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Introduction and summary

The United States in the 21st century faces an enormous challenge—successfully manag-
ing the transformation from a predominantly carbon-intensive economy to becoming a
predominantly clean energy-based economy. The reality of global climate change due to
rising carbon emissions makes it imperative that the U.S. economy dramatically cut its
consumption of traditional fossil fuels, the primary source of carbon dioxide (CO,) deliv-
ered into our atmosphere by human activity. Rising levels of CO, in the atmosphere is in

turn the primary cause of global warming.

This economic transformation will engage a huge range of people and activities. But there
are only three interrelated objectives that will define the entire enterprise:

¢ Dramatically increasing energy efficiency.

* Dramatically lowering the cost of supplying energy from such renewable sources of
energy as solar, wind and biomass.

 Mandating limits and then establishing a price on pollution from the burning of oil, coal,

and natural gas.

It is crucial for economic policymakers and the American people to understand the likely
effects of these three overarching objectives as much as possible. Specifically, we need to
gauge our success in curbing CO, emissions alongside the broader effects on the U.S. econ-

omy, particularly on employment opportunities, economic growth and people’s incomes.

This paper examines these broader economic considerations—jobs, incomes, and eco-
nomic growth—through the lens of two government initiatives this year by the Obama
administration and Congress. The first is the set of clean-energy provisions incorporated
within the American Recovery and Reinvestment Act, initiated by the Obama administra-
tion and passed into law by Congress in February. The second is the proposed American
Clean Energy and Security Act, co-sponsored by Rep. Henry Waxman (D-CA) and

Rep. Edward Markey (D-MA), which is now before Congress.

Our analysis in this paper shows that these two measures operating together can generate
roughly $150 billion per year in new clean-energy investments in the United States over
the next decade. This estimated $150 billion in new spending annually includes govern-
ment funding but is notably dominated by private-sector investments. We estimate this
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sustained expansion in clean-energy investments triggered by the economic stimulus
program and the forthcoming American Clean Energy and Security Act can generate a
net increase of about 1.7 million jobs. This expansion in job opportunities can continue
as long as the economy maintains a commitment to clean-energy investments in the $150
billion per year range. If clean-energy investments expand still faster, overall job creation

will increase correspondingly.

These job gains would be enough—on their own—to reduce the unemployment rate in
today’s economy by about one full percentage point, to 8.4 percent from current 9.4-percent
levels—even after taking into full account the inevitable job losses in conventional fossil fuel
sectors of the U.S. economy as they contract. Our detailed analysis, based on robust eco-
nomic-modeling methodologies that are explained in detail in the paper and in Appendix 1,
beginning on page 48, calculates that roughly 2.5 million new jobs will be created overall

by spending $150 billion on clean-energy investments, while close to 800,000 jobs would
be lost if conventional fossil fuel spending were to decline by an equivalent amount. It is

not likely that all $150 billion in new clean-energy investment spending would come at the
expense of reductions in the fossil fuel industry. However, we present this scenario to estab-
lish a high-end estimate for reductions in conventional fossil fuel spending, and the net gains
in employment that will still result through spending $150 billion per year on clean-energy
investments. In appendix 2, we also present these figures on net job creation broken down

on a state-by-state basis for all 50 states and the District of Columbia.

The stimulus program enacted in February to help the economy recover from a deep
recession already in its 18th month includes a range of measures to begin building a clean-

energy economy. These measures include:

* $24.4 billion in federal government spending to promote energy efficiency.
* $23 billion for transportation investments.

* $25.3 billion for renewable energy.

Some of this funding will be in 2010, but a significant amount will also spark new eco-

nomic activity between 2011 and 2014.

Congress still must pass the American Clean Energy and Security Act, or ACESA, and the
president must still sign it. But the legislation contains three broad categories of initiatives

that are unlikely to change in substance:

+ Regulations aimed at promoting clean energy.
+ A mandated cap on carbon emissions that will be phased in through 2050.
* Measures designed to assist businesses, communities and individuals successfully man-

age the transition to a clean-energy economy.
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The general thrust of this forthcoming legislation and the clean-energy provisions within
the economic stimulus program is to promote energy efficiency and renewable energy. Yet
as an economic stimulus program, ARRA operates through direct government spend-

ing and financial incentives to promote private investments in clean energy. In contrast,
ACESA will boost clean-energy investments mostly by private businesses, investors and
households through new regulations that encourage the clean and efficient use of energy
and discourage the use of high-carbon fuels. Many of the regulatory initiatives proposed
within the ACESA are not fully fleshed out within the legislation itself. As such, it is more
difficult to estimate their effects on overall clean-energy investments than is true with the

spending initiatives advanced by the ARRA.

In the following pages, this paper first examines the basic clean-energy features of the eco-
nomic stimulus program and the proposed ACESA. Specifically, we will detail the distinct
features of both measures and the ways in which they would operate in concert to encour-
age investments in clean energy and energy efficiency as well as discourage spending on

conventional high-carbon fuels.

