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Summary

The threat of global climate change and the challenge of averting it have important implications
throughout the world. Scientists have shown that there is a serious risk of dangerous climate
disruption if we do not dramatically reduce greenhouse gas emissions, especially carbon dioxide
from fossil fuel combustion. Global warming is caused by the continued buildup of these gases
in the atmosphere, which trap excessive amounts of incoming solar radiation, thus increasing the
Earth’s temperature.  Such climate change could unleash ecological, economic and social
disruptions throughout the world, many irreversible or lasting for generations. It could have
severe impacts in Michigan, which interacts directly with four Great Lakes, and has other natural
environments, human communities and economic activities at risk throughout the State.

Fortunately, there are promising resources, technologies and practices that could be mobilized to
meet the challenge of climate change, by implementing effective policies to reduce carbon
dioxide emissions, while also meeting other important goals -- reducing local and regional air
pollutants, spurring technological innovation, improving productivity and stimulating the
economy.  A recent national policy study, America’s Global Warming Solutions (Bernow et al
1999), outlined and evaluated such an integrated plan, through which the United States could
reduce its carbon-dioxide emissions by about 654 million metric tons of carbon (MtC) by 2010,
36 percent below business-as-usual (baseline) projections for that year. This brings 2010
emissions to 14 percent below 1990 emissions, thereby exceeding the reductions required under
the Kyoto Protocol of the United Nations Framework Convention on Climate Change
(UNFCCC).  The study found that these reductions could be obtained with net economic savings,
almost 900,000 net additional jobs, and significant decreases in emissions of pollutants that
damage the environment, and are harmful to human health, especially of children and the elderly.

The policies and measures are targeted to individual sectors.  In the transportation sector, the
measures call for stronger fuel economy standards and efficiency incentives for cars and trucks, a
carbon content standard for motor fuels, and urban/regional demand management.  In the
industrial sector, the proposed measures are a mix of tax incentives and technical assistance to
promote more advanced energy using equipment, regulatory refinement and assistance to
promote highly efficient co-generation of electricity and thermal energy (often called combined-
heat-and-power, or CHP).  For electricity generation, a renewable portfolio standard with
tradable credits is recommended, along with a tighter national sulfur dioxide cap, output based
generation performance standards for nitrogen oxides, fine particulate matter and carbon dioxide,
and a requirement for co-firing of biomass at coal plants.  In residential and commercial
buildings, the proposed measures include stronger and expanded appliance and building
standards, promotion of co-generation in district and community energy systems, market
transformation, manufacturer incentives and consumer education, and initiatives to promote
district heating/cooling using CHP systems.  There are also cross-cutting measures, such as
research, development and demonstration of advanced, efficient energy technologies, systems
and clean energy resources.

Michigan contributes significantly to the threat of climate change, has ecological and economic
vulnerabilities, and offers opportunities for carbon emissions reduction. It has the ninth highest
annual emissions of carbon dioxide in the U.S., and emits more than all but twelve countries in
the world. Our transportation system, much of which is manufactured in Michigan, contributes
about one-third of national carbon dioxide emissions. As transportation emissions are growing
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rapidly, both nationally and internationally, Michigan could play a pivotal role in reducing the
risk of climate change by manufacturing highly efficient vehicles that use clean fuels.

Michigan’s economy, environment and citizens face a future of uncertainty and potential harm
from climate disruption. Higher temperatures and precipitation changes could threaten its
sensitive aquatic and terrestrial ecosystems, its vulnerable fresh water supplies, its citizens’
health, and it’s economy.  Climate change could also increase existing environmental and health
problems in Michigan. Currently, Muskegon County and surrounding areas are in non-attainment
of the EPA's National Ambient Air Quality Standards for ground-level ozone concentrations,
largely from automobile and power plant emissions, much of it from across Lake Michigan. The
metropolitan Detroit area also suffers from poor air quality.  With climate change, it is likely that
these conditions would worsen and their geographic extent would expand, thereby further
diminishing crop yields and increasing respiratory illness and death.

Michigan can contribute to and benefit from national policies and measures to avert dangerous
climate change.  It has local supplies of clean energy resources such as wind and biomass, and
has significant potential for more efficient energy technologies in its industry, transportation,
homes and offices.  With its strong manufacturing base, especially in automobiles and related
industries, Michigan could lead in the development of succeeding generations of ultra-clean and
ultra-efficient vehicles, for growing national and international markets.  A shift to these
advanced energy technologies and resources to reduce carbon emissions would have ecological,
economic, health and social benefits throughout the State.

The analyses of America’s Global Warming Solutions indicated that Michigan would have the
eighth highest state job creation from the national policies and measures evaluated.  This report
presents a new detailed analysis of those benefits to Michigan.  Many of the policies could be
pursued in Michigan, tailored to its conditions and institutions, with similar benefits to its
citizens. As its legislature considers a bill for electric industry restructuring, it could design the
law to help ensure significant roles for clean energy and energy efficiency under increased
competition. The State could also include greenhouse gas mitigation in carrying out its State
Implementation Plan to meet EPA’s air quality requirements.  Michigan could thus harmonize its
economic, environmental and public health goals with a national energy and climate strategy.

The policies in America’s Global Warming Solutions would begin to shift Michigan’s economy
towards more advanced, energy-efficient technologies and cleaner resources. This study finds:

Ø Primary Energy Use and Carbon Emissions would decrease by 19 percent and 30
percent, respectively, below levels that would otherwise be reached by 2010.

Ø Renewable Energy Resource use would increase by a factor of 2.5 between 1990 and
2010, reaching about 15 percent of total primary energy use by 2010 (and providing 14
percent of electric sector). Industrial co-generation would increase by about 40 percent.

Ø Increasing Net Annual Savings would reach about $3.1 billion or $ 305 per-capita in
2010, averaging about $1.3 billion or $135 per-capita per year through 2010.  Michigan
would save about $13.1 billion over that period in present value terms.

Ø Employment in Michigan would increase by about 30,500 by 2010, the largest in
construction, services, miscellaneous manufacturing, motor vehicles and agriculture.

Ø Air Pollutant Emissions in Michigan would be reduced significantly; sulfur dioxide by
44 percent, nitrogen oxides by 28 percent and fine particulates by 26 percent, by 2010.
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Figure S.1 shows how the
upward trend in Michigan's
carbon emissions, which
contribute to climate change and
local environmental and health
problems, would be reversed by
the proposed national policies
and measures.  It shows the
contributions to the overall
emissions reductions, from
changes in energy consumption
by each end-use sector --
transportation, industrial,
commercial and residential --

with reductions in carbon emissions produced in electricity generation allocated to the end-use
sectors based on their use of electricity.   Table S.1 summarizes the reductions in energy use, the
shift towards renewable energy resources, the decreases in carbon and air pollutant emissions,
and the economic benefits, that the national policies would cause in Michigan.

Table S.1:  Summary of Policy Impacts in Michigan

1990
2010

Base Case
2010

Policy Case
End-use Energy (Quadrillion Btu) 2.2 3.0 2.5

Primary Energy (Quadrillion Btu) 2.8 3.8 3.1

Renewable Energy (Quadrillion Btu) 0.15 0.20 0.38

Carbon Emissions (MtC) 51.5 67.4 47.0

Other Emissions ('000 tons)

Sulfur Dioxide 597 335

Nitrogen Oxides 649 465

Fine Particulates (PM-10) 51 38

Net Savings (billion 1998$)

In the year -- -- $ 3.1
Cumulative (discounted) -- -- $13.1

MtC: Million metric tons of "carbon equivalent" (carbon in carbon dioxide)

These changes in Michigan's energy system would help the U.S. reduce its global warming
emissions, meet its Kyoto Protocol targets in the near term, and establish momentum for the
deeper reductions needed for climate protection in subsequent decades.  At the same time, they
would contribute to the State's economic vitality, environmental integrity and quality of life.

Figure S.1:  Carbon Emission Reductions in Michigan
Demand Sectors due to the National Policies
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1. Introduction

1.1. Global Climate Change

The international community of climate scientists has moved toward the consensus, expressed by
the Intergovernmental Panel on Climate Change (IPCC), that “…human activities are having a
discernible impact on global climate” (IPCC 1996). Concentrations of carbon dioxide (CO2) in
the atmosphere are now approximately 360 parts-per-million (ppm), about 30 percent above the
natural, pre-industrial levels. This is unprecedented in many tens of millennia.

Annual global CO2 emissions (measured as carbon) are about 6 billion metric tons from fossil
fuel combustion and 1 billion from land-use changes (mainly burning and decomposition of
forest biomass). Under a business-as-usual future, annual global emissions of carbon are
expected to increase about threefold by the end of the next century, and atmospheric
concentrations would approach three times pre-industrial levels (IPCC 1996). Climate models,
recent empirical evidence and the paleo-climatological record indicate that this would cause
global average temperature to rise between 1.4 to 2.9 degrees Centigrade (2.5 to 5.2 degrees
Fahrenheit), with even greater increases in some regions (IPCC 1995; 1996).

The potential consequences of such change are myriad and far-reaching. Sea level rise could
approach one meter (IPCC 1995; 1996), with severe implications for coastal and island
ecosystems and human communities. Shifts in regional climates, and more frequent and
prolonged extreme weather events (droughts, hurricanes and floods), could cause severe
geophysical, ecological, economic, health, social, and political disruptions.

While the precise timing, magnitude and character of such impacts remains uncertain, our
climate and ecological systems could undergo very large irreversible changes.  The probabilities
of extremely adverse outcomes in such complex and sensitive systems may not be extremely
small, as is normally the case in simpler systems (Shlyakhter et al. 1995). Global warming itself
would increase the rate of greenhouse gas accumulation, thus accelerating global warming and
its impacts.  For example, runaway warming could be precipitated by the release of methane
from a thawing of the arctic tundra and decreased uptake of carbon by a warming of the oceans.
Moreover, large changes could occur very rapidly once a threshold is reached, perhaps on the
time-scale of a single decade (Schneider 1998; Severinghaus et al 1998).  Rapid change could
cause additional ecological and social disruptions, further limiting the abilities of natural and
social systems to adapt. The rapid onset of climate disruption and its impacts could render
belated attempts to mitigate climate change more hurried, more costly, less effective, or too late.
The environment, economy and citizens of Michigan have unique vulnerabilities to such climate
change impacts.

1.2. Regional Impacts

The potential damages from climate change will not likely be distributed evenly around the
world; they will vary depending on geophysical, ecological and socio-economic factors (IPCC
1998; Harvell et al, 1999; EPA, 1999).  For example, the combination of sea-level rise and
increased frequency and severity of storms would be especially problematic for regions with
low-lying coastal communities, economies and ecosystems. Well-known examples include small
islands and coastal communities.  In many regions, the uncertain fates of agriculture and forests,
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and the ecological and economic and social stability that depends upon their viability, are among
the consequences of climate change.

Michigan's citizens, economy and environment could be harmed by climate change (USEPA,
1999; IPCC, 1998; Sousounis, 2000).  The State has a large population already exposed to heat
waves and urban air pollution. Its diverse ecosystems and economic activities, especially those
associated with its northern forests, its freshwater systems and the Great Lakes, with habitat-
specific flora and fauna, are threatened by the magnitude and pace of climate change that could
occur in the coming decades of the twenty-first century.

