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A National Renewable Electricity Standard Will Create Jobs 
and Save Consumers Money 

A national renewable electricity standard (RES)1 would require electric utilities to supply a set percentage of 
their electricity from renewable sources such as wind, solar, geothermal, and bioenergy. Similar programs 
have already been implemented in 16 states, including Minnesota, where a minimum renewable electricity 
requirement has been established for only one utility, covering about half of the state's electricity use. 

Over the past four years, an unprecedented surge in natural gas power plant construction has contributed to 
rising natural gas and electricity prices. Consumer natural gas prices have more than doubled. High gas 
prices are forcing industrial users such as the petrochemical industry to move their operations overseas. U.S. 
chemical workers have lost approximately 78,000 jobs since natural gas prices began to rise in 2000.2 

Farmers are also feeling the pain because natural gas accounts for 90 percent of the cost of fertilizer. These 
prices show no signs of abating. 

Renewable Energy Creates Jobs and Economic Benefits 
A new UCS analysis found that under a national 20 percent RES, Minnesota would increase its total home
grown renewable power to more than 4,750 megawatts (MW) by 2020.3 The majority of this development 
would be powered by Minnesota's strong wind and bioenergy resources. This level of renewable 
development would produce enough electricity to meet the needs of over 3.4 million typical homes, provide 
the equivalent of 24 percent of the electricity sales in the 
state, and reduce the use of imported coal and natural 
gas. Minnesota has the technical potential to generate 
more than 13 times its current electricity needs from 
renewable energy. 

Renewable energy development would create new high
paying jobs and other economic benefits in Minnesota. 
By 2020, the 20 percent standard would create 5,020 new 
jobs in manufacturing, construction, operation, 
maintenance, and other industries. Renewable energy 
would create 1.4.times more jobs than fossil fuels-a net 
increase of over 1,500 jobs by 2020.4 It would also 
generate an additional $60 million in income and $80 
million in gross state product in Minnesota's economy. 

Renewable Energy Boosts Rural Economies 
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A national RES would also provide a tremendous boost to rural economies in Minnesota. Many of the jobs 
identified above would be created in rural areas where the renewable resources and facilities would be 
located. By 2020, a 20 percent national standard would provide in Minnesota: 

• $1. 7 billion in new capital investment 
• $342 million in payments to farmers and rural areas from producing biomass energy 
• $126 million in new property tax revenues for local communities 
• $41 million in lease payments to farmers and rural landowners from wind power5 

Renewable Energy Saves Consumers Money 
The 20 percent by 2020 national RES would reduce long run energy costs to consumers. Increased 
competition from renewable energy leads to slightly lower natural gas and electricity prices. By 2020, 
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total consumer savings in Minnesota from lower 
energy prices would be $500 million. All sectors of 
Minnesota's economy would benefit from the 
national RES, with commercial, industrial, and 
residential customers total savings reaching 

Cumulative Energy Bill Savings by Sector, 
Minnesota (20 percent by 2020 RE~)3 

$200 million, $160 million, and $150 million 
respectively by 2020. 

Renewable Energy Conserves 
Resources and Provides Environmental 
Benefits 
Increasing renewable energy use will reduce the 
amount of air pollution from power plants that 
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would also be reduced. Nationally, the 20 percent 
RES will reduce about 434 million metric tons of power plant carbon dioxide emissions a year by 2020-a 
reduction of 15 percent below business as usual levels. The RES will also reduce harmful water and land 
impacts from extracting, transporting, and using fossil fuels and conserve resources for future generations. 

A 10 Percent National RES Will Provide Important-but Fewer-Benefits 
UCS also examined the costs and benefits of the national 10 percent by 2020 RES and renewable energy tax 
credits passed by the U.S. Senate in July 2003 as part of a comprehensive energy bill (HR 6). Under a 
10 percent RES, Minnesota consumers would still see new job growth, economic and environmental benefits, 
as well as savings on electricity and natural gas bills. However, these benefits would be less than what would 
occur under a 20 percent RES. Through 2020, the 10 percent national standard would produce: 

• a net increase of 850 new jobs 
• $1.26 billion in new capital investment 
• $250 million in total consumer energy bill savings 
• $95 million in payments to farmers and rural landowners from producing biomass energy 
• $91 million in new property tax revenues for local communities 
• $32 million in lease payments to farmers and rural landowners from wind power 

Providing jobs, economic development, and a cleaner, safer energy future 
A national renewable electricity standard would make Minnesota's energy supply-and the energy supply of 
the entire United States-more reliable and secure. It would use homegrown energy sources to create high
skilled homegrown jobs, boost rural economies, and put energy dollars back into the pockets of consumers. 
The RES is a sensible step toward a balanced approach to meeting future energy demands, and is far more 
responsible than continuing to rely on unstable and polluting power sources. 

For additional information, visit the UCS Clean Energy web site at www.ucsusa.org/clean_energy. 

1 The renewable electricity standard is also known as a renewable portfolio standard or RPS. 
2 Wall Street Journal, February 17, 2004. 
3 UCS used a modified version of the U.S. Energy Information Administration's (EIA) National Energy Modeling System computer model to 
examine the costs and benefits of increasing renewable energy use. We evaluated a 20 percent by 2020 RES proposal by Senator Jeffords (I-VT) and 
the tax credits for renewable energy that were supported by the Senate energy bill conference committee in November 2003. For the national results, 
see Renewing America's Economy (September 2004). More information about UCS's modeling approach can be found at 
www.ucsusa.org/clean_energylrenewable_energy/page.cfm?page!D=l505 and in the October 2001 report Clean Energy Blueprint, available 
online at www.ucsusa.org/clean _ energylrenewable _ energylpage.cfm?page!D=44. 
4 We conservatively assume that 33 percent of the manufacturing for the wind and solar technologies installed in Minnesota is produced by businesses 
located in the state. We also do not include any jobs or economic development from Minnesota manufacturers exporting equipment to other states or 
countries. If Minnesota is able to attract renewable energy manufacturers to produce equipment for facilities in the state and for export, the jobs and 
income from the RES would increase significantly. 
5 Results are presented in cumulative net present value 2002$ using a 7 percent real discount rate. Job results are for the year 2020. 



Reducing Heat-Trapping Emissions in Minnesota 

ur climate is changing because humans are adding large amounts ofheat
trapping gases to the atmosphere. The good news is that practical solutions 
exist today to address this growing problem. Some warming is inevitable 
because past carbon dioxide ( C02) emissions blanketing the Earth will 
continue to have a warming effect for decades, but the most extreme out

comes for Minnesota can be avoided if respon-
Tota I Heat-Trapping 

sible measures are taken locally, nationally, and Gas Emissions by Sector (1990)* 
elsewhere in the world now. Minnesota 

Many of the solutions to climate change 
provide immediate additional benefits includ
ing energy cost savings, cleaner air and water, 
and new jobs. Ignoring climate change is not 
an option. Waiting 10, 20, or more years to re
duce emissions will increase the eventual 
severity, expense, and likelihood of irreversible 
losses-a terrible legacy to leave our children 
and grandchildren. 

Tackling the Problem at the Source 
Power plants and motor vehicles are the biggest 
sources of emissions in Minnesota. But in order 
to tackle the problem, emissions from industry, 
businesses, and homes as well as other locally 
important sources such as landfills will need 
to be reduced. In addition, improvements in 

Agriculture 
10% 

* The EPA's 1990 data provide the only complete 
greenhouse gas inventory for all sectors. Michigan 
is excluded from this analysis as complete data is 
not available for this state. 

Source: US EPA, 2003 

forestry practices and agricultural soil management offer the potential for reducing 
emissions and storing carbon, a process that can be thought of as "negative emissions." 



missions from power plants, industry, businesses, 
and homes account for more than 50 percent ofheat
trapping emissions in Minnesota. Power plants alone 

account for nearly one-third of total emissions, due to the 
state's heavy reliance on coal. 

Forward-thinking energy policies that promote energy 
efficiency, renewable energy, and cleaner fossil fuel generation 
can significantly reduce emissions from these sources. Clean 
energy policies for Minnesota should: 

• Increase Minnesota's renewable electricity 
standard. Change Minnesota's "renewable energy objective" 
from a voluntary policy to a requirement, and gradually 
increase the standard over time so that all electricity suppliers 

em 
provide 20 percent of their 
electricity from clean, renew
able sources such as wind, 
solar, and bioenergy by 2020. 
A "renewable energy credit" 
trading system could help Min
nesota achieve the standard 
at the lowest cost. To date, 

13 states, including neighbors Iowa and Wisconsin, have 
enacted minimum renewable electricity standards. 

• Increase Minnesota's dean energy investment 
funds to support investments in energy-efficient technologies 
and emerging renewable energy technologies such as solar 
photovoltaics. The fund should be supported by a charge of 
0.4cl: per kWh on consumer electricity bills (about $2 per 
month for a typical household). Savings on consumer energy 
bills from installing efficient technologies will offset this cost. 

• Revisit and strengthen future state energy 
efficiency standards and building codes to incor
porate advances in technology and building practices. 

• Provide incentives for cleaner fossil fuel gene
ration, such as combined heat and power (CHP) systems, 
which produce both heat and electricity for a facility or sur
rounding community from a single fuel source. Some CHP 
technologies can reach efficiency levels of greater than 80 per
cent compared with the 33 percent average for conventional 
facilities. 

• Ensure that transmission pricing policies and 
power pooling practices treat renewable resources 
fairly and account for their intermittent nature, remote 
locations, or smaller scale. 

• Support the same policies at the federal level, 
which would create a level national playing field and additional 
economic opportunities for clean energy in Minnesota. 

Adopting these clean energy policies now promises to 

bring significant economic and environmental benefits in the 
future. A comprehensive study by the Environmental Law 
and Policy Center in Chicago found that by implementing 
similar policies in Minnesota, C02 emissions from power 
plants could by cut by two-thirds by 2020 relative to "business
as-usual" scenarios. They would also reduce sulfur dioxide and 
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nitrogen oxide emissions, which cause acid rain and smog, 
by 71 percent while creating 14,600 new jobs and generating 
$1.1 billion per year in increased economic activity. These 
benefits could be achieved with only slightly higher elec
tricity costs of 1.5 percent in 2010 and 3.4 percent in 2020. 

1th nearly one-third of all heat-trapping emissions 
coming from the transportation sector in the United 
States, it is critically important to reduce emissions 

from the cars we drive. Because most of the nation's car mana 
facturing capacity is in the Great Lakes, the region has a uni. 
opportunity to effect change that not only improves the 
environment at home, but could also help Detroit regain 
its technological leadership among automakers and preserve 
jobs vital to the region. To reduce emissions from the 
transportation sector, we should: 

• Increase fuel economy standards. Federal fuel 
economy standards already in place save more than 720 
million tons of heat-trapping gases per year, the equivalent 
of taking nearly 80 million cars off the road. Automakers 
have the technology in hand to deliver additional gas mileage 
improvements in their fleets, thereby reducing heat-trapping 
gas emissions and oil consumption while saving consumers 
money at the pump. Higher standards will help automakers 
get on track with the worldwide trend toward addressing 
the global warming and energy security implications of 
vehicles. 

• Provide state incentives for hybrids and other 
fuel-efficient vehicles. Tax incentives or rebates pegged 
to fuel economy increases or reductions in global warming 
gases can attract Minnesota buyers and help build the marketA 
for automakers. They can also cut gasoline bills and globa..9 
warming emissions from new vehicles by as much as 50 
percent. 

• Set efficiency requirements for state vehicle 
purchases. Minnesota purchases large numbers of vehicles 
for its government fleets. By requiring state-purchased 
vehicles to be highly fuel efficient, Minnesota can not only 
demonstrate leadership on global warming and build the 



market for high-efficiency cars, but can also demonstrate 
fiscal responsibility by delivering savings at the gas pump. 

.. Support research and demonstration projects 
for fuel cells and other advanced vehicle technologies, which 
have the potential to deliver pollution-free transportation 

•. ile boosting local economies with a new high-technology 

-ustry. 
.. Provide state incentives for low-carbon fuels. 

Many states offer tax incentives for the use of one or more 
alternative fuels, such as renewable ethanol and biodiesel. 
The level of these incentives should be tied to how much 
heat-trapping emissions are associated with the fuel's 
production. 

.. Pursue smart growth projects that reduce 
the need to drive, such as rideshare, bicycle, and pedestrian 
programs, mass transit promotions, and parking manage
ment. 

itrous oxide emissions, primarily from the break
down of nitrogen fertilizers, make up 64 percent of 
agricultural emissions. Methane is the next largest 

source at 34 percent. Aside from climate benefits, reducing 
the use of nitrogen fertilizers has the important health bene
fits of cleaner drinking water and improved health of our 

•

ams, rivers, lakes, and wetlands. The most promising 
egies suggest Minnesota should: 
.. Expand 11nutrient-trading" programs to reduce 

water pollution and heat-trapping emissions. A 2000 
study by the World Resources Institute found that a nitrogen
trading program under the Clean Water Act would provide 
a means for industrial and municipal wastewater dischargers 
to pay farmers to reduce their nutrient losses into waterways. 
This model has a net financial benefit to farmers, allows 
water treatment facilities to meet their water quality obliga
tions cost-effectively, and has the potential to reduce nitrous 
oxide emissions from agriculture significantly. Minnesota's 
pilot nutrient-trading programs could be expanded. 

• Address methane from livestock and livestock 
waste. The Environmental Protection Agency supports 
several programs (e.g., AgSTAR, RLEP) that can reduce 
methane and nitrous oxide emissions from livestock and 
livestock wastes while improving production efficiency and, 

in some cases, converting the methane gas into energy for 
the farm. Further study is necessary to determine the 
effectiveness of these programs. 

• Improve soil management on our farmlands. 
Numerous studies have shown that certain best practices 
in soil management such as no-till, low input, and use of 
cover crops can enhance short-term soil carbon storage. 

1th nearly 17 million acres of public and private 
forestlands in Minnesota, there are substantial 
opportunities for storing carbon in trees and forest 

soils, as well as avoiding new emissions. Protecting and restor
ing native forests and reduced-impact logging can both in
crease carbon storage and provide biodiversity and other 
environmental benefits. Minnesota should undertake the 
following practices to get the most climate benefit from 
its forestland: 

• leverage public funds for forest acquisition 
and management. Funding is available through the US 
Forest Service for forest conservation and improved manage
ment on privately owned lands. The Forest Legacy Program, 
for example, supports acquisition of private forests, which 
make up more than 50 percent of forestlands in Minnesota. 
In addition, the USDA's Conservation Reserve Program 
provides financial resources to landowners to restore native 
tree cover to unproductive agricultural lands. All of these 
programs provide a cost-effective means for private land
owners to store additional carbon by boosting forest biomass. 

• Increase and maintain urban tree cover to 
reduce the urban 11heat. island" effect. This strategy 
not only stores additional carbon, but also conserves energy 
by reducing solar radiation and air temperature. The Chicago 
Urban Forest Climate Project, for example, reduced the 
city's air pollutants by more than 6,000 tons in 1991. Planting 
trees resulted in net savings of annual heating and cooling 
costs equal to more than $200 per tree. 

Union of Concerned Scientists 



• Manage forests for climate and other environ
mental values. As of 2000, New York, Minnesota, Wiscon
sin, and Michigan had a total of 1. 7 million acres of forest 
certified as sustainably managed by the Forest Stewardship 
Council (FSC). Such certification should be expanded and 
coupled with a sound "carbon market" that provides incen
tives to reduce net emissions and protect and restore the 
region's forests. 

• Expand the Releaf program established in 1990 
to promote tree planting on urban and rural lands throughout 
Minnesota. Its primary goal is to achieve energy conservation 
and reduction of atmospheric carbon dioxide through com
munity forestry. Currently, ReLeaf funds are available only 
for projects addressing oak wilt control. New funds should 
be devoted to this program in order to promote native tree 
planting for storing carbon and conserving energy. 

here are several initiatives that address multiple sources 
of emissions and can play an important role in reduc
ing heat-trapping emissions in the Great Lakes region. 

\ 

Act (S. 556) and the Clean Smokestacks Act (H.R. 1256), 
would cut C02 emissions by 25 percent-reducing them to 
1990 levels, nitrogen oxide and sulfur dioxide emissions by 
75 percent, and mercury emissions by 90 percent. Addressing 
all four major pollutants at once allows utilities to take an 
integrated approach to pollution control, reducing compli
ance costs while greatly improving public health. Minnesota's 
congressional delegation should be encouraged to support 

• Climate change action plans. In 2003, Minnesota 
drafted a climate change action plan that will require strong 
support for implementation. Similarly, Duluth, Hennepin 
County, Minneapolis, Ramsey County, and St. Paul have com
mitted themselves to local emission reductions through the 
International Cities for Climate Protection Campaign. 

• Emissions trading, with a mandatory carbon "cap" 

these efforts. • or ceiling, is another possible strategy for reducing emissions 
cost-effectively. Amanda
tory carbon-trading bill 
was introduced by Sena
tors John McCain (R-AZ) 
and Joseph Lieberman 
(D-CT) to set up a "cap 
and trade" system at the 
federal level. The Chicago 
Climate Exchange is a 
US leader in developing 

carbon-trading strategies. Minnesota senators should be 
encouraged to co-sponsor strong carbon-trading legislation. 

• Regulating C02 with other pollutants. In 2002, 
Congress introduced a bill to reduce power plant emissions 
responsible for global warming, acid rain, smog, and mercury 
contamination. This legislation, known as the Clean Power 

lobal warming is under way and already causing 
changes to our environment. However, the size of 
this challenge should not paralyze us. Innovative, 

affordable, and prudent solutions are available to help reduce 
the severity of climate change. Leadership at all levels in Min
nesota is needed to solve this human-caused problem. Citizens 
must take action in their own lives and insist that local and 
national elected leaders and corporate CEOs implement 
responsible solutions that will slow climate change. 

Immediate steps are necessary to increase the health 
and resilience of ecological and economic systems vital to the 
region, and we must begin planning and preparing to manage 
those future changes that cannot be avoided. By acting now, 
we can protect the rich natural heritage, vibrant economy, 
and well-being of people and communities in Minnesota 
and throughout the region. 

Union of 
Concerned 
Scientists 
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Global Warming Solutions: Reducing Heat-Trap ping Emissions in Minnesota 

supplements the findings of Confronting Climate Change in the Great Lakes Region, a 

report published in April 2003 by the Union of Concerned Scientists and the Ecological 

Society of America. This report is available at www.ucsusa.org/greatlakes. For a printed 

copy of the report or more information on practical solutions to climate change 

contact the Union of Concerned Scientists at (617) 547-5552. 
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uch of Minnesota's character is defined by water, from 
Lake Superior to the thousands of inland lakes to the 
headwaters of the Mississippi River. This summary 

highlights the potential impacts of climate change on Minne
sota's economy, its people, and the places they love. 

Scientists are now convinced that human activity, primarily 
burning fossil fuels to produce electricity and drive our cars, 
is changing our climate. These activities emit gases, principally 
carbon dioxide ( C02), that blanket the planet and trap heat. 
Already, we are seeing signs of climate change throughout the 
Great Lakes region: average annual temperatures are increasing; 
severe rainstorms have become more frequent; winters are getting 
shorter; and the duration of lake ice cover is decreasing. 

Climate 
he latest, most reliable projections of future climate change 
combine 100 years of historical data for Minnesota with 
the most up-to-date general circulation models of the 

Earth's climate system. In general, Minnesota's climate will grow 
considerably warmer and probably drier during this century, 
especially in summer. 

• Temperature: By the end of the 21st century; temperatures 
are projected to rise 6-l0°F in winter and 7-16°F in summer. 
This dramatic warming is roughly the same as the warming since 
the last ice age. Overall, extreme heat will be more common and 
the growing season could be 3-6 weeks longer. 

• While annual average precipitation may 
not change much, the state may grow drier overall because 
rainfall cannot compensate for the drying effects of a warmer 
climate, especially in the summer. Seasonal precipitation in 
the state is likely to change, increasing in winter by 15-40% 
and decreasing in summer by up to 15%. Minnesota, then, may 
well see drier soils and perhaps more droughts. 

• events: The frequency of heavy rainstorms, both 
24-hour and multiday, will continue to increase, and could be 
50-100% higher than today. 

cover: Declines in ice cover on the Great Lakes and 
inland lakes have been recorded during the past 100-150 years 
and are expected to continue. 

the Climate II Feel 
changes will dramatically affect how the climate feels 

us. By the end of the century; the Minnesota summer 
will generally resemble that of current-day Kansas, 

and winters may be like those in current-day Wisconsin. 

pacts 
i Change 

Water Supply and Pollution 
innesota depends heavily on groundwater, on fresh water 
from lakes and the Mississippi River, and on rainfall for 

agriculture, drinking, and industrial uses. As the state's popula-

Current Summer 
Changes 

Over the 21st 
Century 

By 2095 Winter 
Summer Changes 

Over the 21st 
Century 

By 2095 
Winter 

tion grows from currently five to nearly six million by 2025, 
projected changes in rainfall, evaporation, and groundwater 
recharge rates will affect all freshwater users. 

e 

• Reduced summer water levels are likely to diminish the 
recharge of groundwater, cause small streams to dry up, and reduce 
the area of wetlands, resulting in poorer water quality and less 
wildlife habitat. 

• Lake levels are expected to decline in both inland lakes. 
and the Great Lakes, as more moisture evaporates due to warmer · .. 
temperatures and less ice cover. 

• Pressure to increase water extraction from the Great Lakes 
will grow, exacerbating an already contentious debate in the region. 

• Development and climate change will degrade the flood
absorbing capacities of wetlands and floodplains, resulting in 
increased erosion, flooding, and runoff polluted with nutrients, 
pesticides, and other toxins. 

Agriculture 
om and soybeans are major crops in Minnesota, with more 
than one billion dollars in sales from these crops in 2001. 

The state is also a dairy and livestock leader. There are likely to 
be some positive impacts for agriculture from a warmer climate, 
although current evidence suggests that the negative consequences 
could outweigh the positive. In general, however, regional develop
ment, technological advances, and market fluctuations have 
as much influence on farmers as the climate. 

Overall, optimal weather conditions are expected to shift 
northward and eastward in the region. Minnesota agriculture 
may benefit from warmer temperatures and a longer growing 
season, but may be constrained by declining soil moisture and 
thin and acidic soils. Climate variability will likely pose greater 
risk for smaller farms and may thus reinforce the trend toward 
increasing farm size and industrialization of agriculture in the 
region. These changes will affect local farming communities, 
and, in turn, change the character of rural landscapes across 
the state. 

e 



• Increased atmospheric C02 and nitrogen as well as a 
longer growing season could boost yields of some crops, such 
as soybeans, corn, and wheat. 

