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SUMMARy
There is a growing consensus among 
policymakers and stakeholders that an 
effective federal program to control 
greenhouse gas (GHG) emissions must 
have as one element polices to hasten the 
development and commercialization of low- 
and no-carbon energy technologies, as well 
as technologies that improve end-use energy 
efficiency. Alongside policies designed to 
directly mandate GHG reductions, such as 
a GHG cap-and-trade system, policies that 
instead target the development and adoption 
of GHG-reducing technologies have been 
much discussed. While both general types of 
policies may have GHG reductions as their 
ultimate aim, technology policies are often 
framed in terms of technology-development 
activities or technology-specific mandates and 
incentives rather than primarily in terms of 
emissions.
 
A wide range of climate-related technology 
policy options are currently being employed 
or have been proposed at the federal and 
state levels. It is useful to categorize these 
options roughly according to which stage 
of the technology-development process 
they target: research, development, and 
demonstration, or widespread commercial 
deployment. This issue brief focuses on 
technology deployment, while a companion 
brief (Issue Brief #9) addresses technology 
research, development, and demonstration, 
including options for funding, institutions, and 
research policy instruments. 

After exploring various rationales and 
motivations for implementing technology-
deployment policies as part of a strategy 
for addressing climate change, this paper 
examines relevant policy options, including 
standards (e.g., technology, performance, 
and efficiency standards), subsidies (e.g., 
tax credits, tendering, loan guarantees), 
and limited liability.  A number of important 
messages emerge:

Pricing GHG emissions through a cap-and-•	
trade or tax system would provide direct, 
cost-effective, and technology-neutral 
financial incentives for the deployment of 
GHG-reducing technology.

For technology policies to help achieve •	
a given level of emissions reductions at 
lower overall social cost than an emissions-
pricing policy alone, they must be targeted 
to addressing market problems other 
than emissions reduction per se. Thus 
technology policies are best viewed as a 
complement to rather than a substitute for 
an emissions pricing policy. 

As complements to a cap-and-trade •	
system, technology policies will tend to 
lower the allowance price associated with 
achieving a given aggregate cap level, 
rather than producing additional emissions 
reductions below the cap. As complements 
to a GHG tax, such policies will tend to 
increase the total amount of emissions 
reductions achieved by a given tax. Again, 
because the emissions price may not be 
a complete measure of cost, whether 
technology policies lower the overall cost 
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to society of achieving emissions reductions depends on 
their being well-designed and targeted to addressing 
distinct market problems.

There are several specific market problems to which •	
technology deployment policies could be efficiently 
directed, if the benefits of practicable policies were found 
to justify the costs in particular circumstances. These market 
problems include information problems related to energy-
efficiency investment decisions, knowledge spillovers 
from learning during deployment, asymmetric information 
between project developers and lenders, network effects 
in large integrated systems, and incomplete insurance 
markets for liability associated with specific technologies. 

Although market problems are often cited in justifying •	
deployment policies, such policies in practice often go 
much further in promoting particular technologies than a 
response to a legitimate market problem would require. 
Therefore, while conceptually sound rationales may 
exist for implementing these policies, economists and 
others tend to be skeptical that many of them, as actually 
proposed and implemented, would provide a cost-effective 
addition to market-based policies. Critics point out that 
deployment policies intended to last only during the early 
stages of commercialization and deployment often create 
vested interests that make the policies difficult to end.

Others argue that mandating GHG reductions will be more •	
politically feasible if government includes policies tied to 
the deployment of specific technologies. These policies 
may attract more support than a pricing policy because 
they often employ “carrots” (subsidies) rather than “sticks” 
(fees or mandates), provide a way to promote particular 
technologies that have strong political constituencies (such 
as biofuels), make the cost of reducing emissions and 
adopting new technologies less visible by spreading it to 
the general taxpayer, and may not have an explicit price 
attached to them (as do emissions prices).

Technology standards and subsidies can be viewed as •	
different means to achieve the same ends (for example, 
increased energy efficiency, greater reliance on renewable 
energy). Just as there are important differences between an 
emissions-trading program and an emissions tax, however, 
standards and subsidies tend to differ in terms of who bears 
the cost, how their impact evolves over time, and what kinds 
of outcomes they guarantee (that is, whether they provide 
certainty about achieving certain deployment objectives 

versus certainty about achieving certain cost objectives).

Standards tend to guarantee that specific technologies will •	
be deployed in a certain quantity (or as a minimum share 
of the market) or that certain performance criteria will be 
achieved, but leave the cost of achieving the standards 
uncertain. Technology subsidies, on the other hand, pin 
the incremental cost spent on technology to the level of 
the incentive and leave uncertain how much deployment 
(or what level of performance) will be achieved at that 
cost. Ceilings (and floors) on credit prices within a tradable 
standards system can blur these distinctions.

Regarding distributional consequences, the cost of •	
imposing a standard tends to fall primarily on households 
and firms in the regulated sector.  By contrast, the cost 
of providing subsidies tends to fall on taxpayers more 
generally. However, this distinction can also be altered 
somewhat through self-financing mechanisms such 
as “feebates” (to promote improved automobile fuel 
economy, for example, subsidies for efficient vehicles could 
be funded by fees on inefficient vehicles). 

Different deployment policies also have different dynamic •	
properties. The incentives generated by standards are 
typically more static in the sense that industry has no reason 
to exceed the standard, which eventually becomes less 
binding as technology matures (of course, as technology 
improves, policymakers may also respond by raising 
standards).  Fixed subsidy levels, on the other hand, may 
continue to provide incremental deployment incentives, 
depending on the payment structure.

As with emission standards, the cost-effectiveness of •	
technology-oriented standards can be increased by 
incorporating flexibility mechanisms such as credit 
trading, banking, and borrowing. Likewise, tendering, or 
reverse auctions, can help facilitate cost competition by 
making subsidy recipients bid for the minimum subsidy 
needed to deliver a specified quantity of new technology.  
This approach can help reduce the cost of technology 
deployment over time by ensuring that a given expenditure 
of public resources produces the maximum amount of 
deployment (or conversely, that a given deployment target 
is achieved at the lowest possible cost to taxpayers).

Loan guarantee programs may be conceptually justified •	
if informational asymmetries exist in credit markets for 
relevant technologies. On the other hand, loan guarantees 
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create implicit subsidies; as such, their benefits must justify 
their costs. Because loan guarantees insulate projects, at 
least in part, from default risk, they can create incentives for 
developers to take on riskier projects while doing less than 
they should to guard against preventable risks.

There may be a rationale for establishing a joint insurance •	
pool or limiting liability for certain technologies like carbon 
storage if there is insufficient availability of private liability 
insurance or there are substantial potential difficulties in 
assigning liability. On the other hand, liability protection 
provides a form of implicit subsidy by insulating parties 
from potential damages caused by their technologies.  
Thus, if designed poorly they may reduce incentives for 
those parties to take appropriate actions to mitigate risks 
where possible.

Finally, a number of other polices may be critical in helping •	
certain GHG-reducing technologies compete effectively 
to potentially gain a foothold in the marketplace. The 
successful deployment of new technologies often requires 
better information and verification methods; infrastructure 
planning, permitting, compatibility standards, and other 
supporting regulatory developments; and  institutional 
structures that facilitate technology transfer, such as rule 
of law, judicial or regulatory transparency, intellectual 
property protection, and open markets. A balance must 
be struck, however, between enabling technologies to 
compete and constructing policies that preferentially 
support specific technology options or systems.

The Role of Climate Technology 
Deployment Policies
When considered alongside policies that directly mandate 
GHG reductions, additional technology policies may not seem 
necessary or desirable. After all, the market-based approaches 
featured in most recent proposals for a mandatory U.S. 
climate policy would give rise to a price on GHG emissions. 
This price places a clear financial value on GHG reductions 
and like other market prices (such as energy prices) should 
induce households and firms to buy technologies with lower 
GHG emissions (for example, more energy-efficient products) 
the next time they are in the market. 

Generic public funding for research tends to receive 
widespread support based on the significant positive 

spillovers that are often associated with the generation of 
new knowledge. Agreement about the appropriate role of 
public policy in technology development tends to weaken, 
however, as one moves from policies targeting research and 
development to policies directed at demonstration projects 
and particularly deployment. In the case of standard market 
goods, many experts (and especially economists) believe 
that while the government’s role in supporting research may 
be clear, the rationale for government intervention quickly 
weakens when it comes to commercializing and deploying 
new technology on a large scale. 

A similar point of view might carry over to the rationale 
for government intervention on behalf, specifically, of 
new technologies to reduce GHG emissions, if a sufficient 
market price has been placed on these emissions through 
government policy. This perspective would tend to support a 
complementary set of strategies that couple emissions pricing 
policies with policies to support research, development, and 
demonstration (where public investment in demonstration is 
limited and directed toward learning)—but not widespread 
deployment. There are nonetheless several economic 
rationales and other motivations for considering measures 
oriented toward technology deployment within a portfolio of 
climate policies. 

Information problems provide one rationale for policies to 
promote energy-efficient technologies. This is particularly 
the case where it has been demonstrated that consumers 
systematically undervalue energy efficiency or where the 
incentives for efficiency investments are split between those 
who pay for a new technology and those who benefit. A 
good example is the landlord-tenant problem: a landlord 
has no incentive to pay for efficiency improvements if the 
tenant pays the energy bills and therefore captures any 
resulting cost savings. Another potential rationale involves 
spillover effects and the process of so-called “learning-by-
doing”—a term that describes the tendency for production 
costs to fall as manufacturers gain production experience. 
An emissions price will encourage producers to make 
investments in new technology that result in learning-by-
doing.  But if the benefits of this learning spill over to other 
producers without full compensation to the early adopters, 
incentives for early adoption will be diluted and investment 
in learning-by-doing will fall short of what is optimal for 
society as a whole at a given emissions price.  In cases like 
this, a compelling rationale may exist, in principle, for public 
support of deployment efforts early in the transition to 
commercialization. 



137

ASSESSING U.S .  CL IMATE POLICy OPTIONS

Network effects provide a motivation for deployment policies 
aimed at improving coordination and planning—and, where 
appropriate, developing compatibility standards—in situations 
that involve interrelated technologies, particularly within 
large integrated systems (for example, energy production, 
transmission, and distribution networks). Setting standards 
in a network context may reduce excess inertia (for example, 
so-called chicken-and-egg problems with alternative-
fueled vehicles), while simultaneously reducing search and 
coordination costs, but standards can also reduce the diversity 
of technology options offered and may impede innovation 
over time. Loan guarantee programs may be conceptually 
justified if informational asymmetries exist in credit markets  
for relevant technologies. Finally, incomplete insurance 
markets may provide a rationale for liability protection or 
other policies for certain technology options (for example, 
long-term CO2 storage).

The argument against technology-oriented policies, even 
where the market problems described above exist, centers 
on the concern that government is ill-positioned to “pick 
winners” among a broad array of technological possibilities 
and commercial opportunities.  Critics argue that decisions 
about new technology are best left to a private sector 
motivated through broad incentives such as a price on GHGs. 
In this view, technology deployment policies represent an 
unnecessarily restrictive and costly strategy for advancing the 
larger policy objective, where that objective—in this case, 
reducing GHG emissions—can be less expensively achieved 
through flexible market-based policies. Another perspective 
is that even if it were theoretically possible to address the 

market problems noted above through deployment policies, 
the practical import of attempting to do so would likely be 
negligible and/or more than offset by the cost and waste 
associated with pork barrel spending and unnecessary 
government intrusion into the market. From this perspective, 
simply pointing to the conceptual plausibility that certain 
market imperfections exist is insufficient; rather, one would 
need to closely measure the extent of such problems in 
specific cases and tailor policy interventions accordingly. 
This would mean identifying practicable policies that directly 
address the problems identified—and then implementing 
those policies in a manner that ensures benefits exceed costs 
(and ideally that net benefits are maximized).

The remainder of this issue brief discusses several common 
types of technology deployment policies in more detail.  A 
number of other polices and programs are not covered here, 
but may be critical in helping to enable certain GHG-reducing 
technologies to compete effectively, including: 

Information programs (such as product efficiency labeling •	
or energy efficiency audits) and programs to develop 
measurement and verification methods (for example, for 
energy-efficiency technologies, carbon storage, etc.) 

Infrastructure planning; permitting; regulatory •	
development; compatibility standards (for example, 
for fueling systems); and public outreach for specific 
technology options, systems, and networks (for example, 
transmission and distribution lines, nuclear waste storage, 
carbon capture and storage)

Programs to promote international technology transfer and •	
encourage the development of structures or institutions 
that enable technology transfer (such as rule of law, judicial 
or regulatory transparency, intellectual property protection, 
and open markets)

Before moving on to a detailed discussion of standards, 
subsidies, and liability protection as means for accelerating the 
commercialization of new technologies, it is worth emphasizing 
the general point that any deployment policy (including the 
additional types of policies noted above) must strike a careful 
balance between enabling technologies to compete and 
preferentially supporting specific options or systems.

Standards
Standards can take several forms and provide varying degrees 
of flexibility, from uniform technology standards at one 

Any deployment policy 
must strike a careful 
balance between enabling 
technologies to compete 
and preferentially supporting 
specific options or systems. 
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end of the spectrum to fully tradable emissions standards 
at the other. The cost-effectiveness of these approaches 
tends to improve as one moves from rigid technology 
standards toward standards that can be implemented using 
a market-based trading system. This is because more flexible 
standards—applied to actual emissions—can be designed 
to take advantage of all major means of reducing emissions, 
including substitution toward more efficient equipment and 
lower-carbon fuel inputs, end-of-pipe emissions control (for 
example, carbon capture and storage), and changes in end-
use demand.1 The cost-effectiveness of any type of standard—
technology-based or otherwise—can typically be increased by 
incorporating flexibility through credit trading, banking, and 
borrowing. Cost certainty can be introduced by incorporating 
price ceilings (and floors) for compliance credits, as in an 
emissions cap-and-trade system.

Uniform Technology Standards
The least flexible type of regulation is a uniform technology 
standard that requires every covered entity to install a 
particular type of technology. Examples include requirements 
that all coal-fired power plants install carbon capture and 
storage technology, that all light bulbs be fluorescent, or that 
all vehicles be flex-fuel capable. Technology standards of this 
type each take advantage of only one means of reducing 
emissions. 

In response to this critique, one might attempt to establish 
a suite of technology standards that cover every aspect of 
the system in question and thereby attempt to capture all 
abatement opportunities. But to produce cost-effective 
results, this approach would require setting each individual 
technology requirement in a way that equalized incremental 
emissions abatement costs across the system as a whole.  
Even if it were practically possible to do this for an individual 
facility or firm, it would be impossible to set a single set of 
standards that balanced the various circumstances at each 
individual firm or facility in a manner that minimized total 
costs. Uniform technology standards may also stifle innovation 
over time because once the standard is achieved there is no 
incentive to go beyond it (other than to reduce the cost of 
the approved technology). A primary advantage of uniform 
technology standards, on the other hand, is that verifying the 
installation and operation of required technologies is relatively 
easy. This advantage from an enforcement standpoint is 
unlikely to be important in an advanced industrialized country 
like the United States, but may be more relevant in certain 

1 applying flexible performance standards to equipment manufacturers, versus to direct emitters, does not 
have these properties.  Flexibility in meeting an equipment efficiency standard may lower compliance 
costs for equipment manufacturers, but will not, for example, encourage reductions in end-use energy 
demand.

developing country contexts.

