barriet • to achieving ,rcater levels of energy c:fficiency~ Given a choice ·: : 
. :-'·between expanding existing production capability ind introducing mw products, and reducing energy • 
. bills, Che productfon-relat= projecu wilt-invariably win out. Hence, preseming projects based on total 

~ ~ts will likely be mo~ e{fective than building a case on the e11ergy savings alone. - . . • • • . . 

., · . ; 

: . • .' . 1be Trans~~on· Sector • 
~ ..,. • I 

• .n,md, in du 'l'ramportation Sector 
: .. . - . · • . • <. . 

Over the last decade, new Jight vdlicle fuei'~ bas ~ed relatively flat in the U.S . . This b 
due to both an absence of increased .fbel-cfficlc:ncy standards and a Jack of consumer demand for -~ 

• . peaier fuel efficiency. M fuel prices decJined following the oil shocks on the -1970s, CODSU:UJ.C[S • • 
• began Qmling away from me! economy and looked more toward ~ities such as speed, . 
acceleration. me, and arcater utlllty when making their purchasing decisions. Corporate average fuel 

. economy of the new light vehicle fleets (i.e., cars ind light trucb such u minivans, sport utility 
·vehicles, and pickup cruclcs) arcw along_ with increasing CAFE standards throughout the late 1970s 
until tbe mid 1980s. Since 1982, however, die average horsepower rating of the combined"new light • 
vehicle fleet (cars plus light uucb) has increased by 60 percent while the average fuel economy of . • 
the same fleet bas remained unchanged. Had new cars sold in 1996 retained the same average 

. acceleration performance and weight aa new .cars sold in -1984, the technologies acwally incorporated 
into the fleet during chis period could have increased new car fuel economy by about five miles per 
,allon, or close to 20 percent. · • • • • 

In addition. the share of light truclcs is increasing, having gone from under 25· percent of the market 
.bl 1982 to abnost 4S percent today. Ught aucks (ace lower CAFE standuds than cars (almost 7 mpg 
lower). Moreover, since light trucks tend to last longer than cars, they arc likely to be driven more 
miles aver their lifetime than cars, . • 

Contnlution to Grtenhoru, Gu Emission, 
• . 

Passenger cars and light-duty trucks comnoutc the majority of'transpottatlon emissions. Emissions 
from Ught.:duty vehicles alone accounted for 20_pcrccnt of total U.S. greenhouse gis emissions in 
1990. and in the absence of new policy in~res are expected to rise &om about 250 MMTC·tn 1990 
to 3S0-400 MMTC in 2010. Energy use in trucb used for commercial transport is only about 40 
percent of energy used in passenger vehicles, but is growing siguificandy faster. 

The major factors 1D1derlying the rapid increase in emission.~ from light-duty vehicles are growth in 
VMT, stagnant new fleet fuel economy levels (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. 
. . . 

. Actual growlh in VMT since 1990 has averaged 2.4 percent per year. Growth in VMT is a function 

. of a number of factors, i~uding demographic changes (c.1 .. more women in lhe workforce; 

4. ll>id . 
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immi,radoo). iaiut use )dems, the COS£ of driviq each mile (now at an iu-tjme low on an m&tion- ..•. : • ~ 
adjus~ basis), among others.. •. . : . - . • ' · .. ,. . , . . • • • . · • ·. . •• : 

. 
t ·. .• " • • . • •. • . • 

• ~ • • ~ ,I • • : ~ ' ._ '". • • • ' • ••,I • • • 

FIICIOn Sluij,ing 1~ ll6qon1e •• •· . .. • • 
- ·' ' • • • . . ·:· · . 1 

. With co~ ~~ing to exmmi pref~ for peifi>~~. sim, and utility • than fiiei 
economy. no significant Jncrcasc 1n ·new fleet.foci economy ia apectcd to occur absent a drivhlg · 
force such as policy changes or fuel price increases. • .- ·• , • •. • • 

i,~a i,,,,:i, ~ o,:a;., • -~ • ·. . ·.•. ·> -~ _;_.:· ·;.-, :_.: . . .· . ·. 