• Severe rainstorms and flooding during planting and har
vest seasons will likely depress productivity. Similarly, hotter and 
drier conditions during the main growing season also disrupt 
production and may require irrigation of currently rain-fed crops. 

• Higher ozone concentrations can damage soybeans and 
aiorticultural crops, countering positive impacts of a warmer climate. 
W • Increased soil erosion and runoff of agricultural wastes 

are likely if the frequency of flooding increases. 
• Several climate changes combine to create more favorable 

conditions for a number of pests and pathogens. The bean leaf 
beetle, which eats soybeans, and the European com borer may 
expand northward. 

• Warmer summer temperatures suppress appetite and 
decrease weight gain in livestock; warmer winters and less 
snow cover likely will reduce the quantity and quality of 
spring forage, and thus, milk quality. 

Human Health 
limate projections suggest that extreme heat periods are 
likely to become more common in a warmer climate, as 

will severe storm events. 
• Winter cold-related morbidity or mortality will decrease, 

while summer heat-related morbidity or mortality is likely to 
increase. The number of hot days is projected to increase, with 
years later in the century experiencing 40 or more days exceed
ing 90°F. Of even greater concern is the projected increase in 

•

xtreme heat days (exceeding 97°F). By 2080-2100, Minne
ota may experience 10-25 such days annually. Minneapolis/ 

St. Paul will be particularly vulnerable because extremely high 
temperatures are now rare. These extremes will require improved 
warning systems and preparation to avoid severe health impacts. 

c Higher temperatures and more electricity generation 
for air conditioning increase the formation of ground-level ozone, 
likely exacerbating asthma and other respiratory diseases. 

• Some waterborne infectious diseases such as cryptospori
diosis or giardiasis may become more frequent or widespread 
if extreme rainstorms occur more often. 

• The occurrence of many infectious diseases is strongly 
seasonal, suggesting that climate plays a role in influencing trans
mission. Some diseases carried by insects such as Lyme disease 

(ticks) or, more recently, West Nile encephalitis (mosquitoes) 
have expanded across the region. While this spread is attributed 
largely to land-use changes, future changes in rainfall or tempera
tures could encourage greater reproduction or survival of the 
disease-carrying insects. 

Property and Infrastructure 
ities are particularly vulnerable to the risks of climate 
extremes, incurring direct economic losses or requiring 

costly adaptations. 
• More frequent extreme storms and floods, such as the 

Red River flood shown below, will be exacerbated by stream 
channeling and more paved surfaces. These climate and land
use changes result in greater property damage, place heavier 
burdens on emergency management, increase cleanup and 
rebuilding costs, and exact a financial toll on businesses 
and homeowners. 

• Municipalities in Minnesota will 
have to upgrade water-related infrastruc
ture including levees, sewer pipes, and 
wastewater treatment plants in anti
cipation of more frequent extreme down
pours. 

• Lower lake levels have costly im
plications for shipping on Lake Supe-
rior, requiring more frequent dredging are now rare. 
of channels and harbors and adjusting 
docks, water intake pipes, and other infrastructure. On the other 
hand, a longer ice-free season will extend the shipping season. 

lakes, Streams, and Fish 
innesota's famous waters draw millions of visitors each 
year. Native aquatic plant and animal species will differ 

widely in their responses to changing water temperature and 
hydrology. 

• Cold-water species such as lake trout, brook trout, and 
whitefish may decline dramatically as cool-water species such 
as muskie and walleye along with warm-water species such as 
bluegill and smallmouth bass expand their ranges northward. 

• These disruptions will likely be compounded by invasions 
of nonnative organisms such as the common carp and zebra 
mussels, fundamentally changing native fish communities. 

• In all lakes, the duration of summer stratification will 
increase, adding to the risk of oxygen depletion and formation of 
deep-water "dead zones" for fish and other organisms, although 
"winterkill" in shallow lakes will likely decrease. 

• Lower water levels coupled with warmer water tempera
tures may accelerate the accumulation of mercury and other 
contaminants in the aquatic food chain. 

Wetlands and Shorebirds 
arlier spring runoff, more intense flooding, and lower summer 

0 
levels generally translate into growing challenges for 

~ Minnesota bogs and wetlands and the species that depend on 
[ them. Development and agriculture have already reduced 
~ wetland habitat significantly. 
g • The combined pressures of development and climate change 
~ 
-< will degrade the flood-absorbing capacities of wetlands and 
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""Tl 

~ 
)> 



floodplains, potentially resulting in increased erosion, additional 
water pollution, and delayed recovery from acid rain. 

• Wetland losses and changes in flood pulses will likely reduce 
safe breeding sites for amphibians, migratory shorebirds including 
some warblers, and waterfowl such as canvasbacks, and may 
cause many migratory species such as Canada geese to winter 
further north. 

• Increased evaporation will likely shrink wetland habitat 
and dry up prairie potholes. New wetlands, however, may be 
created along lake edges as water levels drop. 

• Warmer temperatures are likely to accelerate C02 and 
methane release from peat lands. 

Recreation Tourism 
ourism is one of Minnesota's top income-producing indus
tries. Birders, boaters, hikers, hunters, and winter sports 

enthusiasts bring nearly $10 billion into the state annually. 
• Millions of anglers will be affected by range shifts, 

loss of habitat, and increases or declines of their preferred catch, 
both on Lake Superior and inland lakes. 

• Loss of habitat or food resources for migratory songbirds, 
shorebirds, and waterfowl will affect Minnesota's multimillion
dollar birdwatching and hunting industries. 

• Warmer winters mean trouble for states such as Minnesota, 
where winter recreation has long been an integral part of people's 
sense of place. Communities and businesses dependent on 
revenues from cross-country or downhill skiing, snowmobiling, 
and, especially, ice fishing, could be hard-hit. 

• Resident birds such as northern cardinals and chickadees 
might be able to breed earlier and raise more broods. Bigger 
resident bird populations, however, could reduce the food 
available for migratory songbirds. 

• Climate warming may benefit some resident mammals 
such as raccoons, skunks, and the already prolific white-tailed 
deer, while moose could be negatively affected by warming and 
more deer-carried parasites. 

innesota residents, business leaders, and policymakers 
can help reduce the potential impacts from climate 
change by pursuing three necessary and comple

• The summer recreation season will likely expand as tem
peratures warm further, but extreme heat, heavy downpours, 
elevated ozone levels, and possible increases in risk from insect
and waterborne diseases may dampen outdoor enthusiasm. 

mentary strategies: 
• Reducing heat-trapping gas emissions by increasing energy • 

efficiency in buildings, investing more heavily in renewable energy 
sources such as wind and bioenergy, and enhancing clean trans
portation choices. Minnesota is already the nation's third largest 

Forests and Terrestrial 
orthern Minnesota is still dominated by forests of spruce, 
hemlock, and fir, and forestry is locally important in the 

state. Factors other than climate are important drivers of change 
in forest ecosystems and the forestry sector, but climate change 
may exacerbate existing stresses. 

• Warmer temperatures will likely cause boreal forests 
(pictured above) to shrink and other forest species to move 
northward unless hindered by barriers. 

• Increasing atmospheric C02 and nitrogen will likely spur 
forest growth in the short term, but higher concentrations of 
ground-level ozone, more frequent droughts and forest fires, 
and a greater risk from insect pests could damage long-term 
forest health. 

wind power producer and has the potential to do more. 
the improving 

air quality, protecting the quality and supply of water resources, 
protecting habitat, and limiting sprawl. 

those impacts from that 
uvr.,,1-c,u•u mrough better planning and emergency pre

paredness, adaptations in agriculture and shipping, strengthen
ing public health response, and adjusting infrastructure. 

With smart planning and a commitment to responsible 
management, Minnesota can continue to lead the region in 
designing effective climate solutions, acting as an exemplary 
steward of its rich environment and resources in the face 
of climate change. 

Union of 
Concerned 
Scientists 

Citizens and Scientists for Environmental Solutions 

This fact sheet is based on the. findings of Confronting Climate Change in the 
Great Lakes Region, a report published in April 2003 by the Union ofConcerned 

Scientists and the Ecological Society of America. The report was written by regional 
experts under the leadership of George Kling CQniversity of Michigan). Experts 

from Minnesota included Lucinda Johnson (U-MN, Natural Resources 
Research Institute) and Stephen Polasky (University of Minnesota). 

Dr. Lucinda Johnson (218) 720-4251· Dr. Stephen Polasky (612) 625-9213 
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How smart energy policy can boost job growth 
save money for consumers; and strengthen national security. 

New, high-quality jobs for Minnesota's workers. 

Clean, sustainable energy. Reduced dependence on 
foreign oil. Lower energy bills for consumers. This is 
the bold vision of a strong America that's bringing 
together labor unions and environmental advocates 
nationwide. 

For too long, the debate over America's energy future 
1':is been shaped by the outdated notion that there's an 

herent tradeoff between environmental and 
economic priorities. The nay-sayers have told us, for 
example, that we can stop global warming-or we can 
have job growth-take your pick. 

Americans have always responded to challenges 
with determination, a can-do attitude, and bold, 
creative solutions. That's just what an innovative 
alliance of thinkers from leading labor and 
environmental groups has been up to for the past 
several years, and the blueprints are now out. 

A series of recent national studies have 
demonstrated exactly how we can build a secure 
domestic energy base for the twenty-first century, 
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How Minnesota benefits: 

37,000 additional new jobs created 

Average household saving on energy bills of 
$1,268 per year 

Reduced dependence on foreign oil, strengthening 
national and economic security for all Americans 

protect our environment, save consumers billions of 
dollars - and revitalize American industry, creating an 
abundance of good new jobs for American workers. 

Now, a new report titled Smarter, Cleaner, Stronger: 
Secure Jobs, a Clean Environment, and Less Foreign Oil 
offers a roadmap for America, and for the first time 
breaks the economic benefits down by state. 

In Minnesota alone, the Smarter, Cleaner, Stronger 
plan creates 37,000 more high-quality jobs than would 
be provided under current policies (see graph), as well 
as $2.9 billion in yearly savings on consumer energy 
bills.1 That's an annual savings of $1,268 for every 
family in Minnesota by the end of the forecast period. 
Air quality would be improved and carbon dioxide 
emissions cut in half, which would go a long way 
toward stopping global warming. And we could call a 
halt to our ever-increasing dependency on foreign oil. 

How does it work? By harnessing the innovative spirit 
that makes our economy the most dynamic in the 
world. The key .. is a comprehensive policy package 
combining the best elements of market-based 
incentives and technology-policy approaches, to 

1904 Franklin Street Floor • Oakland, CA 94612 • voice 510.444.3041 •fax 510.444.3191 ° info@rprogress.org • www.redefiningprogress.org 
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Accelerate the implementation of existing clean, 
energy-efficient technologies, 
Stimulate the development of renewable domestic 
energy sources, and 
Promote research and development on efficient 
new technologies. 
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Investment in efficient, clean energy technologies 
lowers business costs and boosts the productivity and 
competitiveness of American industry, shifting wasted 
resources into productive output. That means faster 
economic growth, more jobs, and higher wages. 

The plan, first laid out two years ago by noted 
economists James P. Barrett and J. Andrew Hoerner in 
a pathbreaking report, Clean Energy and ]obs,2 led the 
way in building new partnerships between labor and 
environmentalists for energy policy reform. 

It has been followed by an ever-growing number of 
coalition endeavors, led by the Apollo Alliance, the 
Blue-Green Alliance, the Alliance for Sustainable Jobs 
and the Environment, and others, and a series of 
reports showing that well-designed initiatives for 
efficient, renewable energy can be powerful engines of 
job growth.3 

The new report, Smarter, Cleaner, Stronger, updates 
and extends the analysis, using a sophisticated 92-
sector model to simulate the economic effects over 20 
years. (Details on the method can be found in the 
national report.) 
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The results are clear: strategic investment in clean, 
efficient energy technologies saves consumers moner 
and creates jobs. That's good news for Minnesota. 

Over the past few years, working families in 
Minnesota have struggled to keep up with soaring and 
erratic energy prices (see graph). With a tank of 
gasoline in 2004 costing 32 percent more than it did in 
2002 and natural gas more than 36 percent higher, 
consumers are spending an ever-growing portion of 
their household budgets on basic energy needs. 

At the same time, there's a growing recognition 
that America's dependence on Middle East oil puts 
our national security at risk and makes our economy 
vulnerable to supply disruptions and price 
manipulation. Global oil price shocks have preceded 
nearly every major postwar recession, with 
tremendous costs in lost jobs and income. 
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Given recent economic conditions, that's a scenario 
Minnesota can ill afford. Job growth in the state has 
been stagnant (see graph), with 34,000 jobs lost in 
manufacturing alone between 2001 and 2003. 

The Smarter, Cleaner, Stronger plan will get 
employment growth moving again, with more than 
37,000 additional new jobs created in the state, over and 
above the baseline growth rate (graph., p.1). Thosi 
additional jobs today would cut Minnesota's 
unemployment·rate significantly. 

The gains are spread throughout Minnesota's 
economy, with manufacturing adding an additional 

Redefining Progress Smarter, Cleaner, Stronger: Secure Jobs, a Clean Environment, and Less Foreign Oil - 2 
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9,763 jobs, as investment in efficient technologies 
improves manufacturing productivity and increases 
demand for capital goods (see graph). Agriculture 
benefits from increased demand for biomass energy 
sources, while the service sector boosts hiring to meet 
growing market demand, as consumers plow the 
money they save on energy bills back into the 
economy. 

Minnesota's consumers would save an average of 
$630 per household on energy costs each year, rising 
to $1,268 by 2025. That's money Minnesota's working 
families can better spend on their kids' educations, or 
invest for a more comfortable retirement. Household 
purchases of gasoline would cost 39 percent less than 
under current policies. They'd spend 56 percent less 
on electricity. 

These results are reflected on the national level, as 
well, with 1.4 million new jobs generated for American 
workers. Total U.S. consumer energy savings would 
average an astounding $40 billion per year in 2010, 
growing to $150 billion by 2025. 

Furthermore, by the year 2025 _oil imports would be 
reduced by an amount exceeding all current U.S. 
purchases from OPEC. Air pollution would also be 
much lower than under current policies, with carbon 

: dioxide emissions cut by 50 percent below baseline 
levels, which means cleaner air for everyone and a 
significant reduction in the primary heat-trapping 
gases responsible for global warming. 

lT S 1TME FOR ACTION 

Today, working families in Minnesota and 
throughout America face spiraling energy prices, 
stagnant job growth, and growing concerns about the 
vulnerability of our economy and our national 
security to foreign oil interests. We need to act boldly. 

The plan proposed in Smarter, Cleaner, Stronger 
harnesses American ingenuity to help consumers, 
workers, businesses, and the environment. It gets the 
economy moving again, generates new jobs, raises 
wages, and keeps billions of oil dollars at home. And it 
ensures the country a secure and sustainable domestic 
energy base for generations to come. 

The time has come for America to replace its aging, 
inefficient energy supply system with better 
technologies for the new century. This plan provides 
the roadmap to a smart energy policy for a clean 
environment and a strong nation- smarter, cleaner, 
stronger. 

MORE MANUFACTURING JOBS FOR MINNESOTA 

Smarter, Cleaner, Stronger 

201) 1327 

2015 ••• 1.981 

2020 ••••••••• , 6,268 

Additional 
Manufacturing 
Jobs Created 

2025 lilllllllllllllllllllllllllll!IN 9·
763 

MORE SERVICE SECTOR JOBS FOR MINNESOTA 

Smarter, Cleaner, Stronger 

2011 1111111 
2015 11,730 

Additional 
Service Jobs 

Created 

2020 •••••••••••• 19.602 

2025 ················26,386 

NOTES 

1 Consumer savings results, as reported, are true net savings, 
the difference in actual expenditures on energy net of any 
consumer investment in energy-efficient equipment. 

2 Clean Energy and fobs: A Comprehensive Approach to Climate 
Change and Energy Policy, by James P. Barrett and J. Andrew 
Hoerner, Economic Policy Institute and Center for a 
Sustainable Economy (2002). 
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3 For example, see New Energy for America: The Apollo Jobs 
Report, The Institute for America's Future and Center on 
Wisconsin Strategy (2004), www.apolloalliance.org/jobs/ 
index.cfm; Renewing America's Economy, Union of Concerned 
Scientists (2004), www.ucsusa.org/ clean_energy / 
renewable_energy /page.cfm?pageID=1505; and Daniel M. 
Kammen, D.K., Kapadia, K., & Fripp, M. Putting Renewables 
to Work: How Many Jobs Can the Clean Energy Industry 
Generate? Renewable and Appropriate Energy Laboratory, 
University of California, Berkeley (2004), see http:/ /ist
socrates.berkeley.edu/-rael/. A Responsible Energy Policy for 

Redefining Progress is ·a• non.-profit research· and.policy 

organizatlonbased in Oakland, California, that believes that 

genuine progress en.tails providing.a better life for allwithin 

the capacity of nature. RP' s tools and policies emerge from 

three. "Big. Ideas:'> 

SUSTAINABLE ECONOMICS: The Center for 

Sustainable Economy The .. cost of. many products we 

purchase each day fails to fully account for their effects· on 

society and the environment· Pollution, . traffic congestion, 

and health risks are examples of such ~ffects .. RP.'s Center 

for Sustainable Economy works to promote creative, marker.. 

based solutions to capturing these costs and to balancing a 

healthy enVironment> a strong economy, and a. fair>society~ 

SUSTAINABILITY INDICATORS .. ·PROGRAM:. The 

Sustainability. Indicators .Program ··documents where· we 

really stand with respect to •our society's natural and social 

limits. The GPI, for example, subtracts destructive costs and 

adds in social and economic benefits ignored by the Gross 

Domestic Product. The Ecological · Footprint .. tracks the 

consumption and waste patterns of individuals, 

·communities, businesses and nations, and has .rigorously 

shown that we overuse our planet's natural capital by up to 

25%. 

CO:M:MON ASSETS PROGRAM: The· Common Assets 

program reclaims o1lrshared resources as the basis for· our 

common wealth. Resourcesli.ke water, •genetic information, 

parks, public education and safe recreation areas are critical 

to ensuring sustainable development and quality of life. All 

of us lose out as these common assets are increasingly 

privatized, enclosed,. divested and·. depleted. Low~income 

communities are ·historically tnore vulri~rable to these 

trends. 

the 21st Century. Daniel Lashof and Patricia Silva, NRDC 
Publication (February, 2001), www.nrdc.org. 

4 Median wage data for 2004 were estimated by using 2003 
wages and the state-specific 10-year compound growth rate. 
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GLOBAL WARMING Will HURT MINNESOTA 

The vast majority of the world's leading scientists now agree 
that human activities may lead to substantial impacts on the 
global climate. Consensus estimates warn of an average in, 
crease in temperatures of between 2 and 10 degrees over the 
next century, leading to more severe drought, rising sea levels, 
shifting seasons, and increased disease. 

In Minnesota, this could 
lead to a number of prob, 
lems. Projections show tem
perature increases of about 
4 degrees year,round. These 
high.er temperatures and 
more frequent heat waves 
could increase heaHelated 
deaths and illnesses from 

IMPACTS ON MINNESOTA 

• More frequent heat waves 
• Increased illness from 

insect-borne diseases 
• Economic and ecological 

losses due to forest 
losses 

• Increased need for 
insect,borne diseases like irrigation systems 
malaria and West Nile virus. 
West Nile was detected 80 of 87 counties in 2003, with hu, 
man cases in 56. Increased temperatures would make the state 
more habitable for mosquitoes that carry the virus, likely lead, 
ing to increased human infections. 

With substantial agricultural and forest resources, Minnesota 
is particularly sensitive to variations in the weather. For ex
ample, temperatures in Itasca State Park average 5 degrees lower 
than nearby prairies. Temperature increases in the range pre, 
dieted could gradually turn the Itasca forests into a prairie. 
Additionally, temperature increases may force the state's north_, 
ern and western hardwood forests to die off or migrate out of 
the state, causing serious damage to local ecosystems and deal, 
ing a severe economic blow to the forest products industry. 
Higher summer soil temperatures would increase evaporation 
rates, creating potentially large reductions in corn and wheat 
yields and the need for potentially massive investments in irr~ 
gation systems, which are currently rare in d1e state. 

Increased temperatures could also deprive agriculture of its 
natural defense against various pests currently unable to over, 
winter in the state's cold. Rising temperatures may reduce 
stream flows and lake levels, while more frequent heavy rains 
would increase soil erosion and eutrophication, damaging bod1 
agriculture and fish populations. 

THE "CLIMATE STEWARDSHIP ACr' 

The Climate Stewardship Act (CSA), introduced by Senators 
McCain and Lieberman is based on a similar and highly sue, 
cessful program implemented in the Clean Air Act, which has 
led to large reductions in acid,rain causing pollution with a 

STATE 

minimum of economic 
costs. CSA would create a 
market-based cap,and trade 
system to reduce emissions 
of carbon dioxide and od1er 
heaHrapping gases from 
electricity generators and 
other large industrial and 
commercial sources, cover, 
ing 85% of the nation's 
emissions. 

ISSUE BRIEF 

2004 

CUMATE 
STEWARDSHIP ACT 

• Cap and Trade 
• Similar program reduced 

acid rain by 50% at 1/10 
the estimated cost 

• Lowest cost solution 
• Protects Rural Electric Co

ops 

Under a cap and trade system, a fixed number of emissions 
allowances (permits) are distributed to emitters. One permit 
allows the holder to emit one metric ton of carbon dioxide or 
an equivalent amount of otl1.er gases. Companies tl1.at can run 
tl1.eir business witl1.out using all tl1.eir allowances can sell tl1.eir 
surplus to companies whose actual emissions exceed tl1.eir al, 
lowances. Under such a system, emissions are reduced by those 
who can do it at the lowest cost, thus minimizing economic 
impacts. Cap,and,trade systems, such as tl1.e one proposed by 
McCain and Lieberman, make reducing pollution a potential 
source of profit for companies, giving them an incentive to 
devise new and even cheaper ways to cut tl1.eir emissions. 

Beginning in 2010, CSA would cap emissions at tl1.eir 2000 
levels. To help meet tl1.is target, tl1.e Act contains various flex, 
ible mechanisms allowing companies to meet tl1.eir reduction 
targets tl1.rough a variety of ways, including investments in clean 
energy projects outside tl1.e 
U.S., international trading 
of emission credits and by 
storing carbon in trees and 
tl1.e soil. 