Market Share (Portfolio) Standards
Market share or “portfolio” standards provide additional 
flexibility by applying requirements at an industry-wide level, 
rather than obliging every firm or facility to meet exactly 
the same technology standard. An example is a renewable 
portfolio standard designed to require that a minimum 
share of all electricity sold in a state comes from qualifying 
renewable sources. If one firm faces relatively high costs in 
delivering renewably generated power, it can buy renewable 
energy credits from a firm that faces lower costs, just as in 
an emissions cap-and-trade system. Renewable portfolio 
standards have been adopted by over 20 states and proposed 
at the federal level. In states that have such standards, 
different technologies qualify toward meeting the standard; in 
addition, some states have separate targets for specific types 
of renewable technology (e.g., solar). 

The portfolio standard concept has also been proposed for 
other types of climate-friendly technologies and even for end-
use efficiency. For example, a portfolio standard to promote 
carbon capture and storage could require that a certain 
number or share of all new fossil-fueled power plants be fitted 
with carbon capture and storage technology. Alternatively, a 
broader clean energy portfolio standard could be designed to 
include all non-carbon forms of power generation, including 
nuclear power in addition to renewables and fossil systems 
with carbon capture and storage. Similarly, some states have 
begun to experiment with “efficiency portfolio standards” that 
require utilities to meet a minimum percentage of demand for 
electricity services through energy efficiency programs (the 
same idea has also been proposed at the federal level).2

The design of such standards will obviously have a large 
impact on their cost-effectiveness. As a means of reducing 
GHG emissions, for example, a portfolio standard that 
includes more low-carbon options will tend to reduce costs 
relative to a portfolio standard that is focused on a particular 
type of technology.

Emissions Performance Standards
Emissions performance standards specify a certain maximum 
level of emissions per unit of output (for example, pounds 
of CO2 per kWh or grams of CO2 per gallon of motor fuel). 
Performance standards can also be imposed at the level of 
an individual source or, if trading is allowed, at the level of an 

2 see further discussion in issue Brief #11, which provides more detail on issues related to climate-change 
regulation in the electricity sector.
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industry or sector as a whole (in which case the standard will 
give rise to a tradable emissions credit system). Performance 
standards reflect a desire to move away from specifying 
particular technologies or classes of technology, toward a 
focus on regulating emissions in a technology-neutral fashion. 
This tendency is evident in the increasingly broad types of 
portfolio standards described above, with a “clean energy” 
portfolio standard being the broadest. From the standpoint 
of reducing emissions it might also make sense to encourage 
relatively low-emission conventional coal and natural gas 
systems, as well as more efficient electricity production and 
end-use technologies, in addition to the technologies typically 
included in renewable or clean energy portfolio standards. 

The desire to encourage a wide variety of abatement options 
leads logically back to a broad policy approach: tradable 
emissions performance standards or even an emissions cap-
and-trade system. The primary distinction between a tradable 
emissions performance standard and a cap-and-trade system 
is that the performance standard is intensity-based. That 
means the overall quantity of emissions allowed under the 
system will vary depending on the level of output (in other 
words, if a GHG performance standard, in pounds per kWh, 
is applied to electricity production, then final emissions will 
depend on how many kWh are generated). A drawback of 
intensity-based standards (relative to a quantity-based cap-
and-trade program) is that they create an implicit subsidy to 
increase output: as firms produce more, they are allowed a 
greater quantity of emissions. Any additional emissions that 
result from an increase in production, up to the level of the 
performance standard, are free to the producer.  This means, 
in effect, that firms have the ability to generate the equivalent 
of free allowances by increasing their output. As a result, 
achieving an equivalent emissions target using intensity-based 
performance standards will tend to result in higher emissions 
prices and lower output prices relative to achieving the same 
target using a cap-and-trade system. The overall cost of 
attaining a given emissions target will also tend to be higher 
because the performance standard, by keeping output prices 
relatively low, does not encourage as much end-use energy 
efficiency and conservation. 

On the other hand, the implicit allocation of credits based 
on output can protect consumers from bearing the cost of 
emissions allowances passed on to them by firms that might 
otherwise experience a windfall gain if they receive free 
allowances under a cap-and-trade program. The implicit 
allocation of emission credits to regulated entities under a 
tradable performance standard therefore produces different 

distributional effects relative to a cap-and-trade system, 
where the decision about how to allocate allowances can 
be separated from the decision about which entities get 
regulated.

Another distinction between these two approaches is that 
performance standards must be applied at the sector or sub-
sector level, where the unit of output is comparable. Unless 
sector-specific performance standards are linked through 
inter-sector emissions trading, this can lead to differences in 
the stringency of the standards applied to different sectors 
and to unnecessarily costly emissions reductions overall. 
This need to develop different output metrics and emissions 
targets for different sectors is in contrast to a cap-and-trade 
system where the only relevant units are tons of emissions 
and where the system can apply on an economy-wide scale. 
Nonetheless, tradable performance standards hold some 
political appeal because they tend to keep output prices 
lower than under a cap-and-trade system, because they deal 
with credit allocation implicitly rather than explicitly, and 
because they tend to push regulatory decisions toward the 
sector level where they can be more readily managed by 
organized interests.

Energy Efficiency Standards
In contrast to emissions performance standards, energy 
efficiency standards regulate energy use—rather than 
emissions generated—per unit of output. In the United States, 
energy efficiency standards for equipment used in buildings 

The cost-effectiveness of any 
type of standard—technology-
based or otherwise—can 
typically be increased by 
incorporating flexibility 
through credit trading, 
banking, and borrowing.
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have historically been applied in the form of minimum 
efficiencies for individual products (for example, refrigerators, 
air conditioners), while efficiency standards for automobiles 
have been applied in the form of fuel-economy standards 
averaged across manufacturers’ fleets (where standards 
have to be met separately for each automobile company’s 
domestic-car, imported-car, and light-truck fleet). 

A number of recent proposals, however, have called for 
reforming the corporate average fuel economy or CAFE 
system to make it more flexible while simultaneously 
making the overall program more stringent.  Specifically, 
recent proposals would allow CAFE compliance credits to 
be traded across fleets and across manufacturers. Similarly, 
as has already been noted, there is interest in “energy 
efficiency portfolio standards” that would target aggregate 
reductions in electricity use, rather than the efficiency levels 
of specific products. In the latter case, quantifying and 
verifying electricity savings (relative to what would have 
otherwise occurred) is more challenging than measuring 
renewable energy output, emissions, or the energy-efficiency 
of individual technologies. This presents a significant hurdle 
to the implementation of an efficiency portfolio standard that 
has the same simplicity and credibility as trading programs 
based on more readily measured metrics or characteristics. 
Nonetheless, some states have developed methods for 
measuring demand reductions and are beginning to include 
energy savings from conservation programs along with 
renewable energy in their portfolio standards.

As discussed earlier, the primary economic rationale for 
including energy efficiency standards in a suite of climate 
technology deployment policies is if there are verifiable 
market problems that result in sub-optimal purchasing 
decisions regarding the energy-related operating costs of 
vehicles and equipment. Such a rationale would continue 
to exist even with a CO

2 pricing policy, as any market 
problems that resulted in the undervaluation of future energy 
savings would also act to diminish the full impact of the 
emissions price in terms of creating incentives for energy-
efficiency improvements. The relevant economic question 
then becomes how to set the stringency of the energy-
efficiency policy so as to maximize its net benefits, taking 
into account all relevant costs and benefits. Analysts differ in 
their assessments concerning the extent to which consumers 
and firms really undervalue energy efficiency when making 
purchase decisions about energy-using equipment—indeed, 
this debate has persisted since the 1970s. Efforts to improve 
methods for measuring and verifying the effectiveness of 

energy-efficiency programs also continue and are receiving 
increased scrutiny as the expectations for these programs grow.  

Subsidies
Mechanisms for subsidizing climate-friendly technologies 
come in a wide variety of forms, including tax credits, 
direct payments, tendering or reverse auctions, and loan 
guarantees. In the context of an emissions trading program, 
it is also possible to subsidize certain technologies through 
differentiated allowance allocation.3  The common feature 
of these approaches is that they provide a positive financial 
incentive for purchasing and/or using particular technologies. 
Subsidies can be designed to reach the same ends as 
standards, but they operate by providing financial “carrots” 
rather than a regulatory or financial “sticks.” This feature can 
have distinct political advantages compared to standards 
and market-based emissions policies, although it is worth 
noting that standards may hold greater appeal for technology 
suppliers because they provide a more guaranteed market. 
For example, increased renewable electricity generation 
can be pursued through either a production tax credit or a 
renewable portfolio standard (in fact, both are being used 
in the United States today in the sense that many states 
have introduced renewable portfolio standards on top of an 
existing federal production tax credit for renewable energy 
sources). Increased ethanol production can be induced 
through an excise tax credit or a renewable motor fuel 
standard (again, both are currently being used in the United 
States). Of course, a market-based policy that puts a price on 
emissions also provides positive financial incentives for the 
adoption of GHG-reducing technology—and does so in a 
technology-neutral fashion. 

As means to achieving a particular technology end, however, 
there are several important differences between subsidies 
and standards. First, subsidies can guarantee a lower and 
upper limit to the amount of resources spent on technology 
deployment—either on an incremental basis, by setting 
the level of subsidy provided per unit of output (e.g., cents 
per kWh), and/or in aggregate by capping the total subsidy 
amount made available (total $). A price guarantee is often 
mentioned by renewable electricity developers as a positive 
feature of policies such as “feed-in tariffs,” which guarantee a 
minimum price for renewable electricity delivered to the grid 
(Germany’s system being an example). But subsidies do not 
guarantee that a particular technology-deployment target will 

3 For example, the bill introduced by senators Bingaman and specter in the 110th congress (s. 1766) 
provides “bonus” allowances for carbon capture and sequestration. in the european union’s emissions 
trading scheme, different allocation rules for new facilities subsidize different technologies, though not 
always in a way that produces climate-friendly results.
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be met—they may produce results that under- or over-shoot a 
particular target. Standards, on the other hand, can guarantee 
a particular level of performance in an individual technology 
or an aggregate penetration level or market share, but their 
ultimate cost is not known in advance. Including a price ceiling 
in the design of a tradable standard can blur this distinction, just 
as including a “safety valve” mechanism may blur the distinction 
between an emissions tax and a cap-and-trade system. 

Second, subsidies require explicit or implicit (in the case of tax 
credits) financial outlays from the public treasury.  By contrast, 
the cost of standards is born by producers and consumers 
within the regulated sector. This may be viewed as positive 
or negative depending on one’s view of whether the broad 
beneficiaries of reduced climate risks (taxpayers) should 
pay for emissions reductions, or rather that the cost burden 
should fall on a narrower group of sources and consumers 
who impose those climate risks through their emissions.  
Alternatively, the difficulty of raising public funds might be 
seen as an argument in favor of standards. A third related 
difference is that subsidies drive the prices of outputs like 
electricity and motor fuel lower, which removes incentives for 
demand reductions and in fact encourages increased demand 
for, and supply of, energy services. This is a fundamental 
distinction and it leads most economists to the view that 
negative externalities, such as GHG emissions, are best 
addressed through policies that raise the cost of behaviors 
that produce those externalities while positive externalities—
such as the spillover benefits and knowledge creation 
associated with research and development—are better 
addressed through policies that provide positive incentives. 
As discussed previously, however, variations of this general 
principle may be justified if technology subsidy policies are in 
fact designed to act as complements to an emissions policy 
in order to generate positive knowledge spillovers through 
learning and cost reduction for new technologies.4 This 
implies that subsidy policies should only target technologies 
for which clear learning opportunities exist and should do so 
only in a limited fashion early in the deployment process. It 
should also be the case that subsidies elicit investment and 
produce learning that would not otherwise be undertaken by 
the private sector in response to the emissions policy alone. 
These criteria would likely not be met by a number of existing 
subsidies or mandates, many of which target relatively mature 
technologies (e.g., wind power, corn-based ethanol) where 
markets are well-established and significant early learning has 
already been achieved. 

4 For example, when one company builds and operates a carbon capture and storage facility, it learns ways 
to implement this technology more cheaply. this knowledge is directly or indirectly shared with (that is, it 
spills over to) other companies as they build other facilities.

Finally, subsidies often require relatively large outlays of 
funding (or equivalently, they forego large amounts of revenue 
that would otherwise be collected by the public treasury) 
for the amount of incremental technology deployment they 
induce. This occurs because, under many subsidy designs, 
the subsidy accrues to parties that would have adopted the 
technology even absent the subsidy. So-called “free-riding” 
behavior—which studies have found can be quite high—will 
dilute the effectiveness of the policy in the sense that it 
reduces the actual environmental benefit achieved for a given 
expenditure of public resources. Some subsidy designs, such 
as tendering (reverse auctions) and loan guarantees, can 
be structured to better target truly incremental technology 
investment. Different types of subsidies also differ in terms 
of how they affect the budget (e.g., tax credits versus direct 
appropriations), and in terms of who is eligible or in a position 
to benefit (e.g., private companies who pay taxes versus 
public cooperatives that do not). The remainder of this section 
discusses the design and potential role of specific types of 
subsidy policies, including tax credits, tendering, and loan 
guarantees.

Tax Credits and Grants
Tax credits are often given to offset corporate income, 
personal income, sales, and property taxes as a form of 
technology subsidy. Tax credits can directly lower the up-
front investment cost of new equipment; alternatively tax 
credits can be used to subsidize actual production using new 
equipment. Examples include the existing, federal renewable-
energy production tax credit and similar, recently enacted 
tax credits for investments in new nuclear power generation 
and energy-efficient building equipment. Each type of tax 
credit has advantages and disadvantages in terms of how 
effectively it promotes technology deployment and makes use 
of limited resources. A generic disadvantage of tax credits is 
that they are ineffective if the relevant party has no taxable 
income (unless the tax credit is refundable), as may be the 
case for some start-up companies and certainly is the case for 
municipal and cooperative utilities that have no tax liability. In 
addition, the effectiveness of the credit is dependent on the 
larger tax code under which the credit is being granted.  

Investment tax credits can be quite effective in promoting 
technology deployment because the entire incentive is 
provided up-front. Grants or direct investment subsidies 
likewise share this property; moreover, like investment tax 
credits, which typically cover only a portion of the investment, 
they can be designed to encourage or require cost-sharing. 
Grants have the advantage that they can be effective with 
entities that do not have taxable income; in addition, there 
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is no lag between the time when the recipient has to put up 
funds for a project and the time when the subsidy benefit 
accrues. On the other hand, investment tax credits and grants 
provide no guarantee that the projects or technologies they 
subsidize will actually be used in the manner and to the extent 
needed to justify the investment. In addition, investment tax 
credits can encourage project developers to focus on inflating 
cost estimates (so as to maximize tax benefits) rather than 
on efficient production. Addressing this concern may require 
costly project monitoring. 

Tax credits based on production, rather than investment, 
help to ensure that public resources go only to technologies 
that are actually used (an example is the current federal 
renewable-energy production tax credit, which is based 
on kWh generated rather than on investment in renewable 
energy projects). The disadvantage of production incentives 
is that they may be less effective at overcoming deployment 
hurdles in cases where up-front capital requirements present 
a significant challenge for new technologies. Given that there 
is often a significant lag between the initial financing of a 
project and actual production, and given that the availability 
of tax credits in future years may be subject to Congressional 
appropriations, firms may not be able to capitalize expected 
tax savings at the time the investment is made. Finally, 
production tax credits do little to address construction 
risk—that is, the possibility that a project, especially if it 
involves unfamiliar or groundbreaking technology, will never 
be successfully completed and produce useful output.  