Three principd joays 'uht to reduce carbon cmfssfo~ ~om light vehicles: ·c~)-~uce vehicle miles 
- • traveled (VM'O; (2) improve fuel economy; ancI (3) use fuels with lower Jlfe--cycle carbon emissions. 
• Work developed for the •ear talk• committcc' suggested estimated reductions of 445 to 585 MMT 

would be possible In. the period 2005 to 2025 from a combined package of land-use and transit 
policies as well as e.fforts to improve overall fuel economy and reduce the carbon comcnt of 
; transportation fuels~ .- · .,--. • 

Reducing_ VMT would ~olve a wide mix ,;r policies. the goals would be to encourag~ land u~ 
· away from auto dependency·. • and shift the relative (full) cost of driving versus other tansportation/ . . 
communication alternatives auch·aa workplace parking subsidy reform, and shifting of state and local 
·subsidies to cost'.:°~~Ul4 fees . . •• .. ·: • • • 

. Improving fuel economy np~- ~ important opportunity to reduce GHG ~sions since only 
about IS percent of die energy bi aasollne ii accually used to· propel a. typical vehicle. 1be . 
Partnership for a Ne'r' Generation of Vchlclcs (PNGV) builds oli the prospect for an improved fuel 

• economy. PNGV is .a Federal-industry raearch panoenbip created in 1993 to encourage innovation 
tn the US auto industty. The PNGV focuses on a research goal of tripling fud economy of a typical 
1994 Camily sedan by 2003-2004, while meeting or exceeding federal safety and emissions 
teqQirements. and without sacrificing performance, size, utility, or iffordability. Most current PNGV 
work on this goal is focused on improving drive train efficiency, developing practic:al on.:.board . 
cncraY 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 ls expccccd in 2001; • 
vehicles with 150-200 percent improved efficiency will be available in the 2005-2010 period. . . . . . . 

. Future technological innovations would come from technologies such AS multi-valve engines, lighter 
materials, and next-generation tires, which have already been partially but not compleiely integrated 
into lhe new vehicle . fleet. An additional componem of the ovcrill tucl economy improvement would 
be technologies such as direct injection eagincs and fully variable valve timing, still in the 
development stage. • 

Alternative fuels - such as biofue]s - are another large opponunity for reducing transportation 
carbon emissions.· While ethanol produced from com actually results in higher greenhouse gas . . . 

5. The •ear-Talk~ committee is rile Polley Dialogue Advisory Commi11u ro Assist rht Pruidtrll in rhe 
Dntlopfflffll of M,asuru to Si1niflcrwly Reduct GrunhC111se Gas Emissions from Ptrsonal Motor Vthiclts 
formed In 1993 to see whether a consensus set of politics could _bc developed to rerum personal transport GHG 
emissions to 1990 levels by 2005, 201S and 2025. The committee failed to agree on such poli,ies, but 
substantial analytic .results were developed by a I.Cam of government analysts workiD1 with several expert 
commiucc members. 
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emissions than gasoline (on a full fuel cycle basis), ethaool from woody-biomass-derived ethanol can 
results in a 90 percent reduction in greenhouse gases. Federal R.&D ha., brought down the cost of 
biomass ethanol (from $3.60 per gallon in 1980 to Sl.20 per gallon today). Further -research has the 

• goal further cost reductions to under $0.70 per gallon by 2005, competitive ~ith oil at its cmrent • 
• price. Estimated carbon savings from USC of ethanol largely as a gasoline bJ~ l$ 20 MMTC in 2010. 

Alriculture 

. . Basic farm commodity production: was about 0.9 .percent of GDP in 1995 and accounted for about 1.2 
percent of US employment. These numbers, however, belie the aue imporcancc of agriculture - lhc 
farm sector.and agriculturally rewed industries in total accow,t for about 13.S percent of GDP and 
17.3 percent of employment. Processing and distn'bution is the largest component and is relatively 
more labor intensive. • • · • . • • · . • • • • . · • • 

Contribution II> Gn,nhoiu, Gas Emlsno,u 

·Agrlcul~ sreenho~e emissi.ons include metbane, nitrous oxide, and carbon dioxide. Estimates of 
non-energy greenhouse gas emissions are relatively imprecise. While agriculture represents Jess than 
S percent of total national greenhouse· gas emissions, it is an large source of methane and nitrous 
oxide. • • • • 

The principle sources of agricultunl methane are enteric fermentaLion (animal digestion) and ltWlure 
• management associated with livestoek production. Application., of synthetic and organic Certilizers 
account for ~st all of agriculture's N2O emissions. 