ECONOMIC IMPACTS 

COST-EFFECTIVE FOR 
THE UNITED STATES 

• $250 billion benefits at 
costof$150 billion 

• 100,000 new jobs by 
2015 

Estimates show tl1.at tl1.e benefits of CSA would outweigh its 
costs by a ratio approaching 2: L While tl1.e Act's provisions 
would impose about $150 billion (at net present value) in 
emissions reduction costs nation,wide, it would generate $250 
billion wortl1. of benefits in the form of increased energy effi, 
ciency, reduced energy expenditures and economic growth 
tl1.rough 2025. Nationwide, we estimate tl1.at the Act would 
create over 100,000 jobs by 2015. Our analysis is based on 
research from the Tellus Institute-a non,profit research and 
consulting organization (http://www.tellus.org)-which stud, 
ied tl1.e impact of tl1e Act's cap,and,trade program as well as 
energy efficiency programs tl1.at would be funded by the Act. 

Like tl1.e nation as a whole, preliminary analysis shows that 
the impacts for Minnesota are also largely positive. While tl1.e 



utility sector would suffer 
losses of about 700 jobs 
statewide, these would be 
more than offset elsewhere, 
leading to a net increase in 
employment of about 2000 
jobs. The gains would be 
spread throughout the 
economy, though the con:
struction industry would 
particularly benefit. 

In addition, Minnesota has 

IMPACTS ON MINNESOTA 

• 2,700 new jobs in 
construction and other 
sectors (but 700 jobs lost 
in utilities) 

• Increased demand for 
agricultural and forestry 
products for bio-energy 

• Fostering local produc
tion of wind power 
components 

substantial wind energy resources, ranking 9th in the nation. 
While the state has already begun to tap into this potential, 
the vast majority of wind resources remain untouched. Wind 
potential is estimated to be over 650 billion kilowatt hours a 
year, or about 10 times the amount of electricity used in the 
state in 2000. Further developing the state's wind resources 
could generate substantial economic benefits, not only for the 
energy sector but also for farmers and ranchers who stand to 
gain by leasing parts of their land to wind generators. While 
lease arrangements can vary, a 2000 acre farm would likely 
receive over $100,000 in land rental fees, while losing access 
to about 20 acres. Given Minnesota's substantial potential for 
wind power projects, the state could also see an upsurge in the 
manufacturing sector to supply the necessary machinery and 
other components not only within the state but for export to 
other states, as the Act would spur additional demand for wind 
power equipment nationwide. Minnesota also stands to gain 
from the increased use of corn;based ethanol, which currently 
accounts for about 15% of tl1e state's corn crop and, in tl1e 
long run, from cellulosic ethanol made from agricultural and 
forestry wastes and dedicated energy crops. 

Nationally, not all sectors of the economy would benefit. R~ 
ducing carbon dioxide and otl1er emissions would require re; 
duced use of fossil fuels, leading to economic contraction in 
those sectors. Increasing energy efficiency, while providing 
substantial benefits to botl1 residential and commercial en:
ergy consumers, leads to reduced demand for electricity, pos; 
ing some costs on that sector as well. Overall, however, d1ese 
costs are more than offset by gains in otl1er sectors, like con:
struction, which would see a substantial increase in demand 
for new projects spurred by the increased implementation of 
energy efficient technolo; 
gies. The manufacturing sec-
tor would also see increased 
employment with increased 
demand for energy efficient 
equipment. 

Minnesota's consumers 
stand to benefit from the 

OTHER BENEFITS 

• Consumers save through 
energy efficiency im
provements 

• Wind energy could 
produce 650 billion 
kilowatt hours/year 

E2: ENVIRONMENTAL ENTREPRENEURS 

71 Stevenson Street, Suite 1825 
San Francisco, CA 94105 

TEL (415) 777-0220 FAX (415) 495-5996 
www.e2.org 

Act as well. The energy efficiency provisions included in tl1e 
Act will generate substantial savings in the form of reduced 
energy expenditures. While energy prices will increase moder; 
ately as a result of tl1e pollution reduction requirements in tl1e 
Act, these costs will be offset by reduced consumption and 
rebates of revenue raised by allowance sales. Energy savings 
for households and businesses will free up substantial resources 
tl1at can be reinvested in state and local economies. 

There are otl1er, non:-economic benefits as well. While Minne; 
sota currently does not have a substantial air quality problem, 
about two;tl1irds of tl1e electricity generated in the state comes 
from coal fired power plants. Coal;fired electricity results in 
emissions of fine particles, which trigger respiratory illnesses 
and increased mortality rates, and of sulfur dioxide and nitro; 
gen oxides, both of which are known precursors of acid rain, 
which can damage forests, water and wildlife. Coal fired power 
is also a substantial source of mercury, a known human neuro; 
toxin which can enter the human food chain through fish 
populations. By reducing Minnesota's reliance on coal, tl1e 
Act can help reduce tl1ese otl1er problems as well. 

DON'T UNDERESTIMATE ENTREPRENEURIAL INNOVATION 

As the Climate Stewardship Act is debated, a handful of 
naysayers will undoubtedly claim tl1at doing anytl1ing to re; 
duce global warming pollution will be economically disastrous. 
Some are already making the rounds witl1 d1eir dire predic; 
tions. A close look at these predictions will reveal that they 
have little merit. For example, one such prediction is based on 
a 6 year;old study of tl1e Kyoto Protocol, a substantially differ
ent and more stringent proposal tl1an the Climate Steward; 
ship Act. The study was written by tl1e same "hired guns" tl1at 
produced tl1e roundly discredited report claiming to show enor; 
mous economic benefits from opening tl1e Arctic National 
Wildlife Refuge (ANWR) to oil drilling. Not surprisingly, botl1 
tl1ese studies were funded by the oil industry. 

Studies predicting economic disaster from environmental prQ; 
tection invariably underestimate tl1e ability of American busi; 
nesses to innovate to solve new problems. We do tl1is every 
day in reaction to global and local business conditions. Our 
ability to innovate is what makes tl1e American economy the 
strongest in tl1e world. When tl1e Clean Air Act Amendments 
were debated in 1990, industry lobbyists predicted that tl1e 
law would turn America into a third rate economic power. 
Not only have businesses survived the Clean Air Act, but we 
have tl1rived, finding new ways to address old problems. Cli; 
mate change is a problem tl1at needs to be addressed. Our 
leaders need to have confidence in our ability to innovate ratl1er 
dian trying to hide from problems. We have done it before, 
and we will do it again, but only if clear standards and appro; 
priate incentives are established by legislation such as tl1e Cli; 
mate Stewardship Act. 
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Testimony of J. Andrew Hoerner 
Director of Research, Redefining Progress 

Before the Jobs, Energy, and Community Development Committee 
Minnesota State Senate 

2 March 2005 

Madam Chairwoman, Honorable Senators, I would like to thank you for the invitation to 
speak today about the creation of jobs and economic growth through the use of policies to 
promote energy efficiency and renewable energy technologies. I am Director of Research 
for Redefining Progress, a nonpartisan, non-profit think tank that develops innovative 
policy solutions that better harmonize a healthy environment, a strong economy, and 
social justice. Testimony 

I would like to begin by acknowledging that an awful lot of what comes before this body 
about job creation is more or less bunk. I know that you face a virtually endless parade of 
special interest advocates claiming that this or that expenditure program or tax break is 
the key to unlocking job growth in the state. And like you, I know that special interest 
giveaways that fund private enterprise operations that fail the test of the market often 
destroy jobs while claiming to create them. 

In my testimony, I hope to provide an example of a package of policies that is good for 
jobs and good for the economy. But before I do, I would like to provide a few common
sense tests of whether a public program will create jobs or kill them off. In so doing, I 
hope to put you in the position where you and your staff can make these determinations 
in a straightforward way. 

How can you tell whether a policy will create jobs in your state? There is no sure test, but 
when a policy is financed by state revenues or by mandating consumer expenditure, it is 
important to recognize that, while spending the revenue creates jobs, raising the revenue 
can destroy jobs. So the true short-term job effect is the sum of these two effects, and is 
approximately zero for many programs. 

To know which outweighs the other, you need to compare the dollar you spend on a 
program on one hand to the average tax dollar you finance it with on the other. There are 
straightforward ways of doing so rigorously, using, e.g. input-output analysis, but it can 
often be done intuitively. Ask yourself the following five questions about some new 
spending, relative to a dollar of spending by an average citizen: 

1. Labor intensity. Will the new spending be more labor-intensive? 

2. In-state content. Will the new spending have a larger share of in-state content? 

3. Investment-intensity. Will the new spending create more or less investment in 
future years, either by increasing the capital stock or by increasing the efficiency 



of the existing stock? (These- expenditures attract jobs by increasing labor 
productivity). 

4. Public benefit intensity. Will the new spending create more or less public value 
to the community as a whole? (These expenditures attract jobs by inducing 
immigration into the state). 

5. Dynamic benefit. Is this expenditure in an industry that has three characteristics: 
it has a substantial presence in the state; it is likely to grow for reasons unrelated 
to the expenditure; and it enjoys significant economies of scale or experience? 
(These expenditures attract jobs by causing infant industries to be more likely to 
locate in-state). 

If your answer to at least one of these questions is "yes" and your answer to the 
remainder is either "yes," or "about the same," then you have a program that should 
create jobs on net. It is only where some of these things are higher and some are lower 
that things get complicated. 

Now let us apply this to the energy-efficiency and renewable energy program at hand. I 
will assume that you are investing in efficiency programs that pass a cost-benefit test, and 
that the renewable energy sources you are investing are competitive or nearly so. 

Fossil energy is one of the most capital-intensive of all industrie~, and has among the 
lowest jobs/dollar of expenditure. So almost any alternative source of energy will be 
more labor-intensive. 

Most of Minnesota's fossil energy is imported, so the use of energy-efficiency or 
renewables generally results in an increase .in the in-state content of spending. That is, it 
will keep some money from flowing out of the state. 

Investments in energy efficiency and renewables are capital investments that can increase 
labor productivity. And because they both act as economic buffers against swings in 
fossil ~nergy prices, as we are seeing today in both oil and natural gas markets, they 
provide an insurance benefit that must be included in a full cost-benefit accounting. 

Energy efficiency and renewable energy, by lowering emissions of pollutants and 
providing security against energy price shocks, foreign and domestic, provides a 
substantial public benefit. 

Finally, much of the equipment used in the renewable energy industry, and highly 
energy-efficient equipment (though not all materials used in efficient building) are both 
likely to grow because of the general global trend toward improved efficiency and 
reduced emissions of global warming pollution. Moreover, these are young industries, 
still enjoying substantial economies of scale and experience. To the extent that these 
industries are located in the state, we can say that these expenditures pass the test of 
dynamic efficiency. (Given Minnesota's particularly large wind energy resources, for 



example, it is reasonable to expect a substantial localized market for turbines and related 
products.) In some cases, to achieve the full benefits of dynamic efficiency, national or 
regional initiatives may be necessary. 

We find, then, that well-designed initiatives investing in energy-efficiency and renewable 
energy are labor-intensive, in-state content intensive, investment-intensive, public-benefit 
intensive, and are dynamically efficient in at least some cases. Thus it seems clear that 
such initiatives are virtually certain to create new jobs in Minnesota. 

We have also studied market-based approaches to energy efficiency and climate change, 
such as tradable permit systems or emission fees. When these are combined with revenue 
recycling and technology promotion programs, they are generally found to achieve 
emission reduction goals with increased employment and economic growth. These 
approaches should be regarded as an important compliment to more focused energy 
efficiency or renewable energy programs, increasing both their environmental and their 
economic effectiveness .. 

First, a little background. In 1999, a consortium of national labor unions and 
environmental organizations asked Jam es Barrett, an economist then at the Economic 
Policy Institute, and myself, then at the Center for a Sustainable economy, to devise an 
approach to climate and energy policy that would be as good as reasonably possible for 
workers and the economy. Specifically, they asked us to devise a plan that met five 
criteria. The plan should: 

I. put the U.S. on a path toward a sustainable level of global warming emissions; 
2. promote economic growth and job creation, or minimize job loss; 
3. recognize the importance of preserving existing jobs ill energy-intensive and 

fossil-fuel industries; 
4. provide a complete, "make-whole" remedy for any workers and communities that 

are negatively affected by the program; and who lose their jobs result of to the 
program, and 

5. be progressive in distribution ofburden across income classes. 

This was a daunting task, and we were not entirely sure that a plan that did all those 
things was possible. However, we had one big advantage: the National Laboratories of 
the U.S. Department of Energy had recently assembled a comprehensive package of cost
effective energy efficiency and renewable energy policies in a report entitled Scenarios 
for a Clean Energy Future. Using this compendium of well studied policies as a starting 
point, together with a survey ofliterally hundreds of European and U.S. studies of 
alternative climate policies, and original work by Jim and I, we were able to devise a 
program that seemed like a good candidate for meeting the five criteria. The plan 
included a package of energy efficiency promotion measures, including increases in 
energy-related R&D; policies to maintain the competitiveness of energy-intensive 
industries; a small carbon emissions permit fee, with most of the revenues used to offset 
payroll taxes; and transitional assistance for workers and communities that suffered 
negative impacts. We then spent nine months mapping the policies into the LIFT model, 



a sophisticated, well-respected 97-sector macroeconomic model of the U.S. economy 
built by the Inforum working group at the University of Maryland College Park. 

We found that, relative to a "business as usual" (BAU) scenario, the plan would achieve 
the following: 

• A reduction in carbon dioxide emissions, so that they would be about half of BAU 
levels in 2020; 

• A significant increase in net job creation, with 660,000 more jobs created by 
2010, rising to 1.4 million more jobs by 2020; 

• Greater energy security, with oil imports falling 610 million barrels per year in 
2010 and 1.54 billion barrels per year by 2020 - more then all OPEC imports in 
1999. 

• A small, though not insignificant, net increase in GDP, equal to about two-tenths 
of a percentage point in 2010, rising to six-tenths in 2020, an increase of about 
$100 billion in 2020 ($1997). 

• Lower energy costs for consumers. While this plan would raise energy prices, it 
would reduce energy usage through increased efficiency. Over 20 years, the net 
benefit to households would be about $475 billion. 

These and other results are contained in our report Clean Energy and Jobs: A 
Comprehensive Approach to Climate Change & Energy Policy, a copy of which is in 
your packets. 

Last year we did an update of our previous report, entitled Smarter, Cleaner, Stronger: 
Secure Jobs, a Clean Environment, and Less Foreign Oil. We were also able for the first 
time to estimate the employment impacts on a state-by-state basis, using an industry
share allocation matrix approach. We prepared state-specific reports for more than thirty 
states, including Minnesota. Minnesota's results were fairly typical, but were slightly 
better than the national average on a per-capita basis. This is what you would expect for a 
state that imports most of its fossil fuels. 

Let me briefly summarize our Minnesota results. These are the results in Minnesota of 
enacting the national package described in the Clean Energy & Jobs report. We found 
that the Smarter Cleaner Stronger package would increase employment in Minnesota in 
every year. These increases would be small in the early years, bur would increase over 
time at an accelerating rate, at least through the end of the 20-year forecast horizon. In 
2010, we forecast eight thousand additional jobs, rising to fourteen thousand in 2015, 26 
thousand in 2020, and 37 thousand in 2025. Over time, an increasing share of these jobs 
are created in Minnesota's hard-hit manufacturing sector: only four percent in 2010, but 
rising rapidly to 26 percent in 2025. 

Similarly, energy savings per household rise at an accelerating rate from $349 in 2010 to 
$1,268 in 2025. These are true net savings, after subtracting the increase in consumer 
expenditure on energy-efficiency equipment. It does not include energy savings in the 
commercial or industrial sector that might be passed through to consumers. 



A copy of the Minnesota report, Smarter, Cleaner, Stronger in Minnesota: Secure Jobs, a 
Clean Environment, and Less Foreign Oil, is in your packets. 

Why are these numbers credible? 

First, the cost and energy savings from most of the policies are based on official 
Department of Energy estimates, not ours, and not cooked up behind closed doors. 
Second, we used a conventional macroeconomic model with a good forecasting record, 
built by a well respected academic team over twenty years, not one designed by a 
consulting firm with a particular type of client in mind. 

On a more institutional note, I should stress that our labor partners stressed from the 
beginning that they did not want a "rosy-scenario" jobs number: they wanted the bad 
news as well as the good, as did we. Drafts were extensively vetted by both academic 
economists and economists associated with labor unions, including several unions that 
were not part of the overall process and that were opposed to some of the policies 
contained in our report. 

Our numbers are in keeping with others who have estimated the consequences of similar 
energy policies. For example, the Regional Economics Applications Laboratory (REAL) 
of the University of Illinois did an analysis of an energy-efficiency and renewable energy 
plan for the Midwest1 developed by the Environmental Law and Policy Center and others 
in a previous report.2 The plan analyzed in the REAL report is similar in magnitude to 
our report, although it excludes the transport sector. 

REAL found that their policy package would create fifteen thousand jobs in Minnesota in 
2020, as compared to about 26 thousand in our modeling effort. When the relative scope 
of the two analyses are considered (e.g. unlike REAL, our model included the 
transportation sector) and other technical factors are accounted for, our plans produce job 
forecasts that are extremely similar, despite the fact that we used a completely different 
modeling approach . 

. In conclusion, though on can ruin even the best idea with bad design, it appears a settled 
fact that well-designed energy-efficiency and renewable energy initiatives are god for 
jobs, good for the economy, good for national and regional security, and good for the 
environment. 

Thank you. I would be happy to take any questions. 

1Regional Economics Applications Laboratory, Job Jolt: The Economic Impacts of Repowering the 
Midwest (2002). See http://www.repowermidwest.org/Job%20Jolt/JJfinal.pdf. 
2Environmental Law and Policy Center et al., Repowering the Midwest: The Clean Energy Development 
Plan for the Midwest (2001). See http://www.repowermidwest.org/repoweringthemidwest.pdf 
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1. INTRODUCTION 
In the wake of rising energy prices, rolling electricity blackouts, threats to world energy markets, and 
ominous news of global climate changes, a broad consensus is emerging that the U.S. needs to improve 
its energy efficiency and diversify its sources of energy supply. Industry and workers realize that they 
need energy sources that are reliable and secure against international price shocks and domestic market 
manipulation. Consumers seek lower, more predictable energy bills. Environmentalists seek to reduce 
adverse impacts at every point on the fuel cycle, from extraction through combustion. Perhaps the most 
serious of these environmental concerns arises from the fact that fossil fuel combustion emits greenhouse 
gasses. gasses that most leading climate scientists believe cause global warming and climate instability. 

Energy industries and others have argued that policies lo reduce carbon emissions or promote new 
eneq,•y sources could impose debilitating costs on the economy. Some labor and consumer groups have 
also raised concerns that such policies have adverse impacts on low-income households, 1 on workers in 
particular industries, and on the economy as a whole. These concerns have been bolstered by a series of 
studies that portray grave economic consequences from policies to improve energy efficiency or reduce 
carbon emissions, especially when those policies are implemented through large increases in energy taxes 
v.:ithout returning the revenue gained through cuts in other taxes.1 Working people and consumers want 
both a strong economy and a clean environment, yet some approaches to climate and energy policy would 
hun economic growth and bring these interests into collision. 

This study assesses the impact of an alternative approach to climate and energy policy. Based on an 
extensive review of the literature and of the experience of other nations, it attempts to assemble a set of 
policies that would provide moderate but steady increases in energy efficiency and reductions in carbon 
emissions, while improving overall economic efficiency. It then estimates the macroeconomic impact of 
these policies. This alternative policy package has four main elements: 

a modest carbon/energy tax on major energy sources, with most of the revenues returned through 
cuts in taxes on wages; 

a set of policies to promote the development of new energy-efficiency and renewable energy tech
nologies; 

policies to offset competitive impacts on energy-intensive industries; and 

transitional assistance lo compensate any workers and communities harmed by the policies. 

The policy package is self-funding in that the costs of the transition fund as well as the administra
tion of the technology policies are paid entirely by the tax receipts it generates. The package is designed 
to minimize the burden on workers and consumers and provide help for those who would suffer if energy 
production were reduced. It is informed by a list of principles adopted by the Just Transition and Market 
Mechanisms Working Group of the Labor-Environment Dialogue on Climate Change. (See Appendix A 
for a discussion of these principles.) 

The package modeled here stands apart from other studies in the U.S. literature in that it attempts to 
combine the best elements of a market-based approach, policies to promote investment and technology, 
competitiveness policies, and equity concerns. No previously published U.S. study has conducted a 
macroeconomic analysis of more than two of the four policy elements analyzed here.1 Indeed, many 

studies include only the carbon charge without revenue recycling, and none of the other elements. This 
study is also unusual in incorporating the insights of engineering-based analysis of the potential of 
specific technologies into a macroeconomic model. Technology assumptions are taken primarily from 
U.S. Department of Energy models and studies. 

The four policies were integrated and the results estimated using the LIFT-model, a sophisticated 
92-sector macroeconomic model of the United States built and operated by the Inforum research and 
consulting group at the University of Maryland. The model was first calibrated to the economic and 
energy assumptions used in the 2001 Annual Energy Outlook of the U.S. Energy lnfonnation Administra
tion. The macroeconomic and sectoral forecasts of the baseline and policy package were then prepared 
for the period 2001-20, focusing primarily on the effects on gross domestic product, employment, energy 
security, and greenhouse gas emissions. 

The macroeconomic results discussed here are generally more positive than previous studies that 
rely on a single-instrument approach. This outcome is compatible with both theoretical analyses (see 
Sanstad, DeCanio, and Boyd 2001) and previous modeling studies conducted in Europe that combine 
technology promotion and market-based approaches with revenue recycling.~ Our results suggest that 
these policies have positive synergy. In particular, the combination of revenue recycling and "no-regrets" 
technology policy (i.e., policies to promote technologies that pay for themselves over time) accounts for 
the positive results on GDP and employment.5.These policies, together with essential border tax adjust
ments described in section 1.3, help preserve the competitiveness of energy-intensive industries. As a 
result, we find that these industries would suffer much smaller losses than many previous studies suggest. 
Finally, this is the first U.S. study to perfonn an integrated analysis of the cost of providing transitional 
assistance to workers and communities harmed by climate policy. We find that such policies, though by 
no means free, can be fully funded using only a small portion of carbon/energy tax revenues. 

Relative to the base case, we estimate that the policy package would have the following results: 

U.S. carbon emissions would decline by 27% in 2010 and by 50% in 2020. Other greenhouse 
gasses and pollutants would also decline. 

GDP would increase by a modest 0.24% in 20 l 0 and by 0.6% in 2020. 

an additional 660,000 net jobs would be created in 20 I 0, 1.4 million in 2020. This would increase 
employment in the service sector and reduce the rate of decline in employment in manufacturing. 

unemployment would fall and real after-tax wages would rise. 

oil imports in 2020 would fall from the baseline forecast by an amount slightly higher than total 
current U.S. purchases of oil from OPEC. 

household energy bills would fall in every year, by a steadily rising amount. 

the effect on income distribution would be slightly progressive. 