Tendering Policies (Reverse Auctions)
Tendering refers to a policy in which project developers 
submit proposals for new facilities and bid the minimum 
price they would accept for output. A government agency or 
authorized agent manages the reverse auction, accepting the 
lowest bids (hence the term ‘reverse auction’). This approach 
forces would-be subsidy recipients to compete on the basis 
of cost. It has the advantage of maximizing the amount of 
deployment achieved for a given expenditure of public 
resources (or alternatively, of minimizing taxpayer outlays for a 
given amount of deployment) and can help reduce the cost of 
technology deployment over time. 

For example, the United Kingdom established the Non-Fossil 
Fuel Obligation, a sequence of tendering auctions, between 
1990 and 1999. During the course of the program the average 
price paid for electricity from large wind power projects 
reportedly fell by 75 percent, although other factors clearly 
contributed to this decline as well. From 1998 to 2001, the 

state of California held three reverse auctions for renewable 
energy. The Department of Defense, the U.S. Postal Service, 
and several other states have also used reverse auctions to 
significantly reduce government costs for certain purchases. 
Reverse auctions are likely to be most efficient for high-dollar, 
large-quantity, clearly-defined purchases where there are 
multiple potential suppliers. 

Another concern that has been raised about reverse auctions, 
and indeed about technology deployment policies more 
generally, is that they tend to support whatever qualifying 
technology is currently least expensive, rather than technologies 
that might have greater potential in terms of the performance 
improvements and cost reductions that could be achieved 
through learning-by-doing. From this perspective, it makes 
sense to target deployment policies intended to promote 
learning-by-doing to a relatively narrow set of technologies 
where the potential for knowledge gains and related spillovers 
is highest. The rationale for narrowly targeting deployment 
policies may seem at odds with the notion that the broadest 
possible program coverage—in the context of an emissions 
pricing policy—will yield the least expensive reductions. In 
fact, the same arguments for broad coverage would apply to 
technology deployment policies if their primary purpose was to 
produce near-term emissions reductions. 
As discussed earlier, however, the economic rationale for 

The economic rationale for 
technology deployment 
policies rests on society’s 
interest in promoting 
complementary knowledge 
creation and dissemination—
especially where new 
knowledge is critical to lower 
the cost of future emissions 
reductions. 
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technology deployment policies rests on society’s interest 
in promoting complementary knowledge creation and 
dissemination—especially where new knowledge is critical 
to lower the cost of future emissions reductions. Thus, 
technology deployment policies should not be considered 
a substitute for cost-effective emissions policy and 
different design considerations should apply. As discussed 
previously, yet a different rationale applies in the case of 
deployment policies targeted specifically to energy-efficiency 
technologies: for the most part these policies, rather than 
being designed to generate new knowledge, serve a 
distinct informational purpose in terms of addressing market 
problems that affect energy operating-cost decisions.

A different concern is that a reverse auction system may 
favor incumbents who can submit lower bids due to size and 
experience. While low bids are an otherwise good thing, a 
competitive market is necessary for truly competitive bidding 
and it would be important to ensure that the market is indeed 
not captured by a small number of companies. Another 
issue that can arise is that many winning projects may go 
undeveloped, which can be a concern when the subsidy is 
delivered via investment tax credits that are pre-assigned due 
to credit caps (as they typically are). 

Tendering auctions can be designed to address many of 
these concerns and could be legislated with the flexibility to 
adapt over time based on the results of previous auctions and 
ongoing technological developments. Among other things, 
a reverse auction can be subject to mandatory quantity levels 
and bid ceilings that might change subject to lessons learned 
in the previous round. Mechanisms can be incorporated in 
the way the auction is structured to prevent speculative bids; 
examples include requiring bidders to obtain prior planning 
permission or requiring winners to apply for relevant permits 
within a short period of time or lose the bid. The costs 
associated with these requirements may deter false bids, 
but may also create a trade off in terms of raising additional 
barriers to entry in the competition. 

Loan Guarantees
In a loan guarantee program, the government takes 
responsibility for a certain portion of a loan in case the 
debtor defaults. Such programs may be conceptually justified 
if informational asymmetries exist in credit markets for 
relevant technologies. Technologies that are on the cusp of 
commercial viability—even if they appear very promising—
may not be able to get loans at appropriate rates in private 
credit markets, either because they seem likely to default or 

because potential lenders simply lack the information needed 
to assess default risk. By vouching for these perceived “high-
risk” projects, the government can give project developers 
access to lower-cost capital and thereby facilitate the early 
deployment of new technologies. Loan guarantees represent 
an implicit subsidy, however, and as with all other types of 
subsidies it is important that their benefits justify their costs. 
Because such guarantees insulate projects, at least in part, 
from default risk, they may create incentives for developers to 
take on riskier projects and do less than they should to protect 
against preventable risks. 

Loan guarantee programs have been used extensively in the 
past for various social purposes, and their role in the energy- 
and climate-policy arena was recently expanded by the Energy 
Policy Act of 2005, which established a new loan guarantee 
program for clean energy technologies. Loan guarantees 
may be of more use to independent power producers and 
start-ups, as most investor-owned utilities have strong credit.  
Similarly, public and co-op utilities probably would not benefit 
from such guarantees since they generally borrow at rates that 
are already at or below the Treasury bond rate. 

There has been some prior experience with the use of loan 
guarantees to encourage the commercialization of energy 
technologies. In the late 1970s, the U.S. Department of Energy 
(DOE) underwrote loan guarantees of up to 75 percent of 
debt financing for start-up plants to produce synthetic fuel. 
Under that program, DOE guaranteed $1.5 billion of the $2.2 
billion Great Plains Coal Gasification Facility; after completion, 
the owners defaulted on the loan and abandoned the plant 
to DOE. The new owner, Dakota Gasification Company, now 
operates the plant at a net profit and some of the revenues 
are going to paying off DOE’s original investment. 

DOE has also provided loan guarantees for up to 90 percent 
of project debt financing and up to 90 percent of total 
costs for alcohol-fuel production facilities. In this case, DOE 
issued three loan guarantees for the construction of ethanol 
plants. One of the recipients, the New Energy Company, 
defaulted on its loan and DOE paid out the guarantee.  
After much refinancing, the company has become a major 
ethanol producer in the Midwest. Plant developers in two 
other instances also defaulted, but without a silver lining; 
one plant was sold for salvage and the other was dismantled 
and reconfigured. Another DOE loan guarantee program, 
for geothermal power, underwrote debt up to 75 percent of 
total project costs. Of eight projects, four defaulted. However, 
one developer used the DOE guarantee to build a successful 
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geothermal-powered electric generation plant. After paying 
off its loan, the project developer used the experience to 
get private financing for several other facilities in California, 
eventually expanding to other states and abroad.

As this record suggests, the results of loan guarantee 
programs for energy technologies have been mixed, with 
many projects eventually defaulting on their loans and 
triggering a government payout. However, some recipients 
have leveraged the experience gained through projects 
backed by loan guarantees to establish a successful position 
in the energy sector. In any event, given the historic default 
rate it seems clear that these were not simply cases of 
asymmetric information, where private lenders didn’t 
understand the technology or misperceived project risk. 
These projects really were high-risk, as evidenced by the fact 
that many of them ultimately defaulted. 

In this context, questions have been raised concerning the 
implementation of “no-cost” loan guarantees for clean energy 
technologies currently under development at DOE, where 
the implicit credit subsidy provided by the guarantee is to 
be paid to DOE by the borrower at the time of the loan. It 
will be a challenge to determine the appropriate level of this 
payment if the government truly expects to bear no cost from 
guaranteeing the loan. Based on past experience, the cost 
of the credit subsidy may be substantial, which would imply 
that the borrower’s upfront payment to DOE would also need 
to be substantial. If set too high, however, this payment might 
negate the appeal of the guarantee. In principle, an accurately 
set credit subsidy payment sets the loan guarantee at the 
appropriate level by solving the problem of asymmetric 
information (i.e., borrowers are in a better position to 
assess the risk of a specific project than lenders) rather than 
acting as an implicit subsidy. If the credit subsidy is paid 
for by appropriations from public funds, however, the loan 
guarantee becomes another form of subsidy. Even then, loan 
guarantees may represent an attractive alternative to other 
types of subsidies because they provide a useful screening 
mechanism for focusing subsidies on marginal projects and 
thereby mitigate, at least to some extent, the subsidy “free-
rider” problem. In other words, this form of subsidy only costs 
the government money if a project defaults, in which case the 
project was probably sufficiently risky that it would not have 
gone forward without the additional incentive provided by 
loan guarantees.

limited liability
Due to the prevalence of coal in electricity generation, a 
major focus of recent climate-policy discussions has been 
overcoming hurdles to the commercialization of carbon 
capture and storage (CCS) technology. CCS entails capturing 
carbon released during energy production and sequestering 
it underground. Since the effects of a large accidental release 
of sequestered CO2 would undo the GHG benefits of the 
technology—and could potentially create additional risks to 
human health or the environment5—the liability involved in 
early CCS projects could discourage investment in related 
technologies. By capping either the magnitude of damages 
or the timeframe over which a CCS project operator is liable 
for such risks, the government could alleviate a potentially 
major impediment to commercializing CCS technology. The 
economic rationale for a government role in establishing 
a joint insurance pool or limiting liability is strongest if 
insufficient private liability insurance is available or if there 
are substantial difficulties in assigning liability. The latter 
issue is particularly significant given the decadal to century-
long timeframes relevant for CO2 storage and given the 
potential for sequestered CO2 to migrate through very large, 
interconnected underground reservoirs. On the other hand, 
liability protection provides a form of implicit subsidy by 
insulating parties from potential damages caused by their 
actions; as such, it may reduce incentives for those parties to 
take appropriate steps to mitigate risks where possible.

Previous Experience with Liability Caps
The federal government has established several liability caps 
in the past. The Price-Anderson Nuclear Industries Indemnity 
Act limits the liability of nuclear generation facilities. Reactor 
licensees are required to purchase the maximum amount 
of private insurance available ($300 million). Each licensee 
must also be prepared to contribute up to $95.8 million to an 
industry insurance pool in the case of an accident. Beyond 
these limits, there is no further private liability. The Montreal 
Convention limits the liability of airlines for damages incurred 
by passengers on international flights. The Oil Pollution Act 
(OPA), which applies to oil spills on water, limits liability based 
on the type and tonnage of a vessel. The OPA also governs 
the Oil Spill Liability Trust Fund, which is funded by a 5 cent-
per-barrel tax on oil. The fund is capped at $2.7 billion and 
may be drawn upon if a responsible party can absolve itself of 
charges of negligence and legal violations.

5  a significant accidental release of co2 has the potential to acidify soil or water, or even—under circum-
stances where the gas is trapped in an enclosed space—to suffocate animals and people.
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The Terrorism Risk Insurance Act establishes protocols for 
government assistance in the case of a major terror incident.  
The Act is triggered in cases where losses exceed $100 
million.  First, individual insurers must pay an amount up to 20 
percent of their total earned premiums.  After that threshold 
is passed, the federal government covers 85 percent of 
remaining damages. If damages to an industry are less than 
$27.5 billion, however, the assistance must be recouped from 
individual insurers as a surcharge on all commercial insurance 
premiums. There is an overall cap of $100 billion on total 
annual federal assistance.

Addressing Liability Issues for Carbon Storage
In addressing liability issues related to carbon storage, 
concerns about the potential climate impacts of CO2 leakage 
back to the atmosphere should be treated separately from 
concerns about the potential for human health and local 
environmental damages in the event of a large-scale release. 
In addition, it will be important for liability policies to be clear 
in terms of which components of the storage system (e.g., 
transmission, injection, storage) they cover and when they 
start and over what time periods they apply (e.g., immediately 
upon project completion, after an initial period once capture 
and storage are underway, etc.). 

In the case of carbon storage, the great diversity of possible 
sequestration sites makes estimating potential risks 
and damages difficult. Whereas the other liability funds 
discussed above were based on at least some actuarial 
data, little data exist for CCS technology and it is not clear 
that related practices—such as enhanced oil recovery—are 
sufficiently similar to provide reliable projections about the 
likely performance of large-scale CCS projects. Still, a small 
surcharge on carbon storage or other related activity is one 
option for supporting a CCS liability fund similar to the Oil 
Spill Liability Trust Fund. Another option for addressing 
climate-related liability concerns (as opposed to health and 
local environmental concerns) is to apply a small discount 
factor to carbon storage credits (if the potential for leakage is 
judged to be non-negligible); another is for the government—
after some period of time—to assume any regulatory liability 
should such leakage occur. 

The FutureGen initiative, which aims to have a working power 
plant with CCS operating by 2012, has already generated 
some activity in terms of liability policy. The final four potential 
sites for this initiative are in Texas and Illinois, and Texas 
has agreed to accept full liability for the project should it 
be located there. Illinois initially balked at offering liability 

protection, but has now adopted similar liability protections. 
It remains to be seen whether other states would accept this 
responsibility, or whether it will be adopted at a federal level. 
A potential downside is that federal liability protection could 
have the effect of associating CCS with nuclear power (which 
has a similar liability cap) and influencing perceptions about 
the potential for catastrophic damages. However, experts 
on carbon storage point out that the risk profile for CCS 
technology is fundamentally different from that of nuclear 
technology. Carbon storage appears likely to become safer 
(less prone to leakage) over time as the CO2 is dissolved 
or trapped in surrounding water or porous rock. The risks 
associated with storing nuclear waste, on the other hand, 
arguably increase over time in the sense that the potential for 
leakage may be higher in the future than it is in the present 
(although the consequences of such leakage also become 
less severe over time as the waste decays and its radioactivity 
declines).





ISSUE BRIEF 11

THE ElECTRICITy SECTOR 
AND ClImATE POlICy

KAREN l. PAlmER AND DAllAS BURTRAw

11



THE ELECTRICITy SECTOR AND CL IMATE  POL ICY

148

Karen L. Palmer and 
Dallas Burtraw

THE ELECTRICITy SECTOR  
and cliMate policy

SUMMARy 
The electricity sector is the most prominent 
target for climate policy because it is the 
largest single source of carbon dioxide (CO2) 
emissions and of potential CO2 emissions 
reductions in the United States. Moreover, 
because electric power generators are 
among the largest point sources of important 
air pollutants such as sulfur dioxide (SO2), 
nitrogen oxides (NOx), and mercury, the 
industry has been extensively regulated in 
the past. An economy-wide climate policy 
will achieve emissions reductions at least 
cost, but advocates of an electricity-focused 
policy believe it could serve as a bridge 
to—or component of—a broader policy. 
State governments have moved ahead 
of the federal government in adopting 
various climate-related policies that affect 
the electricity sector, some of which may 
complement and some of which may conflict 
with a future federal policy. 

One of the major challenges of designing •	
a federal cap-and-trade system for 
greenhouse gas (GHG) emissions is 
addressing the heterogeneous way 
such a system would affect electricity 
producers and consumers across the 
country. This heterogeneity arises from 
regional differences in the way electricity 
is regulated and in the fuels used for 
electricity generation. 

In states with market-determined prices, free •	
allowance allocation to emitting companies 
can deliver net gains to companies and 
provide little relief to customers.  

In states under cost-of-service regulation, •	
free allowance allocation is likely to 
produce essentially the opposite result: 
providing benefits to customers with little 
net financial impact on companies. 

In general, the electricity industry should be •	
able to pass through a large fraction of the 
cost of emissions reductions by charging 
consumers higher prices for electricity. 
At the sector level, only a small share of 
allowances created by a cap-and-trade 
policy would need to be distributed for 
free to incumbent generators to preserve 
the market value of the industry’s portfolio 
of existing assets—this point being most 
relevant for market-based generators. At 
the level of an individual firm, however, the 
effects of a mandatory climate policy on 
the market value of existing assets can be 
more severe. 