We will then explain how ARRA and ACESA operating in tandem would create new
employment opportunities across the United States by spurring $150 billion a year
over the next decade in new clean-energy investments. Understanding how we calcu-
lated these investment levels over 10 years requires an understanding of the different
economic models available to analysts and why we chose a simple but reliable method
for estimating employment effects based on data generated by the U.S. Commerce
Department’s industrial census. We explain the reasons for our analytical decisions on
pages 15-20, beginning with how we estimated the effects on jobs of shifting spending
in the U.S. economy away from high-carbon fuels and toward clean-energy investments.
We will show why our simple approach offers a robust framework for understanding
how a shift in spending from conventional fossil fuels to clean energy generates a net
expansion of employment that will be sustained as long as the U.S. economy maintains

its commitment to clean-energy investments.

We then present our detailed employment estimates. Our key finding is that clean-energy
investments generate roughly three times more jobs than an equivalent amount of money
spent on carbon-based fuels. We consider some of the implications of this result, including
how a large-scale shift from conventional fossil fuels to clean-energy investments—on the
order of $150 billion a year—would affect conditions in the U.S. labor market.

Our paper then turns to the various economic models used to estimate the impact of a
carbon cap on the long-run growth trajectory of the U.S. economy. Our key finding: All

of the models, without exception, forecast that a carbon cap, such as that proposed in
ACESA, would have, at worst, a minimally negative impact on the U.S. economy’s long-
term growth path. Moreover, these models generate this basic finding without considering
some of the major ways in which clean-energy policies can stimulate economic growth.
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These include the expansion of employment opportunities itself, a reduction in the trade
deficit, promoting technological improvements and thus falling prices in renewable energy
sources, and reducing the negative impacts on economic activity of greenhouse gas emis-
sions and unmitigated global warming.

To be sure, any economic modeling effort that estimates changes in employment growth,
economic growth, and income growth will result in forecasts that are problematic by nature.
We make this clear in our paper wherever we rely on our own economic models and those
employed by others. But we also take pains to examine the relative strengths and weaknesses
of all the modeling approaches—including our own. This enables us to cross check our own
conclusions with those of other researchers to reach the most reliable possible understand-

ing of the overall impact of advancing a clean-energy agenda within the U.S. economy.
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Understanding the economic
stimulus program and new
clean-energy legislation

The clean-energy components of the American Recovery and Reinvestment Act pro-
grams and the entire American Clean Energy and Security Act now before Congress are
designed to transition our economy from its reliance on high-carbon fuels to one operat-
ing more efficiently on clean energy. Understanding the specific features of ARRA and
ACESA and how they will work in combination allows us to estimate the level of public-
and private-sector investments in clean energy. As we will demonstrate, the two programs
together could create $150 billion a year in new investment and 1.7 million net new jobs a
year—that is, 1.7 million more jobs each year than would be the case without a $150 bil-

lion shift in spending from conventional fossil fuels to clean energy investments.

The economic stimulus program

There are three separate ways to break down the various spending categories on clean
energy within the $787 billion economic stimulus program that kicked in after the passage
of ARRA in February this year. The first is according to the specific categories of environ-
mental spending. The second is the financial mechanism for allocating the federal funds.
And the third is the amount of additional spending by state and local governments and
private businesses that are likely to result through the incentives offered under ARRA (see
Table 1). It is crucial to keep these distinctions clear, especially when we later consider the

impact of ARRA in conjunction with the types of measures proposed in the ACESA.

Categories of environmental spending

As Table 1 shows, total federal environmental spending in ARRA amounts to about
$100 billion, divided into nine categories: renewable energy, energy efliciency, trans-
portation, the electrical grid, nuclear decontamination, carbon capture-and-storage
technologies for fossil fuels, basic science, along with general categories “other” and

“government administration.” The four largest areas of federal spending are renewable
energy, energy efficiency, transportation, and the electrical grid, accounting for about
$86 billion of the $100 billion total.
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TABLE 1
Environmental spending through the ARRA

Billions of dollars

Type of funding Direct public spending Grants Tax incentives Loan guarantees Bonds Total

Federal spending

Renewable energy $2.5 $23 $16.0 $4.0 $0.6 $25.3
Energy efficiency 7.2 14.4 20 0 0.8 244
Transportation 0.6 20.1 2.1 0 0.3 23.0
Grid 6.6 44 0 2.0 0 13.0
Nuclear decontamination 6.0 0 0 0 0 6.0
Fossil 34 0 0 0 34
Science 1.6 0 0 0 0 1.6
Other 23 0.7 0 0 0 3.0
Government admin 0.75 0 0 0 0.8
Total $27.6 $45.3 $20.0 $6.0 $1.7 $100.5

State/local government and private investment

State/local .gov.ernment and pri- Ranges by program Vi 25 s Up to 10 times Ve Sifies

vate spending induced by federal 0 between 0-3 times federal spendin federal spendin federal spendin -
funds: as proportion of federal funds federal spending P 9 P 9 P 9

State/local government and $68 estimated

private spending induced by 0 (= 1.5 times federal Up to $46 Up to $60 Up to $5.1 Up to $179.1
federal funds: as dollar amounts spending average)

Total, all sources $27.6 billion Upto$113.3 Up to $66 Up to $66 Up to $6.8 Up to $280.0

Source: ARRA; grants.gov; irs.gov; www.staterecovery.org; www.dot.gov/recovery; edocket.access.gpo.gov; epa.gov; www.recovery.gov; cbo.gov; dsireusa.org.
Note: Totals may not add up due to rounding.