However, these benefits do not come without cost. Employment in coal mining would suffer 
severely, amounting by 2020 to more then half of all jobs in the coal mining sector. There would also 
be declines in employment in electric and gas utilities that are numerically larger though smaller in 
percentage terms. Jobs would also be Jost in the production of other fossil fuels and in the rail transpor-



tat ion of coal. Only a portion of this shrinkage can be absorbed by normal turnover. Extremely small 
job losses are seen in a few other industries that are either energy-intensive or are suppliers to the 
energy industries.6 

The policy package provides every worker in an energy-producing or energy-intensive industry who 
loses his or her job with two years of full income replacement, including health and retirement benefits. It 
also provides up to four years of college education or other professional training and up to two additional 
years of income support for those who take more than two years of training or education. For some older 
workers, it provides the alternative of additional benefits as a bridge to retirement in lieu of education or 
training. For heavily affected communities, the package includes development assistance of $10,000 per 
job lost. We have attempted to estimate the number of layoffs that would result from the policy package 
and the cost of providing economic compensation and transition assistance to affected workers and 
communities. These benefits can be fully funded by the carbon/energy tax without substantially reducing 
the national economic benefit. 

Overall; the results suggest four conclusions. First, the economic costs and benefits of a climate and 
energy policy depend critically on elements of the policy design. Specifically, costs are reduced and 
benefits enhanced by returning the revenue from carbon/energy charges through cuts in other taxes, and 
through more rapid introduction of new energy technologies; these two policies together can yield a net 
economic benefit. Second, the combination of technology promotion and well-designed policies to offset 
competitive burdens can reduce the harm to most energy-intensive industries to low or negative levels. 
Third, consumers and income distribution need not be harmed and can even benefit. Finally, substantial 
compensation can be provided to affected workers and industries without negating the general economic 
benefit. 

Like all economic modeling efforts, this one has limitations based on simplifying assumptions.1 

These include economic and technical assumptions, as well as implicit political assumptions, e.g., that 
worker and community assistance programs will be adopted together with the necessary tax and energy 
policies. To the extent possible, all assumptions are explicitly stated, and the reader is encouraged to 
examine how realistic they may be. 

We make no claim that the policy package described here is in any sense "optimal." Instead, the 

policies are intended to represent a feasible approach, similar to but more modest than plans adopted in 
many European nations. The policy set analyzed here lies in the middle ground between those who would 
do nothing to ·address the economic and environmental risks of fossil fuel consumption and those who 

would insist on immediate solutions, heedless of economic or human cost. Our results suggest that we do 
not need to accept a choice between environmental degradation and economic calamity. This study is not 

intended to provide a definitive solution to the nation's energy, economic, and environmental needs, but 
rather to advance the debate toward an approach that can better harmonize environmental, economic, and 

social justice goals. 

1.2 Crafting an energy policy: environmental, security, economic, and equity goals 
Energy policy has many diverse and sometimes contradictory goals. In this section we briefly discuss five 
of the goals of energy policy that informed this study: protecting the environment, improving energy 
security, strengthening the economy, preserving competitiven~ss, and distributing burdens and benefits as 
fairly as possible. 

1.2.l Protecting the environment 

The consumption of coal, petroleum, and natural gas has introduced a number of unintended side effects 
throughout the world. Proposals to expand oil drilling may endanger sensitive natural habitats such as the 
Arctic National Wildlife Refuge. Coal is the nation's primary source of electricity, but is also the princi
pal source of sulfur dioxide that causes acid rain, atmospheric mercury, and other pollutants. Combustion 
of fossil fuels is the principal source of air pollution and a number of other environmental problems. 
Many of these problems have been reduced through end-of-pipe controls and other measures over recent 
decades. Overall air and water quality have improved by some measures, and a number of serious envi
ronmental problems - e.g., atmospheric lead - have been virtually eliminated.' However, other problems 
have proven more intractable, and continued economic growth, while good in itself, can lead to increased 
environmental impacts even when emissions (or other damages) per unit of output are declining. 

One central example of such a problem is global wanning. The vast majority of the world's leading 
scientists now agree that human-induced emissions of greenhouse gases - most notably carbon dioxide, a 
necessary by-product of fossil fuel combustion - are trapping extra solar heat, with potentially catastrophic 
worldwide consequences.9 Ongoing events such as the recent string of years with record-breaking average 
temperatures and the thinning of glacial and polar ice make clear that this is a problem that will become 
increasingly urgent over time. A substantial reduction in fossil fuel consumption will be necessary if the 
U.S. is to significantly curtail greenhouse gas emissions and other environmental problems. 

This report did not set any particular target or goal for emissions reduction. Instead, the goal is lo 
assemble a feasible, cost-effective package that achieves substantial energy savings and related environ
mental benefits, and puts aggregate emissions of major pollutants, including carbon dioxide, on a down
ward path for every major sector of the economy. To achieve this, the policy set examined here focuses on 
improvements in energy efficiency and increased use of renewable energy resources. In addition, it 
encourages the substitution of fuels with lower emissions of greenhouse gasses and other pollutants, such 
as natural gas, for those with higher emissions, such as coal. 

1.1.2 Improving energy security 

It is impossible to run a modem society without substantial amounts of energy. However, in recent 

decades energy prices have been extremely volatile, threatening the economic health or U.S. industries 
and households alike. Reducing consumption of oil, for example, would help to avoid the periodic 
economic instability that arises from fluctuations ip world oil prices, which have contributed to two maJor 

U.S. recessions. 10 In a similar vein, more efficient use of electricity could help protect industry from the 
economic impacts of electricity price spikes such as those recently seen in California. 

One goal of this project was to improve national energy security, and the policy package addresses 
this issue in two ways. First, we improve energy efficiency in all sectors in order to reduce the vulnerabil
ity of the economy by cutting the share of energy purchases in total industry costs and household budgets. 
Second, we expand the diversity of energy sources so that choice is increased and markets become more 
difficult to manipulate. 

1.1.3 Strengthening the economy 

A strong economy with increasing wages and low unemployment is vital lo the well-being of workers and 
consumers. Previous studies have suggested that some approaches to reducing. carbon emissions or 



increasing energy efficiency would reduce GDP, wages, and employment. This makes clear the need to 
focus attention on approaches to achieving energy efficiency gains and emission reductions that reduce 
economic hann or that provide a net benefit. 

The goal of this study is to combine various elements of climate and energy policy that have been 
shown 111 other srudies to reduce the economic cost or increase the economic benefit of achieving emis
sions reductions and energy efficiency improvements. The two most important of these are returning the 
revenue from a carbon/energy tax.11 through cuts in other distorting taxes and investing in new energy 
technologies. Competitiveness policies described in the next section also play an important role. 

I 14 Preserving competitiveness 

In an increasingly competitive global economy, it is necessary to account for the trade implications of any 
policy that could impose significant costs on finns producing traded goods. Conversely, policies that 
improve productivity may strengthen the economy and improve our competitive position. Manufacturing 
industries that produce traded goods tend to have above-average wages and are a vital part of the U.S. 
economy. 

One source of the economic losses predicted by some other studies is a substantial deterioration in 
the trade balance. This trade impact occurs in large part because in those models the high carbon taxes 
assessed on domestically produced energy-intensive products are not assessed on competing goods 
produced elsewhere. This reduces competitiveness of these industries both domestically and abroad. As a 
result, these models project that U.S. producers are burdened by a significant additional cost that foreign 
producers are not, resulting in lost market share. 

This problem is less pronounced in the results discussed here because of the relatively low carbon 
1ax applied. In addition, this policy package, unlike most previously modeled, includes a border adjust
ment of the carbon tax for fossil-fuel-producing and energy-intensive industries. The border adjustment 
rebates the taxes paid by producers as their products leave the U.S. for foreign markets and imposes an 
equivalent tax on foreign products as they enter the U.S. This policy would help to keep the playing field 
level - both domestically and abroad - so that U.S. producers are not subjected to undue erosion of 
market share hy finns located in countries that do not employ a carbon charge. 

I 1.5 Distributing burdens.fairly 

It seems clear that ultimately something will be done to protect U.S. energy security, improve energy 
efTiciency. and reduce U.S. greenhouse gas emissions. But what will such changes cost, and who will pay 
the bill~ Will these problems be solved in a way that protects the interests of U.S. workers and consum
ers, or will workers and consumers be required to bear the brunt of the costs? Proposals to compensate 
industry and shareholders, but not workers, with marketable pollution emission trading rights have 
already been put forward by industry, government, and some environmental groups. These rights could be 
sold profitably by corporations, making it easier for them to get out of the energy-producing or -consum
ing bus mess, regardless of the impact on their workers and consumers. Most current proposals, however, 
provide no parallel protection to workers and communities. Other climate and energy policies that put 
U.S. worker or consumer interests at risk have also been urged. 11 

Workers and consumers have been concerned that much of the burden of improving environmental 
quality would fall on them through increased prices on one hand or reduced employment on the other. In 

the past, workers and consumers have often found themselves shouldering a disproportionate share of the 
burden of environmental protection. More than once, this has put them in the unfortunate position of 
having to choose between preserving the environment and meeting their economic needs. The policy 
package modeled here is intended to avoid this conflict by achieving environmental goals while simulta
neously ensuring that the costs and benefits of these efforts are shared as broadly as possible. 

However, even the most cost-effective energy efficiency policies create both winners and losers in 
the near tenn. Some workers in fossil fuel industries, and perhaps other energy-intensive industries, could 
lose their jobs if policies to reduce the use of fossil energy are adopted. The severity of this problem 
depends in large part on how energy policies are designed. The injury to workers will be much smaller if 
the policies have been designed to help prevent such job losses where possible and, where it is not, ensure 
that these workers, their families, and their communities can land on their feet. 

This report examines the fairness issue from two different perspectives, First, it looks at fairness in 
tenns of income distribution. Some previous studies of other approaches to carbon reductions different 
from the one modeled here have reported negative impacts on low-income households and minorities. 
This highlights the need to consider distributional concerns when comparing alternative energy policies. 
One of the design constraints for this policy package was that it should not place a disproportionate share 

of the burden on low- and moderate-income households. 
This report also examines equity from the perspective of workers in particular sectors. The first goal 

is to minimize the job impacts in energy and energy-intensive sectors that will result from energy effi
ciency improvements or emissions reductions. Thus, the package discussed here includes a range of 
policies to minimize job Joss in these industries. For those workers who would lose their jobs, we esti
mate the cost of providing compensation sufficient to offset the average economic loss, with a goal of 
assuring that workers in a few sectors should not be made to shoulder the cost of achieving general social 

benefits. 
Previous efforts to provide transitional assistance to workers have often been insufficient or ineffec

tive. We have thoroughiy reviewed the literature relating to past efforts to provide transitional assistance 
to individuals and communities hanned by economic change, in an effort to craft policies that would be 

workable and effective (Barrett 200 I b ). 

1.2 Market-based and technology-based energy policies 
1.2.1 Benefits of a combined approach 

Various efforts have been made to detennine the feasibility ofreducing U.S. consumption of fossil fuels, 
often in the context of meeting the carbon reduction targets laid out in the Kyoto Protocol. Those that use 
macroeconomic models of the U.S. economy tend to rely on a single blunt instrument, like a carbon tax 
or other pricing mechanism, to achieve the desired reductions in fossil fuels or carbon emissions. Some of 
these studies predict serious negative consequences in tenns oflostjobs and decreased GDP should the 
U.S. adopt policies to reduce tlie amount of fossil fuels it consumes.ll A few of these studies appear to 
exaggerate the cost of such reductions, as they lack obvious cost-reduction components such as gradual 
phase-in of the tax or recycling of tax or pennit revenues to offset other taxes. 14 

Studies of such policies can play a valuable role by demonstrating that certain approaches to climate 
and energy policy entail substantial economic burdens on society. For example, a report released by the 
Economic Policy Institute assessing the results of a modeling effort prepared for the United Mine Workers 



of America and the Bituminous Coal Operators Association found that the greenhouse gas policies 
modeled would "have a strikingly consistent, negative impact on real wages" and "could have significant 

costs for the economy." That effort modeled a tradable carbon emissio.n pennit system aimed at reducing 
emissions to levels 10% below their 1990 levels by 2010 (a larger reduction than found here); pennits 
were issued to industry at no cost, i.e., there was no return of the revenue through cuts of other taxes to 
businesses or workers, and there were no technology-promoting policies. That study found that the 
equilibrium carbon charge would rise to $270 per ton in 2010, resulting in GDP 2.5% below baseline 
(Scott 1997). 

However, macroeconomic studies that examine the use of market mechanisms (such as taxes or 
tradable permits) to promote energy and carbon efficiency are virtually unanimous in finding that, for any 
given level of emissions reductions, reduced net costs or net benefits are possible ifthe revenues are re

cycledY 
In contrast to macroeconomic studies, studies using engineering-based models that examine the cost 

effectiveness of applying alternate energy technologies on a case-by-case basis generally find that a wide 
range of energy efficic:ncy and renewable energy initiatives could be adopted at a relatively modest cost 
or a net saving. 16 Sometimes this approach represents a study of what is technically feasible rather than a 
forecast in the strict sense. When engineering models are used to do forecasts, they typically rely on 
multiple policy instruments rather than a single-instrument approach. 

When the technical improvements in energy efficiency forecast by such models are cost-effective, 
they result in increased economic productivity and associated economic benefits. However, most engi
neering models are not designed to assess the economic impact of adopting policies and technologies 
when t\lose impacts go beyond the level of the firms and industries adopting them, such as lost production 
in energy-producing industries. They therefore generally do not fully account for macroeconomic impacts 
and inter-market interactions. While they often find economic benefits from modest improvements in 
efficiency, there are some costs for which they cannot account, and they may thus overstate the benefits of 

the policies they model. 
In this study, the aim is to wed the best elements of these different approaches into a single effort to 

assess the impact of a comprehensive set of policies designed to achieve substantial environmental gains 
as effectively and fairly as possible. There are several ways of viewing this result. First, as discussed in 
the next section, well-designed technology policies shift the production-possibilities frontier outward, 
thus making it possible to achieve more of both economic production and environmental quality. Second, 
technology policy gives businesses and consumers more alternatives in responding to price incentives, 
thereby reducing the cost of achieving any particular reduction. Finally, one can simply conclude that the 
co~nbined benefit of the labor tax cut and the technology improvements outweighs the negative economic 

impact of the carbon/energy charge. 
Specifically, in contrast to studies that rely exclusively on carbon charges to achieve reductions in 

emissions, we find that comparable 'reductions can be achieved when a much more modest carbon charge 
($50 per ton as opposed to $I 00-$300 per ton) is applied in conjunction with policies designed to pro
mote the adoption of energy-efficient technologies. Further, while other studies often predict large 
economic costs to achieving these reductions (GDP losses in the neighborhood of0.5-1.5%, with some 
studies finding losses as high as 3%), the results here find modest macroeconomic gains resulting from 
this policy set, gains that in the aggregate substantially outweigh the losses forecast for a few sectors. 

1.2.1 How technology policy works 

The fact that this study finds that there are economic gains to be had by increased adoption of existing 
technologies might seem to imply that businesses and consumers are ignoring or unaware of potentially 
profitable investments. But this is not the case. Rather, the primary source of the economic benefits we 
find from technology policy is an acceleration of the currently occurring rate of energy efficiency and 
productivity Improvement through additional research and coordination of private efforts. 

The technology package achieves this acceleration in four ways. First, by funding research and 
development, the program can increase the supply of energy efficiency technology available to everyone. 
Second, by providing reliable information on energy technologies, the program can make it cheaper for 
firms and individuals to identify cost-effective investments and increase the rate of penetration of new 
technologies into the market. Third, the program can coordinate private actions in a way that helps to reap 
the benefits of collective learning and group efforts, especially in new industries. Finally, the program 
includes measures to overcome agency problems, where the person paying the energy bill is not the same 
as the person making the investment decision. Let us consider these four approaches in turn. 

First, scientific and technological knowledge is a public good. It is well known among economists 
that competitive markets tend to generate a sub-optimal amount of technological advancement, because 
the returns to those advancements are shared broadly, not just by those who invested in their develop
ment. 11 This is one basic rationale behind government involvement in research and development and a 
reason why education is one of the most important roles of government in all advanced nations. Our 
results simply reflect the fact that ifthe government bears a greater amount of responsibility for investing 
in research and disseminating technical information, finns and households will be able to make bett<:r 
investments and acquire new technologies at lower cost, thereby increasing their productivity. 

Examples of the benefits of public investment in research can be seen in semi-conductors. nu<:lear 
power, and the Internet. In each of these cases, profitable opportunities for private investment became 
available as a result of extensive public investment in research and development. 

Second, there is a substantial literature spanning 40 years that shows that all firms are not all 
equally efficient. 1' Instead, firms within an industry vary substantially in the efficiency with which they 
deploy labor, capital, and other inputs. This reflects the fact that the value of information about technol
ogy and management approaches is uncertain, and acquiring information is costly. If the cost of acqu1nng 
accurate information could be reduced, firms would move closer to the technological frontier, and the 
productivity of those firms and of the economy as a whole could be increased. Examples of publtc energy 
programs that reduce the cost of private decision making include the program of energy efficiency 
labeling requirements for appliances such as water heaters, refrigerators, and air conditioners. 

Third, it is well known that new technologies often undergo rapid price reductions as the rnlume 
of production increases. This has been most visible in recent years for computers, but extensive empiri
cal studies have shown it to be true for most complex: mass-produced equipment. Emerging clean and 
renewable energy technologies such as fuel cells, wind turbines, photovoltaic cells, and cellulosic 
ethanol are all undergoing rapid cost declines as research, development, and production volumes 
increase. For instance, the cost of wind-generated electricity has fallen by more than a factor of Iii<" 

since the mid-1980s (NREL 2000), and costs are ex:pected to continue to decline rapidly 111 the coming 
decade (Chapman et al. 1998). In 2000, more new wind capacity than new nuclear capacity was in
stalled worldwide, and Germany replaced 1% of its entire generating capacity with new wind turbines 



[Schliegelmilch 200 I). The cost of combined heat and power systems, which use waste heat from 
industrial applications or building heating systems to produce electricity, is also declining rapidly as 
production experience grows (Elliott and Spurr 1999). Through programs ranging from fundamental 
research and demonstration projects to government purchases and coordinated programs of purchases 
by utilities and private industry, the policy package we model helps to accelerate the rate and reduce 
the cosl of transition toward cleaner energy systems. 

Finally, in many cases the barrier to the adoption of energy-efficient technologies is the fact that the 
people who make decisions regarding energy consumption are not the ones who pay the energy bills. The 
simplest example of this is a building tenant who does not pay a separate electricity bill. Since the 
landlord pays the utility bill and collects the same amount of rent regardless of how much energy the 
tenant uses, the tenant has no incentive to economize on energy by using more efficient equipment like 
compact fluorescent light bulbs or even to tum the lights off at night. Government programs like "Energy 
Star" and the "Green Buildings Program" help overcome these problems by promoting the use of more 
efficient equipment, including appliances and heating/cooling units. Our results merely reflect the fact 
that increased investment in programs like these will result in increased use of energy-efficient equip
ment. These factors, along with the price stimulus provided by the carbon tax, provide incentives for 
adopting cost-effective energy-efficient technologies, as our results show. 

2. A POLICY PACKAGE TO IMPROVE ENERGY EFFICIENCY 
The policy package examined in this report has four components: 

a market mechanism that would lower the costs of labor without decreasing wages, and increase the 
costs of fossil fuels, 
policies to promote adoption of clean energy technologies, 
policies to preserve competitiveness of fossil fuel and energy-intensive industries, and 
policies lo ensure a just transition for workers in affected industries and residents of affected 
communities. 

2.1. The market mechanism 
The first component of the policy package is a price incentive for the reduction of greenhouse gases that 
consists of a tax on the carbon content offuels,19 with the revenue returned through a cut in labor taxes. A 
carbon lax places the highest burden on coal, followed by oil, then natural gas. Solar, wind, sustainably 
harvested biomass. and other renewable energy sources are not subject to the tax. A carbon tax is a 
reasonably good proxy for a general air pollution tax, although some have suggested that an even higher 
relative burden on coal is appropriate to capture all the air-pollution-related damages from different fuels 
(Norland and Ninassi 1998). An equalizing charge would be placed on electricity from nuclear and 
hydroelectric power.~0 There are several reasons for including the equalizing charge. The policy set is 
aimed at promoting the development and implementation of relatively new technologies. As both nuclear 
and hydroelectric power are mature, giving them the same treatment as the newer technologies is inappro
priate. Equalizing charges are common components of environmental and other tax regimes. A similar 
equalizing charge was in the Clinton Administration's Btu tax proposal and in nearly all of the European 
e1mronrnental tax refonns proposed or enacted. Also, without an equalizing charge the carbon tax would 

produce regional inequities and severe disruption of some industries, with attendant loss of jobs. Alumi
num, for example, is produced in the Pacific Northwest as well as in some Eastern states. While North
west producers rely largely on hydroelectric power, some of their Eastern counterparts use coal-based 
electricity. Exempting Northwestern producers from the carbon tax would likely lead to closure of much, 
if not all, Eastern production disadvantaged by the absence of hydroelectric capacity. 

The tax would be phased in over a five-year period. The final tax rate would be $50 per ton of carbon 
emitted, roughly equivalent to $0.13 on a gallon of gasoline. It would raise $70-80 billion in the early years 
when fully phased in,21 The majority of the revenues from the carbon/energy tax would be returned to 
households through reductions in taxes on labor. Most previous macroeconomic studies that examine the 
effect of allowing the revenues from a carbon tax to be recycled through cuts in labor taxes have found that 
the effect on employment is positive, and the effect on gross domestic product is positive or near zero 
(Hoerner and Bosquet 200 I; Repetto and Austin 1997; INFRAS and Ecoplan 1996; Majocci 1996). 

In the scenario we examine, the labor tax cut would take the form of a refundable credit against 
income taxes for part of the payroll taxes paid by workers.12 This would effectively exempt the first 
$6,044 of earnings from the payroll tax, but with no effect on Social Security collections and disburse
ments. This exemption would be phased out for earnings above $65,000. Estimates by the Institute on 
Taxation and Economic Policy show that the proposal is mildly progressive over the entire income range. 
While most of the revenues from the carbon tax are used to reduce payroll taxes as described above, a 
portion of the revenue - rising over time from 29% to about 49% - is used to fund the energy efficiency 
and just-transition programs described below. As a large energy consumer, the federal government would 
save a substantial amount of money under this policy package, about $2 billion in 2010 and just under $3 

billion in 2020. If these funds were used to offset administrative costs of the efficiency programs, the 
share of tax revenues needed would fall by 3.0 percentage points in 2010 and 5.6 points in 2020. 