<JlobaJly, agriculture is a much more impoitanl source of GHO emissions than in the United State5, 
accounting for about 20 percent of all greenhouse gas emissions. Agriculture's share of world 
emissiom of CO2 , CH. , and NiO are estimated at 21-25 percent, 57 percent, and 65•80 percent 
respectively (excluding emissions from natural sources). Conversion of land to farm production 
(panicularly tropical foresrs) is me major agricultural source ·of CO:z emissions while rice and 
livestock production arc the principle sources of CH~ emissions. 

Soil c;a;.,bon: Depletion or sequestration of soil carbon. is a potentially imponant source of 
agricultural greenhouse gas emissions. • Plants use phocosynrhcsis to remove CC>i from the atmosphere 
and conven 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 ls used 
to loosen surface soil and subsurface material, improve aeration and water infiltration, and control 
weeds. All benefit crop growth in the shon-tenn. Tilling, however. also increases the exposure or 
soils to oxygen thereby accelerating the conversion of soil organic matter to CO2 , which is released 
into the atmosphere. Over time chen, t~ reduces both soil carbon levels aiid soil productivity. 

Reductions in soil carbon levels in U.S. agricultural soil (betw"n 30 and SO percent over the last 100 
years) may have been a significant componc:nt of the historic increase in atmospheric CO2 levels. 

,Factors Shaping Industry R.esponu 

Agricultural production is an energy intensive industry. 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 arc energy intensive but, overall, the sector 
is less energy intensive than overall manufactuling. 
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For every dollar of farm output, J2 cents fs spent o.o energy with eleclrici'Y accounling for 6 cents . . 
This refieccs the increasing reliance on electricity for operations such as grain handling and large.scale 
confined livestock production: Agric:ultural chemicals embody 6 =iu of energy for each dollar of 
output~ spent mainly _on natural sas and electricity. Nitrogen fettila.er.is among the most energy 

• imensive chemicals amfi&I availability is a key to high agrlculrural productivity. Ener1Y cost 
. Increases would <,lirecdy increase both agricultural production costs and agdcultural chemical . 
manufacturing costs. . .\. 

• r,chnology Trmds and Option, 

The Cimate Change A~on Plan for the tJ.S .. identified tree planting, research and outreach~ help 
farmers better manage niuogcn use, methane capture from covered manure lagoons, and increased 
nnninant feed effici~ as opportunities ·to sequester carbon and reduce ~ions of agricultural 
greenhouse gases. • 

• Opportunities for further sequestering carb~ in agriculture would include the follo~ing: 

• Conversion of marginal gpplmd and pasture to fgrest: ~otest growth cumntly offsets about 8 
percent of toral annual U.S. ·glCC.Dhouse gas emissions on a carbon equivalent basis. A number of 
studies have outlined the cost, and economic benefits to U.S. agriculture resulting from strategies 
to mitigate U.S. greenhouse gas emissions by pay-ma farmers ro convert cropland and paslure lo 
forest. Pulling the necessary quantities of land out of production, however, would raise land 
prices and would increase the cost of bidding out land out of production. • • - • 

. . . ' 

• PromotJn&' -the tise of management nractices that increase the gyantity of carbon stored fn 
agricultural soib: Studies suggest that these sinks could technically offset a majority of. U.S. 
greenhouse gas emissions, but economlc analysis.of such possibilitie.,. is limited. • , • • 

\ .. . . 
. . 

