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By Jay Sher

This paper attempts to determine an opti-
mal level for the wind energy production
tax credit based on the carbon dioxide re-
duction potential of wind energy. The op-
timal level is calculated using a conserva-
tive value for the social cost of carbon and
an upper bound for the carbon dioxide
reduction potential of wind energy. Even
under the most efficient wind energy op-
eration conditions, the reduction in car-
bon dioxide is not substantial enough to
warrant the current value of the produc-
tion tax credit. Further study is needed to
determine why it is so overvalued.

Introduction

A variety of subsidies, tax credits,
and standards have been put in place to
expand the capacity of renewable energy
infrastructure and, more specifically, wind
energy. These subsidies can be viewed as
an alternative to a carbon tax, reducing
carbon dioxide emissions within the scope
of power generation. However, the cur-
rent level of subsidies is higher than nec-
essary to account for a reasonable social
cost of carbon dioxide, creating an ineffi-
cient market equilibrium. This article first
reviews the federal renewable electricity
production tax credit (PTC), and provides
a snapshot of the growth of the wind en-
ergy market at the national level. Next, it
presents the reasoning for the subsidies,
providing a description of the estimates
of the social cost of carbon dioxide. The
article then discusses a comparison of the
subsidy level to the proposed costs of car-
bon dioxide and a theoretical carbon diox-

ide tax. Lastly, a brief analysis of potential
alterations in the level of the subsidies is
presented.

The Wind Energy Production Tax
Credit

A variety of subsidies have been
implemented at the federal and state lev-
els that target various parts of the deploy-
ment of wind energy from infrastructure
funding to the sale of energy.

The PTC provides a subsidy on
each kilowatt-hour (kWh) produced by
qualified renewable technologies. The
wind portion of the PTC was originally
introduced in 1992 as a 1.5¢/kWh credit
indexed for inflation, which now equals
2.2¢/kWh (NC State University 2013). The
PTC is not permanent and has been re-
newed for one-year and two-year periods.
It has been allowed to expire on three sep-
arate occasions: in 2000, 2002, and 2004.
It was then put back in place with a num-
ber of other incentives for renewable en-
ergy in the Energy Policy Act of 2005, and
was renewed once again in the American
Recovery and Reinvestment Act of 2009.
Most recently, the PTC was set to expire
at the end of 2012, but was renewed by the
American Taxpayer Relief Act of 2012 that
averted the fiscal cliff (NC State University
2013). Although wind energy is only one of
many forms of electricity generation cov-
ered by the PTC, it accounts for the ma-
jority of the credits claimed. According to
projections from the Energy Information
Administration, $16 billion of the $17 bil-
lion of expected spending on the PTC be-
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tween 2005 and 2015, assuming constant
renewal, will go to wind projects (Namov-
icz 2005).

Wind Energy in the United States

Wind energy has experienced sub-
stantial growth in the United States over
the last decade, encouraged by generous
subsidies, growth in domestic wind manu-
facturing, technological changes, and the
size and power capacity of individual wind
turbines. The industry is still dependent
on continued support from government
incentives at the federal, state, and local
levels. As shown in Figure 1, 2010 was the
first year since 2007 that there was not a
year-over-year increase in the amount of
wind energy added in the United States.
The upward growth trend returned in 2011
and 2012, but it may not continue because
of uncertainty caused by the last-minute
renewal of the PTC.

Wind energy has become the pre-
eminent renewable growth technology in
the United States, with 2012 being a re-
cord year for capacity additions. In total,
nearly 13 gigawatts (GW) of capacity was
installed, and over $25 billion of the nearly
$73 billion of total investment in new gen-
eration was invested across the market in

2012 (Tracy 2013; Qureshi 2013). Wind
accounted for 44 percent of new generat-
ing capacity in 2012, outpacing all other
generation types, both conventional and
renewable, for the first time ever (Qureshi
2013).

The domestic wind energy manu-
facturing sector has grown considerably
since 2004. At that point, there was a sin-
gle nacelle (the housing for the mechani-
cal parts of a wind turbine) manufacturer
with a factory in the United States. There
are now nine companies that both sell tur-
bines in the United States and have at least
one domestic factory. The expansion of
domestic production has also significantly
decreased the level of wind turbine com-
ponent imports and expanded the export
market for these components from the
United States (Wiser and Bollinger 2011).
The uncertainty in the renewal of the PTC
at the end of 2012 could lead to some con-
solidation in the industry if wind turbine
component orders decrease.

Carbon Dioxide Pricing Regimes

A primary reason for the promo-
tion of wind energy is to reduce negative
externalities from energy production with
conventional fossil fuels. One of these ex-

Figure 1: Annual Wind Energy Capacity Increases
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ternalities is carbon dioxide emissions
linked to climate change. Economists and
policy makers have attempted to create a
way to attach a price to these externalities
because the market may not adequately
price them. A number of ways to attach
a price to carbon or carbon dioxide have
been developed. These alternatives in-
clude cap and trade, a direct tax on carbon
dioxide, and subsidies for renewable en-
ergy sources.