Financial mechanisms for allocating federal funds

There are five separate categories: direct public spending, grants, tax incentives, loan
guarantees, and bonds. Direct public spending programs by the federal government—at
$27.6 billion—represents only about one-fourth of the total $100 billion in federal spend-
ing. With the remaining $73 billion in federal spending that will be allocated through
grants, tax incentives, loan guarantees and bonds, the federal ARRA funds are used as
incentives to induce still higher levels of environmental investment spending both by state

and local governments and even more so by private investors.

Additional spending by state and local governments and private business

How much additional clean-energy investments will the $73 billion in incentives for state
and local governments and especially private businesses end up encouraging? Estimating

this amount of additional spending beyond the $73 billion in incentives is difficult,
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because of the very nature of incentives. The federal government obviously does not have
the power to force anyone to accept the incentives they are offering; nevertheless, it is
essential to establish at least some broad parameters as to how extensive the non-federal

environmental spending induced by ARRA is likely to be.

We therefore present in Table 1 some rough estimates of how much additional funding by
state and local governments and the private sector is likely to occur because of the $73 bil-
lion in federal incentives. Our estimates vary due to the nature of the different incentives.
Among the federal grants on offer, for example, are those that require no matching funds
from state or local governments or private businesses, such as “transit capital improve-
ments” and the “state energy program.” And then there are those federal grants that do
require matching investments, such as “concentrating solar power” and “transportation
electrification.” We assume an average level of matching funds at about 1.5 times the level
of federal funds allocated for these grants, since this is a midpoint figure for the range of

matching fund requirements in the various grant programs.

With the tax incentives, loan guarantees, and bond financing programs, the upward range
by which federal funds may be matched by state and local government or private invest-
ments is more consistently specified within the ARRA legislation. Based on this informa-
tion, we estimate that non-federal spending will range between 2.3 times federal spending
for the various tax incentive measures to 10 times federal spending for the loan guarantees
and bond financings to help finance investments in renewable energy and smart grid trans-
mission systems. We explain in detail on page 49 of Appendix 1 how we derive these upper
end estimates for non-federal spending induced by the ARRA.

Opverall, as Table 1 shows, we estimate that the various grants, loan guarantees, tax incen-
tives and bond financings could spur up to about $180 billion in total spending in addition
to the $100 billion in federal spending in clean energy through the economic stimulus
program. Yet the total level of investments could fall below that $280 billion if the private
sector does not respond with sufficient enthusiasm to the incentive programs provided by
ARRA. This could happen depending on the implementation of other clean-energy regula-

tions and incentives.

This is the crucial point of convergence of the clean-energy incentives advanced through
the economic stimulus program and the set of regulations and incentives currently
included in the American Clean Energy and Security Act before Congress. This combina-
tion of incentives will create the overall investment environment for clean energy in the
U.S. economy. But before we detail how this convergence will affect overall investment
flows from state and local governments and the private sector over the next decade, we
first must consider the rate at which clean-energy spending through the ARRA is likely to
be distributed throughout the economy.
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Rate of spending on economic stimulus programs

About 90 percent of the overall spending under the $787 billion American Recovery and
Reinvestment Act is designed to occur between 2009 and 2014." But ARRA’s clean-energy
components are largely designed to encourage private-sector participation, which means
the rate of spending on clean energy will stretch out over a longer period of time. This

is the case for several interrelated reasons. It takes longer for a private investor to decide

to pursue an investment opportunity because of federal government incentives than for
the federal government to undertake on its own a direct federal spending project. It then
takes time to obtain financing for such projects and organize the various contracting and
subcontracting parties involved in the project. Then and only then can the spending begin

on a private sector clean-energy project operating with federal subsidies.

The Congressional Budget Office recognized these factors in a recent analysis. CBO devel-
oped an eight-year time frame for the nearly full disbursement of ARRA-related invest-
ment funds on renewable energy and energy efficiency—managed by the Department of
Energy—with the bulk of spending on these projects occurring between 2010 and 2014.
Table 2 shows the rate at which the CBO is assuming these ARRA funds will be spent.

The CBO assumes that 35 percent of total funding will be spent as 0of 2011, 90 percent by
2014, and 96 percent by 2015. We therefore assume that the rate of spending for the other
clean-energy investment components of ARRA will proceed at roughly the same rate as
these renewable-energy and energy-efficiency projects within the Department of Energy
budget. We can conclude that all of the clean-energy components of the economic stimu-

lus program will operate on a large scale for about five years, from 2010 to 2014.