• Usini: biofuels to replace fossil fuels: Because the carbon reJea.,.ed in the burning of biofueJs 
would be taken back up by the next crop, replacing fossil fuels with biofuels offers a means of 
increasing the amount ot carbon mat is recycled in the production and use of energy. Tile IPCC 
(1996) has e,c;timated that for the world's temper.ate regions as a whole, carbon emissions could be 
reduced by 85 co 493 million tons per year by allocating 8 to 11 percent of their cropland to 
biofuel crops .. While the United State's share of this is not addressed. the IPCC notes that the 

. best mitigation opportunities are in areu with good agricultural land and surplus production. 
-

• funher ~ffons to alter livestock manaaement practices to reduce methane emissions: The Dlosc 
• promising opponunities for reducing methane emissions in U.S. agriculture are in new 

management practic~ for the feeding of livestock and lhc b.'\lldling of livestock waste (panicularly • 
cattle). 
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Energy Supply Sectors 

Electric Power Generation 

• Historically. · demand for clccrricity. and economic growth have b~ cioscly correlated. Over tbe last 
·_ twenty years, U.S. demand for electricity grew by approximately three percent per year~ but this rate 
of demand growth ii cxpccted to c_lecrease between no~ and 2010, averasing_slightly more than one 
percent per year. • 

• ·With several hundred billion dollars worth of combined capital investments, electric power generation -
: bone of the largest and most important ccoiwmic·sectors in dlc U.S. economy. The character of this • 
• industry bas c:lianged over timo and is in the midst of another major restructuring. In 1995, PERC 

required open access to transmission for the purpose of wholesale compeddon. . Currently over 80 
percent of tho swcs arc moving toward electricity industry rcsUUCtUring. Two broad trends can be 
noted. First, an the state decisions· are leading to greater customer choice and secoff4, there is a 
general trend 10 ~c-couple genetatfon, ~ion and distribution. • 

ln addition to ~ttUctUrina, me industry is ~oing a shift in the sources 9f generatio,;t. Nuclear 
energy is a carbon-free source of electricity that p_tcScndy provides over 20 percent of U.S. • 
electricity. Despite nuclear power's substantial contnoution to loday'a clcctricity supply, 110 new 
nuclear power plants have been ordered by U.S. electricity generators since 1978. Although nuclear 
power generation WL' at an all-time high in 199S, the retirement of older plams and the lack of new 
nuclear projects will reduce nuclear in 1bc future U.S. energy mix. Nuclear power plants are due to 
begin retiring in 2010 with most capicity retired by 2030. Fossil fuel power planu generated over 80 

. percent of U.S. electricity in 1970, but that share Jw fallen to about two.thirds as nuclear power's 
, share has risen from virtually nil to about 22 % ; fossil generation is expected to return to about 80 • 

percent over the next twenty years as the existing stock of nuclear p~ts arc phased out. 

Although the ovcrali efficiency of fossil generation - the rate at : which fossil • energy is converted to 
electricity - has barely changed in the past 3S years, modest improvements are expected over the 
next twenty years as natural gas-fired generation doubles its share of total generation from about IS 

-percent
0

today to over 30 percent. New natural gas-fired .. combined cycle" power plants yield very 
high conversion efficiencies (> SO percent) by generating ste:un from the waste hear ·of advanced 
combu.~tion turbines and using it to drive steam turbines. • 

- ' 
Renewable energy is forecast to have high growth but remain a small part of the base. Excluding 
hydroelectric power, whose expansion possibilities arc very constrained, renewable electricity 
generation is expected to double over the next twenty years but will still account for less that 2 
percent of total electricity scneration. The hydro share of lhc energy market was 4.4 percent in 
1996. • 

• & state-by-state restrucluring takes place, several states have already mandated mirrlmum levels of 
renewable energy through "renewable portfolio standards.,, including Vmnont, Maine, and Arizona. 
Many other states arc con.c;idering similar measures to accelerate the adoption of renewable generation 
technologies. These technologies have become more competitive over the la.cit twenty years. 
Photovoltaic.s have dropped from 90 cents per kilowatt-hr t() under 20 cents per kilowatt- hr; wind 
technology has dropped from 25 to 5 cents per kilowau-hr. Cost reduction will continue to occur 
through R&D advances and through economics of scale as production rates increase. . . 