Technology standards, performance •	
standards, and programs to increase 
energy efficiency are thought to be less 
cost-effective, from a broad economic 
perspective, than emissions caps (or taxes) 
as a means of reducing CO

2 emissions. 
Nonetheless, these other policies may be 
justified as ways to address a market-failure. 
If CO2 emissions are capped, a key effect of 
these other policies would be to reduce the 
demand for, and therefore the price of, CO2 
emissions allowances; but they would not 
produce additional emissions reductions 
below the cap.
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Introduction
The U.S. electricity generation sector is responsible for 
roughly 40 percent of all CO2 emissions in the United States 
and 9 percent of energy-related CO2 emissions worldwide. 
Thus it is a major target of domestic climate policy proposals.1 
Proposals to cap emissions of CO2 from electricity generators, 
generally as a part of a larger package to reduce emissions 
of multiple pollutants, have emerged in each of the past 
several sessions of Congress. The electricity sector is also 
covered under numerous economy-wide GHG cap-and-trade 
proposals introduced in the 110th Congress. While none of 
the federal legislative proposals has been enacted, several 
states have proceeded with developing their own regulatory 
programs. A group of governors of ten Northeast states 
extending from Maryland to Maine, for example, has signed 
on to the Regional Greenhouse Gas Initiative (RGGI) with 
the aim of imposing the world’s second mandatory cap on 
CO2 emissions (after the European Union’s Emission Trading 
Scheme) beginning in 2009. The RGGI program seeks to 
reduce electric-sector emissions from participating states by 
approximately 35 percent below business-as-usual levels by 
2020. California has adopted a more stringent target: the state 
aims to return its economy-wide emissions to 1990 levels by 
2020. Moreover, California law specifies that the emissions-
reduction target includes all emissions associated with 
electricity generation to serve California customers, including 
emissions from facilities located outside the state.2 A group of 
western states, including Washington, Oregon, Arizona, New 
Mexico, Utah, and two Canadian provinces, have since joined 
California in an effort to develop a regional policy. Many other 
states have initiatives underway, including New Jersey and 
Florida, which recently proposed policies that address GHG 
emissions.

While cap-and-trade policies, either economy-wide or sector-
specific, have received the most attention in the domestic 
climate policy debate, a number of other potential policies 
have been proposed to reduce CO2 emissions from the 
electricity sector. Chief among these alternatives would be 
a CO2 emissions tax. A tax would have the advantage of 
being easier to administer and it would avoid the question 
of whether and how to allocate allowances to the private 
sector under a cap-and-trade program. Instead, policymakers 
would need to decide how to use tax revenues; but this 

1 emissions of co2 from the electricity sector account for 33 percent of total GHG emissions in the united 
states.

2 california’s in-state generation mix has relatively low emissions. the same is not true of the generation mix 
associated with power imported to the state. in fact, imported power accounts for roughly 20 percent of 
california’s electricity consumption, but about half of overall co2 emissions from electricity use in the state. 
legal restrictions under the commerce clause of the constitution and the Federal power act constrain the 
state’s ability to limit emissions from out-of-state sources of electricity, but efforts to design policies that 
would address this issue are underway.

decision is more explicit and transparent than free allocation 
of emission allowances. One of the reasons that regulated 
sources may prefer an emissions-trading program to a tax 
is that under past cap-and-trade systems, the great majority 
of emission allowances have been given away for free to 
companies, usually on the basis of a measure (such as heat 
input) that relates to past emissions. In the domestic climate 
policy debate, how to initially distribute emissions allowances 
remains an open question. Policymakers are struggling to 
define principles for the allocation of allowances and are 
seriously entertaining proposals that would auction (rather 
than give away for free) some or all of these valuable assets. 
At the same time, policymakers are considering a variety of 
additional options to address electric-sector GHG emissions, 
including renewable portfolio standards (RPS) and policies to 
encourage demand-side energy efficiency and conservation. 
GHG performance standards for new electricity generators 
could well emerge as another policy option; this approach 
would continue 35 years of regulatory precedent. The purpose 
of this issue brief is to summarize alternative approaches to 
reducing CO

2 emissions from electricity generation. 

Brief Background  
on the Electricity Sector
Two features of the electricity industry are important to 
understand when considering how to regulate CO2 emissions 
from this sector. The first concerns the mix of fuels used 
to generate electricity. Just over half (51 percent) of the 
electricity generated in the United States is produced using 
coal, which has an average CO2 emissions rate of roughly 1 
ton per megawatt-hour (MWh). Natural gas, the second most 
important fossil fuel used to generate electricity, accounted 
for approximately 16 percent of electricity generation 
nationally in 2004; average CO2 emissions per MWh 
generated using natural gas are roughly half the emissions 
associated with coal. Nuclear power and renewable energy, 
including hydropower, are important non-emitting sources of 
generation; they currently account for about 21 percent and 
9 percent of the nation’s electricity mix, respectively. Figure 1 
shows the mix of fuels used to generate electricity by region.

Table 1 shows changes in technology and fuel use in the 
electricity sector that could result from carbon regulation. The 
table shows the generation mix for 2004 and the projected 
mix for 2030 based on forecasts developed by the Energy 
Information Administration (EIA) under a business-as-usual 
scenario with no climate policy. The Electric Power Research 
Institute (EPRI) has studied the technical potential of advanced 
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power-generation technologies that could be deployed in 
response to a climate policy, setting aside cost considerations. 
EPRI contemplates a dramatic increase in nuclear and 
natural gas, and a decline in new conventional coal plants, 
with the new coal generation that does get built shifting 
toward systems that make use of carbon capture and storage 
technology. The EIA has analyzed a price-based policy that 
would impose a cost of $35 per ton CO2 (in 2004 dollars) by 
2030. EIA’s projections for nuclear power are similar to those in 
the EPRI study, but the EIA results show much smaller growth 
in natural gas generation. A smaller increase in natural-gas 
use is made up by additional growth in non-hydro renewables. 
Compared to EPRI, EIA also finds a much larger decline 
in coal generation under GHG constraints and a bigger 
decline in total electricity generation. Perhaps the distinction 
to note between these two studies is that EIA presents a 
more conventional view of technology options but offers 
an economic view of how investment decisions are made. 
One important issue that neither study is able to account 
for is the difficulty of siting new facilities. This deployment 
hurdle is especially daunting for nuclear power and for new 
transmission capability, which may be necessary to bring 
renewables to market. In addition, there is no experience 

with siting infrastructure for large-scale carbon capture and 
storage.

The mix of fuels used to generate electricity varies 
substantially across the country with coal playing a big role in 
the Midwest, Southeast, and Mountain states and natural gas 
being more prominent in the Gulf states, New England, and 
the Pacific states. This variation is important because coal-
dependent states would be more affected by CO2 restrictions 
than other states. Renewable resources are also concentrated 
more heavily in some parts of the country than in others, as 
indicated in Figure 2. This figure shows how much of different 
kinds of non-hydro renewable generation are projected to 
come from different regions under an EIA model simulation 
of a policy that requires renewable generators to supply 
15 percent of the electricity sold by large utilities in 2020. 
Figure 2 suggests that a national policy designed to promote 
increased use of renewable resources will have differential 
impacts across regions of the country. Of particular interest 
is the effect in the Southeast, where EIA finds that biomass 
generation, both from dedicated biomass plants and from co-
firing with biomass at existing coal plants, grows substantially. 
Some doubt this finding because it is not clear that available 

Figure 1 Electricity Generation by Fuel in 2005
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biomass resources in the Southeast are as abundant or low-
cost as the EIA analysis assumes. Nationally, the EIA modeling 
results show a ten-fold increase in biomass generation from 
2005 levels and a nearly three-fold increase over the levels 
that would be expected absent the 15 percent renewable 
energy requirement.

Regional differences in the effects of a federal climate policy 
are also driven by variations in the structure and regulation 
of the electricity sector. The traditional industry structure of 
vertically integrated utilities supplying retail customers with 
the bulk of their electricity needs at regulated prices is still 
the dominant model in much of the country, including in the 
South and in the Mountain and Plains states. States in other 
parts of the country have opened their electricity sector to 
more competition in generation, with generally limited entry 
by competitive retail providers, and have seen divestitures 

of generation assets to independent power producers. In 
these regions, the prices paid by electricity consumers reflect 
the marginal costs of generation as determined in wholesale 
markets rather than regulated rates set to guarantee cost 
recovery for service providers. This difference has important 
implications for how customers experience the costs of 
climate policies, particularly under different methodologies for 
allocating emissions allowances in the context of a cap-and-
trade policy. We return to this issue in a later section.

Economy-wide versus Electricity-
Specific Programs
The question of whether a policy should be economywide 
or focused on the electricity sector is a complex one. As 
discussed at length in other issue briefs (notably Issue Briefs 
#4 and #5) a broad-based policy that includes all GHG sources 

Generation (billion kWh) Change in Generation from EIA Reference Case (billion kWh)

Technology Data EIA 
Reference Case EPRI Advanced Technology Targets* EIA Cap-Trade Case (CT-3)**

Nuclear 789 871 506 547

Renewables*** 323 504 123 687

Total Coal 1,954 3,205 -310 -1,439

   Coal w/ CCS 789 ****

Natural Gas 619 822 -352 48

Petroleum 115 101 -74

TOTAL 3,800 5,503 -102 -231

* amounts in this column do not sum to the total because of additional data not presented here.
**allowance price in cap-trade case (2004 dollars): $22.09/ton co2 in 2010 and $35.34 in 2030. 
***includes hydro.
****except for plants currently under construction the only coal plants built have ccs technology.

2004 Generation Data: Total Electric Power Industry data from Table EIA-906: “Net Generation by State by Type of Producer by Energy Source.” Available at http://www.eia.doe.gov/cneaf/electricity/epa/epa_sprdshts.html.

EIA Reference Case and Cap-Trade Case: Energy Information Agency, “Energy Market Impacts of Alternative Greenhouse Gas Intensity Reduction Goals,” (Table ES 2b) March 2006. Available at: http://tonto.eia.doe.gov/FTPROOT/
service/sroiaf(2006)01.pdf. 

EPRI Advanced Technology Target: S. Specker, “Electricity Technology in a Carbon Constrained Future,” (page 15) Electric Power Research Institute. February 2007. Available at: http://mydocs.epri.com/docs/CorporateDocuments/
Newsroom/EPRIUSElectSectorCO2Impacts_021507.pdf.

Table 1 technologies for electricity Generation in 2030.
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and sinks will achieve the most emissions reductions at the 
lowest overall cost to society. In particular, a singular focus 
on the electricity sector will tend to direct energy consumers 
away from electricity and toward the direct use of primary 
fuels such as natural gas or oil. This would shift emissions to 
un-covered sources (creating emissions “leakage”) and would 
undermine the environmental objectives of the program. 
Sector-specific policies may have their own independent 
justifications and consequences, but such programs assuredly 
would not achieve emissions reductions in the most cost-
effective manner because the cost of emissions reductions 
would vary across sectors. If a cap-and-trade approach is used, 
then applying it broadly—to as many sources and sectors 
as possible—would create rational price signals for all sorts 
of investment and consumption decisions throughout the 
economy. 

As an initial step, a sector-specific policy could be consistent 
with the ideal of a broad-based approach if it creates a bridge 
to a more comprehensive program. EIA modeling analyses 
of various cap-and-trade programs suggest that roughly two-

thirds to three-fourths of emissions reductions under a broad-
based approach will come from the electricity sector, at least 
for the first couple decades of a flexible economy-wide CO2 
program. Thus there may be significant overlap between the 
nearer-term, relatively low-cost emissions reductions elicited 
by an electric-sector-only policy and an economy-wide policy. 
Starting with a sector-specific policy may also avoid some of 
the competitiveness concerns that tend to arise in connection 
with an economy-wide program, since the electricity sector 
at a national level is not subject to export substitution in the 
same way that other energy-intensive sectors (aluminum, 
for example) may be. That is, focusing on electricity in a 
domestic policy is unlikely to lead to an exodus of electricity 
producers. However, even a sector-specific policy is unlikely to 
comprehensively capture all GHG emissions from electricity 
generation, depending on how affected sources are defined. 
Some program designs, for example, might not cover off-grid 
or self-generation and may inadvertently create incentives 
for expanded self-generation (especially by large electricity 
users).

Figure 2 Predicted Renewables Generation by Type in 2020
under a 15% Renewable Portfolio Standard

Source

Geothermal

Municipal Waste

Wood and Other Biomass

Wind
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West
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4.62 9.24

69.27

6.18
22.13

138.20

12.17
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29.89
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Generation (billion kWh)

Generation (billion kWh)

This map displays an approximate representation of the regional renewable generation results from the “Impacts of a 15-Percent Renewable Portfolio Standard” by 

the U.S. Energy Information Administration, Report # SR-OIAF/2007 -03, June 2007.
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Regulatory Options  
in the Electricity Sector
Several options exist for regulating CO2 emissions in 
the electricity sector. Some are mutually exclusive while 
others could be implemented in a complementary fashion. 
Reductions in electric-sector CO2 emissions will be brought 
about by changes in demand and supply. The list of policy 
options reviewed in this issue brief is organized roughly in 
order of increasing prescriptiveness at the federal level; in 
addition, the policy options further down the list may imply a 
greater role for state agencies:

Incentive-based GHG policies (cap-and-trade  •	
or emissions tax)
Performance standards•	
Technology standards and direct technology support•	
Introducing environmental concerns into resource planning•	
Policies to promote demand-side efficiency•	

Incentive-Based Approaches
Economists view incentive-based regulation—either a 
cap-and-trade program or emissions taxes—as the most 
efficient approach to reducing emissions. By imposing a 
cost on all emissions, both provide strong incentives for 
continuous innovation to develop lower-carbon technologies 
for electricity generation. Although there are differences 
between tradable permit systems and a tax, a cap-and-trade 
program can be modified to mimic some of the features of a 
tax and vice versa.3 In particular, assuming banking is allowed 
in a trading program, both a trading approach and tax give 
firms flexibility in terms of the nature and timing of mitigation 
measures undertaken. For purposes of this discussion we 
focus on cap and trade, because this approach is featured in 
most current proposals. 

To what extent a carbon pricing policy creates incentives for 
electricity consumers to reduce consumption depends in 
part on how electricity prices are determined and on how 
emissions allowances are distributed initially. Both issues are 
discussed at length below. 

Performance Standards
Performance standards come in two flavors. We use the 
term ‘technology standard’ to refer to standards that do 
not provide any flexibility in the design or operation of 
a facility. By contrast, the term ‘performance standard’ is 
increasingly being used to describe a standard that must be 
met, in aggregate or on average, by a portfolio of facilities, 

3 see issue Brief #5.

perhaps with different technologies. In other words, such 
standards specify a maximum or, when trading is allowed, 
an average level of emissions that is not technology specific. 
Recent proposals have called for a clean energy portfolio 
standard to encourage a mix of new nuclear, renewable, 
and new fossil generation with carbon capture. Another 
example that has already been adopted by several states 
is the renewable portfolio standard (RPS), which requires 
a certain level of generation using non-hydro renewable 
energy resources (rather than non-emitting technologies 
more generally).4 Portfolio standards typically require that 
a percentage of electricity generated or sold to customers 
must be provided using a listed set of technologies. Most 
proposals for a national-level portfolio standard would give 
electricity providers flexibility to determine what mix of listed 
technologies allows them to meet the standard most cost-
effectively and would provide the added flexibility of trading. 
Trading allows utilities that face higher costs for renewable 
energy to purchase excess renewable- or clean-energy credits 
from other utilities or merchant generators that face lower 
costs to help meet their compliance obligation. More than 
20 states have adopted RPS policies. Generally these policies 
make retail utilities responsible for compliance. In contrast to 
a national policy that would likely allow relatively unrestricted 
credit trading among utilities, trading under all but a handful 
of state policies is more constrained in the sense that it is 
generally limited to sources within a nearby geographic 
region. Several state programs also have specific targets or 
requirements for particular types of renewables, such as solar 
power, under the broader RPS.