The State's freshwater and drinking water supplies could be diminished by temperature increases,
precipitation changes, and higher evaporation rates. Stream flows could be reduced and aquifer
and lake levels could decline. Currently the Great Lakes are at their lowest levels since the 1960s
and face further declines. Greater irrigation requirements for agriculture could put additional
demands on these more limited freshwater supplies.  Lower stream flows into Lakes Superior,
Michigan and Huron could impede shipping throughout the Great Lakes and hurt the economies
of Michigan's port cities.  Dredging to maintain shipping lanes and access could be very costly,
and could also unleash accumulated toxins.  Warmer waters in streams and lakes, and changed
oxygen levels, could modify aquatic metabolism, undermine some species while favoring others,
and create conditions for invasions of new species.

Michigan's forests face an uncertain future, which could entail an overall decline as well as
changes in its species mix, as a direct result of temperature and precipitation changes, and
changes in the level of wildfires, pests and diseases.  These changes could threaten the State's
forest products industries. Changes in habitats, access to waterways, and species levels and
composition, could undermine various recreational activities and enterprises that serve them.
Crop production would tend to move northward with global warming, although many
complicating factors make the future of agriculture in Michigan uncertain. Agricultural impacts,
which are affected by farmers adaptive responses as well as temperature, precipitation, soil
conditions, and carbon dioxide levels themselves, could range from increased yields for some
species and locations and decreased yields in others. Climate change could thus exacerbate
existing problems in sensitive ecosystems caused by pollution, sprawl and other forms of
impingement, while creating new problems.

The geographic range and habitat of disease-carrying insects such as mosquitoes, which are well
established in Michigan, could expand with higher temperatures and precipitation.  The
mosquitoes that carry St. Louis encephalitis, present already in Michigan, could increase, while
those that carry diseases more exotic to the State, such as dengue fever and malaria, could spread
further north from tropical areas and threaten its residents (Epstein 1999; Patz et al 1996).
Michigan's population, particularly the elderly, could suffer from increased heat-related illnesses
and deaths, as the intensity and duration of its heat waves increase.  Ground-level ozone, already
a health problem in the Muskegon County and neighboring areas, and a threat to crops and
ecosystems, would likely increase with the warming trend.  It is formed by reactions between
nitrogen oxides and volatile organic compounds, emitted largely from vehicles and power plants,
in the presence of sunlight, with the highest levels usually occurring on the hottest days.  Higher
concentrations would increase the risk of acute respiratory problems, asthma attacks and deaths.
Inhabitants of Michigan's cities would also face increased suffering and death (which could more
than double) from the expected greater number of high temperature days (IPCC, 1998; EPA
1999).
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1.3. Climate Protection

Reducing the ultimate magnitude of human-induced climate change and slowing down its rate
would help to protect vital ecosystems, economies and communities. To avert dangerous climate
disruption, the current global emissions of about 6 billion tons carbon equivalent, now projected
to increase to about 20 billion tons by the end of the next century, would have to decrease to less
than three billion tons by that time. Even then, the carbon equivalent in the atmosphere would
reach about 450 parts per million, about 60 percent above pre-industrial levels, which would still
entail some climate change, sea-level rise and ecological impact.

Already, the industrialized world contributes 4 billion tons per year, two-thirds of global
emissions, with almost 1.5 billion or about one quarter of annual global emissions from the U.S.
alone.  Thus, for stabilization at 450 ppm the world would have to decrease from about 1 ton per
capita to less than 0.3 tons per-capita by the end of the twenty-first century. To match this global
average per-capita target, the U.S. would have to reduce its carbon emissions intensity more than
15-fold from more than 5.4 tons per-capita current level.  At about 6 tons per-capita, the carbon
intensity of Michigan is about ten percent higher than that of the U.S. as a whole.  Thus, given
the magnitudes of its overall emissions and emissions intensity, as well as the pivotal importance
of its motor vehicle manufacturing industry, Michigan has an important role to play in climate
change mitigation.

In December 1997, countries throughout the world adopted the Kyoto Protocol to the UN
Framework Convention on Climate Change, as a first step towards stabilizing concentrations of
greenhouse gases in the atmosphere to reduce the risk of dangerous climate change.  The Kyoto
Protocol requires that carbon emissions during the period 2008 to 2012 be reduced below 1990
levels by 7 percent for the U.S., 6 percent for Japan, 0 percent for Russia, and an average of 8
percent for the European Union.

The Protocol affords the U.S. and other industrialized nations considerable flexibility in meeting
these reduction targets. These options include offsets amongst different greenhouse gases, offsets
from biomass carbon sinks, the Clean Development Mechanism (CDM) that could create offsets
from actions in developing countries, Joint Implementation projects, and industrialized nation
trading of emissions allocations.  Exploiting such options could allow the United States to undertake
correspondingly lower reductions in carbon emissions from its own energy sector while still
meeting its 7 percent net reduction commitment, at lower near-term costs.  However, these
flexibility mechanisms have certain problems that will need to be resolved before implemented
on a large scale. Otherwise they could seriously threaten climate protection and environmental
integrity (GACGC 1998), socio-economic development, and the credibility of the Kyoto
Protocol.

Moreover, given the rather modest reduction targets of the Protocol relative to the much deeper
long-term reductions needed for climate protection, use of the flexibility mechanisms may permit
too slow a start and too weak a signal for the necessary technological transition in energy
production and use (WWF 1998). The focus of our climate protection activities must thus be on
where the heart of the problem and its solution lies – beginning a sustained process to achieve
deep reductions in domestic energy-related carbon-dioxide emissions.  In rising to that challenge,
we could spur technological modernization and innovation, pollution reduction, increased
productivity and economic benefits.
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Notwithstanding marked regional variation in its destructive potential, climate change is a global
problem that requires solutions at all levels -- global, regional, national and local. The
demographic, economic and political interconnection of peoples within nations and around the
world could produce serious secondary impacts that would reverberate within and across national
boundaries. Among such impacts could be decreased production, decline of markets for locally
and internationally traded goods, increases in the number of environmental refugees, and
exacerbated political instability and conflict. Moreover, both the scope of the problem and the
moral interconnectedness of peoples demand cooperative action to curb climate change, based on
the principles of adequacy, equity and capability embodied in the Climate Convention.

Arguably, as the limited carbon carrying capacity of the atmosphere has been nearly exhausted
by the U.S. and other industrialized nations in amassing their economic power and wealth, both
the responsibility and the capability for addressing climate change fall largely on their shoulders.
As developing country economies will need to grow in the near term, early global carbon
emissions reductions will have to come from the industrialized countries; this would both slow
the rate of carbon accumulation in the atmosphere and inaugurate the technological and
institutional transition to low-carbon economies.  At the same time, the industrialized countries
could provide technological and financial assistance to the developing countries to help ensure
that their economic growth is along a path of low-carbon intensity and human well-being. The
developing countries could thus advance in a manner that does not recapitulate the North’s
history of energy-inefficient, fossil fuel based economic growth; and there is already evidence
that many have begun to pursue such a path.  But with these responsibilities come opportunities -
- for pollution reduction, improved public health and environmental quality, for technological
innovation and productivity improvement, and for the institutional and human capacity building
that can help to ensure sustainable development in the coming century.

1.4. U.S. Policies and Measures

America’s Global Warming Solutions showed that the U.S. could reduce its carbon emissions by
14 percent below its 1990 levels with solely domestic energy policies and measures, and enjoy
net economic savings, increased employment and pollution reductions. Thus, the U.S. could
significantly reduce its greenhouse gas emissions and go beyond its target under the Kyoto
Protocol without use of the flexibility mechanisms, through policies and measures that would
affect energy choices, resources, technologies and systems throughout the country. The
economic and environmental benefits of these policies and measures would be widespread across
the country.  While there would be many common impacts in each region or state, there would
be some variation that would reflect differences in current and projected energy and economic
conditions.

This report provides an analysis of the impact that these national policies and measures would
have in Michigan. The impacts that we estimate include changes in energy demands, energy
supply technologies and fuel mix, carbon emissions, pollutant releases, costs, savings and
employment.

2. Energy Use and Carbon Emissions in Michigan

Michigan's energy system and carbon emissions reflect its unique geographic, climatic and eco-
nomic conditions.  Thus, the State’s relative contributions to national carbon-dioxide emissions
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and to national emissions mitigation will also reflect these conditions.  So too will the opportuni-
ties for and impacts of emissions mitigation policies.

2.1. Current Energy and Emissions

In 1996, Michigan consumed about 2.6 quadrillion Btu’s (Quads) of fuels and electricity to meet
their end-use energy demands in residential and commercial buildings, industry and transporta-
tion. This was nearly 3.8 percent of national energy consumption.  Since the Michigan
population was about 3.6 percent of the national population in 1996, its end-use energy intensity
of about 269 million Btu (MMBtu) per -capita is only slightly higher than the national energy
intensity. Nonetheless, there are important differences in sectoral and fuel mix.

Industrial energy use in Michigan is about 3.4 percent of national energy use, about the same as
its population share.  Its transportation energy use is about 3.2 percent of national energy use,
more than ten percent lower than the population ratio.  Its residential and commercial energy use
are about 5.3 percent and 4.6 percent of national consumption, respectively, both far above the
State's population share.

Michigan has a different sectoral energy mix than the nation as a whole. Industry consumes
about 33 percent of the State’s total end-use energy, while nationally it consumes about 37
percent of the total.  Michigan's residential and commercial energy use comprise more than one-
third of the State total, while for the nation it is about one-fourth. Transportation contributes
about 30 percent of the total in Michigan and more than one-third in the country as a whole.

The mix of fuels and electricity consumed by equipment to provide energy services -- lighting,
heating, cooling, household appliances, commercial equipment and industrial processes -- in
Michigan, also differs from that of the nation as a whole. Oil dominates in the U.S., while natural
gas dominates in Michigan.  Oil is 38 percent in Michigan and 50 percent for the U.S., while gas
is 40 percent in Michigan and 29 percent in the U.S.  In Michigan about 60 percent of end-use
natural gas is consumed in buildings, while in the U.S. about half is consumed by industry.
Electricity comprises 13.2 percent of end-use energy in Michigan and 15.5 percent in the U.S.
Only in commercial buildings does electricity play a major role at about at one-third in
Michigan, much less than the 45 percent nationally.  Finally, about three-quarters of oil use
occurs in transport in both the State and nation.

Michigan electricity generation is dominated by coal and nuclear, at 60 percent and 24 percent,
respectively, with natural gas at about 12 percent. Renewables -- biomass, hydro and MSW --
contribute about 3 percent.  In the U.S. about one half of electricity is produced by coal, about 20
percent by nuclear energy. While hydro-electricity contributed about 11 percent nationally, it is
less than one percent in Michigan.  As a consequence of this fuel use for electricity production,
Michigan's fuel mix for overall primary energy resources is 38 percent oil, 25 percent gas, 22
percent coal, 8 percent nuclear and 7.5 percent renewables.   Nationally, gas dominates at about
35 percent, followed by oil, coal, nuclear and renewables, at about 29, 24, 8, and 4.5 percent
respectively.