Contribution to Greenhouse Gas Emissions 
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The electric power hidustry is the largest direct energy consumer in the United Swcs. Electric 
generators arc responsible for 35 percent of .national emissions of carbon dioxide, with over 85 

.. percent of electricity-related emissions coming from coal-tired plants. 
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Facton Shapin1 Industry hlfJOns~ 

Jte.i;tructuring : 

Percentaae ot 2010 Percebfa&eol 
Total 1995 ' Total2010 
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Rmtructuring of the electric power industry offers a unique oppommity to mitigate future -emissions 
of CO2 from this sector. Many states are cmrently considering or adopting retail coinpetilion for 
their electric power markets . . 1bis trend may be accelerated with federal legislation. Retail 
competition may 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 elemcity for low incremental coat. To mitigate the environmental impacts of competition 
Ind maintain the environmental bcncftts of current state level renewable energy and demand side 
management program.~. a number of options have been adopted or are under consideration .. TI1ese 
include: • • • •• 

• A "portfolio standard" fnr renewable energy: this would require that all generators meet a 
specified level of renewable generation either by undertaking such projects thcm.i;elves or 
purchasing "credits" from others who have . . . 

• A social benefit fund; RcvCJ1Ucs • from a charge on transmission service are used to subsidize 
energy efficiency projects, renewable, R&D, or low income consumers. California has adoplcd 
this approach. • • • • • 

• Information disclosure requirements: Generators ·could be required to disclose the emission 
profiles of their genenwon, faciliwing the marketing ~f CC green" (or, less ·polluting) electricity'. 

• Leveling of the ntaying field for air poUutant reguirem;nts: Many states are hesilant to adopt 
retail competition because they perceive that differing regional environmental requirements put 

· thcir electric industry at a competitive disadvantage and will ·result in more pollulion being 
tran~ported into their states. Thus, additional envirowncntal provisions to "level the playing 
field" - which could include greenhouse gas· emission reductions - are currently being debated. 

• Adaption of fuel neutral standards would promote utilization of lower emission systems. 

• Special con.dder3tfon for energy efficient and/or low emissiQn technololliei: This includes 
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advanced gas turbines and micro turbines for ~generation and self-generation; fuel _c.clls, and 
, renewable technologies. , . 

Distributed Generation · • . 
. , . 

. . . . 
. Distributed generation is the utilization of small power generatfon technologies dispersed· tbrc:,ugh the 
• distribution system to provide local power close to rustomers, thereby reducing invc:stmcnt in 

transmission and distnlrution resources and ·improvins local reliability. This could include self-
' generation or cogeneration by industrial and building sectors and involve power sales bacJc to me grid. 

Cost competitive technologies. such as smallef scale advanced gas turbines, arc einetging which can 
compete economic:aJly with central station generation when fuJJ costs, including. the avoided ., 
transmission and distn'bution expenditures, are con'iidered. All of this will support the customer 

• choice aspecc of deregulation and lead to a reduction in cost of electricity for customers. The electric 
• powef producers _will move from the concept of ccntralired power for economics of scale to providing 
. energy services for customers. This will provide: . . I 

• cconomie., of mass production of units 
• smaller, cleaner generation • 

• • fuel security through diversity of generation portfolio 
• more options for customers to be green 

• T•clmolo,a 7reml.r and Option, 

Electric sector emissions can be reduced either by making generation less carbon intensive (e.g., 
conversion efficiency improvemams, ft.lei switching, cogeneration, or rcnewabtcs) or by reducing the 
amount of electricity demanded through increased ~ccradon of more energy-efficient end-use 
technologies. Studies by~ America Council for an Energy-Efficient Economy (ACBEP.) show that 
there is a long•term potential to save about 2S percent of industrial electricity consumption at a cost 
·chat is significantly lower than the cumnt cost of new generation uniu. Por example, an industrial _ 
. site which purchased coal..c!crivcd electricity generated at 35 percem efficiency could self-generate 
power in a cogeneration mode at 75-80 percem efficiency, sclJing [><>Wer back to the grid and 
producing their own steam. 

Many of me followi_ng technologies are 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 col emissions of current coal 
tcchnologics. 

• Renewable technologies• wind power, photovoltaics, solar thermal~ and geothermal - have seen 
sharp cost reductions in the pa.lit two decades, some by a factor of ten. 