TABLE 2
Congressional Budget Office estimated rate of ARRA spending on renewable energy and energy efficiency

Year of ARRA Percentage of total direct Cumulative percentage of direct
spending federal spending in given year federal spending as of given year
2009 2.6% 2.6%
14.8%
0,
2010 12.2% (2009-10 spending)
34.7%
0,
2011 19.9% (2009-11 spending)
56.8%
0
2012 22.1% (2009-12 spending)
74.4%
0,
2013 17.6% (2009-13 spending)
90.0%
0
2014 15.1% (2009-14 spending)
95.7%
0,
2015 6.2% (2009-15 spending)
0,
2016 6% 97.3%

(2009-16 spending)

Source: Congressional Budget Office, “Estimated Cost of the American Recovery and Reinvestment Act of 2009, “Estimated Cost for the Conference Agreement of H.R. 1, available at " http://
www.cbo.gov/ftpdocs/99xx/doc9989/hr1conference.pdf.
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If we then also assume that nearly $280 billion in total is spent by the public and private
sectors over this five-year period, this would amount to an average level of clean-energy
investments tied to ARRA of about $56 billion per year over five years. Nevertheless, the
rate at which the federal money tied to incentive-based programs within the ARRA—the
grants, loan guarantees, tax incentives and bond programs—are actually spent will depend
on the broader set of regulations and incentives operating within the economy. As such,
the policies proposed through the ACESA will play a central role in strengthening the
clean-energy incentives introduced through the ARRA.

The American Clean Energy and Security Act of 2009

The current draft of ACESA sets out a variety of standards, regulations, and restrictions
governing energy efficiency and carbon emissions. As of June 18, 2009 the bill was still
under debate in Congress and will undergo further revisions before it reaches the presi-
dent for his probable signature. But the basic framework and parameters of the measure

will likely remain as presented in the draft legislation as it currently stands.

ACESA is primarily a piece of regulatory legislation, not a spending bill. Upon implemen-
tation, the law will influence the allocation of private resources and the direction of tech-
nological change, and thereby alter the ways in which energy is produced and consumed.
This will happen most directly through the introduction of a carbon cap-and-trade pro-
gram that will put a price on carbon emissions for the first time and then allow companies

to trade carbon-emission credits among themselves as the cap on emissions rises.

This differs significantly from the clean-energy investment components of the economic
stimulus program that, as we have seen, are direct spending measures or subsidies to
promote private investment in these areas. Yet the underlying aim of the ACESA is also to
encourage new investments in clean-energy activities and correspondingly discourage reli-
ance on high-carbon fuels. Specifically, the new carbon cap-and-trade program will explic-
itly limit conventional fossil fuel production and consumption and encourage investors to

meet market demand for energy by providing consumers with clean-energy alternatives.

ACESA boasts one section that deals directly with reducing carbon emissions through

a cap-and-trade program. Other aspects of the bill would: increase energy efficiency;
diversify sources of energy through the development of clean-energy alternatives; reduce
dependency on imported high-carbon fuels; and modernize the energy transmission and
distribution system through the adoption of “smart grid” technologies. Together, ACESA
would promote clean-energy and energy efficiency; reduce our reliance on high-carbon
fuels, and support companies, individuals and communities through the transition to a

clean-energy economy.

9 Political Economy Research Institute « Center for American Progress | The Economic Benefits of Investing in Clean Energy



Besides the cap-and-trade program, ACESA includes regulations governing a new
national standard for electricity generation through renewable energy sources and a
set of broad guidelines by which new standards and regulations would be determined
through future legislative and regulatory initiatives. These major additional provisions
in ACESA include:

* A carbon capture-and-storage program. The bill calls for a study to assess the barriers
to the broad deployment of carbon capture-and-storage technologies alongside funds

for pilot demonstration projects through a new Carbon Storage Research Corporation.

* Alow-carbon fuel standard. The bill would establish a low-carbon fuel standard within
three years after the bill is passed, but does not contain the details of such a standard in

the actual legislation.

* New energy-efficient building standards. The bill would implement new standards
based on the International Energy Conservation Code for commercial buildings and the
American Society of Heating, Refrigeration, and Air Conditioning Engineers standards
for residential buildings, with the two standards based on “each model code or standard
released after the date of enactment of the Act.”® The bill also requires the federal gov-
ernment to provide financial support for commercial and residential retrofits in order to

achieve compliance with the standards.

* New fuel-efficiency standards for motor vehicles. The bill authorizes the president
to set these new standards based on what is achievable by the automobile industry but
designed to achieve emissions reductions at the same level as California law AB1493.
The California regulations aim to reduce greenhouse gas emissions from new vehicles by
23 percent by 2012 and by 30 percent as of 2016.

* New industrial energy-efficiency standards. The bill would require the development
of energy-efficiency standards for factories and other types of industrial plants, with the
task of doing so assigned to the Secretary of Energy.

Because these additional provisions of ACESA do not include specific regulations, it is
not possible to consider categorically what their impact is likely to be on employment
or economic growth. But it is possible to calculate broadly how these new regulatory
measures would operate along with the two measures in ACESA—the renewable
electricity standard and the carbon cap-and-trade program—where detailed regulatory
standards are presented. We therefore consider those two detailed regulatory programs
within the ACESA.
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Renewable energy electricity standard

ACESA proposes that six percent of all electricity generation supplied by retail electricity
providers in the United States must come from renewable energy sources by 2012, rising
to 15 percent by 2020. These renewable-energy sources include wind, solar, geothermal,
biomass, municipal waste, and hydropower. The draft legislation includes a provision
allowing utility companies that surpass the standard to trade their credits to other compa-
nies. Consequently, not all retail electricity companies will necessarily need to meet the

standard themselves, though on average the standard would hold for all retailers.