Michigan's carbon-dioxide emissions reflect its overall energy use and fuel mix, about 57.5
million metric tons of carbon in 1996, about 4 percent of total national emissions of 1428 million
tons. Thus, Michigan emits about 6 tons per-capita, higher than the national average of
approximately 5.4 tons per-capita. A comparison of Michigan and U.S. carbon emissions is
given in the figures below.  Figure 1.A, in which emissions from electricity generation are
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allocated to the sectors in proportion to their demands. Figure 1.B shows emissions at the points
of fuel combustion.

Figure 1.A: 1996 Carbon Emissions - Electricity Allocated to Other Sectors

Michigan
Total = 57 MtC

United States
Total = 1,428 MtC

 
Residential

Commercial

Industrial

Transport

Figure 1.B:  1996 Carbon Emissions from Primary Energy Use by Sector

Michigan
Total = 57 MtC

United States
Total = 1,428 MtC

Electric

Residential

Commercial

Industrial

Transport

MtC: Million metric tons "carbon equivalent" (carbon in carbon dioxide)

2.2. Future Emissions and Mitigation Options

Fuel and electricity use in the state is projected to increase by 33.7 percent between 1990 and
2010, a growth rate of 1.46 percent per year; from 1996 to 2010 the increase would be about 15.9
percent or 1.06 percent per year, reflecting a slowing of energy demand growth.  Carbon and
pollutant emissions will thus be likely to continue rising in the absence of national and State
policies designed to mitigate them. Figure 2.A summarizes these trends.

From 1996 to 2010, under business-as-usual conditions, Michigan's carbon emissions would
grow by about 17 percent, from 57.5 to about 67.4 million tons, while U.S. carbon emissions
would grow by 25 percent to about 1,800 million tons. Thus, the Michigan share of the national
total would decline slightly, from 4.0 to 3.7 percent. Figure 2.B summarizes these trends.
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Figure 2.A: Base Case Primary Energy Use in
Michigan

Figure 2.B: Base Case Carbon Emissions in
Michigan

0

1,000

2,000

3,000

4,000

5,000

1990 2000 2010

E
n

er
g

y 
U

se
 (

tr
ill

io
n

 B
tu

)

Residential Commercial Industrial Electric Transport

0

10

20

30

40

50

60

70

80

1990 2000 2010

C
ar

b
o

n
 E

m
is

si
o

n
s 

(M
M

T
 C

)

Residential Commercial Industrial Transportation Electric

National and state policies could help to stimulate investments in energy efficiency and renew-
able resources to reverse the trend in Michigan of increasing carbon and other pollutant emis-
sions.  Michigan has the natural, human and economic resources to transform its energy system
to a more modern, efficient and clean technological basis that would reduce its emissions of car-
bon dioxide and other pollutants while improving its economy. It has strong agricultural and
manufacturing sectors, including its automotive industry (producing nearly one-third of all cars
and trucks in the U.S. and directly accounting for over 10% of the State’s GSP), which could
contribute to this transition. It has access to large supplies of natural gas, and has significant
potential for development of its wind and biomass energy resources.

In taking this path, Michigan could play a leading role in a national process of technological
transformation, climate protection and environmental stewardship.  Reports from various
agencies and organizations have surveyed and analyzed the potential for cleaner, more efficient
energy use in Michigan. Among these are the U.S. Environmental Protection Agency (EPA), the
Interstate Renewable Energy Council (IREC), the Union of Concerned Scientists (UCS), the
American Council for an Energy-Efficient Economy (ACEEE) and the Michigan Environmental
Council (MEC).  Some of these studies have also identified policies to help to realize this
potential and reap its economic benefits. A study by ACEEE, Energy Efficiency and Economic
Development in the Midwest (Laitner et al, 1995), modeled the cost savings and employment
impacts that would result from increased investments in energy efficiency in Michigan, Illinois,
Ohio, and Indiana.  They found that investments in energy efficiency would allow most
industries in the Midwest to reduce their bottom lines, and would lead to many new jobs in the
region.  Specifically, the study found that if the energy efficiency policies they modeled were
enacted in these four states, about 46,200 new jobs would be created in Michigan alone by 2010.

2.2.1. Cogeneration

Cogeneration or combined-heat-and-power (CHP) is a well understood technology with a long
history, which now has enormous potential for economic and environmental benefits in industrial
and community energy systems, owing to ongoing technological advances. Instead of producing
thermal energy for manufacturing processes on site, at efficiencies of about 70 percent, while
purchasing electricity from central station power plants at about 30 - 40 percent efficiency, both
thermal energy and electricity could be generated on site at overall efficiencies of up to 85
percent.  With advanced combustion turbines, or in the near future fuel cells, using natural gas
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(or biomass-based fuel inputs) the low carbon and pollutant emissions factors could complement
the very high efficiencies.  Thus energy use, carbon emissions and pollutant emissions would be
dramatically reduced, while continuing to provide a variety of energy services that could include
cooling and motor drive as well as heat and electricity.

The potential for highly efficient CHP in Michigan is significant.  Cogeneration units currently
supply the energy needs of approximately 114 industrial or commercial sites, representing about
3.7 GW of total installed capacity (roughly 15% of Michigan’s total installed capacity) according
to an estimate by the Michigan Public Service Commission.  More than half of the cogeneration
units installed currently in the State are small units less than 5 MW (which together represent
less than 3% of installed cogeneration capacity).  Installation of larger units in Michigan has
generally been confined to Michigan’s chemical, pulp and paper, and food processing industries.
Roughly one-third of the installed CHP capacity statewide comes from a single plant, the
Midland Cogeneration Ventures (MCV) project, a giant 1370 MW natural gas-fired combined
cycle plant built by Dearborn-based cogen developer CMS Generation in 1990.  MCV sells most
of the power it generates onto the grid, but at least 15% of its steam load is dedicated to
supplying the electric and steam needs the Dow Chemical plant nearby.  CMS Generation, whose
parent company owns local utility Consumers Electric, is also currently developing another large
CHP project, a 710 MW combined cycle plant, expected to come online in 2001, which will
supply the power needs of the Rouge Steel Company and Ford Motor Company plants in
Dearborn.  The plant will be powered by natural gas and blast furnace gas from Rouge Steel,
which has rerported that it plans to close its 75-year-old coal-fired powerhouse .  Operation of
this new plant should lead to significant energy savings at the site, reducing the bottom line for
Ford and Rouge Steel, while also curbing emissions.

Remarkably few estimates of Michigan’s total potential for CHP development have been made
to date.  A November 1999 workshop on cogeneration development in the Midwest sponsored by
Energetics, Inc. and the American Council for an Energy-Efficient Economy (ACEEE) identified
the lack of available information on “the market opportunities for CHP development on a size,
state, and sectoral basis” as among the major barriers to CHP reaching its full development po-
tential in the region. (Energetics/ACEEE, 2000)  Energetics/ACEEE (2000) estimates that there
are approximately 8000 additional industrial and commercial sites in Michigan, Illinois, Indiana,
and Wisconsin together that would benefit from CHP development.  Since roughly 20 percent of
the industries most likely to benefit from CHP development in these four states are located in
Michigan that would mean that an additional 1600 potential CHP sites can be assumed, based on
this estimate, to be in Michigan. (ASM, 1996)  Even if all these sites were small applications (2
MW or less) that would mean potential exists for development of at least 1-3 GW of new CHP
capacity (not counting the potential development of additional large merchant cogeneration
plants over 100 MW).

A study prepared by ICF Resources, Inc. for the U.S. Environmental Protection Agency, CHP
Potential in the Pulp & Paper and Chemical Sectors (ICF, 1999; Gerhardt, 2000) projects a
much lower number for CHP development over the next decade. Based on current and expected
market conditions over the next decade, it projects only an additional 178 MW of new CHP
capacity likely to be economic to develop in Michigan by 2010 – a dramatic drop in new CHP
development compared to the previous decade.  This indicates that, lacking specific policies to
promote CHP development, as well as complementary environmental policies, the assumed
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lower costs of electricity under deregulation could cause many facilities in Michigan that might
otherwise replace existing boilers with new CHP plants to choose less energy-efficient options.

2.2.2. Renewable Energy

Michigan has great potential for renewable energy development.  The state has already been very
successful in developing its biomass resources.   In 1996, biomass fuels (including wood and
landfill gas) supplied about 1.5% of Michigan’s total electric energy demand, approximately
almost 2 TWh (not counting an additional 0.9 TWh of power generated from the combustion of
municipal solid waste).  The Union of Concerned Scientists (UCS) conservatively estimated in
Powering the Midwest (Brower et al, 1993), that Michigan has the potential, given current
technology and market conditions, to generate approximately 2 TWh from its current wood and
wood waste resources alone (or approximately 1.8% of its 1996 electric demand), plus an
additional 3 TWh (or 2.6% of its demand) from the state’s current supply of crop residues.
Michigan has an even greater potential for energy crop development.  By cultivating switchgrass,
hybrid poplars, or other high yield energy crops on farm lands that are potentially available for
energy crop production (mostly in the southern part of the state) Michigan could generate an
additional 7.7 TWh, or 6.8% of the Michigan’s 1996 electric demand. (Brower et al, 1993).
Recent analysis (Walsh et al, 1999; Walsh 1999) of State level biomass resources, largely from
mill, forest and agricultural residues, indicates that about 6 TWh could be generated from
biomass provided at less than $2.30 per MMBtu and 15 TWh at up to $3 per MMBtu.

Michigan also has a largely untapped potential for development of its wind resources - located
mostly along western shores of Lake Michigan, the western shores of Saginaw Bay, and the
western end of the Upper Peninsula.  Brower (1993) estimates that Michigan has the potential to
develop up to 4000 MW of wind generating capacity which could supply a total of 11 TWh (or
nearly one-tenth of its 1996 electric demand) from just its most promising (Class 4, 5, and 6)
wind energy sites (adjusting for possible environmental and urban exclusions at some sites).  If
wind generating technology and energy policies were ever to advance to the point where Class 3
wind sites might be economically viable, Michigan could generate more than twice its current
electric demand from its wind resources alone. (Brower et. al., 1993)

2.2.3. Electric Industry Restructuring

The electric industry in Michigan as in many states is undergoing restructuring, moving towards
competition in retail electricity markets. In the absence of proper policy safeguards, retail com-
petition, in which price would play the major factor in electric supply development and genera-
tion, could undermine the progress in end-use efficiency, clean energy resources and environ-
mental protection that was intended by integrated resource planning under a regulated regime.
Existing coal units whose capital costs are sunk, and whose running costs are low would likely
continue to run up to their full availability and thus increase their emissions (Lee and Darani
1995; CCAP 1996,1997).  This is problem that would likely occur in the ECAR region, which
includes the Michigan power plants (Bernow et al 1996; Miller et al 1997)).  Cleaner and more
efficient natural gas plants would tend to enter the mix only to the degree that load grows; and
these would tend to limit the entry of renewables and demand-side efficiency.  This is why
restructuring legislation discussed at the national and state levels often includes many elements –
such as renewable portfolio standards, output based emissions standards, system benefits charges
– explicitly designed to meet these energy and environmental objectives.
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The restructuring of Michigan’s electric industry provides a critical window of opportunity to
address climate issues and other important long-term statewide energy and environmental goals.
In March 1999, the Michigan Public Service Commission (MPSC) ordered Consumers Energy
and Detroit Edison, which together serve nearly 90% of the electric consumers in Michigan, to
restructure.  Although the Michigan Supreme Court has since ruled that MPSC lacks the statu-
tory authority to order retail competition, the utilities have nonetheless opted to voluntarily
follow the MPSC’s timetable for competition - which began in September 1999 with 2.5 percent
of these utilities’ customers being offered the opportunity to choose their electric suppliers and
will end with full retail access for all customers by January 1, 2002. (EIA, 2000)  However,
while electric utilities in Michigan MPSC are rapidly preparing for a competitive retail electric
market, the state currently has no enabling legislation to guide the transition to competition - as
do its neighbors to the south, Ohio and Illinois, and 19 other states - though talks are ongoing in
the state legislature.  Though a competitive electric market in Michigan could lower electric
rates, a market system, without specific legislative protections to correct for market failures,
could place past and future progress on statewide environmental and energy goals in jeopardy.