Performance standards or portfolio requirements can be used 
to overcome deployment hurdles for renewable sources of 
energy.5 As a technology deployment (rather than emissions 
reduction) policy, a national RPS would tend, in the short run, 
to have a fairly small effect on electricity prices in competitive 
wholesale power markets—at least as long as incumbent 
facilities continue to operate, which is likely to be quite a long 
time in the electricity sector. The near-term effect on electricity 
prices would likely be small because renewable energy credits 
that subsidize the operating cost of renewable generators 
are essentially funded by payments from the existing fleet 

4 Both types of proposals have been introduced in the 110th congress. senate amendment 1538, for ex-
ample, would establish a national clean energy portfolio standard, whereas senate amendment 1537 and 
similar legislation in the House of Representatives (H.R. 969) would establish a national renewable portfolio 
standard. 

5 as noted previously, the application of portfolio standards or other forms of regulation to emissions 
sources that are also covered under a cap-and-trade program will not produce additional emissions 
reductions—such policies may affect the means used to achieve the cap or the distribution of emissions 
reductions across different sources and entities, but overall emissions will always rise to the level of the cap. 
additional technology-oriented policies can, however, be expected to reduce the market price of allow-
ances (by effectively creating a separate constraint on emissions that reduces demand for allowances), thus 
potentially also ameliorating the apparent price impacts of the policy (albeit not its overall cost to society). 
For further discussion of these issues and of the arguments for and against technology deployment policies 
more generally, see issue Brief #10.
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of fossil generators. Although these payments raise the 
variable cost of operation for fossil generators, the change 
in marginal generation cost is offset to some degree by the 
reduced utilization of high-cost fossil units that are displaced 
by the introduction of renewables. In the long run, however, 
the marginal cost of generation will be dominated by new 
investment and at that point the subsidy for renewables would 
be more apparent in electricity prices. 

Wind would likely be the dominant new technology to enter 
the market in response to a national renewable energy 
mandate, particularly if the RPS target is relatively low. Wind 
energy has low variable costs—once a wind facility is built, the 
costs of operating that facility are relatively small since it uses 
a “fuel” that, when available, is essentially free. Thus, although 
wind is an intermittent resource, the marginal cost of using it 
to produce a MWh of electricity is likely to be smaller than the 
market value of the renewable energy credit it would generate 
under a mandatory RPS. To the extent that the subsidy effect 
of the credit more than compensates for variable operating 
costs at renewable energy plants, the immediate impact of 
the RPS policy on electricity prices would likely be small. 
Under somewhat higher national RPS targets, of course, 
other renewable technologies—notably biomass—would 
be expected to play a more important role. Nevertheless, 
variable operating costs for biomass generation, though 
they are typically higher than variable operating costs for 
wind, would likely still be significantly offset by the value of 
renewable energy credits. Thus, in competitive wholesale 
power markets, during specific times of day and in specific 
regions, an RPS policy may actually lead to a reduction in 
electricity price in the near term. 

In competitive markets, existing fossil-fuel electricity 
generators (rather than end-use consumers) would be 
expected to bear the lion’s share of the cost of a renewable 
or clean energy technology requirement in the form of lower 
profits. Also, by reducing electricity producers’ demand for 
natural gas, an RPS policy actually can reduce the price of 
natural gas to households and businesses. An RPS policy may 
help to reduce the cost or improve the performance of future 
renewable power sources if the industry, through learning-
by-doing as more renewables are brought on line, discovers 
cheaper ways to build and more efficient ways to operate 
renewable energy technologies. 

As already noted, renewable energy policies do not target 
CO2 emissions directly; thus they will not produce emissions 
reductions as cost-effectively as a cap-and-trade approach. 

Even in their most efficient forms—including, for example, 
program designs that allow for national-level trading—
portfolio standards that target particular technologies are 
a more costly way to achieve emission reductions than 
approaches that address emissions directly through a cap-
and-trade program or an emissions tax. Renewable energy 
mandates may induce the deployment of targeted generation 
technologies in an efficient manner, but the targeted 
technologies may not be the least-cost option for reducing 
emissions. Instead, the more compelling justification for such 
policies is likely to be grounded in the argument that they are 
needed to address market problems that would otherwise 
hinder the deployment of even cost-effective renewable 
energy resources. Furthermore, the fuel-use interaction is 
complex. Research has shown that at a national level, an RPS 
policy would tend to displace natural gas generation more 
than coal—thus existing high-emitting plants would probably 
not be displaced by renewables; instead, new gas plants 
would not be built. 

Technology Standards and Direct  
Technology Support
Technology standards prescribe minimum emissions 
performance requirements for electricity generation 
technologies. Familiar examples include the new source 
performance standards that apply to all new generation 

To what extent a carbon 
pricing policy creates 
incentives for electricity 
consumers to reduce 
consumption depends in 
part on how electricity prices 
are determined and on how 
emissions allowances are 
distributed initially.
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facilities under the Clean Air Act. New source performance 
standards currently exist for SO2 and NOx and generally 
require the installation of “best” available control 
technologies on new generators. Although known as 
performance standards because they are denominated by a 
performance metric (typically expressed in units of emissions 
per unit of heat input or, in some cases, emissions per unit of 
electricity output), in practice there is typically one identified 
(best) technology that can achieve the standard. In the climate 
context, an example of a technology standard would be to 
require that all new coal-fired power plants be equipped with 
the technology to capture and sequester CO2. 

Legislation recently adopted in California (Senate Bill 1368) 
creates a de facto technology standard by prohibiting the 
state’s utilities from entering into long-term contracts with 
generators that emit more than 1,100 pounds of CO2 per 
MWh of electricity output. Besides renewable or other 
zero-carbon technologies, the only conventional fossil-fuel 
technology now available that can meet this standard is a 
natural gas-fired combined-cycle gas turbine. Coal plants 
could not meet this standard using current technology; they 
would need to incorporate carbon capture systems. The 
technology for carbon capture is still in the development 
phase, however, and has not yet been deployed on a large-
scale, commercial basis. It is unclear what effect the California 
standard will have in the near term because other western 
states have had the opportunity to shuffle resources such 
that power conforming to the standard could be sold into 
California while higher-emitting generation was dedicated to 
other parts of the region. However, research at the California 
Energy Commission indicates that the opportunity for 
sustained contract shuffling—after accounting for ownership 
and long-term contracts, along with oversight by California 
agencies—is limited.6 In addition, accounts in the trade press 
suggest that the California standard has already altered the 
investment climate for new capacity outside the state by 
introducing the risk that uncontrolled coal facilities may not be 
able to serve the California market. If such standards become 
more widespread they will certainly spark more investment 
in developing the technologies and regulations necessary to 
make a carbon capture and sequestration commercially viable.

One difference between the performance (or portfolio) 
standards described above and more rigid technology 
standards is that the former typically target the characteristics 
of a mix of generation technologies while the latter target 

6 alvarado, a and Griffin K. (2007). Revised Methodology to estimate the Generation Resource Mix of 
california electricity imports: update to the May 2006 staff paper. sacramento, ca: california energy 
commission.

the characteristics of a specific generation technology. The 
rationale for technology standards is closely linked to the 
long expected life of new generating facilities, most of which 
are likely to operate for a half century or more. However, 
technology standards also raise the cost of building new 
facilities relative to the cost of continuing to operate existing 
facilities, thereby delaying equipment turnover and the 
efficiency improvements that would result from replacing 
old technology. Also, rules governing what constitutes “new 
equipment” when existing facilities are upgraded raise 
difficult administrative issues. Consequently, although taken 
for granted as a good idea by most environmental advocates, 
technology standards are among the regulatory approaches 
least favored by economists. 

Finally, we note that, in practice, development and 
deployment policies directly targeting specific technologies 
can be used to fund or otherwise provide direct support for 
technologies that are expected to be relevant for generating 
electricity with low net GHG emissions. Such policies are 
discussed in more detail in Issue Briefs #9 and #10. The key 
trade-offs in developing technology policies revolve around 
the difficulty of identifying which technologies should receive 
direct support and at what stage of development. Other 
critical questions include how much support should be 
provided and in what form. Direct technology support has 
been an important component of U.S. energy policy in the 
past, and is likely to continue to be so in the future.

Introducing Environmental
Concerns into Resource Planning
Investment in cleaner generating technologies is critical to 
reducing CO2 emissions from the electricity sector. States have 
used several approaches to encourage such investments, 
in many cases by intervening in the generation planning 
process to require greater emphasis on renewable energy 
technologies or demand side management. Another approach 
that several states relied on in the past was to require that 
environmental costs be incorporated in integrated resource 
planning in a quantitative manner. A formal open resource 
planning process is often part of public utility commission 
oversight of the investment plans of regulated utilities; as 
part of that process, both supply-side generation options and 
demand-side energy-efficiency options may be considered. In 
the planning context, social costs may be included by giving 
weight to the environmental performance of various resources. 
Around the time the 1992 Energy Policy Act was passed, 
roughly 20 states included environmental costs in some 
manner in resource planning. In retrospect, many of those 
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states were the ones that moved to deregulate their electricity 
markets and sever the link between independently-owned 
generation and regulated load serving entities, thereby ending 
states’ direct regulatory influence over investment planning. 
Nonetheless, the integrated resource planning process 
survives, especially in regions with cost-of-service regulation, 
although the extent to which environmental costs are explicitly 
included varies across states.

Demand-Side Policies
Another way to reduce emissions is to reduce demand for 
electricity by improving the efficiency of electric appliances 
and equipment. Separate from the climate debate, numerous 
policies and measures have been advanced at the federal 
and state levels to promote energy efficiency; common 
strategies have included appliance standards, utility demand-
side management (DSM) programs, and building codes and 
standards. 

The climate debate has renewed interest in demand-side 
policies at both the federal and state levels. Policymakers are 
looking for ways to expand and improve the performance 
of existing utility conservation and DSM programs and to 
promote these programs more broadly. Under traditional rate 
regulation, utility revenues and profits are tied to electricity 
sales at a set tariff. Because utilities earn more by selling more 
electricity they have little incentive to work to reduce customer 
demand. One way to address this incentive problem is known as 
revenue decoupling; as the term implies, it involves breaking 
the link between utility revenues and number of kilowatt 
hours sold. Instead, electricity prices are adjusted in a way 
that keeps overall revenues whole. Decoupling changes the 
incentives such that it is in the utility’s interest to minimize 
costs per customer served, including—where cost-effective—
by helping that customer reduce end-use demand. To make 
the utility whole, the kilowatt-hour price of delivered electricity 
may rise as increased efficiency investments lead to lower 
sales. From the perspective of an individual customer, a higher 
price will provide further incentives to reduce consumption; 
it may also, however, lead to some electricity users cross-
subsidizing others, depending on how efficiency expenditures 
affect different classes of customers. Advocates of revenue 
decoupling claim that it removes disincentives for utility 
investment in customer-side efficiency improvements, but 
that by itself may be insufficient to provide positive incentives 
for expanded DSM programs. Consequently, some states are 
going a step further by allowing utility-company shareholders 
the opportunity to earn a return on capital investments in 
energy efficiency.

Some states, such as Texas, are experimenting with yet 
another policy option, known as an efficiency portfolio 
standard (EPS). Much like an RPS, an EPS requires utilities 
to use energy efficiency programs to meet a minimum 
percentage of projected demand for electricity services. 
Equivalently, utilities must acquire efficiency credits in 
proportion to generation, where credits are created by 
investing in energy efficiency programs. A few states, 
including Connecticut and Hawaii, have combined the RPS 
and EPS to create a minimum standard for efficiency and 
renewable generation. Both policies—EPS and RPS—have 
also been proposed at the federal level.

Implementing efficiency portfolio policies (and evaluating 
demand-side programs more generally) poses important 
challenges in terms of measuring and verifying the amount 
of energy saved by particular measures and investments. 
Engineering studies typically conclude that there are 
enormous opportunities to improve end-use efficiency 
at low cost. According to one study that involved three 
national laboratories, electricity demand reductions on the 
order of 24 percent are achievable nationwide.7 However, a 
variety of institutional and market barriers stand in the way 
of capturing these savings. For instance, due to the diffuse 
nature of many energy-saving opportunities, identifying 
and implementing efficiency improvements is often an 
unrecognized or low priority for busy firms and households. 
Also, efficiency programs frequently have a variety of hidden 
administrative costs. In many cases, incentives are not aligned 
with responsibility for investment decisions and control over 
energy practices within business organizations, institutions, 
and buildings. Another factor that may diminish the cost-
effectiveness of efficiency measures as a means to reduce 
GHG emissions is that reduced demand for electricity tends 
to back out investments in new generators, which themselves 
tend to be more efficient and have lower CO2 emissions rates 
per kWh than older generators.

Allowance Allocation in  
the Electricity Sector
The presumptive design for federal legislation to curb U.S. 
GHG emissions at this time is a cap-and-trade program. 

7 interlaboratory working Group (2000). scenarios for a clean energy Future. oak Ridge national labora-
tory, oak Ridge tennessee; lawrence Berkeley national laboratory, Berkeley, california; and national 
Renewable energy laboratory, Golden, colorado. the study identifies the “achievable energy savings 
potential,” which is a subset of energy efficiency measures that have been identified as cost-effective on 
an engineering-cost basis and achievable based on past experience and the propensity of the electricity-
consuming households and businesses to adopt such measures. other studies find similar results—that 
is, estimated savings on the order of a 25 percent reduction in electricity use—for various regions of 
the country. see nadel, s., shipley, a., and elliott, R.n (2004). the technical, economic and achievable 
potential for energy efficiency in the u.s.—a Meta-analysis of Recent studies. american council for an 
energy-efficient economy, washington, dc.
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Whatever means are adopted to achieve emissions 
reductions, the lion’s share of costs of reducing electric-sector 
CO2 emissions will be borne by electricity customers, and a 
smaller share will fall to firms and their owners. A cap-and-
trade program provides an obvious way to cushion these cost 
impacts by creating a valuable asset—emissions allowances—
that can be transferred back to customers and firms. Deciding 
how, exactly, to distribute allowance value to intended 
parties via allocation is not straightforward. Furthermore, 
providing free allowances as a means of compensating 
particular stakeholders tends to raise the cost of the overall 
policy dramatically compared to auctioning emissions 
allowances and using the proceeds in ways that boost overall 
economic efficiency (e.g. by reducing taxes on income or 
investment).8 Thus, some of the most vexing issues associated 
with designing a cap-and-trade program involve the initial 
distribution of emissions allowances, including whether 
allowances should be directly allocated or auctioned. 

The question of how to allocate CO2 emissions allowances 
within the electricity sector is complicated by important 
differences in the way states regulate electricity markets. At 
present, the country is divided into essentially two regulatory 
models: in some states, markets determine the generation 
component of electricity price while in other states electricity 
prices are set by cost-of-service regulation. In price-regulated 
markets, generators most likely will not be allowed to pass 
through the cost of GHG emissions under a cap-and-trade 
program if they have been given free allowances. This is 
because free allowances have zero original cost and original 
cost is what regulators add to a firm’s total cost to determine 
electricity rates. Even though utilities will consider the 
opportunity cost of using free allowances in the operation 
of generation technology, this opportunity value will not be 
reflected in retail prices in regulated regions. In competitive 
regions, however, the opportunity cost of using allowances will 
be reflected in retail prices—that is, even if generators receive 
a free allocation initially they will pass allowance costs through 
to customers to the extent they can. This difference means 
that if allowances are distributed for free to generators based 
on a fixed historic measure, the impact of a mandatory CO2 
policy on electricity prices will be much greater in states where 
markets set electricity prices than in states where regulators 
set prices based on cost. Depending on the stringency of the 
climate policy, this difference could result in major disparities 
in the electricity price increases that occur across different 
states and regions under a common federal cap-and-trade 
program for GHG emissions.