• Option.c; such as biomass gasification offer the ability to produce power with no net increase in 
CO2 emissions. The growth of biomass offsets (sequesters) the cq released in electric power 
production. 
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Petroleum 
M' • • 

Conlribat/.on t.o Gnenhorue Gase, 

• Pcttoleum produ~ arc the lcading·~ource of carbon cmissiom from energy use. Petroleum accounted 
,for 584 MMTC emissions in 1995, and this figure is predicted to increase to 718 MMTC by 2010. • 

- • · Tbe majority ( - 80 percent) of petroleum emissions result from transp<>rwion use. • • 
I • •. • • 

· . Facton Shaping lntlrut,y Rispons, . . -•. · . . • 

Pcuolcum procfuct demand ·Js Jarsely a fiJ,ncrion of the demand for transportation. Petroleum product • 
consumption bas been rlsing even though chc amount of oil .energy consumed· per dollar of GDP has 
been falling since 1973 ♦- Oil energy per do~ ~ed per dollar of GDP fell &om 8,900 Btu/$ in 
1973 to an cstirnat~ 5,100 Btu/$ in 1996, a drop of 43 percent. The ratio will femain at 5,100 Btu/$ 
of GDP in 1997. • ,. • ' 

Coal 

Electric utilities ~ the dominant consumers of coal. Overall conswnptfon by utilities grew from 17 
. percent (84 million shon tom) in 1949 to an 88 percent share (829 million shon 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 die energy market will remain I! 22.7 percent. Coal consumption is 
• expected to increase in future years alone with the demand for electricity. • 

Contribution to Gnenhorae Gas Emissions· 
. .. . . 

Coal has die highest carbon content per unit of energy among fossil fuels - as well as . being a 
source of pollUWlts such as sulfur dioxide. It is used primarily in the -electricity sector, where 
coaJ.tlrcd plants airrently account for approximately 56 pc.rcent of to~ U.S. electricity production. 
Coal is the second leading source of cubon emissions, and is projected co produce S79 MMTC in 
2010, compare<l to 507 MMTC in°199S. Bven without consideration of the issue of greenhouse gas 
emissions, most analysts project that the great bulk of capacity adclitiom to electric utility plants from 
now until at least 2010 will be fueled with natural gas mher than coal. Thus, while most existing 
coal-fired plants arc highly competitive suppliers of p<?Wer that :ire dispatched ahead of gas-fired 
planes. on the basis of lower. fuel cosis, fuel cost advantages cannot offset the substantially higher 
capital cosr.s of a coal plam when new capacity is needed. • 

J,"aclor1 SMping Industry Response •. 

In the stabiliution scenario, coal production is lower than in the baseline. Jn contrast. the NEMS 
. stabilization scenario nm under assumptions chat allow for rubstantial "overbuilding" (early 

retirement) of existing coal capacity suggests a substantially greater decline in coaJ use than the DRI 
energy model analysis. The reduction in coal use from baseline in 2010 is twice as great - S8 
percent vs. 29 percent. 

Several factors contnoute to the difference in perspectives. Most importantly, the large reductions in 
-end-use energy demand In the ORI energy model provide "roo~" to use more coal that is simply 
unavailable in the NEMS stabilization scenario. In addition, lhc NBMS involves a larger reduction to 
reach stabilization, putring additional .pressure on coal, the most carbon-intensive fossil fuel. 
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Changes in coal use due to greenhouse must be considered in the context of overall industry ~s 
chat arc projected in the absence of any climate chaoge action - despite output growth, employment 
in coal mining in 1995 is already less than half of 1980 levels. Therefore, notwilhswlding rising coal 

. consumption in lhc baseline case, national. coal employment is projected to fall substantially - , 
ictlcctlng the fact that coal production productivity (tons per hour) rises at a mw:h faster rate than 

·does coal comumption in all regions. There is also a continuing shift towards increased supply from 
regions where productivity is highest. ·, • • 

. . . . 

In the DRI energy model results, there is a smaller shift away from coal u.~e (and production) . 
. However, ORI has even higher labor productivity growth assumptiom than does NEMS, whicl1 by 
i&self red~cs ~loymcnt over time in both the base and mitigation policy cases. . . . 

Nuclear~ 

While the pcrfonilance of existing nuclear electric.power plants reached record levels In 1992. the 
• number of operating reactors has l~led off. High operating costs, waste disposal difficulties, and 
other problems pose major challenges to the further expan.41ion of nuclear electric power . 

. The fururc contribution of nuclear power depends on· three factors: economic retirements of existing 
plants prior to the end of their·llccnsc period, re-licensing of wsting plants to cxtcDd beyond a 
40-year service life, and level o( new capacity builds. 