To some extent this has already begun to occur.  Consumers Electric and Detroit Edison have
used industry competitive pressures as an excuse to eliminate their energy efficiency programs
statewide. The MPSC in 1996 voted to allow them to eliminate all DSM spending. [MPSC: Case
U-10554 (6/95) and Case U-10554 (9/96)]  Prior to this, Consumers Electric had one of the
largest and most successful DSM program in the Midwest, with a very high degree of customer
satisfaction. Their annual spending on energy efficiency upgrades was over $40 million per year
(approximately 2% of its annual revenues) which avoided the generation of nearly 0.6 TWh in
1994 alone.  Detroit Edison was spending approximately $15 million per year, with a pending
MPSC staff recommendation to increase it to $30 million, when its DSM programs were
abruptly halted. (Kushler, 2000; Laitner, et. al., 1995)  At about the same time, MPSC also
abandoned its integrated resource planning (IRP) requirements for utilities, ceding to the market
its previous responsibility to oversee planning for the addition of new power plants and new
generating technologies in Michigan.  Loss of IRP also means that utility plans for maintaining
system reliability into the future are no longer publicly available (and utility planning data are no
longer even collected by state regulators).  This ironically makes the task of developing cost-
effective new energy policies for Michigan’s electric system all the more complicated, at
precisely the moment when such long-term data would be most useful to analyze -- i.e. when the
industry is restructuring and energy laws are being redesigned to meet the demands of a
competitive marketplace.

Several bills have been introduced in the Michigan legislature on electric restructuring. The most
recent comprehensive package was Senate Bill No. 937 (SB937), introduced on January 25, 2000
in the Michigan State Senate by Sen. Mat J. Dunaskiss, Chairman of the Senate Technology and
Energy Committee.  It contains some elements that could be important in the consideration of
new climate policies for the electric sector in Michigan.  For example, it would require all
utilities (or alternative electric suppliers) to provide detailed information in a uniform format on
all customer bills detailing which fuels were used to generate the customer’s electricity
(including all renewable sources) and the relative percentages of each in the fuel mix.  Under
SB937, utilities would also need to provide on all bills a detailed accounting of emissions
resulting from their electric generation for at least the criteria pollutants (NOx, SO2) and CO2,
expressed in pounds per megawatt-hour.  These disclosure requirements (common to many other
state restructuring laws, as well) are intended to educate consumers on the impacts of their
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energy choices and enable consumers to “vote with their wallets” for cleaner energy alternatives.
SB937 would also establish the “Michigan Renewables Energy Program” “to inform customers
in the state of the availability and value of using renewable energy generation and the potential
of reduced pollution.” [SB937, p. 33]  However, details of the programs specific goals and
funding levels are still sketchy at this point.  The bill also gives a small incentive to utilities to
acquire new renewable generating sources, allowing utilities to take a credit of 3 MW for each
megawatt of renewable power on their systems for the purpose of satisfying the bill’s
requirements for mitigation of market power in their formerly exclusive service areas.

Nonetheless, on the whole SB937 falls far short of the standard set by new restructuring laws in
most other states in addressing issues that impact emissions and promote the development of
renewable resources.  A set of amendments was recently proposed by the Michigan
Environmental Council (MEC) in order to strengthen the bill to help ensure environmental
protection under the price competitive regime that would emerge from restructuring.  MEC
proposes several additional policies on their website http://www.mienv.org/dereg.html) to be
included in any final restructuring law in Michigan, to help ensure that market forces within
electricity supply do not undermine the State's environmental goals.  The amendments proposed
by MEC have been adopted in other states in their electric restructuring laws. They include:

1) tightened requirements for environmental disclosure on customer bills;

2) a renewable portfolio requirement which would mandate that all retail electric sup-
pliers in the state generate or purchase at least 3% of their power from renewables,
increasing to 10% by 2010;

3) uniform performance standards to reduce the competitive advantage that older,
higher emitting plants might have in the new marketplace by forcing them to meet the
same standards for emissions controls as the newest and cleanest facilities;

4)  a small non-bypassable surcharge on all electric bills (often known as a Systems
Benefit Charge or SBC) to restore and guarantee funding into the future for statewide
energy efficiency and renewable energy programs; and

5)  a net metering provision for electric consumers with small on-site renewable energy
generation (e.g. rooftop photovoltaics) to enable them to sell their excess power to the
grid and pay for only the net amount of electricity purchased each month.

Despite the virtual elimination of DSM programs statewide and the lack of legislation to guide
the transition to competition in an environmentally sound direction, there are several alternative
examples of initiatives taken toward a cleaner energy future for Michigan.  In 1996, Traverse
City Light and Power Company (TCL&P) and Bay Energy Services (a local windpower
developer based in Northport, MI) installed a new 600 kW wind turbine and offered TCL&P’s
customers the opportunity to receive all of their electric power from the wind turbine for an
additional charge of just 1.58 cents/kWh on their monthly bills.  By 1998, the municipal utility
had already signed up 245 of its 7,120 residential customers and 26 commercial customers for
the program with an additional 80 customers on a waiting list to join the program (IREC, 1998).
TCL&P estimates that by generating power from its new wind turbine enables it avoids the
emission of 4.5 metric tons of CO2 each year (CADDET, 1997).

Perhaps bolstered by the success of TCL&P, the City of Lansing’s Board of Water and Light
(BWL) issued a request for proposals (RFP) to purchase “green power” in July 1999 from any
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local renewable generators willing to supply them, with the aim of starting a green pricing
program for customer’s perhaps as soon as September 2000 (BWL, 1998).  In addition,
Wisconsin Electric, which serves approximately 30,000 customers in Michigan’s Upper
Peninsula, was recently given permission by the MPSC (11/99) to offer its highly successful
Wisconsin green pricing program, Energy for Tomorrow, to the customers it serves in Michigan.
In Wisconsin, approximately 11,300 residential customers purchase their power through this
program (approx. 1.5% of Wisconsin Electric’s total customer base), which allows customers
willing to pay an additional 0.5, 1.0, or 2.0 cents/kWh to receive 25%, 50%, or 100% of their
power respectively from the company’s portfolio of small hydro, wind, and landfill gas
generating plants. (Wisconsin Electric, 2000).

Even Michigan’s larger utilities are beginning to learn that many electric customers are willing to
pay a little extra for emission-free electric generation.  In 1996, Detroit Edison offered customers
the opportunity to purchase 100-Watt shares of its 28.4 kW photovoltaic array near Ann Arbor
for a surcharge of just $6.80 per month.  By 1998, over 70% of the shares had been sold.  Detroit
Edison completed a second solar array in October 1997 near Southfield with some of the
capacity from this dedicated to its new SolarSchools program, which offers PV generated power
at a reduced rate to local schools. Detroit Edison’s success with this program has enabled it to
bring in new sources of revenue from outside its traditional service area.  Detroit Edison won the
bid on a Maryland Energy Administration’s RFP to supply solar power to 10 schools in
Maryland (Larsen, 1998).

2.2.4. Efficient, Low-Emissions Vehicles

In a state so dominated by the automotive industry, it is perhaps not surprising that Michigan has
not taken action on its own to reduce tailpipe emissions, for example, by promoting mass transit
in urban areas or incentives for manufacture and purchase of vehicles with greater fuel
efficiency.  Nonetheless, the aforementioned ACEEE study (Laitner et al, 1995) found that
enacting transportation efficiency measures alone would lead to 14,100 new jobs for the Midwest
region, nearly half of these in the motor vehicle industry.  The study concluded that, “because it
builds cars for the whole nation, the Midwest region could benefit much more from the
investments in [transportation] efficiency improvement at a nationwide scale.”

Many promising high efficiency, low emissions and alternative fuel vehicles are beginning to
enter the market, and further engineering and market development can be stimulated by policy.
At the same time, the success of the modest corporate average fuel efficiency (CAFE) standards
of the past (Greene, 1998) has been eroded by the rapid introduction of less efficient sports
utility vehicles (SUVs), which elude the requirements. Figures 3A and 3B compare carbon
emissions per mile for the best and worst U.S. and foreign manufactured vehicles in five classes,
the average of the existing stock of vehicles on the road, and the average of the current new
purchases. Only conventionally fueled vehicles are considered, based on DeCicco (2000).
Figures 4A and 4B compare the criteria pollutant emissions for same set of vehicles, measured in
total cents per mile, aggregated across the pollutants, based on their emission rates and the
estimated value of their health and environmental damages (DeCicco 1999).

While the fleet of new vehicles entering into use will have far less air pollutant emissions than
the current stock average, their carbon emissions will be only marginally better, owing at least in
part to the rapid entry of SUVs. Moreover, the range in emissions performance between the best
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and worst across the vehicle classes approaches a factor of four for both carbon and the air
pollutants.

Looking further ahead, the
prospects for highly efficient
vehicles are promising (Green
and DeCicco, 2000).   Moreover,
vehicles using cellulosic ethanol,
which is derived from woody
biomass (crop and forest residues,
or dedicated energy crops), and
those using fuel cell technologies
(using gasoline, ethanol,
methanol, or hydrogen derived
from a variety of sources) could
offer increasingly dramatic
energy, carbon and environmental
benefits.  With appropriate
technological improvements,
cellulosic ethanol could provide a
vehicle fuel with essentially zero
net carbon emissions, ecological
benefits and a new source of farm
income (Lynd et al, 1996; Lynd,
1997; DeCicco and Lynd, 1997)).

Fuel cell vehicles have been
attracting enthusiastic attention
from auto manufacturers in recent
years, who see them as
potentially providing the basis for
the next generation of vehicles,
that are much cleaner and much
more fuel efficient than
combustion-based vehicles
(CARB, 1998). Auto makers’ and
fuel cell developers’ investments
to date and commitments for the
next few years are estimated to
already be $1.5 billion to $2

billion. Several auto makers have already demonstrated prototype vehicles, and have announced
plans to have fuel cell passenger cars ready for commercial production by 2004.  Among these
are General Motors, Ford, Daimler-Chrysler, Toyota, Nissan, and Honda.