8 these topics are extensively discussed in issue Brief #6, which deals with allocation more generally. 

One way to address this disparity would be to auction 
emissions allowances to the highest bidder. Regulated 
generators would then pay a price for each allowance they 
acquire; this cost would become part of utilities’ total cost 
and thus would be folded into retail rates. In the long run, 
generators in regulated regions could be expected to recover 
their emissions costs; in the short run, however, regulators 
may be reluctant to let electricity prices rise too far—as a 
result, there is always some possibility that they may disallow 
some portion of costs, whether those costs are related to 
environmental policy or to other issues. 

Auctions also have the beneficial attribute that they generate 
revenue that could be used to achieve other policy goals.9 
However, this benefit hinges on the wise handling of revenue 
from the auction. As noted previously, revenues generated 
by an auction can be used to compensate consumers for 
higher energy prices by reducing existing taxes; for reasons 
discussed in Issue Brief #6, this is the approach favored by 
most economists because the efficiency-enhancing effect of 
reducing taxes on investment or income helps to minimize 
total net costs to society. Other policy goals could include 
promoting R&D investments to advance renewables and 
other new technologies and compensating stakeholders 
that are adversely affected by the policy (such as mining 
communities) or by a changing climate. Indeed, funds could 
be directed to reduce the impact of climate change through 
adaptation. Alternatively, free allowances could be allocated 
to consumers, either directly or through an intermediary 
organization, or to states (presumably based on population, 
generation, or emissions)—in that case, free allowances would 
have to be converted to cash by selling them to regulated 
entities. In the northeastern states’ RGGI memorandum of 
understanding, member states agreed to auction a minimum 
of 25 percent of the allowances created by the RGGI program 
and use the money to provide consumer benefits and for 
strategic energy purposes. Modeling has shown that the 
energy-efficiency investments funded by these allowance 
sales can reduce demand sufficiently to largely mitigate 
the electricity price increases that would otherwise occur in 
wholesale power markets. Many RGGI states have decided 
to auction fully 100 percent of their share of regional CO2 
emissions allowances under the RGGI cap, and many of 
these states envision using much of the resulting revenue to 
promote energy efficiency programs.

Although there are compelling arguments for auctioning all 
or most allowances under a cap-and-trade program, however, 

9 the advantages of auctions are discussed in both issue Brief #6, on allocation, and issue Brief #5 on trading 
versus taxes.
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several prominent proposals currently under consideration at 
the federal level provide for a substantial free allocation—at 
least in the early years of program implementation. The case 
for some free allocation is usually made on two grounds. 
First, policymakers may wish to shield consumers from price 
impacts related to the program (at least in areas that are 
still under cost-of-service regulation); although it is worth 
noting that this would also tend to diminish the efficiency of 
the policy by reducing incentives for customer-side demand 
reductions. The second motivation for a free allocation would 
be to compensate the shareholders of electricity-generation 
companies that are adversely affected by the policy. Research 
has shown, however, that accomplishing this latter objective 
should require only a portion of the total allowances needed 
to cover electricity sector CO2 emissions.10 Put another way, 
allocating 100 percent of allowances used by the electricity 
sector for free to generators would vastly over-compensate 
electricity suppliers in competitive regions, while benefiting 
electricity consumers in regulated regions.  

In fact, many companies in competitive regions stand to 
profit from a mandatory climate policy even if 100 percent 
of allowances are sold at auction. These firms benefit 
because electricity prices in competitive markets—which 
are virtually always set by the marginal cost of generation 
from a fossil-fired facility—will rise to reflect the cost of 
emissions allowances. Higher prices will apply equally to all 
electricity sold, regardless of how it was generated. Given 
that many firms also own non-emitting or low-emitting 
generators, the revenue gains they experience as a result 
of higher prices are likely to outweigh whatever allowance 
costs they incur as a result of the policy. For reasons noted 
previously, such over-compensation is not expected to occur 
in traditionally regulated electricity markets. In these markets, 
regulators typically set electricity rates to recover the original 
cost of utility expenses. Therefore, to the extent that any 
new allowance costs are covered by an allocation of free 
allowances, utility expenses would not increase and electricity 
prices (and utility revenues) would not be expected to rise. 

If policymakers decide to allocate emissions allowances 
for free based on the desire to compensate firms, they can 
adopt rules to achieve this goal at a lower cost (in the sense 
that fewer allowances must be given away to achieve a 
compensation goal) than simple grandfathering based on 
historic emissions. For example, free allocation could be 
based on particular firm-level metrics such as fuel mix or 

10 Modeling indicates that consumers bear eight times the cost that is born by shareholders under a cap-and-
trade policy in the electricity sector. Burtraw, dallas and Karen palmer, 2007. compensation Rules for climate 
policy in the electricity sector. Resources for the Future discussion paper 07-41. washington, dc: RFF

emission rates that provide some indication of a firm’s likely 
exposure to adverse cost impacts under GHG constraints. 
The cost of compensating adversely affected firms (along with 
the potential for conferring additional windfalls on other firms 
that stand to gain under the policy) might be lowered further 
if allowances are initially apportioned to states and then 
states adopt a specific formula for distributing allowances to 
emissions sources.11

Another possible approach to free allocation involves 
updating an individual firm’s share of free allowances based 
on a metric, such as share of total generation, which changes 
over time. Under this approach a firm that increases its share 
of total output can increase the share of free allowances 
to which it is entitled in the future. This has the desirable 
property that new entrants eventually receive allowances and 
retired emitters eventually do not. An updating approach 
is more feasible in the electricity sector than in other 
sectors because electricity production is a homogeneous 
good and easily measured. It also has the political virtue 
of mitigating the electricity-price increases that would 
otherwise be associated with a cap-and-trade policy in both 
regulated and deregulated regions (in contrast to other 
forms of free allocation that only limit the price increase in 
regulated regions).12 Unfortunately, shielding consumers 
from price increases also weakens incentives for end-use 
efficiency improvements, thereby raising the overall cost 
of the policy to the economy (where that cost includes lost 
profit to generators and losses in consumer well-being). 
On the other hand, an updating, output-based allocation 
can amplify the incentive for generators to shift to lower-
emitting technologies by driving up the price of emissions 
allowances (even as it has the opposite effect on electricity 
prices). Allowance prices can be expected to rise because 
an updating, output-based free allocation will tend to drive 
up the quantity of electricity generated (both by creating 
incentives for increased output and diminishing incentives 
for customer-side efficiency improvements). Increased output 
would likely translate to increased demand for allowances and 
upward pressure on allowance prices. 

As mentioned above, the reason relatively few allowances 
would be required to compensate the electricity industry 
as a whole is that the vast majority of costs associated 
with emissions reductions in this sector would be borne 
by electricity consumers. Free allocation to generators 

11 ibid.
12 this is because an output-based updating free allocation effectively creates a production subsidy: firms 

have an incentive to increase their output to capture a larger share of valuable free allowances in the future. 
this subsidy effect tends to drive prices lower as firms seek to sell more electricty. For a more thorough 
explanation of the incentive and price effects of different approaches to allocation, see issue Brief #6.
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compensates consumers in regulated regions of the country 
but benefits generators in competitive regions of the country, 
and hence accentuates regional differences in the incidence 
of cost under a mandatory climate policy. One proposal for 
addressing otherwise disparate price impacts across regulated 
versus competitive markets is to allocate emission allowances 
(or the value of emission allowances) to load serving entities 
(LSEs) based on one or more of a variety of measures 
including electricity consumption, population, or emissions 
by generators in a state. This approach is sometimes called 
“allocation to load.” Free allowances allocated to an LSE 
would reduce the company’s revenue requirements. This 
would offset the impact of the carbon policy on wholesale 
electricity prices and thereby mitigate the increase in 
retail electricity prices. As with an updating free allocation 
to generators, however, shielding consumers from price 
increases has the indirect effect of raising the overall cost of 
the program because it undermines incentives for low-cost 
end-use demand reductions. Furthermore, allocation to LSEs 

invites the question of how allowances should be distributed 
to these entities—e.g., on the basis of customers served, 
electricity delivered, or GHG emissions. Different allocation 
metrics imply a different regional distribution of costs under 
the program.

If the goal instead is to phase in higher retail prices so that 
consumers are increasingly exposed to the CO2 price signal 
over time, it may be advantageous to assign allowance value 
to load (using revenues presumably captured through a 
separate auction of allowances) rather than allowances per 
se. This is because direct allocation of free allowances can 
create a sense of entitlement among recipient firms that 
would not accompany the distribution of equivalent revenues 
from an allowance auction. More generally, the merits of using 
allowance value to compensate private interests must be 
weighed against the other public purposes to which this value 
could be applied—among them providing broad-based tax 
relief. Distributing auction revenues rather than allowances 
per se places compensation goals and other stakeholder 
claims for a share of the allocation pie on more level footing 
with these other potential uses. 

Beside the possibility of over-compensating some producers 
in competitive markets, experience with the European Union’s 
Emission Trading Scheme suggests that free allocation has 
other problems. For example, free allocation can invite 
arbitrary provisions such as set-asides for new sources, 
adjustments for facility retirements, and benchmarking (where 
eligibility for free allocation might be tied to a requirement 
that a facility achieves the same emission rate as the most 
efficient new facility in a given class of technology). A 
significant body of literature indicates that these types of 
rules generate incentives that can raise the cost of the overall 
program and produce unintended consequences. Such 
provisions will complicate the cap-and-trade program in ways 
that seriously erode its transparency and efficiency and lead to 
unanticipated wealth transfers. These problems are generally 
more significant for updating free allocations than they are 
for free allocations that are decided on a one-time basis and 
are not adjusted over time in response to the entry of new 
facilities or the closure of existing ones.

The reason relatively few 
allowances would be required 
to compensate the electricity 
industry as a whole is that the 
vast majority of costs associated 
with emissions reductions in 
this sector would be borne 
by electricity consumers. 
Free allocation to generators 
compensates consumers in 
regulated regions of the country 
but benefits generators in 
competitive regions of  
the country.
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SUMMARy
Transport is the second-largest source •	
of carbon dioxide (CO2) emissions and 
household vehicle use alone accounts for 
roughly 16 percent of total U.S. emissions. 
These emissions have been growing 
roughly 1.5 percent per year. 

Three factors affect CO•	 2 emissions 
from light-duty vehicles: vehicle use 
(typically expressed as vehicle miles 
traveled or VMT), fuel economy  (typically 
expressed in miles per gallon or mpg), 
and net greenhouse gas (GHG) emissions 
associated with the production and 
consumption of the transportation fuel(s) 
used. Fuel economy in turn is affected 
by vehicle characteristics as well as by 
operating conditions and practices.  
Growth in VMT has been the principal 
driver of rising emissions from the light-
duty vehicle fleet, since fleet fuel economy 
and fuel carbon content have remained 
relatively unchanged over the past decade. 

An emissions tax or cap-and-trade system •	
(or other carbon pricing mechanism) is the 
only incentive policy that simultaneously 
address all three of these factors, efficiently 
allowing trade-offs among them. Policies 
that target vehicle fuel economy or fuel 
carbon content, by contrast, do not provide 
incentives for reducing VMT. 

Concern about whether consumers •	
properly value fuel economy when 
purchasing vehicles has led to an emphasis 
on policies that directly address fuel 

economy rather than increase the price of 
fuel. Historically, the primary policy tool 
for influencing transport-sector energy 
use has been the Corporate Average 
Fuel Economy (CAFE) program. Although 
recent reforms to CAFE as it applies to light 
trucks have likely improved the program’s 
economic efficiency, further changes could 
potentially yield additional improvements 
in cost effectiveness. Such changes 
could include allowing trading across 
fleets and manufacturers, incorporating a 
“safety valve” or other cost-containment 
mechanism, and shifting to a “feebate” 
system. 

A cap-and-trade mechanism for CO•	
2 

emissions could be designed to focus on 
vehicle manufacturers. Based on expected 
lifetime emissions, it would look very similar 
to a tradable CAFE or feebate program, 
except that it would tend to raise the price 
of all vehicles to reflect their projected 
future emissions, not just those with low 
fuel economy. Such a program could be 
modified to encourage manufacturers to 
produce vehicles that utilize lower-carbon 
transportation fuels, such as biofuels, 
electricity, or eventually hydrogen. 

Fuel standards have also been proposed •	
to address apparent obstacles to the 
deployment of low-carbon fuels, such as 
the interconnectedness of infrastructure, 
vehicle fuel flexibility, and fuel production 
and distribution. In their most flexible and 
hence most cost-effective form, these 
proposals specify an average life-cycle 
emissions rate per gallon that must be met 
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in aggregate (where the life-cycle emissions rate includes 
emissions from all stages in the production and use of 
different fuels). 

When assessing the merits of policies designed to alter •	
the carbon intensity of transport fuels and energy sources, 
one must consider carbon impacts from the entire fuel 
cycle, taking into account the technologies and energy 
sources used to produce and distribute new fuels as well 
as emissions at the point of use. This is especially true for 
vehicles powered by biofuels, electricity, or hydrogen where 
upstream factors have a large impact on full fuel-cycle  
GHG characteristics. 

Although both a carbon tax and an emissions cap-and-•	
trade mechanism address all three drivers of transport-
sector GHG emissions, concern about other market 
failures—along with the view, held by some, that typical 
CO2 market prices will not produce the level of emissions 
reductions needed from this sector—makes it likely that 
complementary policies to address vehicle fuel economy 
and fuel carbon content will be adopted, either in addition 
to or instead of a CO2 pricing policy for transport-sector 
GHG emissions. The rationale for such policies does 
not rest on economic cost or efficiency arguments, but 
rather brings in a number of other policy judgments and 
objectives that are often deemed important. 

There is no doubt that an economy-wide carbon price •	
would align all incentives in the right direction and is 
needed. Additional policies may be useful, however, for 
the reasons noted above. To the extent that such policies 
are adopted, economic-efficiency considerations argue 
for maximizing cost flexibility to the extent possible 
(for example, by applying either trading or price-based 
mechanisms). Ideally, policymakers should seek to provide 
simultaneous incentives for vehicle manufacturers to 
continually improve fuel economy, for fuel providers to 
produce fuels with lower life-cycle carbon emissions, and 
for households to reduce VMT. 

If it proves necessary over time to undertake very deep •	
reductions in transport-sector emissions, fundamentally 
new technologies, infrastructure, and related institutions 
could be needed.  Policies that may work well in the 
near term to elicit early emissions reductions at a 
reasonable cost may not be as effective in a context 
where much deeper reductions and significant technology 
breakthroughs are required.

Transport-Sector Emissions
Electricity generation accounts for one-third of total U.S. 
GHG emissions, but transportation follows close behind, at 
28 percent. The light-duty vehicle fleet (cars and light-duty 
trucks) accounts for almost two-thirds (62 percent) of CO2 
emissions from transportation. Of these emissions, the vast 
majority—around 90 percent—comes from household vehicle 
use; commercial use represents the remainder. Since 1990, 
CO2 emissions from the transport sector have increased about 
1.5 percent per year, compared to an annual average increase 
of 1.8 percent for electric power-sector emissions.