2.2. Policies to promote clean energy technologies 
The second component of the package is a set of policies to promote research, development, and commer
cialization of existing energy efficiency and clean energy technologies. These policies complement the 
market mechanism by developing more efficient and less expensive ways of reducing fossil fuel con
sumption and by helping businesses and consumers identify and adopt them. The economic literature is 
virtually unanimous in concluding that the costs of achieving energy efficiency improvements or energy

related emissions reductions are substantially reduced, and may even be negative, if measures to stimulate 
the more rapid development and adoption of new technologies are included in the policy package. 21 

By their nature, energy efficiency promotion policies are diverse and sector specific. In order to 
identify a credible package of technology initiatives, we adopted (with some modifications)2• the technol
ogy policy package from Scenarios for a Clean Energy Future (lnterlaboratory Working Group 2000; 

henceforth the "CEF report").25 The CEF report is the product of a massive multi-year effort by the 
national laboratories of the U.S. Department of Energy to develop a consensus national energy strategy 
based on sound science and consistent economic assumptions. It is the first time the national laboratories 
have put fotward such a strategy together with a package of concrete implementation policies. It is the 
most comprehensive, thoroughly documented, reviewed, and carefully modeled effort of its type. 

The CEF report includes more then 50 individual policies to promote energy efficiency and renew
able energy. Some policies cut across sectors, such as the recommended increase in federal energy-related 
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TABLE 1 

Major policies in the CEF advanced scenario* 

Buildings I • Efficiency standards for equipment 
• Labeling and deployment programs 

Industry I • Voluntary programs 
, • Agreements with Individual industries and trade associations 

----···--· 
Transportation ! • Tax Incentives for super-efficient vehicles 

• Increased CAFE standards 
• "Pay-at-the-pump" a_u_to_l_ns_u_ra_n_c_e _________ _ 

Electric generation I • Renewable energy portfolio standards and production tax credits 
• Electric Industry marginal cost pricing'* 

Cross-sector policies \ • Doubled federal research and development 
1 • Domestic carbon market mechanism (auctioned permit or tax, $50fton of carbon) 

'The scenarios are defined by approximately 50 policies; the 11 listed here are the most Important ones In the advanced 
scenario. Each policy Is speclfled In terms of magnitude and Urning. For Instance, "efficiency standards for equlpmenr 
comprises 16 new equipment standards Introduced In various years with specific levels of minimum efficiencies. For details, 
see lhe CEF report. 

•• Nole that the CEF assumes that marginal cost pricing will be Implemented through electric utlllty Industry restructuring. We do 
not make this assumption, as the same policies could also be Implemented through regulatory reforms. 

Source: CEF report (lnterlaboratory Working Group 2000). 

research and development, but most are sector specific. The policy package is based on CEF's "advanced 
scenario," including the corporate average fuel economy (CAFE) "sensitivity case."26 A brief summary of 
the policy package is provided in Table 1. A more detailed description fqr each of the major sectors -
residential and commercial buildings, industry, transportation, and electric utilities - is contained in 
Appendix B. Appendix B also makes clear where we deviate from the CEF policies. (Some of these 

deviations are significant, e.g., we model considerably higher requirements for electric generation from 
non-hydroelectric renewables such as wind, solar, geothennal, and biomass.) 

In recent experience, a wide range of firms have been able to save millions of dollars by implement

ing many of the same technologies examined in the CEF report. For example, between 1993 and 1997, 
DuPont's chemical-processing Chamber Works facility in New Jersey implemented a number of the types 

of technologies highlighted in the CEF report, such as more efficient light bulbs and lighting systems; 
improved steam systems; combined heat and power generation; more efficient heating, ventilation, and 
air conditioning (HVAC) systems; and variable-speed drives for motors and optimized motor size, As a 
result, energy use per pound of output fell by about one third, and annual energy bills fell by $17 million, 
even while production increased by 9%. 27 Technologies like the ones examined in the CEF report often 
require a large initial investment but yield substantial energy savings over the long run. These positive, 
and often large, returns on investment can allow finns to increase their output and/or profitability. 

Specific examples of the types of technologies included in the CEF policies include increased 
d!iciency standards for home and commercial equipment like washing machines and air conditioning 
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units. The transportation sector includes increases in fuel efficiency standards for cars, trucks. and sport 
utility vehicles as well as tax incentives for the production of highly fuel-efficient autos. ln many case>, 
the policies outlined in CEF are not aimed at promoting specific technologies but are rather expansions of 
whole-system initiatives. The steam and motor challenge programs, for example, aim to help industrial 
facilities improve their efficiency through implementation of technology and optimized equipment as 
well as increased monitoring and training for personnel. Programs like these are not tied to a single 
specific technology or piece of equipment or type of technology, but encompass a broader range of issues, 
covering human as well as physical capital. 

2.3. Policies to preserve competitiveness 
The package examined here includes several elements to level the playing field in order to assure that 
U.S. firms do not lose undue market share to industries in other parts of the world that do not ha1·e to pay 
U.S. energy taxes or achieve U.S. emissions reductions. For industries that are not energy intensive, the 
labor tax cut is generally sufficient to offset the burden of the carbon-energy charge (see, e.g., Hoerner 
2000). In addition, as discussed below, energy efficiency improvements induced by the plan are sutlicient 
to offset the burden of the charge on even the most energy-intensive industries in the long run. However, 
this leaves two problems: maintaining the international competitiveness of U.S. fossil fuel industries 
themselves, and preserving the competitiveness of energy-intensive industries in the short run.'' 

To deal with these two problems, the policy package includes a border tax adjustment on carbon 
energy tax payments. Such an adjustment would mean that importers of fossil fuels and energy-intensive 
bulk materials are required to pay whatever taxes or emissions-permit fees would have been required had 
the products been produced in the U.S. In addition, taxes associated with U.S. production of energy
intensive exports would be rebated to the producer. Such border adjustments are currently used for U.S. 
taxes on gasoline, alcoholic beverages, ozone-depleting chemicals, and many other goods, and on value
added taxes (VATs) (which are not used in the U.S. but are common in Europe). Border adjustments are 
considered a normal part of the tax system and are explicitly allowed under the General Agreement on 
Tariffs and Trade (GATT) and World Trade Organization (WTO) regulations (see, e.g., Demerel and 
Stewardson 1994 and Hoerner and Muller 1996). 

Border tax adjustments can be complicated to administer, We would therefore limit the border 
adjustment to products for which the carbon/energy tax has a significant impact on price (set at 2% for 
the purposes of this study). This includes fossil fuels themselves, electricity, and a handful of energy

intensive bulk materials, such as primary metals, cement, primary paper, and certain chemicals. 

2.4. Policies for a just transition 
As noted above, prior research suggests that a moderate carbon tax used to offset part of the payroll tax 1n 
conjunction with policies aimed at increasing energy efficiency generally have small effects on overall 
GDP and employment. Nevertheless, in some industries, most notably coal mining, some job loss appears 
unavoidable under any effective energy efficiency or carbon abatement policy. 111e policy package 
modeled here includes policies designed to provide these workers with a just transition to new skills or a 
bridge to retirement. These policies are intended to provide economic compensation for any workers who 
lose their jobs as a result of the policies modeled here. 

We modeled two alternative packages. The reference package is based on the services that would be 
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required to return laid-off workers to employment at substantially similar wage rates with no loss of 
income during the transition. It would include two years of full, unconditional income replacement, up to 
four years of full-time training or educational benefits, and living stipends for an additional two years for 
those who remain in training. It includes replacement of health insurance and contributions to retirement 
plans. The value of the package is set at 150% of the estimated average loss to provide additional protec
tion lo workers who take longer to find new jobs and compensation for other losses (e.g., moving ex
penses. tool purchases, etc.). Workers within five years of retirement would have the option of forgoing 
training and receiving additional income replacement as a bridge to retirement. The average cost of this 
program is approximately $122,000 per worker.2' For workers in the coal mining sector, whose salaries 
average JU St over $62,000 per year, the average cost of the benefit package would equal about $196,000.10 

TI1e alternative package would simply make a cash payment to eligible workers equal to their after
tax wages at layoff for up to five years. If a worker finds a new job within five years, for every dollar 
earned the payment would be reduced by 50 cents. The cost of this benefit package is slightly more than 
that of the first package. · 

These benefits would be available to workers employed in affected industries prior to the adoption 
of the policies who are subsequently laid off. The training programs would be administered by councils 
composed of representatives of local governments and workers from affected industries. For unionized 
industries. the worker representatives would be appointed by the union. Experience has shown that 
participation by workers in the design of training programs is essential to ensure that the programs 
provide the kind of training that workers need if they are to find new employment of comparable quality. 

Workers are often skeptical of transition programs and their ability to either compensate laid-off 
workers or help them find suitable employment. Much of this suspicion arises as a consequence of past 
experience with such programs as the Job Training Partnership Act (ITPA) and the Trade Adjustment 
Assistance program (TAA), which have had mediocre results at best. Assessments of both programs have 
found that only about 40% of participants found jobs related to the training they received, and most of those 
jobs offered greatly reduced wages. One major cause of this problem has been the low levels of funding 
provided to these programs. ln 1996, for example, the ITPA Title III program (designed for laid-off work
ers) allocated only about $4,000 for each participant. For workers dislocated by international competition, 
TA.A benefits are meant to be an entitlement, but the program's appropriations often ran out well short of the 

end of the program year. leaving entitled workers with no benefits.31 For these reasons, the package modeled 
here includes transitional assistance as a fully funded and integral piece of the policy approach. 

Two aspects of the transition package are worth further discussion here. The first is that the package 
is modeled with the assumption that little new hiring will occur in heavily affected sectors; layoffs are 
calculated as reductions in labor force less attrition. The second is that industries would be pre-certified 
so that affected workers would be immediately eligible for the program, thus avoiding many of the 
administrative problems that have plagued transition programs in the past. 

Large-scale layoffs can affect not only the individual worker but also the communities in which they 
live, particularly communities with high concentrations of layoffs. In such areas, merely retraining dis
placed workers is likely to be insufficient to guarantee re-employment and to help ensure the economic 
health of the community. In order to assist local communities, the policy package provides funds from the 
carbon/eneq,')' tax revenues. e'qual to $I 0,000 per job lost, for investment in local community develop
ment. 'l The purpose of providing community development funds is to help generate employment 
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opportu-nities in affected communities, both to provide local opportunities for workers who have lost jobs 
in energy-intensive industries and also to maintain the economic base of the communities that rely on 
such jobs. Conununity development funds can also help attract new employers to regions suffering losses. 

3. THE MODELING APPROACH 
The economic impacts of the policy package described above were modeled using LIFT (Long-term 
Interindustry Forecasting Tool), a 97-sector inter-industry macroeconomic model created by the lnforum 

modeling group. Inforum, an academic research and consulting group based at the University of Mary
land, has a well-respected, 20-year track record perfonning macroeconomic modeling. 

The LIFT model tracks more than 800 macroeconomic variables, and is unique in the extent to 
which it builds up aggregate demand from individual industry demands at a high level of industrial detail. 
The consumption side of the model has 92 demand categories, arranged in functional groups that allow 
substitution and complementarity effects to be explicitly estimated. Equipment investment for each 
industry is estimated using a two-stage, three-equation system that simultaneously detennines investment, 
labor, and energy demand. Industry wage trends are detennined primarily by industry-specific labor 
productivity equations. The model also has a rich array of tax and fiscal policy handles and a highly 
detailed government sector. For this project, an additional module was added to the model to perform 
carbon and energy accounting by industry, sector, and fuel. 

A more detailed overview of the LIFT model can be found in the published literature,)) and many 
aspects of the model are explained in Inforum working papers.:i; 

For this effort, the model baseline was first calibrated to the GDP growth rates and energy efficiency 
improvements contained in the 2001 Annual Energy Outlook of the U.S. Energy Information Administra
tion. GDP was calibrated primarily by exogenous adjustment in the rate of labor productivity improve
ment. Energy efficiency was calibrated on the production side by adjusting the technical coefficients of 
the factor demand matrix and on the consumption side by calibrating the consumer demand system. 

The following energy policies were then added to the model: 

the carbon/energy tax increases and labor tax reduction described above; 

the energy efficiency improvements from the CEF report and the additional energy efficiency 
policies described in Appendix B were implemented using a ratio approach;35 

private investment and government spending sufficient to achieve these energy efficiencies were 
added to the current investment and spending levels; 36 

compensation for lost jobs and community transition assistance were implemented as an increase in 
unemployment insurance expenditures and general state spending, respectively; and 

border adjustments were applied to each industry with a carbon/energy tax burden of2% or more of 
the total cost of production. 

We calculated the number of workers eligible for transitional assistance in two ways, with results 

reported below under both approaches. (Although the two approaches resulted in somewhat different 
shares of the carbon/energy tax revenues going to transiHon assistance, the macroeconomic results did not 
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differ appreciably depending on the approach used and so are not reported separately.) Under the first 
approach, we identify the LIFT sectors likely to face policy-induced job loss as those whose aggregate 
carbon tax payments are at least 2% of gross output in at least one year. We then estimate the number of 
eligible workers in any given year as the decline in sectoral employment from the previous year, less 
voluntary attrition through retirement and the like (set at 3% annually).17 Because it is based on the net 
year-to-year changes in sectoral employment, this method should elicit an estimate close to the number of 
policy-induced layoffs. However, it cannot identify job losses that are offset by new hires because these 
offsetting positions will not appear as a net reduction in employment; thus, this method will understate 
slightly the number of eligible workers. · 

The second approach to eligibility attempts to identify gross layoffs in the energy-intensive indus

tries and does not attempt to distinguish between policy-induced losses and those that would have oc
curred without the policy package. We estimated the layoff levels based on historic average rates by 
industry and on the historic level of responsiveness of layoff rates to changes in worker productivity and 
industrial output levels. All such layoffs in the fossil fuel sectors are eligible for the transition program. 

Layoffs in energy-intensive industries (defined as industries at the four-digit SIC level for which the 
carbon/energy tax is 2% or more of gross output) are eligible after the first three years. (We estimate that 
policy-induced layoffs in non-fuel energy-intensive industries are negligible - less than 1,000 jobs 
nationwide - in the first three years.) In both cases, eligibility is restricted to those employed in the 
relevant industry at the time the policy package is adopted. In both cases, the program expenditures are 
modeled as increases in unemployment insurance payments. 

As between these two approaches to eligibility, we believe the first approach provides a more accurate 
estimate of the actual number of persons laid off as a result of the policy package. However, to administer 
the first approach it would be necessary to detennine whether the layoffs at a particular plant were caused 
by the climate policy or unrelated factors. The history of transition assistance programs suggests that these 
detenninations are often difficult and lengthy, and have frequently prevented assistance from reaching 
workers in a timely fashion (Barrett 200la). The second approach treats all laid-off workers as eligible for 
the program, including those not laid off due to the climate policies. The second approach is more adminis
trable because it allows immediate certification of workers based on objectively observable criteria (i.e., 

employment in one of a set of pre-determined industries). However, it is worth observing that, if a method of 
~apidly and accurately detennining the cause of particular layoff events could be developed, the cost of the 
transition program could be considerably reduced, the benefits could be substantially increased, or both. 

See the discussion on energy prices and expenditures in the following section for estimates of 
workers receiving transition assistance under the two approaches. In order to avoid underestimating the 
necessary cost of the transition program, we present our results based on the second method. 

In a few cases more specific adjustments had to be made in the model, such as to capture the 
increased cost and labor requirements to produce more fuel-efficient vehicles and changes in the technical 

requirements of several industries to account for recycling efficiencies. 

3.1. Strengths and limitations 
Estimates of the cost of achieving carbon emissions reductions in the U.S. vary widely. For example, 
estimates of the impact on GDP of reducing carbon dioxide emissions to the Kyoto level are mainly in the 
range of a I% gain to a 2% loss (IPPC 1996). A number of factors influence the forecast of economic 
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outcome, including baseline, model type, the policy package modeled, and whether the economic rnlue of 
the environmental benefit is included in the study (Weyant 2000; Repetto and Austin 1997 ). Howevt:r, two 
factors stand out as particularly critical. 

The first factor is whether the revenues from a carbon tax or permit system are used to cul other 
taxes. The economic literature, both theoreticaP' and empirical,39 is unanimous in concluding that, when 

the revenues from a carbon charge are used to cut other distorting taxes, the impact of the combined 
package (carbon charge and tax cut) on GDP is much more positive (or less negative) than for a carbon 
charge alone. This outcome can occur because the tax cut typically has a positive impact on the economy 

that offsets at least some of the negative impact of the carbon charge. Depending on the choice of tax cut, 
economic conditions, model assumptions, and other factors, the net effect of the combined package on 
GDP may be positive, negative, or zero, but in any case is typically small relative to a policy that relies 
either on a carbon tax or a grandfathered permit system"' alone. 

The second factor is the treatment of technological change and whether the policy package includes 
technology policies or relies exclusively on a carbon tax to achieve emissions reductions. Studies that do 
not explicitly consider technology-based policies tend to find much higher costs of emission reductions 
than those that do. Broadly speaking, there are two approaches to modeling reductions in fossil fuel use. 
usually referred to as "top-down" and "bottom-up," each with its own strengths and weaknesses. Top
down studies usually use computable general equilibrium (COE) models or macroeconometric models to 
estimate the effects of a carbon/energy reduction policy. These models either assume that finns and 
individuals optimize their decisions given prices, preferences, and technological constraints (COE 
models), or assume that historical relationships between macroeconomic aggregates will continue to hold 
(macroeconometric models). However, both types of models generally incorporate very simple and 
unrealistic models of technological change and improvement - usually little more than time trends 
(Wilson and Swisher 1993; Weyant 2000). The rate at which energy-efficiency technology improves does 
not vary in response to changes in any policy variable in any of the major multi-sectoral economic models 
that have been used for economic forecasts of climate policy. 

Bottom-up approaches, on the other hand, model individual technology decisions at the lel'el of 
specific industries and product choices. This approach will normally involve studying known technolo

gies in varying phases of research, development, and commercialization. Such studies can capture the 
effects of technological change and the potential of emerging technologies, but they often fail to capture 
the adjustment costs that prevent the economy from moving instantly to adopt these options. This was 
particularly true of older studies that rarely incorporated features such as market penetration models to 
account for capital replacement rates. In addition, these studies often focus on the benefits to particular 
industries or sectors, without estimating the impact on GDP or other macroeconomic variables. 

According to a comprehensive literature review undertaken in 1995, bottom-up studies typically 
find that, over a one- to two-decade time span, reductions in carbon emissions on the order of 20-30°/o can 
be achieved at a net saving or for approximately zero net cost, with larger savings possible over longer 
time horizons (IPPC 1996). More recent engineering studies of the U.S. economy have generally contin
ued to support this conclusion.•1 Under a broad range of modeling approaches and assumptions. studies 
are virtually unanimous in concluding that the costs of energy efficiency improvements or greenhouse gas 
reductions are reduced, and in some cases switch to a net benefit, if new technologies are introduced 
more rapidly (Edmonds, Roop, and Scott 2000). 
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Our approach in this study is to take the technology forecast from a state-of-the-art bottom-up 
study." and then use a macroeconometric model to explore the implications of this technology forecast, a 
carbon charge. and a labor tax cut on the macroeconomic and sector-specific levels. This approach allows 
us to take advantage of the comprehensive nature of the macroeconometric model without restricting 
ourselves to its oversimplified technology assumptions. Our results are generally similar to those of 

previous efforts to link economic models lo technology forecasting models,H in that they show a modest 
11nprovement in GDP for a moderate energy and carbon efficiency policy, 

This approach has certain advantages, but also certain limitations. First, because we are relying on 
an integrated technology forecast, it is difficult to untangle the effects of particular policies from the 
impacts of the package as a whole. For example, we are unable to estimate the impact of implementing 
the technology policies without the carbon tax. 

Our reliance on the CEF as the primary source of technological cost and penetration forecasts also 
limits the range of technical approaches we can explore. For example, the CEF report contains no analy
sis of the potential contribution of mass transit as a means to reduce carbon emissions and fossil fuel 
consumption. Increased investment in mass transit could provide substantial benefits in reducing emis
sions of carbon as well as other pollutants and could be useful in helping low-income families avoid some 
of the burden of increased gasoline prices that they might otherwise bear. A truly comprehensive policy 
package should examine the potential role of this important option. Because we lack compatible capital 
cost and energy savings data for transit investment, we were unable to include it in the policy package. 
We hope to examine this and other policies in future work. 

In addition. It is important to note that the CEF policies are not universally accepted. The CAFE 
standards we model, for example, are higher than those currently supported by the auto industry and auto 
workers. Finally, CEF does not include technologies such as carbon sequestration options and "clean coal 
technologies" designed to make coal-fired electricity less environmentally harmful. Whether or not these 
options will be viable alternatives for reducing carbon and other emissions remains to be seen, but, in any 
case, the current costs of geological sequestration are well above the $50 per ton carbon tax we model, 
and technological questions remain about the feasibility and environmental impact of storing large 
amounts of carbon for long periods. 

The second limitation to our approach derives from the limits of our overall framework, the LIFT 

model. LIFT is a macroeconometric model with a good forecasting track record. However, it is not 
forward looking in a rational expectations sense; instead, it reacts to policies as they are adopted. We 
have allempted to overcome this limitation by using a gradual phase-in of the market mechanism and 
an engineering approach to technology forecasting that is inherently forward looking, but these mea
sures offer at best a partial solution. Macroeconomic models also assume that historically observed 
relationships between macroeconomic aggregates will continue to hold. Phenomena such as increased 
globalization have l:ieen in play over decades, and so we expect the model to capture them to some 
extent. But when cumulative quantitative changes result in fundamental changes in the economic 
regime, no historically based model can guarantee accurate forecasts. It is also impossible to fully 
account for random factors such as Mideast unrest or year-to-year weather variations except by sce
nario analysis 

Third. although the LIFT model uses a finer degree of sectoral disaggregation than many other 
models, there is still substantial variation in energy intensity within the LIFT sectors, and we may fail to 
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capture effects that are specific to narrower energy-intensive sectors (but see Hoerner and M utl 2001 for 
an effort to estimate such effects using a 498-sector input-output model). The model also assumes the 
accuracy of the U.S. Bureau of Economic Analysis input-output estimates for inter-industry purchases of 
materials and services. We have commissioned further studies to assess the impacts of this policy set on 
selected industries, including coal and rail, that do not rely on LIFT sectorization and should thus provide 

a more accurate picture of the impact on freight rail. 
An example of the institutional constraints of macroeconometric models arises in the case of the auto 

industry in relation to the CAFE standards. An increase in CAFE standards is forecast to induce an in
crease in the labor required to produce a car. In recent years, however, U.S. automakers have been shifting 
an increasing proportion of their production process to Mexico and other foreign countries, importing auto 
parts for assembly at domestic plants. Increases in CAFE standards that require that production processes 
be changed significantly may accelerate automakers' decisions to take advantage of lower labor costs and 
build new plants abroad rather than build new plants or retool existing ones domestically. This outcome 
could offset some or all of the increased demand for labor resulting from the increased labor intensity. 
Alternatively, the production processes that are most likely to be shipped abroad are the ones that are best 
understood and widely copied - and these are likely to be the ones that have been implemented domesti
cally first. If this is the case, then fundamental changes in the automaking process may increase the need to 
maintain production domestically until the new technologies are well understood. 44 These types of consid
erations are beyond the capability of macroeconometric models, including LIFT, to analyze. 45 

Finally, technological change is, by its nature, inherently difficult to predict, and it is unrealistic to 
believe that information exists to identify in advance the best P.ossible energy system for the long term. -
Therefore, an essential component of any plan is ongoing evaluation so that one can expand the most 
successful programs, refine others, and cut losses on the unsuccessful ones. 