The development of fuel cell vehicles are benefiting from rapid advances in battery technologies,
electric drive trains, advanced vehicle materials, and fuel processing technologies. Fuel cell
vehicles, even when fueled with gasoline, would have negligible emissions of local criteria
pollutants, eliminating the need for complex, costly, and difficult to enforce end-of-tailpipe
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Figure 4.A: New Vehicle Pollution Damages: Best
MY2000 Performers
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Figure 4.B: New Vehicle Pollution Damages: Worst
MY2000 Performers
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emissions controls. Emissions of greenhouse gases would be roughly half that of conventional
vehicles. With natural gas as the feedstock for either methanol or hydrogen, the emissions would
be still lower. Moreover, fuel cells are well-suited for fueling with renewable fuels such as
hydrogen produced from wind, solar, or biomass, which would imply a near-zero carbon fuel
cycle.

Given the variety of primary energy
sources or feedstocks and fuels that
could be used for fuel cell vehicles,
there may be some interesting
trade-offs between near term and
long term prospects and objectives.
What may be easier and perhaps
less costly in the near term, such as
gasoline, based on its existing
infrastructure in production,
delivery and re-fueling, could
become "locked-in," while more
promising options for the longer
term, such as renewable based
hydrogen, could be "locked out"
and thereby miss the opportunity
for cost and performance
improvement from further
innovation and scale economies.
Continued R&D, demonstration
projects, small-scale fleet
procurement, and progressively
tighter carbon performance
standards, could help ensure that the
more advanced long term prospects
and their benefits will be realized.

There are various ideas and
initiatives that have been advanced
to improve the environmental
performance of transportation
systems and vehicle manufacture in
Michigan. Cooperation with the
Department of Energy's Clean
Cities program has resulted in some
accomplishments and plans to

procure alternative fueled vehicles, including electric and ethanol vehicles at the University of
Michigan and natural gas vehicles by the Airline Shuttle system.  A bill that has been advanced
by Michigan Environmental Council would provide business tax credits for the manufacture of
electric and hybrid-electric vehicles.  A recent amendment to a brownfields development bill
(HB 5443 and SB 269) included alternative fuel vehicle businesses in the list eligible for a tax
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break.  Finally, the Michigan legislature is considering appropriations for elements of the
Michigan portion of high-speed rail development between Detroit and Chicago.

2.2.5. Building Energy Use

In 1999 the State enacted the Michigan Uniform Energy Code (MUEC), a revised set of rules for
new home construction. Notwithstanding the emissions reductions claimed for these rules by the
Michigan Department of Consumer Affairs (MDCIS, 1999), the MUEC has actually weakened
the insulation requirements for many larger new homes in the state.  Furthermore, the MUEC
repealed Michigan’s more stringent Model Energy Code (MEC) (enacted July 1998).  By the
enactment of the MUEC, Michigan is bucking a nationwide trend and is ignoring the U.S.
Energy Policy Act of 1992 (EPAct) which calls on states to adopt energy standards for new
homes that meet or exceed the Council of American Building Official’s (CABO) 1993 Model
Energy Code.  The Michigan’s short-lived MEC, repealed following opposition from the State’s
construction industry, was based on the CABO standard recommended by EPAct and adopted in
many other states. (Laitner, et al, 1995)

There are numerous companies in Michigan that deliver energy-efficiency and renewable energy
resources, equipment and services.  For example: Magnetek Universal Electric of Owosso, MI
which makes energy efficient motors; Phillips Engineering of St. Joseph, MI which builds high
efficiency gas-fired heat pumps; and United Solar Systems Corporation in Troy, MI which
manufactures photovoltaic systems. (Laitner, et. al., 1995)  Many more companies and
households stand to benefit from the energy bill reductions from improved energy efficiency.
Since nearly all of its fossil fuel resources come from outside its borders energy waste is a drain
on the Michigan’s economy.  Investments in more energy-efficient equipment and renewable
energy technologies, both in-state and nationwide, would not only reduce emissions, and prevent
money from flowing out of Michigan's economy, but would also stimulate new investment and
many new jobs in the State, particularly it’s all-important manufacturing sector.

3. The National Policies and Measures

America’s Global Warming Solutions presented analysis of national policies and measures
within each sector, which would stimulate faster adoption of more energy-efficient technologies
and low-carbon energy resources, and induce innovation, learning and further diffusion.  These
included a robust mix of complementary approaches, including incentives, market creation and
transformation, regulatory modernization, technical assistance, efficiency and performance
standards, research and development, and tax reform. Specifically they were:

For transportation:

q A vehicle efficiency initiative, including:  progressively stronger fuel economy standards for
cars and sports utility vehicles; an efficiency and emissions based rebate system for vehicle
purchases; R&D for improved design, materials and technologies; public sector market
creation programs (e.g., green fleet procurement, consumer education) for cleaner and more
efficient vehicles; and standards and incentives for freight trucks and other commercial
modes.

q Urban/regional transportation demand management and related incentives; pricing reforms,
including congestion and emissions-based pricing; land-use and infrastructure planning for
improved access to alternative and complementary travel modes, including transit, walking
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and biking; facilitation of high speed intercity rail development; pricing, planning and
informational initiatives to promote intermodal freight movement.

q A progressively stronger cap on the carbon intensity of motor fuels, reaching a 10 percent
reduction by 2010; R&D for cellulosic ethanol, other renewable fuels and associated vehicle
technologies; renewable fuels commercialization programs in various market segments,
including public sector procurement programs.

 For industry:

q Tax incentives to stimulate more investment in new more efficient energy-using
manufacturing equipment, and RD&D to bring down the costs and speed the availability of
more efficient equipment;

q Regulatory refinement and technical assistance to remove disincentives for industrial
combined-heat-and-power (CHP), whereby electricity is co-generated on-site, rather than
imported from the grid, along with thermal energy for manufacturing processes.

For electricity generation:

q A progressively increased renewable portfolio standard, that would require suppliers to
collectively provide 10 percent of generation by 2010 with renewable resources, with a credit
trade system to ensure that the national target is met with a regional distribution that results
in lowest cost.

q A tightening of the 1990 Clean Air Act Amendment SO2 cap, which now halves the sector’s
emissions from 1990 levels to 9 million tons by 2000, to reduce them further to about 3.5
million tons by 2010. Also, a cap on NOx and fine particulate emissions, with a trading
system to reduce their levels in a cost-effective manner, to complement local emissions
constraints. These pollution restrictions would reduce coal use and carbon emissions.

q A requirement for co-firing of biomass in coal plants, with credit trading, which is
progressively increased to 10 percent by 2010, providing near-term carbon reductions and
stimulating development of that resource.

q A cap and trade (or tax) for carbon emissions to reduce the carbon intensity of the sector
between 1990 and 2010 by about 40 percent.

For commercial and residential buildings:

q Appliance and building standards, which would establish norms for equipment, design and
performance which, through purchases and practices, would reduce energy used to provide
services in homes and offices.

q Market transformation incentives including technology demonstrations, manufacturer
incentives, and consumer education to reduce barriers to energy savings and renewables.

q Initiatives to expand the use of combined-heat-and-power (CHP) for district energy systems
DES), to co-generate electricity along with thermal energy for heating and cooling in
buildings.
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4. Energy, Carbon and Cost Impacts

The national policies and measures were estimated to achieve a 22 percent reduction in primary
energy use and a 36 percent reduction in carbon emissions by 2010 relative to baseline
projections for the U.S. that year, about 14 percent below 1990 emissions.  These carbon
emission reductions are realized entirely through energy-related policies and measures, with net
economic savings.  The analysis showed that national savings in energy bills would exceed the
net incremental investments in more efficient technologies and expenditures for low carbon fuels
through by an average of about $150 per capita per year from 1998 through 2000.  Cumulative
discounted savings to the nation’s economy would reach more than $300 billion over that period.

In Michigan, these national policies would reduce carbon emissions by about 30 percent below
baseline projections for 2010.  These reductions reflect a 19 percent reduction in primary energy
use by 2010, owing to increased investment in more energy efficient equipment, as well as a shift
to less carbon-intensive fuels for electricity, transportation and industry.  Net annualized savings
were estimated to average about $135 per-capita from 1998 through 2010, reaching over $300
per-capita or $3.1 billion in that year.  Cumulative discounted savings would be about $13.1
billion over that period.

This section presents a summary of the methods and assumptions for the national and Michigan
analysis and more detailed energy, carbon and cost/benefit results.

4.1. Analyses and Results for Energy and Carbon

National and regional energy demand, supply and cost data for the both the Base Case and Policy
Scenario were taken from the models used, and were benchmarked to recent energy demand,
supply and price data for Michigan. The modeling approach for the national analysis is described
in America’s Global Warming Solutions (Bernow et al 1999) and its predecessor study Policies
and Measure to Reduce CO2 Emissions in the U.S.   The National Energy Modeling System
(NEMS) of the Department of Energy (EIA, 1996), which was used in the national analyses,
provides detailed information and policy impacts on electric power supply by reliability region,
including the ECAR region which include the Michigan electric systems.  Moreover, it provides
building sector results for the North Central U.S. census region, which includes Michigan.
Relative demographic and economic growth rates were used to allocate national and regional
projections onto Michigan. The Long-Term Industrial Energy Forecasting (LIEF) model (Ross et
al, 1993) was run for the base case and policy scenario, and benchmarked to Michigan fossil and
electricity prices and industry structure. For transportation we used regional data from NEMS
projections for various modes and vehicle types, combined with Michigan data on the mode and
vehicle mix and energy use, and applied the policy variables in the models reflecting transport
demand, stock turnover, fuel-efficiency and costs.

4.1.1. Transportation

Analyses of the policy impacts in the transportation sector took account of vehicle stock
turnover, fuel-efficiencies and travel indices, and were benchmarked to the structure, data and
baseline projections of the EIA (1998). The analyses were further benchmarked to transportation
data for Michigan. For light duty vehicles (LDVs), we assumed a progressively improving
national fuel efficiency standard, increasing by 1.5 miles per gallon (mpg) per year from 1998
through 2010. This results in new cars at an average of 45 mpg and new light trucks at 37 mpg in
2010.  For the entire fleet in operation, the average would be about 25 mpg, about 19 percent
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below baseline projections for that year. For heavy-duty freight trucks, fuel efficiency
improvements would be about 8 percent by 2010 relative to baseline projections. The demand
management and mode shift policies would reduce LDV energy use by another 8 percent.  We
assumed that the carbon content requirement and cellulosic ethanol policies would result in a
progressive increase to a 10 percent contribution of cellulosic (wood derived) ethanol as a blend
with gasoline in cars by 2010.

In Michigan, this would require about 38 trillion Btu (about 0.3 billion gallons).  This resource
could be provided from the State’s own biomass resource potential, comprising urban wood
wastes, forest and mill residues, and short rotation woody crops. This demand could be met by
using one-quarter of the State’s potential biomass resources that could be delivered at less than
$50 per dry ton (about $3 per MMBtu), or about sixty percent of its potential at less than $40 per
dry ton (Walsh et al 1999; Walsh, 1999).

Figure 5A and 5B summarize the impacts of the national policies on energy use and carbon
emissions in the Michigan transportation sector.  Under the business-as-usual (baseline)
projections, Michigan energy use for transport -- by cars, commercial and freight trucks, trains,
airplanes and boats -- would grow by about 45 percent between 1990 and 2010, following the
national trends and presenting a major a challenge for carbon emissions mitigation.