The Federal Highway Administration (FHA) reports that the 
average fuel economy of new passenger cars rose from 17.4 
mpg in 1985 to 22.9 mpg by 2005, while the fuel economy of 
light trucks actually fell from 17.3 to 16.2 mpg.1  Over the same 
period, FHA reports that VMT increased by more than 60 
percent nationwide, from 1.6 trillion miles per year to almost 
2.7 trillion miles. It is precisely this combination of relatively 
flat fuel economy and sharply higher VMT that has driven 
recent growth in transport-sector CO2 emissions.

GHG reductions can be achieved by changing any of the 
three factors that drive overall emissions from the light-duty 
vehicle fleet: (1) net emissions associated with the production 
and use of vehicle fuels, (2) vehicle fuel economy, and (3) total 
miles driven (VMT).

For example, the carbon content of fuel could be reduced 
by mixing low-carbon biofuels with petroleum or by running 
vehicles on electricity or fuel cells that make use of low-carbon 
energy sources instead of using petroleum-derived fuels.2 
Improving vehicle fuel economy is an obvious way to reduce 
CO2 emissions, but this option may indirectly increase VMT if it 
lowers vehicle operating costs.3 Finally, any actions that reduce 
VMT will lower CO2 emissions as long as fossil fuels continue to 
supply a significant share of transportation energy needs.

Relevant Economic Actors
Decisions that affect transport-sector emissions are controlled 
by three groups of economic actors: households (including 
vehicle operators or drivers), vehicle manufacturers, and 

1 u.s. department of transportation (2006). Highway statistics 2005. washington, dc, Federal Highway 
administration. the Federal Highway administration lists all 2-axle, 4-wheel vehicles as light trucks. this 
doesn’t match the caFe new vehicle calculations, which only includes trucks up to 8500 GvwR (gross 
vehicle weight rating). there is a substantial number of pickups sold above 8500 GvwR so the numbers are 
not directly comparable.

2 co2 emissions are associated with the production of biofuels and may be released during electricity and 
hydrogen production as well; these must be taken into account when the benefits of these options are 
calculated.

3 this is know as the “rebound effect”: increased fuel economy lowers the per mile cost of driving and 
therefore could lead to more miles driven.
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fuel providers. Drivers and households have different 
preferences and their vehicle purchase decisions will reflect 
their willingness to pay for characteristics like power, comfort, 
appearance, utility, and fuel economy. All else equal, these 
preferences significantly affect the characteristics of the 
vehicles that manufacturers offer for sale. Equally important, 
households and drivers have significant control over VMT and 
over vehicle operating characteristics.4

For their part, vehicle manufacturers respond to consumer 
preferences, the competitive marketplace, and government 
requirements in determining the characteristics of the 
vehicles they produce. Manufacturers can alter the overall 
fuel economy of their fleets with existing technology, alter the 
fuel economy of specific models by changing technology, and 
alter their vehicles’ ability to use different fuels. Government 
mandates aside, manufacturers have sole control over the 
technology that will be offered for sale in new vehicles.

Fuel producers have the most direct control over the carbon 
content of the fuel delivered. Their decisions are affected by a 
number of factors, including fuel prices, vehicle fuel flexibility, 
fuel quality requirements, and fuel delivery infrastructure.

Regulatory Options for Reducing 
light-Duty vehicle CO2 Emissions
This issue brief discusses three categories of policies for 
reducing CO2 emissions from the light-duty vehicle fleet.  
Broad-based policies act to place a price on emissions from 
vehicles or, equivalently, to price the carbon content of the 
fuels they use; polices targeted at vehicles seek to reduce CO2 
emissions per vehicle mile traveled; and fuel polices seek to 
lower the carbon content of fuel directly. While each approach 
has strengths and weaknesses, the merits of one approach 
relative to another may change depending on the magnitude 
of emissions reductions targeted and the timeframe involved. 
If it proves necessary over time to undertake very deep 
reductions in transport-sector emissions—reductions that 
would require fundamentally new technologies, infrastructure, 
and related institutions5 —policies that may work well to elicit 
relatively low-cost reductions in the near term may become 
less effective. 

Many of the policies reviewed here seek to incentivize or 
mandate new technologies for improving the fuel economy 
of vehicles and the carbon content of vehicle fuels. When 

4 even holding vMt constant, the manner in which vehicles are driven and maintained, as well as the 
character of the transportation infrastructure, can affect co2 emissions per mile traveled.

5 an example of a “related insitution” would be an agency responsible for transportation planning.

assessing the merits of these policies one must consider 
the carbon impacts of the entire fuel cycle of the new 
technologies and fuels. For example, full electric vehicles 
produce no direct CO2 emissions, but CO2 would likely be 
produced in generating the electricity needed to charge their 
batteries.6  Similarly, biofuels can have lower carbon content 
than hydrocarbon fuels, but accurately assessing their carbon 
content requires accounting for the entire fuel life-cycle, from 
the technologies and energy sources used to process biomass 
feedstocks into transportation fuel back to the energy inputs 
and emissions outputs associated with cultivating, harvesting, 
and transporting energy crops in the first place.

Broad-Based Pricing Policies 
Current federal-level discussions of broad-based, economy-
wide programs to reduce domestic GHG emissions have 
focused on a cap-and-trade system using emissions permits 
or allowances and, to a lesser extent, on carbon taxes. Both 
policies put a price on emissions and thereby create economic 
incentives for emissions reductions. As noted in Issue Briefs 
#4 and #5, either an upstream carbon tax, an economywide 
upstream CO2 cap-and-trade system, or a stand-alone fuels 
tax would have the effect of pricing carbon emissions from 
transportation fuels.7

Because an emissions charge levied on the carbon content 
of fuel would increase the cost of driving, while imposing 

6  the same is true for hydrogen powered vehicles.
7  in an upstream system the regulated entity would likely be the petroleum refiner.

It is an open question whether 
carbon prices at the levels 
currently under discussion will 
be sufficient, by themselves, 
to bring “new” fuel efficiency 
technology into the 
marketplace.
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proportionally higher costs on less fuel-efficient vehicles,8 it 
could alter the vehicle purchasing and operating behavior of 
households. A higher per mile operating cost would provide 
incentives for households to reduce VMT, both by traveling 
less and by using other modes of transport (public transit, 
bicycling, etc.).9 It would also create incentives for households 
to purchase vehicles with better fuel economy and/or the 
ability to run on less carbon-intensive fuels.10  Changing 
consumer demand might in turn alter the mix of vehicles 
offered by manufacturers; it might or might not alter the  
fuel-efficiency technologies incorporated in new vehicles,  
at least in the near-term. Whether a carbon charge would  
be sufficient to encourage a significant increase in the  
actual production, distribution, and use of low-carbon  
fuels depends on the magnitude of the charge.

The effectiveness of a carbon price depends in large part 
on how responsive consumer behavior is to higher driving 
costs. Current estimates suggest that a 10 percent increase 
in fuel prices will cause fuel consumption to fall by 3 to 7 
percent over the long run. The decline in fuel consumption 
would be expected to come from a combination of reduced 
VMT and long-run changes in average fleet fuel economy.11 
Current analyses indicate that less than half the response 
would be expected to come from reduced VMT, while just 
over half would be attributable to improvements in fleet fuel 
economy.12 

Although most empirical studies support the notion that 
household consumption of gasoline is responsive to gasoline 
prices (which in turn would suggest that a carbon charge 
would elicit changes in overall VMT and average-fleet fuel 
economy), it is an open question whether carbon prices at 
the levels currently under discussion will be sufficient, by 
themselves, to bring “new” fuel efficiency technology into the 
marketplace. As one recent study points out, “there is a wide 
range of existing and emerging technologies for increasing 
new-vehicle fuel economy for which the discounted, lifetime 

8 conceptually, similar incentives could be achieved via a different mechanism—for example, by applying 
taxes through vehicle registrations on the basis of carbon emissions per mile (a straightforward function of 
the vehicle’s average fuel economy) multiplied by miles driven. this would require the vehicle’s computer 
to be “read” once a year for the mileage data. this approach would not yield precise results because of 
the difficulty of tracking other factors—such as the type of fuel consumed or driver behavior—that would 
affect actual emissions.

9 alternative policies have been proposed for incentivizing vMt reductions by increasing the cost per 
mile traveled—examples include pay-by-the-mile auto insurance, road taxes, tolls, and congestion fees. 
other policies attempt to alter vMt through land-use planning and enhanced (and/or subsidized) public 
transport. 

10 consumer demand for lower-emissions vehicles would give manufacturers a near-term incentive to offer 
flexible- and alternative-fuel vehicles capable of using lower-carbon biofuels. Manufacturers would also 
have greater incentives to make long-term investments in the development of “zero-carbon” all-electric 
and hydrogen-based vehicles. since many forms of electricity generation and hydrogen production pro-
duce co2 emissions, however, regulations on these upstream emissions sources would need to be in place 
to ensure that the policy produces desired results.

11 changes in average fleet fuel economy could result from consumers purchasing more fuel-efficient vehicles 
or from manufacturers incorporating more efficient technologies in the models they offer for sale, or a 
combination of both.

12 see parry, i., M. walls, et al. (2007). “automobile externalities and policies.” Journal of Economic Literature 
45(3): 373-399.

fuel savings appear to exceed the upfront installation 
costs.”13 One explanation is that households undervalue fuel 
economy and therefore are not willing to pay the marginally 
higher purchase cost of more efficient vehicles, leaving 
manufacturers with no incentive to develop or offer new fuel-
saving technologies.14 

If it turns out that households do value fuel economy, then 
new technologies will come into the marketplace when the 
cost of fuel becomes expensive enough. On the other hand, if 
the undervaluation issue is real, modest carbon charges alone 
may not create sufficient incentives to drive new technology 
into the market. Importantly, fuel economy standards, to the 
extent they correct a market failure separate from climate 
change—namely, the failure of fuel prices to capture the 
full energy-security costs of oil consumption—could be a 
relatively low-cost way to reduce emissions.

Vehicle-Oriented Policies
This section discusses a variety of policy options that aim to 
directly alter the GHG-emissions characteristics of vehicles.  
These options include fuel economy standards, emissions 
performance standards, tradable performance standards, 
feebates, vehicle-based CO2 cap-and-trade systems, and 
technology mandates. 

Fuel-Economy Standards
Although U.S. gasoline taxes (which currently average 40 cents 
per gallon) raise the cost of driving and therefore provide some 
incentive to reduce VMT and improve fleet fuel efficiency, 
the magnitude of this incentive has actually declined in real 
terms over the past several decades.15 Therefore, the primary 
sector-specific policy that currently exists to promote reduced 
transportation-related energy consumption is the Corporate 
Average Fuel Economy (CAFE) program.

The CAFE program was enacted in 1975 to reduce U.S. 
dependence on foreign oil. It requires each vehicle 
manufacturer to meet an average fuel-economy standard 
across new vehicles sold in the United States. Standards 
are applied separately to each manufacturer’s domestically 
manufactured cars, its foreign manufactured cars, and its 
light trucks. From 1975 to 1985, CAFE was responsible for a 
significant rise in the fuel efficiency of new cars (from less than 
15 mpg when the program was launched to approximately 25 

13 ibid.
14 the word “undervalue” is meant to describe the possibility that households appreciate the dollar value 

of the fuel savings that new technologies would provide, but for one reason or another do not properly 
consider these savings when evaluating the purchase price of a new or used vehicle.

15 see parry, i., M. walls, et al. (2007). “automobile externalities and policies.” Journal of Economic Literature 
45(3): 373-399.
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mpg in the mid-1980s).16 Since 1985, however, the overall fuel 
economy of the entire light-duty fleet (including light trucks) 
has been relatively flat or slightly declining. This is largely 
because the standards remained unchanged (until recently) 
even as consumer demand shifted toward larger vehicles 
which tend to have lower fuel economy (e.g., light trucks and 
sport utility vehicles).

The cost-effectiveness of CAFE as a public policy tool 
has been much debated,17 most recently in the context 
of modifications to the light-duty truck provisions of the 
program. Beginning in 2011, CAFE standards for light truck 
will vary according to the “footprint” of the vehicle.18 This 
change is intended to discourage manufacturers from relying 
on the production of smaller vehicles (which tend to have 
higher fuel economy) as a compliance strategy while creating 
differentiated standards that will more effectively encourage 
fuel economy improvements in light-duty trucks. Generally 
speaking, CAFE or any variant on a fuel-economy standard will 
serve to force efficiency improvements into the vehicle fleet. 
Moreover, if properly structured, fuel-economy standards can 
also provide incentives for manufacturers to produce flexible 
and alternative-fuel vehicles. However, CAFE by itself does 
not create direct incentives for consumers to purchase fuel-
efficient or alternative-fuel vehicles, nor does it ensure either 
that low-carbon fuels will be available and used by consumers.

Fuel economy standards like CAFE have been criticized 
more generally for a lack of cost flexibility. That is, all 
manufacturers must meet the same standard regardless of 
the cost of meeting that standard. Proposals for “tradable” 
CAFE credits would, in theory, add cost flexibility to these 
policy instruments. However, the benefits of this flexibility 
would be realized only if a viable trading market for fuel-
economy credits developed, and such a market is not 
guaranteed.19 A second alternative, recommended in a 2002 
study by the National Research Council, would be to include 
a “safety valve” mechanism in the CAFE program to limit 
costs. Much like the safety-valve provisions that have been 
proposed in connection with an economywide GHG cap-
and-trade program, the idea would be to make additional 
compliance credits available at a predetermined price. This 
would effectively cap the costs manufacturers could incur in 
complying with program requirements.  

The existing CAFE program has other downsides in addition 

16 see nRc (2002). effectiveness and impact of corporate average Fuel economy (caFe) standards. 
washington, dc: national Research council, national academy press.

17 ibid.
18 see pizer, w. and M. Baker (2005). understanding proposed caFÉ Reforms for light trucks. Backgrounder. 

washington, dc, Resources for the Future.
19 numerous auto manufacturer representatives have stated that such trading is indeed unlikely.

to the lack of cost flexibility. Standards must be updated over 
time if efficiency is to be continually improved—something that 
has proved to be politically difficult, at least in the U.S. context. 
Moreover, policies of this type provide no incentives to exceed 
the standard, in contrast to market-based policies like cap-
and-trade and CO2 taxes, which create financial incentives for 
continual improvement. Finally, and importantly, fuel economy 
requirements provide no incentive to reduce VMT.20

In addition, fuel-economy standards have been criticized for 
forcing manufacturers to adopt vehicle technologies that 
consumers do not value and, in doing so, perhaps degrading 
characteristics that consumers do value. This is worrisome 
from the manufacturers’ perspective, since it serves to dilute 
consumers’ enthusiasm for the vehicles offered and could 
reduce sales. 

Emissions Performance Standards
A vehicle performance standard based on expected CO2 
emissions per mile traveled would directly target vehicle 
GHG emissions. Like a fuel economy standard, a per-mile 
performance standard would require manufacturers to 
produce vehicles with improved fuel economy, but it would 
also encourage manufacturers to introduce vehicles that run 
on less carbon intensive fuels (such as biofuels, electricity, or 
hydrogen).

To be effective, it is critical that performance standards 
account for GHG emissions from the entire fuel cycle—that 
is, emissions generated during the production as well as from 
the use of fuels. This is especially important where vehicles 
utilize biomass, hydrogen, or electricity “fuels.” In contrast 
to conventional hydrocarbon fuels, where the great majority 
of emissions occur at the point of use rather than during 
upstream production, refining, and distribution processes, full 
fuel-cycle emissions for many alternative transportation fuels 
are dominated by upstream emissions. Thus, for example, 
GHG emissions from an all-electric vehicle are entirely 
dependent on how the electricity used to charge the vehicle 
was generated; similarly, different biofuels can have very 
different full fuel-cycle GHG characteristics depending on the 
specific biomass feedstocks, conversion technologies, and 
energy sources used to produce the fuel.