The next section describes the economic impact of the policy package implemented as described 
above relative to a "base case" scenario. 

4. MODELING RESULTS 
The economic impact of this set of policies on gross domestic product, employment and unemployment, 
wages, specific sectors, trade, energy security, carbon emissions, and inflation is mainly small but posi

tive overall. The environmental benefits, though, are quite substantial. Notable exceptions to the finding 
of a small overall impact include large reductions in oil imports and serious employment declines in 
certain sectors. Table 2 summarizes the results. 

4.1. Impact on gross domestic product 
As shown in Figures IA and lB, the policy package results in a small net increase in gross domestic 
product. GDP increases by 0.2% in 20 I 0 and by 0.6% in 2020, representing $31 billion in 20 l 0 (in 1997 
dollars) and $100 billion in 2020. While relatively small, the increase is not insignificant, equaling the 

gross state product of, say, Montana, Vermont, Wyoming, or South Dakota in 20 I 0, or of Alaska in 2020. 
GDP increases on aggregate because, under the package of policies modeled here, the gross annualized 
investment and program cost necessary to achieve the energy saving is less than the annual value of 
energy saved. As a result of this reduction in materials costs, both productivity and GDP increase slightly. 
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TABLE2 
Impact of the policy package for GDP, emissions, and employment 

Percent change 
Baseline Polley scenario from baseline 

--------- --·· 
___ _2QQQ__ - 2QJQ 2Q2Q ZQJQ .2Q2Q__ 2010 --2@L 

GDP 9,545 12,863 16,771 12,896 16,878 0.26% 0.64% 
Carbon emissions 1,538 1,814 2,054 1,325 1,018 ·26.99 -50.40 
Total employment 141,343 154,263 164,119 154,917 165,547 0.42 0.87 

Manufacturing Industries 19,798 19,082 18,210 19,131 18,459 0.26 1.37 
Coal mining 88 53 46 24 12 ·54.14 -73.91 
Ferrous metals 426 425 . 354 425 354 -0.08 0.00 
Service Industries 103,849 115,026 123,539 115,644 124,835 0.54 1.05 

Note: GDP figures are In billions of 1997 dollars, carbon emissions are In mllllons of metric tons, and employment figures are In 
thousands of jobs. 

4.2. Aggregate employment and the unemployment rate 
The impact of the clean energy policy package on employment is significantly positive. As shown in 
Figure 2, net job gains rise to about 660,000 jobs in 20 I 0 and then continue to increase to around 1.4 

million jobs in 2020. 
The increase in jobs is primarily due to higher GDP. Other contributing factors include a slight shift 

in the pattern of growth toward labor-intensive sectors relative to the baseline. 
The increase in employment also results in a modest decline in the unemployment rate, as shown in 

Figure 3 and Table 3. The time pattern of these effects is similar to the employment effects, in that the 
unemployment rate falls fairly steadily throughout the forecast period, declining by four-tenths of a 
percentage point in 20 I 0 and by eight-tenths of a percentage point in 2020. 

4.3. Carbon emissions 
The policy package modeled here provides substantial benefits in enhancing both carbon and energy 
et1iciency. The package also has some impacts on emissions of methane, which is a more powerful green
house gas than carbon dioxide, though produced in much lower quantities. (Appendix B discusses the 
impacts of this policy package on methane emissions.) Carbon emissions are a reasonable proxy for the 
combined sum of air pollution from burning fossil fuels, in the sense that most carbon reduction policies, 
including this one, will reduce most other air pollutants by at least a proportional amount, all else being 

equal.46 

As shown in Figure 4, under the policy package carbon emissions decline dramatically relative to the 
baseline. Tables 4 and 5 show carbon emissions under the baseline and policy scenarios by sector and by 
fuel. While all sectors make substantial progress in reducing carbon emissions, the largest percentage 
reductions come from the commercial sector, due in large part to the fact that much of commercial sector 
emissions come from electricity use in buildings. The policy package modeled here includes substantial 
increases in the energy efficiency of buildings as well as advances in carbon efficiency of electricity genera
tion, resulting in the large reductions seen in the commercial and, to a lesser extent, household sectors. 
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TABLE 3 
Projected unemployment rate 

2000 2004 2008 2012 2016 2020 
·--- --·--------

Baseline 4.0 5.2 5.8 5.2 4.9 5.6 

Policy scenario 4.0 4.9 5.5 4.8 4.4 4.8 

Difference (policy- baseline) 0.0 -0.3 -0.3 -0.4 -0.5 -0.8 
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TABLE 4 
Carbon emissions by sector 

Baseline 

1999 2010 2020 

480 530 587 
498 635 741 
243 308 341 
289 341 385 

1,511 1,814 2,054 
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Policy scenario 

2010 2020 

379 310 
547 497 
179 83 
219 128 

1,325 1,018 



TABLE 5 
Carbon emissions by fuel 

Baseline Policy scenario 

1999 2010 2020 2010 2020 -· --- ------·----·- ·-··-· ----------
Coal 549 636 672 320 72 
Petroleum 650 759 862 653 589 
Natural gas 312 413 514 350 366 
Total 1,511 1,814 2,054 1,324 1,018 

Of all the fossil fuels, coal use declines the most in this model. One reason for this decline is the 

relatively high carbon content of coal-fired electricity. With existing coal-steam generators averaging 

between 30% and 35% thermal efficiency, compared to the near-50% efficiency of new combined-cycle 

natural gas plants, gas-fired electricity has an advantage in a carbon- or pollution-constrained environ

ment. Moreover, natural gas is less carbon intensive than coal per BTU. 

4.4. Wage effects 
The policy package would result in increases in real hourly wages after payroll taxes in every year 

relative to the baseline. The average real hourly wage will be 1.3% higher in 2010. After peaking in 2005, 

the increase in after-tax wages declines steadily to 2020, although wages are still more than 0.3% higher 

in that year relative to the base case. This increase in wages is caused by several interacting effects. First, 

there is a cut in taxes on wages, most of which benefits workers. Although this wage increase is partly 

offset by higher energy prices, improvements in energy efficiency help to mitigate that offset. Second, 

there is a small but detectable shift in the pattern of growth from capital- and energy-intensive industries 

toward labor- and skill-intensive industries, resulting in a slight increase in labor demand. 

The diminishing increase in wages after 2005, illustrated in Figure 5, is the result of two factors. 

First, reductions in aggregate carbon emissions cause a steady decline in carbon tax revenues after the tax 

is fully phased in in 2005. This results in a smaller labor tax cut. Second, a larger share of the tax rev

enues are devoted to transitional assistance for workers and communities in the later years, further 

reducing the labor tax cut. 

4.5. Energy security 
As Figure 6 shows, crude oil imports fall considerably under this policy package. Relative to the 

baseline, imports decline by 610 million barrels per year in 2010, with the decline increasing to 1.54 

billion barrels per year by 2020. This reduction is slightly more than all the oil imported from OPEC in 

1999. Over the course of20 years, these savings would represent more than six times the estimated 

recoverable oil underlying the Arctic National Wildlife Refuge (ANWR) in Alaska.47 

Under this policy, U.S. dependence on foreign oil declines dramatically relative to the baseline, as 

does U.S. dependence on oil overall. Under the business-as-usual scenario, oil consumption (crude and 

net imports of refined products) as a share of GDP falls gradually to about 80% of its 2000 level by 2020. 
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Under the policy package, this gradual decline is substantially accelerated: by 2020, consumption as a 
share of GDP has fallen to 60% of its current level (Figure 7), substantially lowering U.S. vulnerability to 
price shocks on international energy markets. 

With oil imports and consumption declining so substantially, even quite large increases in global oil 
prices would be unlikely to have much macroeconomic impact on inflation or growth. The U.S. would be 
virtually immunized from recessions induced by oil price shocks. . 

4.6. Inflation 
The effect of this policy package on inflation is very small- less than two hundredths ofa percentage 

point in 16 of the 20 years in the forecast. However, the effect of the policy package is to increase infla
tion slightly in the early years, as the carbon/energy tax is phased in, and reduce inflation in every year 

after 2006. This 1s in keeping with the general pattern of economic consequences, as increases in produc
tivity tend to moderate inflation, all else held constant. 

4.7. Sectoral impacts 
While there are too many sectors in the model to examine each one individually, there are a few cases that 
deserve special attention. (Table Cl in Appendix C summarizes projected changes in employment relative 
to the baseline for all industries, and Table C2 provides estimates of policy-related layoffs in energy
intens1ve 1ndustnes.) 

In tenm of percentage change in employment, the coal industry is most negatively affected by the 
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policy package. While the coal mining sector already faces reduced employment levels in the baseline 
(Figure 8), the addition of the policy package accelerates this trend considerably, so that by 2020 em
ployment is little more than a quarter of what it would have otherwise been. (Note that reductions in 
employment levels or number of employment-years should not be confused with layoffs. Layoffs are 
equal to reductions in the labor force, minus retirement and voluntary turnover, plus any new hires that 
occur despite the overall shrinkage. For a more extensive discussion, see Appendix C.) 

This accelerated decline hits coal because coal is the most carbon intensive of the fossil fuels, and, 
as the demand for energy falls relative to the baseline as a result of the carbon tax and energy efficiency 

improvements, demand for coal-based energy declines the most. 
While coal loses the largest share of its employment relative to the baseline, the electric utility 

sector sees the largest absolute employment loss. While employment in the sector stays relatively flat at 
about 300,000 through 2010, it drops off rapidly thereafter, to 169,000 in 2020, about 144,000 less than 
baseline levels. Again, this decline is due largely to the energy efficiency improvements throughout the 
econo~y resulting in reduced demand for electricity, together with an increasing share of electricity 
being produced through combined heat and power in other industrial sectors. 

In contrast to the experience in the energy-producing sectors, energy-intensive industries generally 
suffer negligible losses or small gains under the policy package. The case of the primary ferrous metals 
sector (which includes the steel industry) is fairly typical of energy-intensive manufacturers. It faces 
rather mild impacts, with small employment losses in the early years, although it fully recovers by 2020. 
The difference relative to the baseline is never more than 0.5% in any given year. 

Given that steel making is a fairly energy-intensive process, these results may seem 
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counterintuitive. The relatively benign impacts are due mainly to three effects. The first is that the 
border tax adjustment on steel mitigates the erosion of the competitiveness of U.S. production relative to 
international markets. The second is improvements in energy efficiency. While the carbon tax increases 
the price per unit of energy consumed in the industry, the efficiency improvements allow steel producers 
to make steel with less energy, so that the price of steel increases by only 3.25% by 2020. Finally, the 
small reduction in demand that this price increase might otherwise cause is offset by increases in 

demand due to the overall increase in GDP. 
In general, most industries see similar results. The construction, auto, trucking, and paper industries, 

for example, all see modest gains in employment relative to the baseline throughout the years studied, 
with the gains never rising to more than 1 %. Construction prices do not increase relative to baseline. Auto 
prices rise by more than l 0% in the final year, as does the labor requirement per car. The increase in per
vehicle labor requirements thus offsets the decline in vehicle consumption due to higher prices and a 
slight increase in imports.0 The burden on the consumer of higher auto prices is substantially offset by 
lower fuel costs. Trucking prices rise slightly, but the demand for trucking services is relatively insensi
tive to price and depends mainly on the volume of goods to be shipped, which increases. The interna
tional competitiveness of the primary paper sector is maintained through border adjustments, and the 
increase in domestic price is small due to energy efficiency improvements. 

Taken together, all of these modest impacts in the various sectors yield increased employment for 
the economy as a whole as well as for the manufacturing industries taken together. By 2020, employment 
in the manufacturing industries is about l .3% higher than it otherwise would be (though it should be 

noted that this merely slows, and does not reverse, the shrinkage of manufacturing employment that is 

projected to occur in the baseline). 
Employment increases in the service industries are slightly greater in percentage terms than those in 

manufacturing. However, the absolute number of jobs created in these sectors is considerably larger 
because the service sector constitutes a larger share of employment initially and is growing more rapidly 
in the base case. 

4.8. Energy prices and expenditures 
While rising energy prices, induced either by taxes or by market forces, can induce energy consumers to 
become more efficient, they can also impose economic hardships on family budgets. Our modeling finds 
that, despite increases in energy prices, expenditures on energy fall substantially, and so family budgets 
are not adversely affected by rising energy bills. In fact, the opposite occurs. Over the 20-year forecast, 
for every dollar spent by households on energy-efficient appliances and cars, household energy bills fall 

by more than $4." 
The following graphs show the prices and total domestic expenditures on petroleum products, 

electricity, and natural gas. The lines indicate the price per unit in the base and.policy cases, indexed to 

2000 (i.e., expressed as a ratio to their 2000 prices). Increases in prices can be read on the left-hand 
vertical axes. The columns represent annual total expenditures, measured in billions of 1997 dollars. 

These values can be read on the right-hand vertical axes. 
As Figure 9 shows, prices for petroleum products (including gasoline, diesel, and home heating oil) 

fall in the initial years (reflecting a rebound from their current high levels) and then begin steadily 
increasing through 2020. In the baseline, prices in 2020 are just under 29% above their 2000 levels, while 
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in the policy case, the increase is about 33%.relative to 2000. Relative to the baseline, gasoline prices in 
the policy case are about l.4% higher in 2010 and about 3.4% in 2020. 

At the same time, expenditures on petroleum products in the policy case are below the baseline in 

every year. Further, while the baseline shows purchases increasing in every year, expenditures actually 
fall through much of the policy case. 

This trend helps illustrate some of the other results found. The most important of these is that the 
elliciency policies reduce the demand for energy and energy-intensive products, restraining the price 
increase that would otherwise be caused by the energy tax. The value of carbon tax payments from the 
petroleum industry as a share of industrial output is about 12.3% in 2020. Because the efficiency policies 
allow businesses and consumers to drive cars and trucks and heat homes and businesses with less energy 
than they used to, petroleum and other fossil fuels producers are unable to shift most of the burden of the 

tax onto energy consumers. Instead, they are forced to bear most of it themselves. This is seen in the fact 
that, while the total tax burden is 12.3%, the prices consumers face in 2020 increase by only 3.5%; the 
petroleum industry, domestic and foreign, pays about three-fourths of the energy tax.~" Without the 

elliciency policies, energy consumers would be less able to reduce their demand and would likely face a 

much greater tax burden. 
This can also help explain why sectors like trucking and other transportation industries do not face 

large reductions in output or employment while the petroleum refining sector does. On one hand, the 
increase in fuel prices is much lower than the $50 per ton tax might seem lo indicate. and, on the other 
hand, efficiency increases allow them to continue operating with greatly lower fuel needs that offset much 
or all of the price increase. 
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ll1e outcome seen above is similar to the experience for both electricity and natural gas. As shown 
lf1 Figure 10, electricity prices grow almost unifonnly through 2020 in both the baseline and policy case, 
with prices in the policy case about 6.5% higher than the baseline by 2020. By 2020, however, expendi
tures on electricity are about 54% of what they would be in the baseline. 

The results for natural gas are similar (Figure 11), but prices rise higher and expenditures fall less 
than for gasoline and electricity. Both the baseline and the policy case show a large initial reduction in 
prices from their 2000 levels, again showing a rebound from their current high levels. Following this, 
prices in both cases begin to rise. By 2020, policy case prices are about I 0% higher than their baseline 
levels, while expenditures are about 25% below the baseline. 

ll1is trend may seem counterintuitive, given that natural gas has a lower carbon content per unit of 
heat than either coal or petroleum. The total tax burden for natural gas is about 13.2%; with prices rising 
10.4%, consumers bear most of the tax burden. The reason for this is that, with coal consumption falling, 
electricity generators do not cut back on natural gas consumption as much as they might otherwise, 
maintainrng a relatively high level of demand for natural gas. While efficiency measures reduce demand 
overall. demand does not fall as much as it does for other energy products, so that prices increase more 
than for other forms of energy. Despite this larger increase in price, expenditures on natural gas fall well 
below their baseline levels. 

4.9. Transition assistance 
As mentioned above, the transition program is modeled in several ways, with two estimates of the number 
of eligible workers (total layoffs in impacted industries vs. layoffs actually caused by the program) and two 
different adjustment packages (two· to four-year income replacement plus retraining vs. five-year income 
replacement). The main impact of these differences is the amount of money that must be diverted from the 
carbon tax revenues lo fund the program, and this varies with the number of eligible workers and package 
cost. The more funds diverted, the smaller the labor tax cut will be. (The difference between the methods 
has linle impact on the macroeconomic forecast, with GDP differing by less than 0.16% in every year.) 
Throughout this paper, results are reported using the main package and the more inclusive eligibility stan
dard. 

Our primary estimation method (total layoff coverage) results in just under 1.6 million workers 
being eligible for benefits, 820,000 in the first 10 years and 776,000 in the last 10. Including the commu
nity transition funds, this means that $211 billion will be diverted to the transition program over 20 years, 
about 18% of the carbon tax revenues. The lower estimate (actual job loss) is considerably smaller, with 
only 162,000 workers being certified over the period. About 64,000 of these come in the first half of the 
forecast and 97,000 in the second half. Accordingly, the size of the fund is much smaller- only $21 

billion over 20 years, less than 2% of the carbon tax revenues. Using the more expensive five-year 
payment package results in slightly higher payments, about 25% of tax revenues for the higher eligibility 
method and 2. 7°10 for the lower method. 

Yet another option is to use different eligibility standards for workers in different industries. Under 
this option. workers in energy industries (coal, oil. natural gas, and electricity) would be subject to the 

more inclusive standard, while workers in non-energy industries would be subject to the tighter standard, 
resulting tn a hybnd of the two approaches outlined above. A commission or similar structure would need 
lo determine eligibility for workers laid off from non-energy industries, as has been the practice for TAA 
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programs. We modeled such an approach assuming that the commission would certify three times the 
number of layoffs that are estimated to be actually caused by the policy package. This approach would 
require about $ l 24 billion ( 11 % of carbon tax revenues) for the primary package and $176 billion ( 15% 
of revenues) for the alternate package. 

Finally, it is important to keep in mind that we have used conservatively high numbers whenever 

possible. The total layoff method we use to determine the size of the transition fund is conservative in two 
ways. First, it assumes that workers in energy-intensive industries will be eligible for the program regard
less of the actual reason for losing their job. As mentioned above, the lower method. is likely to be far 
more accurate in estimating the number of people who would be laid off due to the policy package. 
Second, it assumes that every eligible worker would take the package. Without r~liable estimates of the 
number of workers who would likely enroll in the adjustment program, this assumption helps define an 
upper bound for the size of the program.'1 Because we likely overestimate the number of workers eligible 
for the package by a large margin, it is likely that the transition package could be made substantially more 
generous for workers who choose to take it without increasing the cost above our estimates. 

5. CONCLUSION 
Given the serious environmental and other side effects that come from continued dependence on fossil 
fuels to drive the economy, important questions are being raised about what steps could be taken to 
reduce U.S. consumption of coal, oil, and natural. gas. Because the U.S. depends so critically on fossil 

fuels, one of the most important questions to be addressed is the impact such steps would have on work
ers and the economy as a whole. 

Some studies that attempt to assess these impacts, usually in the context of reducing greenhouse gas 
emissions, have predicted serious economic harm as a direct result. A common element of these studies, 
aside from their ominous predictions, is the fact that they tend to rely on a single mechanism, a carbon 
tax or similar policy, to achieve their goals. Previous studies have generally found that a policy package 
that combines carbon/energy charges with revenue recycling and policies to promote energy efficiency 
and emerging technologies yields better economic results than do packages that achieve similar levels of 
emission reduction through single-instrument approaches, such as energy tax increases. Other important 
elements ofa comprehensive energy efficiency and carbon reduction policy include policies to protect the 
competitiveness of energy-intensive industries and to compensate injured workers in the fossil fuel 

industries. Prior to this report, little work had been done to assess the broader economic implications of 
such policies, particularly in the context of a more comprehensive scenario. 

This study attempts to help fill this gap by assessing the economic implications of a comprehensive 
approach to climate change and energy policy by modeling a policy package that includes elements of all 
of the types of policies outlined above. This analysis suggests that a policy package that uses a relatively 
modest tax on carbon to shift the tax burden away from labor and onto fossil fuel consumption, along 
with an array of policies designed to accelerate the adoption of carbon- and energy-efficient technologies 
can result in substantial declines in fossil fuel consumption and carbon emissions with modest but 
positive impacts on the macroeconomy. The results here do not suggest that these policies by themselves 
would be sufficient to bring atmospheric carbon concentration to sustainable levels, since this is clearly 
impossible for any one nation to achieve. Rather, the study assesses the economic impacts ofa specific 
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set of measures that can help reduce carbon and other emissions associated with fossil fuel consumption. 
and finds them to be largely positive. 

While these results are promising, neither the costs nor the benefits of this approach are equally 
shared by all. Specifically, workers in fossiJ fuel and some energy-intensive industries will face an 
uncertain future as the demand for the products they make, and thus for their labor, declines. These losses 
can be mitigated to a certain extent by policies aimed at preserving the competitiveness of energy
intensive industries, but declines in employment for a few industries, severe in some cases. appear 
unavoidable. For this reason, the package modeled here includes a transition program aimed at helping 
laid-off workers and their communities in the transition to a more carbon- and energy-ef11cient economy. 