To analyze the implications of this standard, we draw on the most recent energy
forecasts in the Annual Energy Outlook 2009, published by the Department of Energy’s
Energy Information Administration. We specifically base our analysis of the forthcom-
ing renewable energy electricity standards on the Energy Information Administration’s
so-called “reference case.” This reference case takes into account existing policies to esti-
mate the impact of this standard on the economy, but it does not consider how possible
new policies or other future developments—such as new technological advances—
could influence the ways a renewable energy standard would impact the economy’s
overall performance.

Based on this reference case from the EIA, the United States already meets the six percent
renewable standard set for 2012. Moreover, based on the reference-case forecasts in the
2009 Annual Energy Outlook, the new regulations would not be difficult for retail energy

suppliers to reach until around 2018, when the standard would rise to 14 percent.

But how much additional investment in renewable electricity generation would be
needed to meet the 15 percent standard by 2020? The EIA estimates that our nation’s
overall available electricity supply would total 4,618 kilowatt hours by 2020. If 15
percent of this came from renewable sources, annual renewable electricity generation
would total about 690 kwhs.

We estimate that total installed renewable-energy electricity generation capacity would
have to increase by about 53 gigawatts from its current level to generate 690 kilowatts of
electricity from renewable sources by 2020. The dollar value of this investment would
total approximately $148 billion. If we spread out this level of investment over the next
decade, it would amount to approximately $15 billion in investment each year (see

Appendix 1 on page 48 for the detailed analysis).

The 15-percent renewable electricity mandate is not the only provision in ACESA that
will encourage investments in the production of renewable energy-based electricity. Other
provisions in ACESA—such as the cap-and-trade program—would also create incentives
for the more rapid shift towards renewable energy. In this broader context, it is conceiv-
able that the U.S. economy could exceed the 15 percent target by 2020, provided other

complementary policies operate effectively in support of that goal.
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To calculate the level of investment needed to reach a 20 percent renewable electric-

ity standard by 2020, we draw again from the EIA database. We calculate that it would
require an additional 104 gigawatts in total additional capacity to reach the 20 percent
renewable standard, which would entail about $290 billion overall in new renewable-
energy investments. Spread out over a decade, this level of renewable energy investment

would be about $30 billion per year.

Carbon cap-and-trade system

ACESA contains a specific schedule for reducing greenhouse gas emissions through 2050

via a carbon cap-and-trade system. That proposed schedule is as follows:

* 2012: Three percent below 2005 emissions levels, which is 12 percent above 1990
emissions levels.

* 2020: Twenty percent below 2005, which is seven percent below 1990 emissions levels.

* 2030: Forty-two percent below 2005 (33 percent below 1990 levels).

* 2050: Eighty-three percent below 2005 (80 percent below 1990 levels).

Under this schedule—or any schedule ultimately endorsed by Congress and signed by

the president—new costs would be imposed on businesses for emitting carbon into the
atmosphere while businesses that use clean energy, or improve their efficiency, could see
savings in their energy bills. Businesses will pass along a significant share of these costs
and savings to consumers. The net result would be to discourage both businesses and
consumers from consuming energy from carbon-emitting sources; and to correspondingly

promote both energy efficiency and reliance on clean energy sources.

In this way, a carbon cap-and-trade system would operate in concert with the full range
of incentives included in the economic stimulus programs and ACESA to shift overall
energy production and consumption toward efficiency and renewable sources and away
from high-carbon fuels. How much a carbon cap would reduce conventional fossil fuel
consumption and encourage clean-energy sources and efficiency would depend on how
large are the additional costs imposed by any such measure. It would also depend on how

affordable are the clean-energy alternatives to conventional fossil fuel consumption.

We can illustrate this point with a simple example. According to the Environmental
Protection Agency’s most recent model of the ACESA draft, the carbon-cap component
of the proposal would produce an increase in gasoline prices of about 10 percent relative
to the reference case as of 2030; the reference case price is approximately $4.15 per gallon,
while under cap-and-trade, EPA forecasts the price at about $4.50 per gallon. How much

is a 10-percent increase in gasoline prices likely to affect economic activity more broadly?
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According to many standard references in economic studies, what economists term the

“price elasticity of demand” for gasoline is in the range of -0.3.* This price elasticity esti-
mate refers to how much demand for gasoline would fall when the price of gasoline rises.
The estimate of a -0.3 elasticity means that if the price of gasoline rises by 10 percent
then demand would fall by three percent. Using the EPA model, gasoline prices will rise
by 10 percent relative to the reference case—from about $4.15 to $4.50 per gallon—
due to the carbon cap, which in turn will mean gasoline consumption would fall by

3 percent relative to the reference case.