. Factors Shaping Industry 'bsponse 

The baselfne ca.~es in the two energy models each project a modest level of economic retirement~~ 
operatoI decisions against pumiing reliceming, and no construction of new plants. As a result, lh~ 
projected contnl>ution of nuclear power in 2020 is slightly more than half of its 1995 level. White 
the base cases arc similat, 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 
NBMS case, re-licensing of miclear plants becomes cco1lOJTlicatly attraetive, and premaLure economic 
retirements do not occur. As a result, nuclear gener.won docs no, fall from its 1995 Jevel., In 
addilion. the model suggests that new nuclear capacity could be added in the 2015 time frame given 
the modeled carbon permit values in the stablllzation case. • • 

It should -be noted that the model does not account for issues of public acceptability and uncertainly 
·regarding waste disposal that could present significant barriers to new nuclear investments. Tile 
ant.icipated shift to more competitive electricity markets, in wJlich the cost of capital for new ­
generation facilities will be higher than that applicable t0 regulated utilities, tends to make Investment 
in ca.pital-inten.dvc technologies with long lead times, such as nuclear generation. less attractive. For· 
these reasons, the prospec~ for new nuclear builds remain problematic. The models illustrate how 
different policy choice., can lead to differing outcomes. 

Natural Gu 

Contribulion io Grttnhomt Gtu Emissions 

Of tho fossil fuels, na.tural gas consumption and emissions are predicted to increase most rapidly 
through 201S, according to AEO 97. In 1995, carbon emissions from natural gas were 267 MMTC, 
and this figure is projected to increase to 310 MM'fC in 2010 and 319 MMTC in 201S. • 
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Factors Shapin# Intliutr, Rlspon~• . 

: Jmpacu of grceohouse gas emissiom mitigation on die natural gas indusay depend Oil the balance 
. between the lhrcc available strategies in reaching the emissions reduction _goal. Different modeling 
tools filustrate different possible futures: • • 

. . . . 
• • Tho DRI energy model shows a reduction in mtural gas use relative to baseline on the order of 9 

to 16 percent between 2005 and 201S. • 

• NEMS, despite simulating a·somewhat larger reduction fn carbon emissiom from the energy 
sector, shows an increase in natural gas use relative to base of between 4 and 11 percent over 
this same period. . - . . • . : , . • 

r- . -

The dramatically different alternative futures . illustrate the way. in which emphasiiing different e.nergy 
• strategics to reduce c3IboD emissions - encrJY efficiency versus fuel swltchlng - wm produce . 
different result&. • 

, .. 
The key to cost-effective greenhouse gas reductions in 2010 lies in the large potential of developing 
and implementing energy efficiency technologies in ~ of the economic sectors. While the tendency 
bas been on emphasizing those industries which would feel challenged by a U.S. climate change · 
policy to reduce emissions. it is clear that many op()Ortuniries exist as well. • For ~Je. companies 
and individuals in 1.he architcetural field can benefit. as· new building de.signs are needed to improve • 
efficiency in both the residential and commercial sectors. In addition, industries that manufacture 
items such as heating and ait conditioning equipment, offi~ equipment, automobile parts, industrial 
equ;pment, and lighting, to namo only a small fraction of potential Industries, may also benefit under 
a clbnatc change policy due to increased demand for these products. Finally, industries involved in 
the development of renewable energy technologies will also be at an advantage as interest in solar. 
wind and other sources of energy grows-. • 

Conclusion 

Prom the above c&cussion, it is clear that the way in which rescrurces are used by individual 
industries within each economic sector varies widely. This is not surprising given the vast array of 
aoods and services produced by these industries. Because sectors are unique, a ·u.s. climate change 
mitigation strategy must be designed and implemented in a way that reflects a solid understanding and 
appreciation of the differing circumstances faced by U.S. industries. Pollcies which emphasize both 
flexibility and a productivity-led investment strategy to reduce carbon emissions will give each • 
industry the ability to respond to individual .policies in a way that both minimizes potential impacts . 
and maximizes possible opportunities. In order to achieve this goal, future climate change policies 
must be based on the continued development and diffu.cii on of cost-effective, cncray efficient 
technologies. 
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