While this study suffers from some limitations common to studies of this sort, and while the policy 
package modeled here may not be ideal, the results strongly indicate that a comprehensive approach 1s 
required to address the problems posed by dependence on fossil fuels. Especially when considered in 
context with other research in this area, these results illustrate that achieving carbon and energy efticiency 
will require a multifaceted approach that includes both economic incentives and technology promotion 

policies. The combination of the technology policies and carbon pricing yield the reductions in fossil fuel 
consumption and carbon emissions without the severe impacts on the macroeconomy seen in other 

research. Our findings suggest that the appropriate direction for both research and policy development 
lies in the exploration of comprehensive policy packages, as have been pursued in countries that have 
adopted stronger carbon reduction policies. 
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APPENDIX A: 
Labor-Environment Dialogue on Climate Change 
The policy package detailed in this repoT1 was selected based in paT1 on the fact that, of the options examined here, it 
seemed most likely to meet a set of criteria for a labor-friendly climate policy developed by the Working Group on 
~Llf~et Mechanisms and Just Transition of the Labor-Environment Dialogue on Climate Change, a project of the 
ML-CIO 

In 1997, the AFL-CIO and a group of environmental organizations led by the Sierra Club and the Union of 
(once med Scientists began a series of meetings called the Labor-Environmental Dialogue on Climate Change. ('the 
authors of this repoT1 served as technical advisors.) 

These meetings culminated in a Labor-Environmental Summit at the George Meany Center for Labor Studies 
on Apnl 14-15, 1999. More than 60 trade union and environmental leaders attended. Summing up the meeting, 
AFL-CIO President John Sweeney and Sierra Club Executive Director Carl Pope said: "The transition in the global 
energy economy is threatening both workers' rights and the climate. We commit ourselves to crafting together a 
package of worker-friendly domestic carbon emission reduction measures." 

The sum mil appointed several working groups to help fulfill this charge. One of these was the Working Group 
on Market Mechanisms and Just Transition, which ultimately adopted five criteria that a labor-friendly climate plan 
should meet. Accord111g to these criteria, such a plan should: 

result m substantial energy savings and related environmental benefits, including putting the U.S. on·a path 
toward a level of greenhouse gas emissions that can be sustained without dangerous changes in the global 
climate; 
mm11111ze negative impacts on employment and economic growth in the long term; 
recognize the importance of strengthening the labor movement and preserving union jobs, including jobs in 
energy-1ntens1ve and fossil-fuel industries; 
provide a complete, "make-whole" remedy for any jobs that may be lost as a result to the program, and 
assistance to communities that lose their primary economic base as a result of the program; and 
be progressive in distribution of burden across income classes. 

The Working Group did not select any particular emissions reduction target, but suggested that the U.S. 
should aim for a policy pac~age that is feasible, makes economic sense, and puts the nation on a long-term path that 
combines steady carbon emissions reductions with robust economic growth. 

APPENDIX B: Description of Sectoral Policies 
This section provides a more detailed description oflhe package of energy efficiency technology promotion policies 
d1Scussed 1n this repon. The first four sections describe energy efficiency initiatives in four sectors: manufacturing, 
buildings. lranspo11ation, and electric generation. The !ifih describes measures to reduce the emission ofnon-C.02 
greenhouse gasses. These policies are, for the most part, taken from the Scenarios for a Clean Energy Future report's 
advanced scenario (the CEF repoT1). The transportation policies also include the measures in the corporate auto fuel 
efficiency (CAFE) sensilivity case from that report. 

The CEF repoT1 should be consulted for greater detail on the policy package, which is described here only in 
summary fashion. However, in some cases the policies have been modified from the CEF advanced scenario to 
improve the economic or environmental benefit or lo make them more worker friendly. Additional policies have 
been added from two sources: (I) feedback from our board of union advisors, and (2) the Energy Innovations repoT1 
(Alliance to Save Energy et al. 1997) and related studies (World Wildlife Fund 1999; Geller, Bemow, and Dougherty 
2000). Energy savings and investment cost estimates for these additional policies were calculated by Steve Bemow 
and Bill Dougherty oflhe Tellus Institute under contract with CSE. Those changes are fully described here. The 
added policies were chosen based on several criteria. First, that they had been studied adequately to have a solid 
basis for cost forecasts. Typically this implies that we look only at policies that have been advocated by a broad 
range of groups. Some have actually been implemented al the state/municipality level, and many have been intro· 
duced as federal legislation. The list is deliberately not exhaustive. Second, each policy has a negative cost of saved 
carbon mer the life of the investment, using a 5% real discount rate. Note that this is a somewhat lower discount rate 
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than is used by the CEF in some cases. This accounts for the wider range of policies available under the Tellus 
analysis, which is otherwise based on essentially the same model (NEMS) and modeling assumptions as the CEF. 
However, it should be observed that the average benefit-cost ratio for the various demand-side policies under this 
assumption is more than three lo one. Thus, the package as a whole would be cost effective even under more 
pessimistic discount rate assumptions, though individual elements of it may not be. 

B.1 Manufacturing sector policies 
The manufacturing sector, which employs 21 % of American workers, is a large, diverse, and essential sector of the 
U.S. economy. Since most of its products can be exported and imported (unlike many service industries in which 
production is inherently local), the manufacturing sector is highly exposed to international competition. Also, the 
manufacturing sector is a leading source of export-related jobs. 

The manufacturing sector is also much more energy· and carbon-intensive than the rest of the economy. It 
produces 51 % of total industrial emissions and roughly four times the emissions per job as the average for the rest of 
the economy. 

The package described below is essentially the manufacturing portion of the advanced scenario in the CEF 
report. It dilTers in three respects. First, the switch to more efficient motors is accomplished partly by a scrappage 
bounty system, rather than through a pure regulatory approach. Second, the tightening of Clean Air Act standards is 
assumed to be accompanied by increased reliance on output-based regulatory approaches, tying allowable emissions 
to manufacturing production volumes. These two changes were made for greater workability and competitiveness 
reasons; they have a trivial impact on the emissions estimates. Finally, although the CEF report examined the 
potential for combined heat and power (CHP) and district heating systems for large, energy-intensive manufacturers, 
it did not examine the potential for cost-effective small-scale CHP among non-energy-intensive manufacturers and 
large commercial operations such as hospitals and universities. Based on Energy Innovations estimates as updated 
by Tell us, we assume an additional 26 OW of such capacity in 2010 and an additional 77 OH in 2020 of such 
applications, distributed between the industrial and commercial sectors. 

Summary of policies 
Voluntary agreements: strengthen existing voluntary sector agreements with associations and companies lo achieve 

an energy efficiency improvement of 1.0% per year over the business-as-usual scenario. 
Voluntary programs: increase motor, compressed air, steam, and CHP challenge programs and extend to smaller 

companies; expand floor space covered by Energy Star Building program by I 00%; expand number of 
pollution prevention program partners to 1,600 by 2020 (from 700 in 1997). 

Information and technical assistance: expand energy audit programs (Industrial Assessment Centers) and labeling 
programs. 

Motors: mandate upgrades of all motors to Consortium for Energy Efficiency standards by 2020; provide bounties 
for scrappage of older motors (i.e., small payments to firms for each old, inefficient motor scrapped). 

Clean Air Act: increase enforcement with emphasis on output-based approaches. 
Investment enabling: expand Clean Air Partnership and line charges to 50 slates; provide tax rebates of 50% of the 

salary of I 0,000 energy managers by 2020; provide investment tax credit for CHP systems. 
CHP policies: provide tax credits similar to those in the administration's Climate Change Technology initiative, 

extended beyond 2003; increase state grants through Clean Air Partnership Fund; expedite siting and permit
ting, interconnection standard in 2002. 

Research and development: double cost-shared federal R&D expenditures: include new industries-of-the-future 
effort and further expand cross-cutting industrial efficiency R&D programs. 

Industrial tax Incentives: establish a 10% investment tax credit for new capital investments in energy-intensive 
industries and for advanced energy efficiency technologies, to accelerate the rate at which technological 
innovation dilTuses into industries and to more quickly retire outmoded and inefficient production equipment 
and facilities. 

B.2 Transportation sector policies 
The transportation sector provides essential services without which the economy could not function. The transporta
tion industry (auto, truck, rail, aviation, and shipping) is one of the nation's largest employers, especially when 
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employment in related industries (motor fuels, gas stations, road building and repair, etc.) is considered. No solution 
lo the climate problem is workable unless it includes a healthy domestic transportation industry. Moreover, the U.S. 
exports a significant number of automobiles, and climate protection goals should include increased exports of high
efficiency, low-emissions vehicles. 

Yel lhe transportation sector is one of the largest sources, and is the fastest-growing source, of emissions of 
carbon dioxide, the major greenhouse gas. Partly as a result of relatively low gasoline prices in the U.S., American 
consumers have come to prefer larger, less fuel-efficient vehicles, and U.S. producers have become better at produc
ing such vehicles. It seems likely that, in the long run, the U.S. will have to follow the rest of the world toward more 
fuel-efficient vehicles, though consumers here are likely to continue to prefer somewhat larger vehicles than in 
Europe. The policy package discussed here would seek to accomplish the transition to greater efficiency without the 
disruption of U.S. auto production and the loss of market share to foreign producers that took place in the 1970s as a 
result of the oil price shocks. 

The package described below is essentially the transportation portion of the advanced scenario in the CEF 
report. It differs in three important respects from that proposal. First, it switches the tax credit for super-efficient 
vehicles from a consumption credit - which goes to a U.S. purchaser of high-efficiency vehicles, whether produced 
in the U.S. or imported - to a production credit, which goes to U.S. producers of energy-efficient vehicles, whether 
sold in the U.S. or exported. Second, because the advanced scenario still does not meet the overall goal of putting 
emissions from each sector on a downward path, this policy package incorporates the higher sensitivity analysis case 
for CAFE standards, which models larger increases in CAFE standards than the basic advanced scenario. This 
standard is a combined standard for cars and light trucks, starting at the current fleet average of about 24 miles per 
gallon and rising lo 34 mpg in 2010 and then to 50 mpg in 2020. These fleet average numbers are approximately 
equivalent to auto standards of 48 mpg in 20 I 0 rising to 68 mpg in 2020 and light truck standards of 30 mpg in 
20 IO and 42 mpg in 2020. (Note that these numbers include electric and other non-traditional vehicles). Finally, we 
project higher (but still quite low) penetration rates for cellulosic ethanol. 

One component of the package - pay-at-the-pump auto insurance - will encourage faster rates of automobile 
lumover and greater automobile sales, while reducing the total cost of car ownership. In addition, the increased cost 
of building more fuel-efficient vehicles increases the employment required to produce them. 

Summary of policies 
Tax credits: implement vehicle purchase tax credits as proposed in the Clinton Administration's Climate Change 

Technology Initiative (CCTI) (S2,000 credit for vehicle that is two-thirds more fuel efficient than a compa
rable vehicle, for purchases in 2003 through 2006), but extended and switched to a production credit. 

Ethanol: promote investment in cellulosic ethanol production. 
Government purchasing: promote alternative fuels and efficiency in government fleet program. 
CAFE Increase: described above. 
Pay-al-the pump: national "pay-al-the-pump" automobile insurance (providing a voucher for basic auto insurance 

coverage lo all motorists using revenues from motor fuel taxes). 
Trame control: adopt intelligent air traffic system controls, including air traffic management improvements to 

reduce the time spent waiting "on line" on the ground and circling around airports." 
Research and development: double cost-shared federal R&D expenditures. 

B.3 Buildings sector policies 
The buildings sector includes activities in the commercial and government sector (distinct from manufacturing, 
mining, and others included in the industrial sector) as well as residential energy use, but not transportation. It 
includes lighting and HVAC in residential and commercial buildings themselves as well as appliances used within 
those buildings. The sector accounts for just over one-third of primary energy consumption. About two thirds oflhat 
comes from electricity, and about 25% comes from direct consumption of natural gas. 

The buildings sector includes the entire commercial and government sector, which collectively contain most 
oflhe employment in the economy, 75% of all jobs. Energy-related jobs in lhe buildings sector are primarily in 
relrofilling, maintenance, and repair. In addition, there are manufacturing sector jobs associated with buildings 
sector policies in the construction trades, the production ofHVAC equipment, and energy-using appliances. How
ever, lhe primary job impact in the commercial sector should be from indirect effects from the increase in energy 
prices and the decreases in labor taxes. 
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[lecause of the various end-uses of energy in lhe buildings seclor, some of the 1nd1vidual policies here will be 
very detailed. Many of the individual policies and implementations will, by themselves, have only a small elTe<:l on 
overall energy consumption, bul taken together they yield large enhancements in energy efficiency and productivity. 
Most of the policies focus on increasing the rate of adoption of technologies that are currently commercially 
available and cost-effective over the life cycle of the equipment. 

The policy package discussed here essentially follows lhe CEF advanced scenario, though 11 differs in three 
regards .. First, with respect to building codes, this policy package assumes a 20% rather than a 15• ... "ho.le-bu de.ling 
improvement for space heating and cooling efficiency (and in lhe case of commercial buildings, light mg) from 200 I 
lo 20 I 0, and that half of new homes and commercial lloor space is affected. These standards are tightened further 1n 
2010, and we assumed that all the new homes and commercial floor space constructed after 2010 will be affectetl. 
Second, we assumed somewhat tighter equipment standards for transformers, refrigerators and free:ters, furnaces 
and boilers, commercial packaged air conditioning equipment, gas ranges, and reflector lamps." We assume these 
standards are issued and lake effect without delay, except in the case of clothes washers where we allo"' a longer • 
phase-in period given the controversy over lhe assumed standard. Finally, we assume a small national wires churge 
of0.2 cents/KWh to go into a Public Benefits Trust Fund lo be used to provide matching funds lo stales t'or demancl
side management, renewables development, and other public benefits activities. 

Summary of policies 
Voluntary programs: expand voluntary programs such as Energy Star (e.g., appliances, HVAC. "'indo\\s). Builtl1ng 

America, and Rebuild America (building shells). Includes increased penetration as well as e.\pans1on of 
covered end·uses. 

Building codes: increase enforcement of current building codes (MEC. ASHRAE) plus updated res1tlential building 
codes for 2009. 

Equipment standards: implement and expand coverage of equipment efficiency standards for both residential 
(NAECA) and commercial (EPACT) equipment. 

Efficiency fund: generate public benefits funds from electric utility line charges. Application of funtls includes 
financing for efficient buildings, upgrades, equipment (such as HVAC systems), and other demand-side 
management (DSM) programs in which financing is repaid through resulting energy bill savings. 

Government purchasing: expand government procurement policies, including expanded purchases or renewable 
electricity and solar equipment; meeting of Federal Energy Management Program efficiency goals; and 
Energy Star purchasing. 

Rooftop solar: implement Climale Change Technology Initiative tax incentives (e.g., 15% tax credit tor roof'lop 
solar energy systems) with longer phase-out periods. 

Research and development: double cost-shared federal R&D expenditures. 

8.4 Electricity sector policies 
Electricity is critical to economic performance; a healthy and reliable generating sector is a prerequ1slle for contin
ued economic and environmental health. Recent efforts lo restructure the industry have pul both eleclnclly workers 
and consumers al risk. The policies discussed here are aimed at improving the efficiency of electricity generation 
without harming labor in the industry. 

Electricity generation accounts for about one-third of all energy consumption and about a third of all green
house gas emissions in the U.S. Over one-half of energy consumed in the sector comes from coal, the most carbon
inlensive fossil fuel. With current fossil fuel generation averaging 30-35% thermal efficiency, there is substantial 
room for progress in both the energy and carbon efficiency of the generation sector. The policies below are a1metl 
primarily al improvements in the energy and carbon efficiency ofcenlral station generators and the use of electm11y 
from renewable sources. Policies lo improve the end-use efficiency of electricity consumption are reported in the 
consuming sectors. 

The policy package is based on lhe CEF report, wilh three important exceptions. First, the package tl1scusseJ 
here does nol include proposals to accelerate or facilitate lhe move toward restructuring; instead, lhe policies are 
designed to work through the current industry structure. In particular, the move toward marginal cost pricing 1s 
assumed to be regulatory rather than market-driven. In addition, the proposed lradable renewable porlfol!o stanJurtl 
would be structured to encourage renewable generation by existing electric utilities rather than provide an 1ncen11' e 
lo outsource renewable generation lo independent power producers. 
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Wrnd pn11 er si11ng on federal lands must include comprehensive consideration of recreational and conserva
llon concerns. Nel melenng musl be accompanied by improved equipment and safety standards to prevent injuries 
10 u1il11y workers from unexpected power surges. 

Second. the po hey package here assumes that lighter standards for particulate emissions, as proposed in the 
CEF. will be phased in starling immediately, rather than m 10 years. (We believe that least-cost energy decisions in 
ihe elec1nc11y sector are bes I made in the context or a multi-pollutant control strategy such as the four-pollutant 
approaches currently under consideration, and should be included in the policy package. However, we have not been 
able lo implement such a strategy in the economic modeling effort reported here, which is based only on tightened 
particulate emissions.) 

A.nu ih1rd. the policy package assumes a more aggressive version or the renewable portrolio standard for 
111iH.I, solar, geo1hermal. and biomass (including municipal solid waste and landfill gas), rising gradually lo I 0% or 
haseline generallon in 2010 and then to 20% or baseline generation in 2020." 

Summary o/po!iC1es 
Tax credit: expand renewable production lax credit to 1.5 cents per kWh for all non-hydroelectric renewables 

through 2004. 
Renewable portfolio: adopt a renewable portfolio standard or7.5% from 2005 to 2008 with a cap or 1.5 cents per 

k \Vh, as per ihe Clinton Admtnistration 's April 1999 proposal. 
Land use: FacilJ\ate wtnd generation cittng on government lands. 
Research and development: double federal R&D budgets for both renewable and fossil generation technologies. 
Ket metering: adopt up to 5% net metering for residential PY generation. 
Pricing: adopl full marginal cost pricing by 2008. 
Pollution standards: gradually reduce S02 caps to 50% of current levels from 2010 to 2020; tighten standards for 

PM and other rntena pollutants. 

B.5 Materials recycling and methane emissions reduction policies 
Emiss10ns of methane. a powerrul greenhouse gas, when weighted for global warming potential, accounted for 9% 
of all U.S. greenhouse gas emissions in 1999 (EIA 2000a). With a global warming potential 21 times that of carbon 
dio.\1de, methane emissions from landfills, leaks from natural gas and oil production and distribution, livestock 
manure management, and coal mining are expected to grow lo 172 MMtCE (million metric tons of carbon equiva
lent) by 20 I 0. However, recent studies by the U.S. Environmental Protection Agency and others indicate that 
methane emiss10ns can be substantially reduced at very low cost (EPA 200 I). In fact, if cost-effective policies are 
enacted, emissions reductions of 66.9 MMtCE can be achieved in 20 I 0 at a cost of $448.8 million. 

Moreover, recapture or methane for energy use can be profitable and could play a part in the development or a 
natlonal energy security strategy. It is therefore advisable that low-cost policies to reduce methane emissions be 
pursued in concen with carbon emission reductions to meet the U.S. emissions reductions commitment agreed to 
under lhe Kyoto Pro1ocol. Table Bl summarizes the sources of methane emissions, achievable reductions, and the 
costs of those reductions. 

8.5. I Methane recapture from landfills 
Polley: Extend and expand landfill rule, Section 29, EPA Landfill Methane Outreach. 
Stimulation or efforts to recapture methane from waste decomposition in landfills would target the largest single 
source or methane emissions in the U.S. Extension or the landfill rule and the tax credit included in Section 29 or 
the Wmdfall Profits Tax Act 10 small landfills while continuing EPA's landfill methane outreach program would 
resull 111 26. l MM1CE avotded in 2010 compared to 1990 levels. In 2020 emissions of approximately 30.8 MMtCE 
could be avoided tn comparison to 1990 levels. In addition lo reducing methane emissions, recapturing methane 
from landfills for electricity production could offset emissions or greenhouse gases and air pollutants from fossil 
fuel combustion. Currently only 270 out of over 6,000 landfills tn the country recover methane for energy use (EPA 
1999) 

8.5 2 Nat11ral gas :i:;•stem leaks 
Policy: Continue EPA l'iatural Gas STAR Program, encourage technology adoption. 
The second largest source of methane emissions is leaks in natural gas pipelines (natural gas is 95% methane) 
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TABLE 81 
Summary of achievable methane emissions reductions 

1990 2010 reductions Annual cost 2020 reductions Annual cost 
Industry by Emissions levels below 1990 in 2010 below 1990 In 2020 
lnforum categol}' (MMtCE) levels (MMlCE) ($1997 mUllons) levels (MMlCE) ($1997 millions) 

4 Natural gas extraction• 18.19 5.69 -9.05 5.36 -8.87 

67 Gas utilities' 14.71 4.61 -7.32 4.34 -7.18 

Coal mining' 24 16.00 73.1223 15.30 79.34 

1 Agriculture, forestry, 
and fisheries' 14.9 2.30 180.1107 0.30 219.10 

68 Water and 
sanitary services 56.2 26.10 211.9428 30.80 151.94 

Totals 128.00 54.70 448.80 56.10 434.33 

a. Landfill emissions avoidance costs are calculated as the amount that would have to be added to the energy mari<et price on a 
dollar per ton of carbon-emissions-avoided basis to make the sale of methane break wen. 
b. Natural gas emission avoidance costs are calculated as the amount that would have to be added to the energy market price on a 
dollar per ton of carborHlmlsslons-avolded basts to make the sale of methane break even. 
c. Coal Industry costs are calculated as the amount that v.ould have lo be paid to the coal mining industry on a dollar per ton of 
carbon-emissions-avoided basis to pay for the extra costs Incurred by emissions reductions strategies. 
d. Manure management emission avoidance costs are calculated as tha amount that would have to be added to the energy market 
price on a dollar per ton of carbon-emissions-avoided basis to make the sale of methane break even. 

during production, transmission, and distribution. Emissions from this source are forecasted to grow to 37.9 MMtCE 
in 2010, up from the 1990 level of32.9 MMtCE as natural gas consumption increases (U.S. DOE (2000) projects a 
1.6% increase in gas consumption until 2020). However, EPA has identified 118 separate technologies under the 
Natural Gas STAR Program that decrease leakage from pipelines and more efficiently convert fuel to energy. 
Adoption of these technologies could slow the rate of methane emissions relative to natural gas consumption. Using 
1996 energy market prices for the value of the incremental increase in natural gas retained and sold from leak 
avoidance, a reduction of 10. l MMtCE (30% of projected emissions) in 2010 could be achieved at no cost to the 
economy (EPA 1999). 