Deriving this result is completely dependent on working with the price elasticity figure
of -0.3. But the price elasticity could also be raised substantially if, for example, there
were affordable and readily accessible options for raising efficiency and purchasing
renewable energy sources. If accessibility to public transportation improved substantially
and if biomass fuels became widely available and price competitive—two outcomes

that are likely to happen because of economic stimulus programs within ARRA and the
full range of incentives included in the ACESA—then we can imagine that the price
elasticity for gasoline could increase from -0.3 to -0.6. This would mean that a 10-percent
price increase in gasoline would reduce gasoline consumption by six percent rather than
three percent. At the same time, consumers need not see their costs for transportation
rise, since clean-energy investments are aimed precisely at encouraging energy-efficient
vehicles, improving the quality of public transit offerings, and driving down the cost of

renewable energy sources for automobile fuel.

Overall, we can see once again that the full effects of the cap-and-trade system interact-
ing with other clean-energy incentives in the economy under ARRA and other elements
of the ACESA will encourage businesses, households, state and local governments to
embrace the clean-energy investment agenda, including the opportunities for their invest-
ments to be subsidized by federal government programs. We will now examine how this
full range of incentives could generate in the range of $150 billion per year in new clean-

energy investments throughout the U.S. economy.
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Creating $150 billion a year in
clean-energy investments

Our analysis of how the ARRA stimulus measure and ACESA will work together as
complementary initiatives allows us to estimate an overall level of new clean-energy
investments in the United States in the range of $150 billion per year over roughly the next
decade. In addition to our assessment of the various incentives and subsidies provided by
the ARRA, this calculation is based on our analysis of the potential size of the overall mar-
ket for clean-energy investments in the United States, including unsubsidized investments

by businesses as well as investments receiving some form of government subsidy.

A total level of clean-energy investment spending in this range would represent about
eight percent of total annual private investment in the U.S. economy as of 2007 and about
1.1 percent of 2007 U.S. gross domestic product. By “investments” we refer to spending
that either improves energy efficiency or contributes toward the expansion of renewable
energy supplies. Retrofitting buildings, for example, is an energy-efficiency investment,
while research on improving the cost competitiveness of biomass fuels and building wind

farms are forms of renewable-energy investments.

A crucial feature of our approach is that we include in our $150 billion estimate only invest-
ments that have the potential to significantly expand employment opportunities in the U.S.
economy. There are major areas of energy-efficiency investments that will not generate a
large net expansion of employment, including building energy-efficient automobiles and
appliances as well as construction of new buildings that operate at higher efficiency levels
than the existing building stock. In these cases, the employment requirements are not likely
to be larger than those for ineflicient cars, appliances and buildings, though the gains in

efficiency will make important contributions to reducing greenhouse gas emissions.
We can consider the overall level of clean-energy investments according to two criteria:

+ Investments that are either completely funded by the federal government or are
government-subsidized private investments.
* Unsubsidized private investments that result from the overall expansion of markets, new

technologies and related opportunities in the clean-energy sector.

We first consider the scope of the subsidized market then address more broadly the overall

market, including both the subsidized and unsubsidized segments.
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Subsidized public- and private-sector investments

Establishing an estimate for government funded and subsidized investments requires us
to work from two concrete reference points. The first is the spending levels that are likely
to result through ARRA. In a previous section of the paper we estimated this high-end
level at $56 billion per year between 2010 and 2014, including federal spending as well

as state and local government spending and private investments that could be induced by
the federal programs. This level of investment is predicated on private investors taking full
advantage of the range of clean-energy investment initiatives being offered through the

ARRA alongside the range of regulations and incentives included in ACESA.

The second reference point is our estimate that the total level of new investments in renew-
able energy electricity generating capacity would need to be around $15 billion per year
over 10 years to meet the 2020 standard now included in ACESA. It is likely that a signifi-
cant share of this new renewable energy investment capacity would be subsidized through
ARRA-based incentive programs. As such, we would be double-counting to assume that
all $15 billion per year in renewable energy electrical generating capacity would be an
increment of investment spending in addition to the $56 billion year in clean-energy
investments included in the ARRA. It is more reasonable to assume that some of the new
renewable electricity capacity will be financed out of the $56 billion in ARRA spending,

while a significant share will be come from unsubsidized private investors.

Expanding unsubsidized private-sector, clean-energy investments

Moving beyond the specific case of the renewable electricity standard detailed on

pages 11-12, we can, more generally, expect that the opportunities generated by the
combination of ARRA and ACESA will lead to an expansion of the new investment
opportunities connected to clean energy, a corresponding rise in business opportunities,
and a related increase in productive efficiencies as these investment projects take root
across the country. That is, the unsubsidized market for clean-energy investments will
expand as an outgrowth of the subsidized market as businesses create and profit from
these new opportunities and as technologies improve. That in turn means the cost of
producing clean energy or increasing efficiency will fall as linkages strengthen among
companies operating in new clean-energy sectors and as financial institutions supply

more funds to support these investments.®

Market potential for job-creating clean-energy investments

How large is the potential market for energy efficiency and renewable energy investments
that will also generate job creation in the United States, including both the subsidized and
unsubsidized segments of the market? We can obtain a sense of this by considering some of
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the possibilities in distinct parts of the overall market. As we will demonstrate, the potential
market for energy efficiency investments that also are new sources of job creation is around
$110 billion per year. A rough approximation, which assumes an average investment in
retrofits of around $4,000 per unit, implies an overall potential market of $400 billion.