Figure 5.A: Transport Energy Use by Fuel Type
-- Base Case vs. Policy Case

Figure 5.B: Transport Carbon Emissions by Fuel
Type – Base Case vs. Policy Case

0

200

400

600

800

1,000

1,200

1990 2010 - Base 2010 - Policy

E
n

er
g

y 
C

o
n

su
m

p
ti

o
n

 (
tr

ill
io

n
 B

T
U

)

Electric Gasoline Distillate
Other Petroleum Natural Gas Renewables

0

5

10

15

20

25

1990 2010 - Base 2010 - Policy

C
ar

b
o

n
 E

m
is

si
o

n
s 

(M
M

T
 C

)

Electric Gasoline Distillate
Other petroleum Natural gas

The efficiency and demand management policies would reduce transportation energy use in
Michigan by increasing levels over time, reaching 22 percent below baseline projections for
2010.  Reduction in gasoline use would be greater than this at 29 percent, owing the use of 10
percent cellulosic ethanol blends.

The fuel use reductions from the efficiency and demand management policies would reduce
carbon emissions from the sector by about 3.9 MtC, a 21 percent reduction in the sector's
emissions in 2010.  The carbon content/ethanol policy would reduce emissions by about 0.9 MtC
or 4.7 percent by 2010 from gasoline displacement. Since electricity would be co-generated  in
the ethanol production process (in this case, 1.2 TWh or 1.3 percent of the State's generation in
the policy case), an additional 0.2 MtC from avoided grid-based electricity. Moreover, an
additional 1.0 MtC would be saved (largely outside of Michigan) owing to reduced energy use at
refineries in producing less gasoline.  Overall, then, transportation policies would reduce carbon
by 6.0 MtC, about 5 MtC in Michigan or about 7.4 percent of total carbon emissions in 2010.
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4.1.2. Industry

For industrial energy efficiency policies, we used the empirically-based LIEF model developed
at Argonne National Laboratory of the Department of Energy (Ross et al, 1993), benchmarked to
the AEO 1998 baseline energy price and consumption projections. A high effective discount rate
of 27.8 percent, owing to market and institutional barriers, was used in the Base Case in order to
match observed energy demands with LIEF.  We assumed that this would be reduced to 12.3
percent by the policies of technical assistance, information, tax credits and R&D.  We found that
national industrial energy consumption could be decreased by more than 10 percent by 2010,
relative to the Base Case, through investments in cost-effective energy efficiency induced by the
policies.

For analysis of the impacts of the national policies on Michigan's industry, we benchmarked the
LIEF model to recent data on the industrial mix, energy use and energy prices in the State. We
found that overall end-use energy consumption in the State would decrease by about 13 percent
by 2010 owing to the national energy efficiency policies, with electricity consumption reduced
by about 29 percent.

For industrial combined-heat-and-power (CHP) with advanced micro-turbines, we assumed that
by 2010 twenty percent of existing manufacturing steam demand would shift to cost-effective
gas-fired co-generation and fifty percent of existing co-generation in the paper and pulp industry
would retrofit to advanced turbines.  This results in 38 GW of new CHP capacity and 236 TWh
electricity generated on site by 2010. For Michigan, it results in 1.5 GW and about 7.8 TWh
(about 3.3 percent of the national CHP achieved and 8.2 percent of electricity generation in
Michigan in the policy scenario).

The industrial demand for electricity purchased from the grid is reduced owing to this additional
CHP by an additional 19 percent by 2010.  CHP does not appreciably affect overall end-use
energy consumption in industry, since the on-site electricity generated requires additional fuel.
But the additional fuel is far less than that needed for the grid electricity generation that it
displaces, and its natural gas fuel is cleaner than the high-carbon avoided fuels, both on site and
at the power plant.  As a consequence, efficiency plus CHP reduce overall industrial fuel and
purchased electricity use by about 13 percent by 2010, with purchased grid electricity alone
reduced by 48 percent.

Figures 6.A and 6.B summarize the impacts of the national policies on energy use and carbon
emissions in Michigan industry.

The national energy efficiency policies would reduce on-site carbon emissions from Michigan
industry by about 1.5 MtC in 2010, 11.4 percent of the total emissions from fossil combustion.
They would also decrease emissions from industrial electricity use by 2.6 MtC, about 31 percent
of the emissions caused by industrial electricity use. Thus, the efficiency policies would reduce
carbon emissions from overall fuel and electricity use by about 19 percent.

The additional CHP would cause a decrease of 1.8 MtC in emissions from grid based electric
generation, with little change in on-site emissions.  Thus, the reduction in carbon emissions from
efficiency and CHP, from both on-site fossil combustion and purchased grid electricity, would be
5.9 MtC or about 27 percent of the emissions caused by energy demand by Michigan industry in
2010.
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Figure 6.A: Industrial Energy Use – Base Case
vs. Policy Case

Figure 6.B: Industrial Carbon Emissions by Fuel
Type – Base Case vs. Policy Case
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4.1.3. Buildings

For residential and commercial building policies we used the NEMS model, which represents
energy technologies and demand for each major fuel type and end-use, including air
conditioning, space and water heating, and various types of equipment and appliances, based on
building and technology characteristics and costs.   The policies were modeled though changes in
the availability of new more efficient technologies and of the “hurdle” discount rates that reflect
non-financial influences (e.g., information) on consumer choice.

Overall national energy use in buildings was reduced about 16 percent in buildings in 2010. For
Michigan the reduction was found to be about 11.6 percent overall, about 11.2 percent for
residential and 12.1 percent for commercial buildings.  These savings are mostly in reduced
electricity demand from more efficient lighting, household appliances, office equipment, and
heating and cooling systems. Thus, electricity demand is reduced 27.2 percent in residential and
commercial buildings.

The national policies included an initiative to promote district energy systems (DES) using co-
generation (CHP) to provide heating, cooling and electricity to high-density commercial
buildings.  The thermal energy that is co-generated along with electricity would be used to heat
and cool buildings, replacing fossil combustion in on-site boilers and furnaces, and electric air
conditioning and space heating systems.  In the national study, district energy systems provide
152 TWh, about 5.8 percent of electricity requirements in the policy scenario, and reduced
carbon emissions by about 10MtC.

Figures 7.A through 8.B summarize the energy use and carbon emissions impacts of the national
policies on the residential and commercial sectors in Michigan.

About 40 percent of carbon emissions from energy demands at residential and commercial
buildings in Michigan arise on-site from fossil fuel combustion, overwhelmingly natural gas,
while about 60 percent arises from generation of purchased electricity. As the efficiency policies
have much greater impact on electricity demands, and the mix of fuels in electricity generation
are much more carbon-intensive than gas, the buildings sector carbon reductions arise almost
entirely from decreased electricity demand. The national energy efficiency policies for
residential and commercial buildings would reduce annual carbon emissions by increasing
amounts, reaching about 5.1 MtC or 19.6 percent in 2010. If we assume that the Michigan share
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Figure 7.A: Residential Energy Use by Fuel Type
– Base Case vs. Policy Case

Figure 7.B: Residential Carbon Emissions by
Fuel Type – Base Case vs. Policy Case
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Figure 8.A: Commercial Energy Use by Fuel
Type – Base Case vs. Policy Case

Figure 8.B: Commercial Carbon Emissions by
Fuel Type – Base Case vs. Policy Case
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of this national potential is proportional to its share of national population, the State would have
about 5.3 TWh from district energy systems (about 5.5 percent of total electricity in the policy
case).  Assuming that the DES is gas fired co-generation instead of simple gas turbines, they
would contribute an additional net carbon reduction of 0.35 MtC, by displacing fossil-based
heating from boilers and furnaces, as well as electric heating and cooling, in commercial
buildings with systems using co-generated thermal energy.

4.1.4. Electricity Supply

The electric sector policies were modeled using the Department of Energy’s National Energy
Modeling System (NEMS).  NEMS includes data for existing power plants in the thirteen
Electric Reliability Council regions of the U.S. and neighboring Canadian regions. It simulates
dispatch of these plants and new plants needed to meet the growing electricity demand in each
region, taking account of regional exchanges and the characteristics of existing and new
electricity supply options. NEMS was used to analyze a national renewable portfolio standard
(RPS) set to ramp up to 10 percent of electricity generation in 2010 from solar, wind, biomass
and geothermal power plants.  It was also used to model the generation performance standards,
through a tighter cap on sulfur-dioxide emissions, and externality adders for particulates
($10,000 per ton), oxides of nitrogen ($2,500 per ton) and carbon ($50/ton CO2). The results of
the NEMS analyses for the ECAR region, which includes the Michigan electric system, were
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used to obtain the impacts of the national policies on electricity supply in Michigan. The national
standard for biomass co-firing in coal power plants, to displace ten percent of existing coal
generation by the year 2010, was modeled in Michigan based on the results of the NEMS
analyses.

The national end-use efficiency and co-generation policies would reduce electricity requirements
in Michigan by about 32 percent by 2010, from a 1996-2010 growth rate of about 1.3 percent per
year to a decline of about 1.5 percent per year. This reduces the need for construction of new
power plants and operation and emissions from both existing coal plants and new gas plants.  By
the year 2010, about 46 TWh less electricity is generated, 35 TWh less with coal (a reduction of
about 45 percent), 20 TWh less with gas and 9.4 TWh more with renewables, as a result of the
national policies that reduce electricity demand and shift to cleaner resources for electricity
supply.

As a result of the national renewable portfolio standard, Michigan's electricity generation from
renewables would reach 14.3 TWh in 2010, about 10 percent of total generation in the Base
Case. Excluding those renewables not covered by the RPS (hydro and MSW) renewable
generation would be 11.9 TWh, 9.1TWh from wind and 2.1 TWh from biomass, about 12.5
percent of total generation in the policy scenario.  Another 4.2 TWh would by provided by
biomass, co-fired in Michigan's coal plants, thereby displacing 10 percent of coal use and
associated carbon emissions.

The renewable resources to provide this electricity generation could come from Michigan.  The
State has sufficient high quality (classes 4 to 6) wind resources to provide the 9.1 TWh by 2010
(Brower et al, 1993). About 63 trillion Btu of biomass resources is needed by 2010 to provide
the co-firing and biomass power generation.  The 3.7 million dry tons of biomass to provide this
energy, combined with the 2.3 million for cellulosic ethanol vehicle fuel, could come from the
8.6 million available from agricultural and mill wastes, forest and urban wood wastes, and
biomass crops in Michigan, at less than $3 per MMBtu (Walsh et al, 1999).

The national generation performance standards for particulates, sulfur dioxide, nitrogen oxides
and carbon dioxide, would have a large effect on electric generation in Michigan.  While much
of the 45 percent drop in coal generation comes from the reduced electricity demand, about one-
fifth of this is estimated to arise from the performance standards.  While the performance
standards would by themselves cause a shift from carbon and pollution-intensive coal generation
to generation from new efficient natural gas combined-cycle units, the demand reduction
counteracts this.  Thus, total natural gas use for electricity generation in Michigan would remain
essentially constant from 1996 to 2010, rather than increase by 150 percent as in the Base Case,
as the shift from coal is accompanied by increased contribution from renewables and reduced
generation overall from end-use efficiency.