B.5.3 Coal mining 
Strategy: Recover methane from underground mines for sale as natural gas or on-site power generation. 
Catalytic oxidation In ventllation systems. 
Methane released when coal is mined accounted for 10% of total methane emissions in 1997 and is expected lo 
account for a larger share in 2010. Increased methane recovery and the exhaustion of particularly gassy mines 
reduced emissions from this source in 1997 to 18.8 MMtCE from the 1990 level of 24.0 MMtCE, Baseline emis
sions growth from coal mines is expected to reach 28 MMtCE in 2010 due to coal mining in deep mines. Emission 
reductions equal to 37% of baseline 2010 emissions (10.36 MMtCE) from coal mines are achievable at no cost. In 
2010, the cost of all methane emissions reductions that can be achieved through economically and technically 
feasible recovery technologies is $71.9 million (EPA 1999). 

B.5.4 Livestock manure 
Strategy: Support use of anaerobic digestion technologies for on-site electricity generation, 
The primary sources of livestock manure methane are dairy, cattle, and hog farms that use liquid management 
systems. In 1990 l 4.9 MMtCE or methane was released from livestock manure; in 1997 that figure reached 17.0 
MMtCE/year. Emissions are expected to rise to 22.3 MMtCE in 2010 due to animal population growth and prolif-
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TABLE B2 
Costs and carbon savings from recycling programs 

2010 costs 2010 reductions 2020 costs 2020 reduclions 
Industry category ($1997 millions) (MMtCE) ($1997 millions) (MMtCE) 

-·-----
Paper 146.9 0.84 146.9 0.84 

Plastic products ·52.8 0.54 -52.8 0.54 

Stone, clay, and glass 209.43 0.48 209.43 0.48 

Metal products -346.67 2.02 ·346.67 2.02 

Total -43.1 38.8 -43.1 38.8 

eration of liquid management techniques. Recapturing methane from manure decomposition for sale on the electric· 
ity market or for onsite generation could avoid 14% of baseline 2010 emissions (3.1 MMtCE) at no cosl 

B.5.5 Recycling programs 
Strategy: Encourage recycling of office paper, corrugated cardboard, household paper waste, aluminum and 
steel cans, and plastics. 
Substantial greenhouse gas emission reductions can be achieved via better management of municipal solid waste 
(MSW). As noted above, when disposed of in landfills, organic wastes such as paper products, food waste, and yard 
trimmings decompose anaerobically, thereby fonning methane in landfills. Failure to recycle substantial percentages 
of MSW also results in greater energy use because more energy is needed to create new materials from newly 
extracted resources than is needed to create the same materials from recycled waste. Recycling such items as 
aluminum and steel cans, various paper products, and plastic containers can therefore result in a net energy savings 
(Ligon 1998). Estimates indicate that energy savings from recycling could amount to approximately 3,9 million 
metric tons of carbon emissions avoided per year at a net benefit of$43 million, given current recycling 
technologies. These benefits/costs accrue to the paper industry; the stone, glass, and clay industry; the metal products 
industry; and the plastics industry in the fonn of energy savings and lower costs of materials (see Table 82). 

APPENDIX C: Change in employment, base case to policy case 
The next two tables provide information about employment and layoffs, respectively. Table Cl shows employment 
by industrial sector in 2000 and in both the base and policy cases in 20 I 0 and 2020. 

One cannot equate differences between the two scenarios to new hires or to layoffs. Rather, these numbers 
represent the changes in job openings or job slots and do not necessarily reflect layoffs or hires. In sectors where 
employment declines relative lo the baseline, for example, some of this difference will be due to linns not replacing 
workers who retire, quit voluntarily, or leave for other such reasons. Even industries with stable employment levels 
normally see substantial turnover in the course of a year, as reductions due to retirement, voluntary movements by 
workers, release for cause, and the like are offset by new hires. Increases in workforce size can therefore be 
achieved by increasing the hiring rate, increasing the retention rate, or both. 

Table C2 shows estimates of the average annual layoffs in excess ofnonnal turnover that would result from 
th~ policy scenario discussed in this paper. It shows only those industries ill energy-intensive sectors that have 
positive layo!Ts. Note that some energy-intensive industries, such as primary metals, chemicals, primary paper, and 
stone, clay, and glass, are not shown in the table because their employment levels do not decline in the forecast by 
more than a nonnal turnover amount. These industries are all treated as eligible for transitional assistance. In the 
calculation used to estimate the size of the transition fund, we assumed that we cannot tell policy-related layoffs 
rrom other layotrs, so a significant number of workers in all of these industries receive transitional assistance. 

Several important ca veals concerning these layoIT figures should be observed. First, these represent only the 
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TABLE C1 
Employment by sector (thousands of jobs) 

Baseline Policy Baseline Policy 
Sector label 2000 2010 2010 2020 2020 
·-- ----·--· ' - -----~---·· 

Agriculture, forestry, & fisheries 3,640 3,552 3,554 3,356 3,371 
Coal mining 87 53 24 46 12 
Other mining 168 183 180 175 171 
Oil & gas wells 803 800 780 1,608 1.407 
Construction 7,750 8,940 8,978 9,504 9,578 
Food products 1,810 1,789 1,793 1,831 1,845 
Tobacco products 39 24 24 15 15 
Textiles & apparel 1,277 915 911 702 703 
Paper 682 774 778 830 839 
Printing & publishing 1,651 1,862 1,873 1,949 1,977 
Drugs 262 293 294 337 340 
Other chemicals 734 821 822 689 695 
Petrollum refining 125 139 125 97 76 
Rubber & plastic products 1,056 1,061 1,067 1,003 1.021 
Stone, clay, & glass 601 592 589 576 554 
Primary ferrous metals 426 425 425 354 356 
Primary nonferrous metals 367 462 461 510 512 
Machinery & equipment 2,948 2,405 2,410 2,068 2.145 
Computers & office equipment 414 315 316 227 232 
Motor vehicles & parts 1,095 991 997 921 925 
Aerospace & manne 700 718 728 774 799 
Other manufacturing 5,611 5,496 5,516 5.327 5,427 
Railroads 229 177 164 140 125 
Trucking, highway passenger transit 2,891 3,524 3,529 4,023 4.049 
Other transport services 2,128 2,928 2,932 3,518 3,541 
Communications 1,599 1,306 1,319 1,079 1,097 
Electric utilities 308 401 305 314 169 
Gas utilities 115 147 138 187 142 
Water & sanitary services 289 372 373 483 485 
Retail & wholesale trade 25,308 26,243 26,339 26,075 26,277 
Resturants, hotels, & amusements 12,695 14,753 14,840 16,252 16.470 
Finance, insurance, & real estate 8,032 9,913 9,998 10,934 11,081 
Professional services 5,210 4,204 4,220 3,422 3,461 
Computer & data processing 1,891 2,619 2,652 3,081 3,220 
Advertising & business services 7,701 9,828 9,650 10,629 10,929 
Medical & nursing 11,114 12,347 12,409 14,024 14, 174 
Education, social services, membership org. 8,049 9,004 9,111 9,675 9,866 
Other services 3,975 4,737 4,819 5.630 5,770 
Federal, state, & local government 17,563 19, 151 19,272 21,555 21,693 
Total 141,343 154,263 154,917 164,119 165,548 

-------- . - ·---- ·--·--

layotrs that result from the policy·scenario. Most of these industries will have much higher levels of layoffs 111 the 
base case than indicated here, due to base-case changes in employment levels and to industf) restructuring; h1rne,er 
these layotrs are nol captured here. Second, there are several uncertainties around these est1mu1es bernles those 
inherent in our macroeconomic forecasts. For example, these estimates are extremely sensitive lo the assumed r.!le 
of voluntary turnover. We use a conse!>'ative value of turnover 3% per year equal 10 !he a1erage rule or voluntUf) 
turnover due lo retirement alone, based on exiting demographic data. Raising the assumed rate or voluntary tumo\ er 
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Industry 
number 

24 
35 
59 
61 
63 
66 
67 

TABLE C2 
Program-induced layoffs in impacted Industries 

2001-10 2011-20 

Average % average Average % average 
Industry annual layoffs ___ layoffs _____ --~f!.~~l~ayoffs _ ·-·- _layo~ 

Metal mining 0.00% 355 0.78% 
Coal mining 4,715 6.78 657 1.38 
Crude pelroleum 31 0.00 0.00 
Non-metallic mining 5 0.00 0.00 
Petroleum refining 658 0.51 2,124 1.80 
Engines and lurbines 27 0.04 50 0.08 
Railroads 281 0.14 35 O.D2 
Waler transp9rt 0.00 0.00 
Pipeline 261 2.78 258 5.47 
Eleclnc utilities 402 0.12 6,255 1.76 
Gas ulililies 42 0.04 0.00 

10 5°·,,, equivalent to assuming a 2% annual rate of voluntary quits not associated with retirement, would lower these 
estimates by an average of 43%. On the other hand, these estimates assume that reductions in employment can take 
place smoothly. To the extent that industry contractions take place by closing the least profitable plants rather than 
by reducing workforce at existing or proposed facilities, layoffs could exceed these levels, as the closing of entire 
plants cannot normally be accomplished through retirement and other voluntary force reductions. We use the low 
1 oluntary turnover rate in order to help offset these other factors to provide as accurate an assessment as possible. 

Note thal, for the coal industry, 2001·I0, the baseline employment declines faster than the 3% annual turnover 
rate we use. Thus, the figure in Table C2 represents the sum of the program-induced layoffs, equal to approximately 
2,'lOO 1obs per year, and the excess of baseline employment reductions over estimated turnover, equal to approximately 
I .800 Jobs per year 

Endnotes 
See, for example, Center for Energy and Economic Development 2000. 

2. See ElA 1998; WEFA 1998; Consad Research Corp. 1998; Charles River Associates 1997, 1999; and Scott 1997. 

3. One previous U.S. study (Hoerner and Mutl 2001) analyzed the combined impacls of revenue recycling, technology policy, 
and border adjustments. However, this study used an input-output model tha~ though well-adapted to estimating sectoral impacts, 
cannot capture GDP or aggregate employment effects. The conclusions of that study broadly echo our own. 

4. See Beaumais and Brechet 1993; Bossier and Brochet 1993; DRl ct al, 1994; Klipp! 1999; Klipp! et al. 1996; Lutz 2000; and 
Meyer and Ewerhart 1998. The last two of these studies employ a i:iodel similar in structure to the LIFT model used here. 

5. These results contrast with those of previous studies conducted without revenue recycling, without technology policy, or 
both. Studies that impose energy taxes with neither revenue recycling nor technology policy generally find GDP and employment 
losses. Such studies are brieOy reviewed in section 2.1. 

6. See Section 3 and Appendix C for a more complete presentation of these results. 

7. See Section 2.1 for a discussion of the limitations of the modeling approach. 

8. See, e.g., Council on Environmental Quality, Envimnmental Quality: The 25th Annivei:rary Reporl of the Council on 
Environmental Quality ( 1994-95) for good summaries of long-term U.S. air and water quality trends. 

9. A comprehensive survey of the scientific literature on climate change is contained in the Third Assessment Report of the 
Intergovernmental Panel on Climate Change (!PCC) (2001). The IPCC conclusions were recently verified by an independent 
assessment by the National Academy of Sciences (200 I). 

I 0. It is important to observe tha~ as oil prices (including domestic oil prices) are set in world markets, the vulnerability of 
consumers and businesses (other than the oil industry) to oil price shocks is a function of the amount of oil they consume as a 
share of their total consumption or cosls, rather than of the share of imports in domestic consumption. While the U.S. economy 
may not be able to function without substantial amounls of oil for the foreseeable future, reducing ils dependence on oil reduces 
the nation's vulnerability to large swings in world oil prices. The United States has made some progress along these lines in the 
last 25 years, and oil price spikes similar to those of the 1970s would not have the same crippling economic effect if they were to 
occur today. However, as recent evenls demonstrate, swings in world oil prices can still have a significant elfect on household 
budgets and the economy. 

l I. Or the revenue from economically equivalent auctioned tradable carbon emissions permits. 

12. Some have suggested that the primary compliance mechanism for the U.S. should be to buy emission reductions from 
developing countries rather than reduce domestic emissions. This approach may help reduce greenhouse gas emissions in the 
short run, but it could also provide a source of funds, financed by American consumers, to relocate manufacturing facilities 
abroad. On the environmental side, unlike domestic emission reduction targels, international trading provides little incentive to 
develop new clean energy technologies. It therefore achieves cheap reductions in the short run but reduces the opportunity for 
cost-effective reductions in the long run. 

13. See ElA 1998; WEFA l 998; Consad Research Corp. 1998; and Charles River Associates 1997, 1999. 

14. See, e.g., WEFA 1998 and EIA 1998. For an analysis of the WEFA study, see Barrett 1999. For a critical comparison of 
major studies focusing on the limitations of single-instrument approaches, see Laitner 1999. 

15. See Hoerner and Bosquet 200!; Parry and Bento 2000; Parry, Roberson, and Goulder 1999; Repetto, and Austin 1997; 
and Shackleton et al. l 996. 

16. Good surveys of these studies can be found in Interlaboratory Working Group 2000 and IPCC 1996. See also Lovins and 
Lovins l 997; OTA 199 l; Alliance to Save Energy et al. 199(; Tellus Institute 1998; World Wildlife Fund 1999; and Geller, 
Bernow, and Dougherty 2000. 

17. This has been shown both theoretically and empirically. For good discussions of the theoretical implications of positive 
technological externalities, see Roemer 1986a, 1986b and Grossman and Helpman 1991. For a review, see Helpman 1992. The 
substantial weight of empirical studies shows that returns to research and development are far in excess of measured private rates 
of return. See, e.g., Griliches 1992, Mansfield 1996, and Baskin and Lau 1992. 

18. For a review of this literature, see Sanstad, DeCanio, and Boyd 2001. 

19. In the alternative, this could be implemented as a set of auctioned carbon permits, provided the other features of the tax 
described below, such as border adjustments and the equalizing charge, could be administered through the permit system. 

20. The equalizing charge for each year is set equal to the average charge on fossil electricity in that year. 
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21. Unless otherwise noted, all dollar figures am in real 1997 dollars. 

22 The credit would offset payroll tax payments through a reduction in income tax payments. The reason for using an income 
tax credit rather than directly reducing payroll taxes is to avoid changing the flow of revenues to the Social Security system, 
which would therefore be unaffected by this proposal. This credit would be refundable, i.e., low-income taxpayers who do not 
have much income tax liability would still get the value of the credit refunded to them, like the existing Earned Income Tax 
Credit. 

23. A good review of the literature is contained in Edmonds, Roop, and Scon 2000. 

24. For those cases in which the modifications to the CEF policies had a substantial impact on cost or emissions, the cost and 
emissions estimates were performed for us by the Tellus Instirute. All modifications to the CEF advanced scenario are described 
in detail in Appendix B. 

25. The CEF report is an updated and expanded version of the earlier srudy, lnterlaboratory Working Group l997. 

26. The CEF advanced scenario includes analyses of a number of sensitivity cases to explore the implication of various 
alternative policies on prices and emissions. We used the scenario that included a higher corporate average fuel economy (CAFE) 
standard for cars and trucks because our goal was to put energy use and emissions in each of the major sectors on a path toward 
sustainability, and this required stronger measures in the transport sector, which has the greatest emissions growth in.the baseline 
case 

27. Sec Rornm 1999 for more examples of firms that have employed such technologies and the results. 

28. This problem is most severe in the early-middle portion of the plan (roughly years five through 15), when the market 
mechanism has been fully phased in, but there has not yet been adequate time to fully implement the energy-efficiency improve
ments. 

29. In our modeling, we assume that all eligible workers participate in the program. For more on the design of transition 
programs, sec Barrett 2001a. 

30. This puts average estimated program expenditures at about S20 billion per year. This is far in excess of current and past 
programs like Title III of the Job Training Partnership Act, which was funded at about S 1.2 billion in 1997, and the Trade 
Adjustment Assistance Program, which was funded at about $300 million in 2000. 

3 l. See U.S. Department or Labor l 995, l 998; and Peterson 1993. 

32. Economic development programs vary widely in effectiveness and cost per job. Tax cut programs geared toward creating a 
better environment for industry have been shown to cost in the range ofSl,906 to SI0,800 per job created (Bartik 1992). 
Business incubation works are somewhat Jess expensive ranging from Sl,500 to S2,000 per job created (Molnar 1997). EDA 
Public Works programs have been estimated to cost S4,857 per job (Burchell et al. 1997). Microenterprise development programs 
range between S4, [ 14 - S6, I 55 on a cost per job basis (Economic Development Administration 1998). Given these findings, 
allocating SI0,000 per job lost is at the high end of funding for economic adjustment. 

33. See, e.g., "LIFT: In forum's Model of the U.S. Economy," Economic System Research, 3(1), 1991. 

34. Available on the web at http://inforumweb.umd.edu/Workpapr.htrnl. For a comparison of the lnfotum LIFT model to other 
modeling approaches, see Monaco 1997. 

35. That is, for each fuel, the fuel intensity in each industry and sector was multiplied by the ratio of energy-efficiency 
improvement for that fuel and sector from the CEF report (the ratio between the use of that fuel in that sector in the CEF 
advanced scenario, as adjusted by the policies in Appendix B, divided by the use in the CEF baseline). 

36. In order to maintain.government budget neutrality and to ensure that our results were not influenced by external demand 
stimuli, the government program expenditures are deducted from the carbon tax receipts before taxes are cut, and the increased cost 
or capital to private !inns is reOected through appropriate changes in prices and profits, as calculated by the model. 

37. Demographic data from the Census Bureau shows that over the next 20 years, just over 3% of the manufacturing 
workforce will rum 65 each year. Assuming an average retirement age of 65, this provides a conservatively low estimate of 
voluntary exits. 

38 See Goulder 1995; Parry and Bento 2000; Parry, Roberson, and Goulder 1999; and Mabey and Nixon 1997. 

39 See Repetto and Austin 1997; Mabey, Hall, Smith, and Gupta 1997; Shackleton et al. 1996; Zhang and Folmer [ 998; and 
Hoerner and Bosquet 200 I. 

40 A "grandfathered" permit system is one in which emissions permits are distributed to emitters at no charge, usually based 
on past emissions levels. 

41. For surveys or more rncent srudies, see lnterlaboratory Working Group 2000. 
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42. The Scenarios for a Clean Energy Future study (lnterlaboratory Working Group 2000) on which we base moSI ul !he 
technology change estimates consistently forecasts actual penetration or particular technologies under its proposed pulic\ 
package, using market penetration models and similar tools. In this it is an advance on many previous bottom-up studic>. "h1eh 
should perhaps be regarded as srudies of what is technologically feasible rather than technology forecasts pe1 ·'" 

43. There are also a handful of hybrid models where engineering and economic components un: integrated, such as the 
Markal-Macro model and the Argonne National Laboratory's Amiga model. These have generally yielded result> thal arc murc 
similar to engineering models, i.e., showing emissions reductions which are achievable at a net benefit. For results rrom thc'Sc 
two models, sec Laitner 1997 and Hanson and Laitner 2000. An early study is the linking of MENSA (Australian rcg1onah7.ed 
version ofMARKAL) and an input-output srudy in James and Musgrove et al. 1986. Another good example or linking a 
simplified bottom-up model is the HERMES-MIDAS model; see Capros et al. 1990. 

44. We plan on undertaking additional analyses outside of the model framework to look at unpacts on specific seclur.. such as 
mil and auto to attempt to account for these effects. 

45. We assume that foreign auto makers selling in the U.S. market would have to mec1 the same standards as U.S auto makers 
but that they will be able to do so at half the additional cost or domestic producers. We employed this conservatism tu address 1hc 
concern that foreign producers may have a significant head start in producing fuel efficient automobiles. 

46 Absent other environmental policies, pollutants that arc more closely tied to coal emissions, such as mercury and sulfur. 
will generally see a more than proportional decrease relative to carbon emissions. On the other hand, the 111teract1on of carbon 
limits with some environmental policies such as the existing sulfur dioxide emissions trading could result in smaller rcductwns. 
unless the caps were tightened proportionately. However, carbon dioxide emission reduction policies would make implementa· 
ti on of such further reductions in other pollutants less expensive relative to the base case. 

47. The amount of recoverable oil in ANWR is highly uncertain, though estimates hover around J.5 billion bamls uf 
economically recoverable oil, with roughly half recoverable in the first 20 years. For a high-volume but efficient reco\ery plan. 
production peaks in about 20 years, then falls. See ElA 2000b. 

48. Although imports would also have to meet the new standards and so would have increased production cost>, "e assume 
that the substantial experience edge foreign producers have in producing high-mileage vehicles would result ma lower per
vehicle cost of compliance. 

49. This is the sum of present-value costs and benefits over 20 years, using a 7% discount rate. 

50. Note that similar calculations show that more than 90% of the labor tax cut accrues to workers. 

51. While there are assessments of recent transition assistance programs that include participation rates, we do not consider these 
to be useful for the purposes here. In large part, this Is due to the fact that past programs have been substantially less generous than 
the one proposed here. Title UI of JTPA, for example, in 1996 spent less than $4,000 per worker, including program overhead. From 
1995 to 1996, Title Ill served no more than 13% or the eligible population (Hipple 1997; U.S. Department of Labor 1998) 

52. Intelligent motor vehicle traffic controls could also be included in those cases where it cun be clearly shown that the 
efficiency gains due to improvement in the efficiency of traffic flow is not simply offset by increased trallic. as they seem lu have 
been with some existing intelligent traffic systems. 

53. Note tha~ since the 2001 Annual Energy Outlook that forms the basis of the baseline case was issued, the Deparnnc'Tll of Encrb'Y 
has issued new standards for Oorescent light ballasts, water heaters, and central air conditioners and heat pumps. al slightly lower levels 
tl1Bn assumed here. Thus, a portion of what we consider the policy case in this area has already been adopted 

54. This level for the RPS was selected because it was within the range of existing federal legtslatiw proposals and su had 
been well srudied. Capital costs were based on cost assumptions from the Energy lnfonnation Adm1111stration" Annual £11,•1x.i 
Our/oak /999 and reflect NEMS's regional multipliers and technology leammg parameters. Fixed operations and management 
(O&M) costs were also based on Annual Energy Outlook 1999 assumptions. The mix of non-hydro renewablcs was 1110JelctJ 
explicitly for 2010 in NEMS and is summarized below. The mix is similar in 2020. 

2010 2010 
(twh) (%) 

Wind 197 57% 
Solar 4 1% 
Geothermal 43 12% 
Biomass 105 30% 
Total 348 100% 

It should be stressed that, although this is the mix forecast by Tellus usmg the NEMS model, the policy package i;e ha\c 
analyzed does not force this precise mix. Instead, ii allows the utility industry lo purchase a loasl-cost nux ba,cJ on the co>t ul 
nrious renewable technologies as they emerge rrom the market 
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