Energy efficiency

Improving energy efficiency through building retrofits, public transportation, freight

rail, and smart-grid electrical transmission systems involves technologies that are already
known. The returns on investment are also fairly certain and rapid. Once a growing market
infrastructure is established to support these investment activities, the private opportu-
nities will become increasingly clear to a widening range of investors operating without

government subsidies. Let’s consider each of these investment categories in turn.

Building retrofits

An average-sized single-family home in the United States would require an investment of

as little as $2,500 in energy-efficiency retrofits to produce a cost savings in the range of 30
percent per year.” This would involve caulking to plug air leaks in the house and adding insu-
lation to attics and basement ceilings. For an additional $2,500, further energy savings are

available through replacing windows with air leaks and installing energy efficient appliances.

Despite these potential savings, most homeowners have not retrofitted their homes
because they are unaware of the costs savings available to them or they cannot afford the
upfront expenses and time commitment involved. But these barriers to retrofit invest-
ments will come down through the specific government spending programs that finance
retrofits, the building codes that establish higher efficiency standards in buildings, and the
more general regulatory environment that raises the costs of burning conventional fossil
fuels. As the market becomes more extensive and efficient, this will further encourage
new investment in retrofits. In particular, banks, utility companies and various types of
nonprofit groups will increasingly organize themselves to supply the upfront financing for
these projects. In addition, construction crews will begin to organize their services to take

advantage of the expanding opportunities.

The potential market for building retrofits is huge. There are roughly 110 million occupied
housing units in the United States, including 80 million single-family detached homes, as
well as smaller numbers of attached units, apartments, and trailers. As a rough approxima-
tion, assuming an average investment in retrofits would be around $4,000 per unit, implies
an overall potential market of $400 billion. We would then add the corresponding market
for non-residential structures. The U.S. Green Building Council surveyed the existing
stock of these structures in 2008, including all educational buildings, hospitals, retail
outlets, and office buildings of various sorts. They estimated the costs of retrofitting all of
these buildings at $358 billion.?

16  Political Economy Research Institute « Center for American Progress | The Economic Benefits of Investing in Clean Energy



In short, the potential market for building retrofits alone in the United States is in the
range of $800 billion. If all of these structures were retrofitted over the course of a decade,
then it would provide a high-end level of this type of energy efliciency investment at $80

billion per year.

Smart grid

A recent study by Mark Chupka, Robert Earle, Peter Fox-Penner, and Ryan Hledik’ provides
a basis for roughly estimating the potential market for smart grid investments over the next
decade. They project future investment in electrical distribution and transmission infrastruc-
ture will need to be $44 billion per year to meet the growing demand for electricity over the
20-year period between 2010 and 2030. Their estimate includes all types of investment in
electrical transmission equipment, including conventional and smart-grid distribution and
transmission systems. They do not specify what they consider as a likely breakdown between

conventional and smart-grid systems within this overall investment agenda.

One consideration here is that the use of electricity generation from renewable sources
often entails accessing energy from more remote locations where wind, sun, or tidal waves
can be relatively intense. Making increased use of these new electrical generating sources
will correspondingly increase demand for investment in transmission lines. Operating
electricity generating systems through renewable energy sources will also entail an
improved capacity for transmission systems to deal with the intermittent flow of energy
coming from wind and solar sources. This is a key feature of smart grid systems. We would
argue that it is reasonable to assume that roughly half—for instance, about $20 billion of
the overall $44 billion in annual investments—will represent energy efficiency improve-

ments and investments needed to support the growth of renewable energy generation.

Public transportation

Funds for public transportation will come entirely from the public sector, but some of these
funds will come from state and local governments to match levels of support provided by the
federal government. The ARRA allocates $23 billion for all transportation investments. This
includes highways and other road projects in addition to public transportation, but does not

specify the breakdown in spending levels between these two broad areas.

Given the environmental benefits of public transportation and the country’s needs for
improved services, it is reasonable to assume that roughly half of these funds are devoted
to public transportation. If we also allow that state and local governments match this

level of funding on a one-for-one basis, then overall public investment funding would
total about $25 billion.'* Spread out on an annual basis, this would mean $5 billion per
year over the full span of the economic stimulus program. We also anticipate this level of
funding for public transportation will extend beyond the life of ARRA itself as one feature
of a broader clean-energy investment push in the United States. This would mean, in total,

$S billion in investment over the full 10-year period being considered.
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Cogeneration

Energy cogeneration systems utilize the heat generated by industrial processes to generate
electricity on-site. These systems therefore offer a significant means for utilizing available
energy sources at higher levels of efficiency. These investments will thus be encouraged—
along with other energy efficiency investments—through regulations that set a cap on
carbon emissions and subsequent increases in conventional fossil fuel prices. The Energy
Information Administration projects that investment in on-site cogeneration is expected
to grow by about 40 percent between 2007 and 2030."" It is reasonable to expect that this

will roughly entail an additional $5 billion in investment each year.

Renewable energy

Investments in renewable energy—wind, solar, biomass, geothermal, and hydroelectric
power—will aim at advancing technologies to the point where they are fully cost-compet-
itive with conventional fossil fuels, and to integrate these cost-competitive technologies
into the U.S. economy’s ongoing operations. This will also proceed across the range of
markets in which renewable energy sources are viable, including on- and oft-grid electric-

ity generation, non-electricity forms of energy generation, and alternative fuels.