Figures 9.A through 9.C summarize the impacts of the national electricity supply and demand
policies on electricity generation and fuel mix in Michigan.  The shifts in power plant fuels from
the national electric sector policies would reduce carbon emissions by about 4.0 MtC or 15.8
percent of the total from electricity supply in 2010. The RPS would contribute about 1.2 MtC,
the generation performance standards would contribute about 1.5 MtC, and the biomass co-fire
would contribute about 1.3 MtC. An additional reduction of 7.9 MtC or 32 percent arises from
end-use efficiency and co-generation policy impacts on generation.
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Figure 9.A: Electricity Generation by Fuel Type
– Base Case vs. Policy Case
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Figure 9.B: Electric Sector Energy Use by Fuel
Type – Base Case vs. Policy Case
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Figure 9.C: Electric Sector Carbon Emissions by
Fuel Type – Base Case vs. Policy Case
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4.2. Summary of Carbon and Pollutant
Emissions Impacts

The two graphs on the following page
summarize the impacts of the national
policies and measures on carbon emissions
from energy use and supply in Michigan.
The first shows the emissions reductions in
the sectors of their origin, that is, in which
the combustion of fossil fuels occurs. Thus,
it shows emissions from on-site fossil fuel
combustion in buildings, industry,
transportation and electricity production.  It
is noteworthy that the largest reductions
arise in the electric sector.  This results
from the energy efficiency policies that
reduce electricity demand while providing
the same level of service to households,
offices and industry, plus the emissions and
renewables policies for power supply that
shift the fuels for electricity generation. The
second graph shows the reductions across
the end-use sectors only, that is, from which
the demands for fossil fuel combustion on-
site or at power plants arise.  In this graph
electric sector emissions are allocated to the
end-use sectors proportional to their
demands.

The carbon emissions reductions can also
be reported by policy or by the sectors to
which the policies are directed.  Table 1
provides these results and compares them
with the national carbon reductions realized
by the policies and measures.  Thus, for
example: the electric generation emissions
reductions and emissions increased on-site
fuel use, owing to increased CHP are
attributed to the industrial policies.  As can
be seen, Michigan's contributions to
national emissions reductions are roughly
3.1 percent, lower than its 3.7 percent
contribution to emissions in 2010, and
lower than its 3.4 percent share of national
population in that year.  The largest impacts

relative to the national occur for industrial efficiency and CHP and biomass co-firing.
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Figure 10.A:  Carbon Emission Reductions in all
Michigan Sectors

Figure 10.B:  Carbon Emission Reductions in
Michigan End-use Sectors
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Table 1: Carbon Reductions by Sector and Policy, Michigan and U.S. (MMT C in 2010)
Michigan U.S. % U.S.

TOTAL BASE CASE EMISSIONS 67.4 1,806 3.7%

Transport Sector Policies
     Vehicle Efficiency 2.4 105 2.3%
     Transport demand 1.5 65 2.3%
     Ethanol 1.1 31 3.6%
     Total Transport Sector 5.0 201 2.5%

Industrial Sector Policies
     Industry Efficiency 4.1 77 5.3%
     Industry CHP 1.8 34 5.3%
     Subtotal Industrial Sector 5.9 111 5.3%

Residential and Commercial Sector Policies
     Building Efficiency 5.1 98 5.2%
     District Energy 0.4 12 3.3%
     Total Residential and Commercial Sector 5.5 110 5.0%

Electric Supply Sector Policies
     Renewable Portfolio Standard 1.2 34 3.5%
     Biomass Co-firing 1.3 22 5.9%
     Generation Performance Standards 1.5 178 0.8%
     Total Electric Supply Sector 4.0 234 1.7%

Total Reductions 20.4 656 3.1%

TOTAL POLICY CASE EMISSIONS 47.0 1,150 4.1%

* Note: U.S. refinery emissions included in the sectoral results.

Michigan would also benefit from reduced combustion-related emissions of criteria air pollutants
owing to the national policies, as shown in Figure 11.  Air pollutants such as fine particulates,
carbon monoxide, sulfur dioxide, and ozone (formed by a mix of volatile organic compounds and
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nitrogen oxides in the presence of sunlight) can cause or exacerbate health problems that include
premature mortality and morbidity effects. Research shows that small children and the elderly
are particularly at risk from these emissions (Dockery et al, 1993).

These emissions also account for damages to the environment such as poor air quality and acid
rain.  The health of Michigan citizens, especially of those living in urban areas, who already
suffer from these problems, is threatened poor air quality. By 2010, the national policies of

Figure 11: Emissions of major air pollutants: 1996-2010, Base and Policy Case
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America's Global Warming Solutions (Bernow et al, 1999) would reduce annual emissions of
carbon monoxide in the State by 16 percent, oxides of nitrogen by 28 percent, sulfur dioxide by
44 percent, volatile organic compounds by 16 percent, and fine particulate matter by 26 percent.

4.3. Analysis and Results for Costs and Savings

The national climate change policies and measures cause shifts in energy related expenditures in
Michigan. These shifts entail both costs and savings.   The costs are the incremental investments
in more efficient energy using equipment, power supply technologies and renewable energy
resources, and the savings are the net reductions in the energy bills of households and businesses.

For this analysis, the investment costs and fuel prices were obtained from the NEMS model for
residential, commercial and electric power sectors, the LIEF model for the industrial sector, and
DeCicco and Lynd (1997) and Lynd (1997) for the transportation sector.

The trajectories of cumulative overall costs and benefits (un-discounted) to Michigan are shown
in Figure 12.A.  By 2010 the cumulative net savings to households and businesses in the State
would reach about $19.3 billion (1998$). On an annual basis, these net savings would reach $3.1
billion in 2010, or about $300 per capita. As shown in Figure 12.B, the cumulative discounted
net savings would reach about $13.1 billion through 2010, and the average annual (levelized) net
savings over that timeframe would be about $1.3 billion per year, about $135 per capita per year.
The overall benefit to cost ratio would be about 2.6.

Figure 12.A: Cumulative Costs and Savings - All
Sectors (undiscounted)

Figure 12.B: Cumulative Discounted Costs and
Savings through 2010 - All Sectors
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These overall costs and savings comprise contributions from policies that induce adoption of
more efficient end-use technologies and policies that support less carbon and emissions intensive
electricity and fuel supplies. The energy efficiency measures which produce large net savings,
create the "economic space" to pursue currently more cutting edge measures for renewables and
clean energy production, while maintaining overall economic savings. This important feature of
the set of policies, both increases near term carbon and pollution reduction benefits and sets into
motion the process of technology, human and institutional learning, diffusion and scale
economies, which will enhance the accessibility, affordability and performance of these more
advanced options for the future when they will be needed to a far greater degree.
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5. Impacts on Michigan's Economy

The set of national policies and measures that affect the Michigan energy system and carbon
emissions would also affect its economy.  Many analyses of state-level policies that induce more
efficient energy technologies and renewable resources show that the net economic impact -- on
employment, incomes and output -- is positive. These results are caused by savings in household
and business energy costs that exceed the incremental investment in more efficient energy-using
equipment. One would expect that similar policies at the national level would achieve similarly
positive impacts in Michigan.

Three indicators of the economic impact in Michigan of the national policies and measures were
developed—net incremental jobs, wages and salaries and Gross State Product for the years 2005
and 2010. These impacts were estimated using IMPLAN (Impact Analysis for Planning), an
input-output (I-O) model that represents interactions between different sectors of the economy.
Changes in each sector’s spending patterns, owing to changes in fuel consumption and energy
technology investments (energy using equipment and power supply facilities), induce changes in
other sectors level of output (and inputs), and these are reflected in appropriate sectoral
multipliers (jobs per dollar spent). The analytical approach used here is similar to that in Geller,
DeCicco and Laitner (1992), Laitner, Bernow and DeCicco (1998), and Goldberg et al. (1998).

The analysis tracks changes in expenditures on more efficient lighting, residential appliances,
commercial equipment, heating and cooling, building shells, motors, automobiles and trucks,
industrial processes and other technologies, that reduce combustion of high carbon fossil fuels.
It also tracks the savings in energy bills to households, offices and manufacturing owing to these
investments.  As the energy bill savings exceed the incremental investments, greater portions of
incomes are available to be re-spent, not on fuels but on the myriad goods and services that
households and businesses typically purchase.

The sizable role of Michigan in manufacturing the cars and trucks to meet the national demand is
taken into account, as the national policies would require increased spending for more efficient
vehicles. Moreover, it is assumed that the large increase in biomass resources and the refining of
biomass into cellulosic ethanol would increase demand on Michigan's agricultural and chemical
sectors, respectively.  These effects would have positive impacts on those sectors of Michigan's
economy. Some sectors that supply conventional energy and high carbon resources could decline
in the near term. Overall, both the changes in investments and the re-spending of savings
stimulate the state’s entire economy, as each sector must purchase materials and products from
other sectors to be able to produce to satisfy the increased demand for goods and services.

Table 2 provides the net economic benefits in Michigan of the set of national policies and
measures that would accelerate the use of energy efficient equipment and renewable technologies
and resources throughout the country, including Michigan.  By the year 2010, wage and salary
Table 2:  Macroeconomic Impacts of the Policy Scenario

Year Net Change in Jobs

Net Change in Wage and
Salary Compensation

(Millions of 1996$)

Net Change in
GSP (Millions of

1996$)
2005 20,500 $840 $780
2010 30,500 $1,420 $1,330
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earnings in Michigan would increase by about $1.4 billion and employment would increase by
about 30,500 relative to the reference case for that year.  At the same time, Gross State Product is
projected to increase by about $1.3 billion in 2010.

Table 3 provides detailed results for the Michigan economy, broken out into the 23 sectors
analyzed in this study, for the year 2010.  The table shows how each of the major economic

Table  3.  Macroeconomic Impacts of the Policy Scenario by Sector in 2010

Sector
Net

Change
in Jobs

Net Change in
Wage and Salary

Compensation
(Millions of 1997$)

Net Change in
GSP

(Millions of
1997$)

Agriculture 3,000 $40 $70
Construction 10,900 $420 $450
Education 400 $10 $10
Electric Utilities (1,700) $(190) $(680)
Finance 2,400 $90 $190
Food Processing 0 $0 $0
Government 1,500 $70 $80
Insurance/Real Estate 0 $0 $0
Metal Durables 1,300 $110 $150
Motor Vehicles 3,300 $380 $530
Natural Gas Utilities (200) $(20) $(50)
Oil Refining 0 $0 ($10)
Oil/Gas Mining (1,300) $(50) $(160)
Other Manufacturing 4,200 $280 $380
Other Mining 100 $0 $10
Primary Metals 200 $20 $20
Pulp and Paper Mills 100 $0 $10
Retail (1,200) $(20) $(40)
Stone, Glass, and Clay 300 $30 $40
Services 5,800 $170 $190
Transportation,
Communication, and Other
Utilities

1,000 $60 $100

Wholesale 400 $20 $40

TOTAL 30,500 $1,420 $1,330

sectors are affected in the year 2010 in the policy scenario. It should be noted that the results in
this table are not intended to be precise forecasts of what will occur, but rather approximate
estimates of overall impact.  The sectors that benefit most are construction, services,
miscellaneous manufacturing, motor vehicles and agriculture.
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As might be expected, the traditional energy supply industries incur overall losses.  But these
results must be tempered somewhat as the energy industries themselves are undergoing internal
restructuring.   For example, as restructuring takes place and the electric utilities engage in more
energy efficiency services and other alternative energy investment activities, they will
undoubtedly employ more people from the business services and engineering sectors.  Hence, the
negative employment impacts in these sectors should not necessarily be seen as job losses, rather
they might be more appropriately seen as a redistribution of jobs in the overall economy and
future occupational tradeoffs.