A cap and trade system provides
permits for emissions with a set cap level
and creates a market for them to be trad-
ed. The market for permits creates an in-
centive for firms with lower marginal costs
of abatement to reduce their emissions by
a greater amount and then sell their excess
permits. The trading of permits creates an
opportunity for firms that cannot reduce
their emissions as easily—generally old-
er, less efficient plants—to upgrade their
plants more slowly and cost effectively by
buying extra permits in the short term.
The market for permits should theoretical-
ly reach an equilibrium that comes close to
the true cost of the carbon dioxide exter-
nality. Sometimes a minimum price is es-
tablished because the number of permits
originally allocated was too large, which
causes the permit value to drop precipi-
tously (Metcalf 2009). Politically, a cap
and trade system can be hard to adminis-
ter, as it may be perceived as an indirect
way of taxing citizens who would see the
cost downstream in higher electric bills.

A direct tax on carbon dioxide
would be based on the amount of car-
bon dioxide emissions rather than the
amount of energy produced. Therefore,
the amount of tax paid per unit of energy
produced would vary across types of fuel
or technology due to their respective emis-
sions levels. The tax could be administered
at various levels—anywhere from the im-
portation and processing of the fuel, down
to the consumer level. The tax is more ef-
ficient the farther upstream it is adminis-
tered, and it tends to be regressive (Sum-
ner, Bird, and Smith 2009; Belsie 2009).

The imposition of a new tax is a challenge
because the effects of climate change have
a long time horizon. As a result of the time
value of money, citizens typically do not
want a cost imposed on them now to re-
duce possible losses far in the future.

A subsidy regime that favors tech-
nologies and generation methods that re-
duce overall emissions could be viewed
as an alternative to a carbon dioxide tax.
The level of subsidies could theoretically
be tailored to create an equilibrium simi-
lar to one reached by imposing a tax at the
desired level. The subsidy structure can
promote certain types of energy produc-
tion over others based on their emissions
levels. This approach is analogous to the
carbon dioxide tax being set at different
levels for fuels based on their emissions
potential.

It is important to note that subsi-
dies can create inefficient equilibriums if
their levels are set too high or too low. If a
subsidy level is set too high, it could create
an overabundance of certain renewables
without adequate infrastructure to inte-
grate them into the grid to produce cost
competitive electricity. If the subsidy level
is set too low or is underfunded, then its
ability to reduce carbon dioxide emissions
would be minimal, and it would not act ef-
fectively as a carbon tax alternative.

Wind energy seems to be an effec-
tive target for subsidies in order to reduce
carbon dioxide emissions. The large re-
ductions in the cost of producing wind en-
ergy have made it close to, or cost competi-
tive with, conventional fuels, especially in
areas with substantial wind resources, like
the central United States.

Social Costs of Carbon Dioxide

The social cost of carbon dioxide
is not a single set value. It reflects the cost
of the negative externalities created by
carbon dioxide emissions, resulting from
the possible effects of climate change. Es-
timates of the cost of carbon dioxide vary
widely from low levels of less than $4/
tonne of carbon dioxide (tCO2) to an up-
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per bound over $400/tCO2 (Tol 2009).
The variability in the estimated cost across
studies can be explained by a number of
factors, including the uncertainty in the
magnitude of temperature increase, in-
dividual’s rate of time preference or the
discount rate, estimations of the aggregate
welfare gains and losses globally, regional
geographic and climactic differences, and
varying models of population and econom-
ic growth (Tol 2009). This wide range also
makes it challenging to establish a price
for carbon dioxide that is directly linked to
the costs of mitigating climate change.

Thereis areasonable range of costs
that can be used from Tol’s meta-analysis
of the various studies presenting estimates
of the cost of carbon dioxide. The data in
Tol’s meta-analysis are presented for $/tC,
which is not equivalent to $/tCO2. Carbon
dioxide is 3.67 times the weight of carbon
alone, therefore the $/tC will be divided by
3.67 to convert it to $/tCO2. These conver-
sions are demonstrated in Table 1. In addi-
tion, the unweighted cost values, which are
the average of all measures not separated
according to the pure rate of time prefer-
ence, will be used. The mean of the costs
is $105/tC, however, the median is $29/
tC (Tol 2009). The divergence between
the mean and median demonstrates that
the upper end of the cost estimates is con-
siderably skewed, and the more conserva-
tive cost estimates come from the middle
of the distribution. In addition, the 9oth
percentile measure is utilized as an upper
bound and for comparison purposes even
though it is fairly skewed.

Calculation of a Theoretical Carbon
Tax

In order to make valid compari-
sons, the data are standardized to values
equivalent to utility scale energy produc-
tion. The costs will be calculated in $/
tCO2 because conceptually the emissions
from power production would come in this
form. The calculations will only include
emissions reductions due to power pro-
duction, not the life cycle costs. The life cy-
cle costs of electricity production include
not only the production of electricity, but
also the carbon dioxide released by fuel
extraction, manufacturing of the plant and
equipment, and other steps in the process
of transforming fuel into electricity. Life
cycle costs present a more holistic com-
parison between types of generation, but
they are beyond the scope of this particu-
lar paper. Also, only the PTC value will be
used to calculate the theoretical tax since it
is administered to utility scale production
and at the federal level equally.