On-grid renewable energy

As we have discussed, it would require about $15 billion a year in renewable energy invest-
ments in order to reach the 15 percent renewable electricity standard by 2020 as stipulated
in the current draft of ACESA. The renewable electricity standard would apply to elec-
tricity retailers who supply energy to residential, commercial, and industrial customers

through the national distribution system—that is, “the grid.”

But if the investments in renewable electricity were to grow more rapidly as technologies
improve, then renewable energy sources could supply as much as 20 percent of total electric-
ity as 0£ 2020 to the electricity grid. To achieve this level of renewable electricity supply by

2020, it would entail new investments of about $30 billion per year over the next decade.

Off-grid renewable electricity

It is reasonable to anticipate a comparable growth in renewable energy investments for
end-users of electrical power. This includes businesses and households who generate
electricity off the grid for their own use from solar, wind, geothermal, and biomass
sources. The EIA, for example, projects that end-use generation of electricity from
renewable sources will grow at an annual rate of 6.5 percent from 2007 to 2030. This
level of off-grid power generation using renewable energy would involve approximately
$56 billion in investment over approximately 20 years, or about $3 billion a year.”” This
figure does not include any effects on investment levels from climate change legislation.
The rate of investment would therefore likely increase further as a result of the range of
incentives and regulations established by the ACESA.
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Nonelectric renewable energy

Electricity represents only one form of renewable energy that final users can generate
themselves. There are other forms of decentralized renewable energy production such

as geothermal pumps, solar hot water systems and even wood-burning stoves, in which
individual households and businesses alike could invest. If we assume that the investment
in these non-electrical forms of energy production is roughly equivalent to investment in
renewable electricity generation by end-users—as calculated by the EIA—then invest-

ment by final users would total about $3 billion per year.

Alternative fuels for motor vehicles

Biofuels from non-food sources—for example, cellulosic biofuels—that can be used for
motor vehicle transportation represent another area of growing clean-energy invest-
ment. By 2020, the market for ethanol from a variety of sources is expected to be about
20 billion gallons per year."* To produce one-third of this quantity of ethanol from
cellulosic sources by 2020, additional investment of about $50 billion would be needed

over 10 years, or about $5 billion per year."

Clean-energy investments can total $150 billion a year

We calculate that overall clean-energy investments in the United States that also promote
job creation could reach $150 billion per year (see Table 3). This estimate is based, first,
on implementation of public policies included in the economic stimulus program and

TABLE 3
Breakdown of $150 billion in potential annual U.S. clean-energy investment

Includes only clean-energy investment areas that expand job opportunities

Clean-energy investment area Potential annual investment level
Energy efficiency

Building retrofits $80 billion

Smart grid $20 billion

Public transportation $5 billion

Cogeneration $5 billion

Renewable energy

On grid renewable electricity $30 billion
Off grid renewable electricity $3 billion
Off grid renewable—nonelectrical $3 billion
Alternative motor fuels $5 billion
Total $151 billion

Source: See discussion in text.
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ACESA, including as much as $56 billion per year in direct public spending and subsidies
for private investors over the life of ARRA, which will encourage state and local govern-
ment clean-energy programs and private-sector investments. We also allow for the strong
possibility that accelerated private investment rates could occur as technologies advance
and market structures develop, producing a cumulative, self-reinforcing process of innova-
tion and market expansion. This self-reinforcing process would proceed primarily without
relying on government subsidies. At the same time, achieving this kind of self-reinforcing
investment momentum in clean energy is precisely the aim of the combined incentives
advanced through ARRA and ACESA. It is through taking account of these various factors
that we conclude that the overall level of clean-energy investments that will boost employ-
ment growth in the United States can be in the range of $150 billion annually.
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Methodologies for estimating
employment and GDP growth

The consequences of public policies on U.S. economic growth and employment growth
necessarily happen over time. That’s why we cannot know with certainty what the effects
of policy will be. That’s also why we rely on economic models and various forecasting

techniques to generate estimates of what future outcomes are likely to be.

But there is a wide range of approaches to generating such estimates. Before proceeding
with our discussions as to how policies within ARRA and ACESA are likely to affect future
employment and gross domestic income growth, it is important to consider these meth-

odological points in some detail.

First, we have developed an approach to estimating the employment effects of clean-
energy investments that is, in our view, generally reliable. Our approach is reliable because
it operates on the basis of very few assumptions and is firmly grounded in the detailed
realities of the contemporary U.S. economy. Specifically, it is based on observing the cur-

rent detailed industrial survey data of U.S. business activity.

From these survey figures, as organized by the U.S. Department of Commerce into its
input-output model, we undertake a very simple set of exercises. We consider in today’s
economy how employment levels would change when we shift the proportions of overall

spending on energy from high-carbon sources to clean-energy and energy efficiency.

In contrast with our approach, models that attempt to estimate the effects of environmen-
tal policies such as a carbon cap on GDP growth over the next 20-40 years rely on a much
larger number of assumptions about the economy’s future growth path. These forecasting