These analyses are approximate and indicative. They assume that labor, plant and materials
would not otherwise be fully employed under baseline conditions and would be available with
the policy-induced investments.  They do not account for a variety of feedbacks, e.g. from price
changes and inflation. The results of the analysis do not include other productivity benefits that
are likely to stem from the efficiency investments, which could be substantial, especially in the
industrial sector.  They do not reflect the potential for policy-induced innovation and scale
economies across all sectors.  Finally, the analysis does not reflect the full benefit of the
efficiency investments, since the energy bill savings beyond 2010 are not incorporated in the
analysis.

While these increases are significant, the impacts are relatively small in comparison to overall
economic activity.  For instance, increasing the State’s GSP by $1.3 billion in 2010 represents
only 0.4 percent of the $315 billion (1997$) projected GSP in that year.  The net employment
increase is about 0.5 percent in that year. It increase the 1998-2010 projected job growth by
about 13.3 percent. Nonetheless, the analysis indicates that in helping to achieve the national and
international goals of climate protection, Michigan would not compromise its economic vitality.
At the same time, the State would shift its energy supply and use to a more advanced, efficient
and productive basis, and would reduce its combustion of fossil fuels, thereby enhancing its
environmental quality and public health.

6. Conclusions

Analysis and experience have shown that there are ample technological and policy opportunities
for the U.S. to significantly reduce its greenhouse gas emissions at a net economic benefit.
National policies and measures would overcome market, institutional and other barriers to the
more rapid and widespread diffusion of advanced and more efficient energy technologies and
cleaner energy resources.  America’s Global Warming Solutions showed that the U.S. could
reduce its emissions 36 percent below projected levels for 2010, 14 percent below 1990 levels,
with net economic savings to households, almost 900,000 net additional jobs, and significant
reductions of pollutants that harm human health and the environment. These improvements in
technology, environment and economy would be widespread across the country.

This study has analyzed the impacts of this national strategy on Michigan, which has significant
vulnerabilities to climate change, unique opportunities to help meet the challenge of climate
protection, and thus substantial benefits to be reaped in taking and supporting action.  The study
finds that the national policies and measures of America’s Global Warming Solutions would
stimulate more rapid adoption of the new and more efficient energy technologies and cleaner
resources in Michigan.  As a consequence, carbon emissions in Michjigan would be reduced by
about 30 percent in 2010, bringing it about 13 percent below its 1990 level.  Emissions of other
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pollutants would also be reduced, thus improving air quality, human health and the environment
in the State. Households and businesses in Michigan would enjoy annual energy bill reductions
in excess of their incremental investments in more efficient and cleaner technologies.  These net
savings would increase over time, reaching about $305 per capita in 2010.  The cumulative net
savings would be about $19.3 billion (1998$) through 2010, about $13.1 billion in discounted
terms, and about 30,500 additional jobs would be created in the State by 2010.

By focusing on domestic, energy-related carbon emissions reductions, going beyond the Kyoto
target, and including cutting-edge technologies in an overall cost-effective portfolio, the
proposed set of national policies and measures would serve as an effective transitional strategy to
meet the long-term goals of climate protection.  It could stimulate technological and institutional
learning, scale economies and further innovation and invention, enhance economic productivity,
and establish the basis for entry into markets for clean energy technologies and resources.

The risks of climate disruption to future generations throughout world, the U.S. and Michigan
are too great to delay early and sustained reductions of greenhouse gas emissions. The U.S. can
fulfill its historic responsibility to meet the challenge of climate change, by taking actions that
fulfill its Kyoto obligations, while establishing momentum to achieve the deeper long-term
reductions in greenhouse gas emissions that are required for climate stabilization. Michigan has a
prominent role to play in this process. As previously noted, it can be a center in the renaissance
in motor vehicle production for the U.S. and the world, focussed on highly efficient and ultra-
clean transportation. It also has largely ample renewable energy resources and potential for
efficient energy technologies in households, offices and industry, as well as the economic and
technological capacities to develop them.  The citizens and economy of Michigan can support
and participate in the actions and changes recommended in this report and, as a result, derive
economic and environmental benefits in the near-term and well into the future.
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Appendix

Michigan Energy Results by Fuel (and Electricity Used) and by Sector

Total Energy Consumption by Fuel and by Sector in 1990 (Quads)

Residential Commercial Industrial Transportation Electricity Total
Coal 0.002 0.004 0.118 0.000 0.681 0.806
Oil 0.049 0.019 0.155 0.659 0.008 0.890
Gas 0.342 0.167 0.303 0.019 0.124 0.955
Nuclear 0.000 0.000 0.000 0.000 0.290 0.290
Hydro 0.000 0.000 0.000 0.000 0.010 0.010
Non-Hydro 0.028 0.000 0.080 0.005 0.026 0.139
Primary Total 0.422 0.190 0.655 0.683 1.141 3.090
Indirect Electric 0.086 0.075 0.120 0.000 0.281
End Use Total 0.508 0.265 0.775 0.683 2.230

Total Energy Consumption by Fuel and by Sector in 2010 (Quads) - Base Case

Residential Commercial Industrial Transportation Electricity Total
Coal 0.002 0.005 0.124 0.000 0.781 0.912
Oil 0.057 0.017 0.177 0.939 0.004 1.194
Gas 0.401 0.220 0.461 0.030 0.354 1.465
Nuclear 0.000 0.000 0.000 0.000 0.271 0.271
Hydro 0.000 0.000 0.000 0.000 0.020 0.020
Non-Hydro 0.016 0.002 0.124 0.003 0.032 0.176
Primary Total 0.476 0.244 0.885 0.972 1.462 4.039
Indirect Electric 0.118 0.131 0.136 0.019 0.404
End Use Total 0.594 0.375 1.020 0.991 2.981

Total Energy Consumption by Fuel and by Sector in 2010 (Quads) - Policy Case

Residential Commercial Industrial Transportation Electricity Total
Coal 0.002 0.005 0.098 0.000 0.384 0.489
Oil 0.053 0.015 0.139 0.696 0.001 0.904
Gas 0.370 0.217 0.450 0.023 0.145 1.206
Nuclear 0.000 0.000 0.000 0.000 0.271 0.271
Hydro 0.000 0.000 0.000 0.000 0.020 0.020
Non-Hydro 0.011 0.002 0.132 0.041 0.170 0.357
Primary Total 0.436 0.239 0.819 0.761 0.992 3.247
Indirect Electric 0.091 0.090 0.070 0.015 0.267
End Use Total 0.527 0.330 0.889 0.776 2.522
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Michigan Carbon Results by Fuel (and Electricity Used) and by Sector

Carbon Emissions in 1990 (million metric tons)

Coal Oil Gas
Indirect 
Electric TOTAL

Electric 17.27 0.17 1.79 NA 19.23
Residential 0.06 0.96 4.93 6.69 12.63
Commercial 0.11 0.37 2.40 5.73 8.61
Industrial 2.90 3.05 4.36 6.81 17.12
Transportation 0.00 12.83 0.27 0.00 13.10
TOTAL 20.34 17.39 13.74 51.47
Fossil Fuel Share 39.5% 33.8% 26.7%
Electric Share 37.4%

Carbon Emissions in 2010 -- Base Case (million metric tons)

Coal Oil Gas
Indirect 
Electric TOTAL

Electric 19.83 0.09 5.09 NA 25.00
Residential 0.06 1.12 5.77 7.29 14.23
Commercial 0.12 0.34 3.17 8.13 11.76
Industrial 3.04 3.49 6.63 8.38 21.55
Transportation 0.00 18.25 0.43 1.20 19.88
TOTAL 23.05 23.28 21.10 67.43
Fossil Fuel Share 34.2% 34.5% 31.3%
Electric Share 37.1%

Carbon Emissions in 2010 -- Policy Case (million metric tons)

Coal Oil Gas
Indirect 
Electric TOTAL

Electric 9.75 0.01 2.09 NA 11.86
Residential 0.04 1.04 5.33 4.64 11.05
Commercial 0.12 0.30 3.13 4.09 7.64
Industrial 2.41 2.74 6.47 1.93 13.55
Transportation 0.00 13.53 0.34 1.18 15.05
TOTAL 12.33 17.63 17.36 47.32
Fossil Fuel Share 26.1% 37.3% 36.7%
Electric Share 25.1%
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Michigan Non-CO2 Pollutant Emissions for Each Sector (thousand tons)

Michigan Base Case Michigan Policy Case

1996 2000 2005 2010 1996 2000 2005 2010
Residential Residential
CO 136 128 128 129 CO 136 114 100 94
NOx 59 57 57 57 NOx 59 56 54 52
VOC 25 24 24 24 VOC 25 21 19 18
SO2 12 12 11 11 SO2 12 11 11 10
PM-10 16 15 15 15 PM-10 16 13 11 11

Commercial Commercial
CO 8 8 8 8 CO 8 7 8 8
NOx 21 21 21 22 NOx 21 21 21 21
VOC 1 1 1 1 VOC 1 1 1 1
SO2 20 20 21 21 SO2 20 23 22 20
PM-10 2 2 2 2 PM-10 2 2 2 2

Industrial Industrial
CO 40 43 46 49 CO 40 42 45 48
NOx 102 109 115 123 NOx 102 107 109 111
VOC 7 8 8 9 VOC 7 8 8 9
SO2 120 126 132 141 SO2 120 120 127 120
PM-10 11 12 12 13 PM-10 11 12 12 12

Transportation Transportation
CO 2,060 1,848 1,666 1,738 CO 2,060 1,794 1,516 1,480
NOx 313 261 214 210 NOx 313 255 197 182
VOC 213 184 132 125 VOC 213 178 120 107
SO2 0 0 0 0 SO2 0 0 0 0
PM-10 13 12 10 9 PM-10 13 12 9 8

Electricity Electricity
CO 15 17 18 20 CO 15 16 13 7
NOx 240 220 228 237 NOx 240 191 158 99
VOC 2 2 2 2 VOC 2 2 1 1
SO2 498 472 462 424 SO2 498 399 313 185
PM-10 11 11 12 12 PM-10 11 9 8 5

TOTAL Michigan Pollutant Emissions

1996 2000 2005 2010 1996 2000 2005 2010
BASE CASE POLICY CASE
CO 2,258 2,044 1,867 1,944 CO 2,258 1,973 1,682 1,638
NOx 736 668 636 649 NOx 736 630 539 465
VOC 248 219 167 161 VOC 248 210 149 135
SO2 651 629 626 597 SO2 651 554 473 335
PM-10 52 52 50 51 PM-10 52 48 42 38