The current value of the PTC, as
mentioned earlier, is 2.2¢/kWh or $22/
MWh. A conventional coal power plant
emits about .95tCO2/MWh based on
data from 1999 (Department of Energy
and Environmental Protection Agency
2000). A coal plant would thus emit
1tCO2/1.05MWh. Wind turbines reduce
carbon dioxide emissions by as much
as .54tCO2/MWh (American Wind En-
ergy Association 2011). Therefore, a
wind turbine would reduce emissions by
1tC0O2/1.84MWh, which would be the
maximum value for emissions reductions
by wind energy. The actual value varies

Table 1: Estimates of the Social Cost of Carbon

Percentile Cost in $/tC Cost in $/tCO2
33rd $16 $4.36

5oth $29 $7.90

67th $67 $18.26

9oth $243 $66.21

Source: Tol 2009.



widely across time, geographic location,
and the mixture of generation in the area.
The exact amount of carbon dioxide re-
duction depends on the marginal genera-
tion unit that the wind energy is replacing.
Furthermore, it is important to note that
at certain times, wind energy could actual-
ly increase emissions if inefficient peaking
turbines are used to deal with intermittent
wind production. For wind energy, the val-
ue of the subsidy to mitigate 1tCO2 would
be approximately $40/tCO2—the result
of $22/MWh multiplied by 1.84MWh of
wind to mitigate 1tCO2.

The subsidy from the PTC falls be-
tween the 67th and 9oth percentile of the
cost of carbon dioxide from the Tol meta-
analysis (2009). Even if the 2.2¢/kWh
were alternatively levied as a direct tax
on coal, giving it a value of $23.10/tCO2
($22/MWh multiplied by 1.05MWh), it
would still fall within this same range of
the meta-analysis. Therefore, the subsidy
alone promotes a greater amount of pro-
duction of wind energy than is efficient
based on a market equilibrium price of
carbon dioxide at the median of $7.90/
tCO2. In order for the subsidy to equal this
value, it would need to be reduced to .43¢/
kWh, which is roughly one-fifth of the cur-
rent level. As noted above, the PTC is only
one of many subsidies for different aspects
of the wind energy manufacturing, con-
struction, and energy production process.
With all of the subsidies at the federal level
and potentially additional subsidies at the
state level combined, wind energy could be
subsidized well above even the goth per-
centile value of $66.21/tCO2.

Conclusion

There are a number of possible
explanations for the subsidy being set
well above the economically-desired level.
First, it could be that the calculation to set
the subsidy assumed a much higher social
cost of carbon because of the opinions and
beliefs of Congress at the time. It is also
possible that the subsidy level is set higher
than the equilibrium level to promote the

growth of an infant industry and new sec-
tor to compete both domestically and glob-
ally. Alternatively, the subsidy level could
be higher because the actual equilibrium,
between the social cost of carbon and the
subsidy level, is higher. However, since the
subsidy would most likely be calculated
using the social cost of carbon, it would be
calculated prior to setting the subsidy level
and therefore dependent upon that value.

The subsidy also must be viewed
in the broader context of multiple types of
renewable energy. The PTC covers more
than one type of renewable energy. Wind
energy currently happens to be consider-
ably more cost-effective than other renew-
able energy sources, like photovoltaic so-
lar or concentrated solar power. Some of
these technologies would not necessarily
receive adequate investment to advance
technologically without some sort of sub-
sidy. The broader subsidy may have been
set at a level that was beneficial to all of
the technologies rather than specifically
focusing on one. In addition, the relatively
simple calculation presented in this article
does not include considerations for other
technologies under the PTC or variations
in wind energy efficiency and production
costs across regions.

A further issue with subsidies
generally, and the PTC specifically, is their
distortionary effects on markets and al-
location of investment. While the wind
energy industry has grown substantially
in the United States with the help of the
PTC, it is not necessarily the most efficient
allocation of resources, as it may divert
funding from other more advantageous
emissions reductions efforts and tech-
nologies. In addition, the PTC in certain
cases may distort specific power markets,
causing losses for conventional electricity
generation. According to a recent report
by The NorthBridge Group, the prevalence
of wind energy production at night, when
electricity demand is low, is causing nega-
tive prices to occur in wholesale electric-
ity markets with a larger concentration of
wind energy (Huntowski, Patterson, and
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Schnitzer 2012). Wind producers can offer
electricity at a negative price and still turn
a profit due to the PTC. At the same time,
other sources of energy that cannot ramp
down production quickly, such as nuclear
and coal plants, must offer their electric-
ity at cost and take a substantial loss.
Over time, if these negative prices and
the corresponding losses persist, it could
cause these base load resources to declare
bankruptcy. The loss of these base load
resources could undercut the reliability of
the electric grid and stifle future capital in-
vestment in base load generation.

The social cost of carbon has
a wide range of values due to the large
amount of uncertainty in the forecasts
used to calculate it. Over time, the calcu-
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