From a GHG-mitigation perspective, a per-mile CO2 
performance standard is more straightforward and perhaps 
effective than a fuel economy standard, since it goes directly 

20 the “rebound effect” may increase vMt. see small, K. and K. v. dender (2005). the effect of improved 
Fuel economy on vehicle Miles traveled: estimating the Rebound effect using u.s. state data, 1966-2001. 
university of california energy institute.
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to the policy objective of interest (reducing emissions) and 
gives manufacturers incentives to produce not only more 
efficient vehicles, but vehicles capable of running on lower-
carbon fuels. A CO2 performance standard, however, suffers 
from many of the same problems as fuel economy standards: 
it is inflexible with respect to cost, requires continual updating, 
does not provide incentives to exceed the standard, does not 
provide incentives to reduce VMT, and risks forcing consumers 
to pay for technologies they are not interested in purchasing. 
Flexible-fuel vehicles present an additional difficulty because 
there is no way to be certain about the extent to which they 
will actually be operated on the lower-carbon fuel, especially 
if there is some question about how widely available that fuel 
alternative will be.

Tradable Performance Standards
Fuel economy or emissions standards for new vehicles 
that do not allow trading among vehicle manufacturers are 
economically less efficient than policies that allow this kind 
of flexibility. Conceptually, cost-flexible standards encourage 
manufacturers with cheaper compliance opportunities to 
exceed the standard and generate credits, and then sell those 
credits to manufacturers who face higher compliance costs. 
Without trading, manufacturers who already meet the standard 
or who can reach it relatively cheaply have no incentive to 
do anything more, while other manufacturers must expend 
considerable resources to achieve the same ends. 

Adding tradability to performance standards is 
straightforward. Say new vehicles are subject to a fleet-
average emissions performance standard of 0.37 kilograms 
CO2 per mile (the equivalent of 27 mpg for a vehicle operating 
on gasoline). A manufacturer that beats (falls below) the 
standard by an average of 0.005 kilograms per mile on a 
million cars collects 5,000 1-kilogram-per-mile credits (0.005 
kg per mile per vehicle x  1 million vehicles). These credits can 
be sold to another manufacturer whose own fleet misses the 
standard. The same type of trading could be accomplished 
within CAFE by allowing manufacturers to buy and sell fuel-
economy credits for compliance purposes.

It should be noted that simply introducing trading is 
not guaranteed to improve the economic efficiency of a 
performance standard. Trading must actually occur  
when cost differences exist. Given the small number of  
major vehicle manufacturers, tradable fuel economy or 
emissions performance credits may or may not lead to  
a viable trading market.

Feebates
The term “feebate” usually refers to a symmetric system of 
fees and rebates (taxes and subsides) designed to provide 
consumer incentives for improved technologies.  For purposes 
of this discussion we assume that feebates would apply to the 
purchase price of new vehicles based on their CO2 emissions 
or fuel economy characteristics.21 This type of policy would 
have two parts: the “feebate rate” that specifies the level 
of the fee or rebate at different levels of performance, and 
the “pivot point” that defines which vehicles will be subject 
to a fee and which will receive a rebate.22 The pivot point 
could be a specific CO2 per mile performance benchmark 
(or equivalently, a mile per gallon fuel economy benchmark 
for gasoline-powered vehicles). Purchasers of vehicles with 
emissions above this pivot point or benchmark would pay 
a fee. Logically, vehicles with emissions significantly above 
the benchmark would be assessed a larger fee than vehicles 
with emissions only slightly above the benchmark. Similarly, 
vehicles with emissions below the benchmark would receive 
a rebate in proportion to their emissions performance relative 
to the benchmark. Most often, feebate programs are modeled 
to be revenue neutral—that is, the amount of money collected 
in fees is enough to pay for the rebates, with the pivot point 
adjusting over time to maintain revenue neutrality.23

A system of feebates would provide incentives for both 
vehicle purchasers and manufacturers and could induce a 
fleet-wide shift to lower-emitting vehicles over time. In the 
near-term consumers would have an incentive to choose 
relatively more efficient models among existing product 
offerings. In the longer run, manufacturers would have an 
incentive to install new efficiency-enhancing technologies so 
their vehicles could qualify for more favorable treatment under 
the feebate system. Provided that competitive pressures allow 
the price of technology improvement to be passed on to the 
customer, manufacturers would have an incentive to include 
all forms of low-carbon technology that produce a reduction 
in fees or an increase in rebates that is larger than their cost. 
From an emissions-mitigation perspective, this is the most 
important effect of a feebate policy. In fact, studies by the 
Department of Energy have concluded that about 90 percent 
of the impact from feebates would be expected to result from 
manufacturers electing to incorporate new technology, while 
only about 10 percent of the impact would be attributable 
to changes in customer purchase decisions.24 It is worth 

21 while feebates have desirable properties they have not been adopted on a wide scale.
22 see Greene, d., p. patterson, et al. (2005). “Feebates, Rebates and gas guzzler taxes: a study of incentives 

for increased Fuel economy.” Energy Policy 33: 757-775.
23 current “gas guzzler” taxes are a variant on the policy where only a tax is appied and the tax is levied on 

the basis of fuel economy.
24 see davis, w., M. levine, et al. (1995). effects of Feebates on vehicle Fuel economy, carbon dioxide emis-

sions, and consumer surplus. Technical Report Two of Energy Efficiency in the U.S. Economy. washington, 
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noting, however, that this finding assumes manufacturers 
will not be forced to sacrifice vehicle characteristics that are 
more highly valued by the customer to make fuel economy 
improvements. If this is not the case, then the fact that trade-
offs exist with other equally or more highly valued vehicle 
characteristics will tend to diminish the effectiveness of 
feebates.25 Finally, unlike a fixed, per-mile CO2 performance 
standard, the feebate mechanism creates dynamic incentives 
for continual improvement. Under this system, it is worthwhile 
for manufacturers to continue incorporating improvements 
so long as those improvements are paid for by reduced fees 
or higher rebates. This would be true even if the vehicle’s 
performance at the outset is already fairly good.

Feebates could be implemented in a variety of ways.  
Different fee and rebate schedules could apply to different 
types of vehicles or even to individual manufacturers. This 
might ameliorate large differences among manufacturers due 
to differences in their product mix—full-line manufacturers, 
for example, could have a very different emissions profile 
than smaller manufacturers that specialize in particular types 
of vehicles. The disadvantage of this approach, however, is 
that vehicles with the same fuel economy could face different 
feebates.

Cap-and-Trade Program for Vehicle Emissions  
Transportation emissions could be included in an economy-
wide cap-and-trade permit system; alternatively, a tradable 
permit system could be constructed for the transport sector 
alone. 

26
 Either way, a good many implementation issues 

would need to be overcome.27

One of the most important questions in designing a cap-and-
trade system is where to regulate. If the compliance obligation 
were imposed fully downstream, at the level of the vehicle 
operator, the logistics of dealing with 200 million regulated 
entities would be prohibitive. Alternatively, a fully upstream 
approach could be used to cover the transport sector as 
part of an economy-wide tradable permit program. In the 
latter case, the obligation to surrender GHG allowances or 
permits would be imposed on fuel producers or refiners, and 
importers based on the carbon content and volume of fuel 
they handle. Yet another alternative might be to impose the 

dc: us doe office of policy. Greene, d., p. patterson, et al. (2005). “Feebates, Rebates and gas guzzler 
taxes: a study of incentives for increased Fuel economy.” energy policy 33: 757-775.

25 see davis, w., M. levine, et al. (1995). effects of Feebates on vehicle Fuel economy, carbon dioxide 
emissions, and consumer surplus, u.s. department of energy, opa.

26 see nordhaus, w. and K. danish (2003). designing a Mandatory Greenhouse Gas Reduction program for 
the u.s., prepared for the pew center on Global climate change, ellerman, d., H. Jacoby, et al. (2006). 
Bringing transportation into a cap-and-trade Regime. MIT Joint  Program. cambridge, Ma. Gallagher, K. 
s., G. collantes, et al. (2007). policy options for Reducing oil consumption and Greenhouse-gas emissions 
from the u.s. transportation sector. cambridge, Ma, Harvard Kennedy school of Government.

27 see German, J. (2007). Reducing vehicle emissions through cap and trade schemes”. Driving Climate 
Change: Cutting Carbon from Transportation. d. sperling and J. cannon, academic press.

compliance obligation on vehicle manufacturers based on 
expected emissions from the vehicles they sell.

Given that a fully downstream system is impractical for 
regulating transportation emissions, the most often discussed 
approach for this sector is fully upstream. This means the 
compliance obligation for most transportation emissions 
would fall on petroleum refiners. Such a policy would have 
the same incentives, strengths, and weaknesses as a price or 
charge on carbon (discussed above).28 Because reducing CO2 
emissions from the transport sector is likely—at least in the 
short run—to be more costly than reducing emissions in other 
sectors of the economy (notably the electricity generation 
sector), only relatively small reductions, if any, would be 
expected from the light-duty vehicle fleet—at least at the 
level of price signal contemplated in most current cap-and-
trade proposals. These proposals would produce only a 
relatively small increase in the price of gasoline—not enough 
to overcome current price differentials with most lower-carbon 
alternative fuels or to motivate consumers to significantly alter 
their driving habits or vehicle purchasing decisions, at least in 
the short term.29 

A cap-and-trade or CO2 tax system that regulated vehicle 
emissions at the manufacturer level would be similar to a 
tradable CAFE program or a feebate (discussed above), 
except that it would effectively tax all vehicles (rather than 
effectively taxing vehicles that emit above the standard 
or threshold, while subsidizing vehicles that have lower 
emissions—as both fuel economy standards and a feebate 
system do). Manufacturers would need to acquire allowances 
(or pay emissions taxes) equal to some effective lifetime 
measure of expected emissions from the vehicles they 
sell—perhaps 100 tons of CO2 per car at current fleet-average 
levels of fuel economy. Even with free allowance allocations to 
manufacturers, much of this allowance cost would be priced 
into the car and passed along to car buyers.30 Because the 
level of the price increase would depend on the vehicle’s 
emissions characteristics, purchasers would have an incentive 
to choose relatively more efficient models (or models that run 
on lower-carbon alternative fuels).

28 if refiners were responsible for the carbon content of the fuel they sold, they could have an incentive 
to purchase and blend more biofuels than is currently the case. the strength of this incentive of course 
depends on the cost of the biofuels vis-à-vis the permit price, the number of vehicles in use that are 
capable of using biofuels, and the availability of a suitable distribution infrastructure.

29 For example, a $10/ton co2 permit price would have a large impact on coal prices, creating a relatively 
strong incentive for coal-dependent electric ulitities to consider shifts in their generation portfolio. in the 
transport sector, by contrast, the same carbon price would translate into a 10-cent per gallon increase in 
gasoline prices—a relatively small change especially when compared to the price fluctuations that have 
affected oil markets in recent years. Given the short-run inelasticity of demand for gasoline, one would 
not expect a strong response: very likely, refiners would simply pass along the $10 price of permits and 
consumers would absorb that cost without significantly changing their behavior.

30 Because allowances would have a significant opportunity cost in the co2 market—especially in the context 
of an economy-wide program—manufacturers would be expected to pass along the cost of using allow-
ances, even if they originally receive the allowances for free. For further discussion of cost pass-through 
issues and of the incentive properties of allocation decisions, see issue Brief #6. 
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   A manufacturer-based cap-and-trade system for vehicle 
GHG emissions that was not integrated into an economy-
wide carbon market might be less liquid and hence less 
likely to transmit a clear price signal to vehicle purchasers; in 
that case, it could be very expensive and inefficient. On the 
other hand, if a viable permit market did develop—that is, 
if vehicle manufacturers could freely buy and sell permits—
manufacturers would face incentives to continually lower 
vehicle carbon intensity by either (or both) improving fuel 
economy and producing more flexible-fuel vehicles. Even 
then, however, a manufacturer-based approach, especially 
if it were not part of a broader carbon pricing policy, would 
likely have the drawback that it fails to create incentives 
for vehicle operators to actually use lower-carbon fuels or 
reduce VMT (on the contrary, people might actually drive 
somewhat more because more efficient vehicles would have 
lower operating costs31). 

Technology Mandates 
Technology mandates require manufacturers to produce 
and sell specific types of vehicles. One of the best-known 
examples is the California Zero Emissions Vehicle (ZEV) 
mandate. Other mandates could be fashioned around the 
production and sale of flexible- and alternative-fuel vehicles.

The purpose of mandates is to force specific technologies, 
technology characteristics, or performance improvements 
into the marketplace. This approach has risks and drawbacks, 
however.  It is fair to say, for example, that the California 
ZEV mandate has not been successful in bringing large 
numbers of zero-emissions vehicles into the California market. 
Mandates create no incentives for consumers to purchase new 
technologies, and therefore consumer acceptance of vehicles 
produced in response to a mandate is an open issue. A policy 
that relies on vehicle mandates also risks being ineffective and 
expensive if the chosen technology and its effect on emissions 
turn out to fall short of what could be achieved using other 
technologies that have not been mandated. 

Fuel-Oriented Policies
Fuel-oriented policies constitute another frequently-discussed 
option for reducing CO2 emissions from the light-duty 
vehicle fleet. Regulations that bring about a shift from 
traditional hydrocarbon-based fuels to new, less carbon-
intensive transportation energy sources can lead to lower 
CO2 emissions. As has already been noted, however, it will 
be extremely important for such policies to account for GHG 
emissions throughout the full fuel cycle, since CO2 emissions 

31 as noted previously, this concern applies more generally to any policy (including caFe) that only targets 
vehicle fuel economy without delivering concurrent incentives to reduce vMt.

for many of the likeliest petroleum alternatives are more likely 
to occur during fuel production rather than at the point of 
use. In addition, it will be important to consider non-climate 
environmental and other impacts associated with a shift to 
lower-carbon fuels—an example would be land-use impacts 
from a major expansion of the biofuels industry. Such impacts 
could become important, especially if the expectation is that 
these new fuels will be deployed in large quantities. 

Fuel standards  
Fuel standards would require fuel manufacturers or 
distributors to produce and sell fuels with lower carbon 
content. This can be done in different ways and with more or 
less flexibility. A proposal for a California Low Carbon Fuel 
Standard (LCFS)32 is an example—it provides a high degree 
of flexibility because the standard must be met in aggregate 
for all transport fuels sold, based on life-cycle emissions.33 
Fuels that beat the standard generate excess permits that can 
be used to offset emissions from fuels that do not meet the 
standard.

In a recent analysis of a proposed LCFS for California, 
Farrell and Sperling argue that permits should be made 
tradable—that is, it should be possible to buy and sell permits 
in the market, thereby creating a price differential between 
fuels with different carbon emissions. In other words, if the 
standard were tradable in the aggregate, high-carbon fuel 
could coexist in the market with low-carbon fuel, and relative 
prices for different fuels would adjust in the market—along 
with the permit price—to meet the standard.34 Low-carbon 
fuels like E85 (a gasoline-ethanol blend with 85 percent 
ethanol content) would become cheaper—effectively it 
would be subsidized by conventional gasoline with higher 
carbon content. The change in relative fuel prices might 
also encourage consumers to purchase vehicles capable of 
utilizing low-carbon fuel. While trading would significantly 
increase flexibility and reduce costs associated with a fuel 
standard, it is worth noting that there is some risk—simply 
because the number of fuel providers is small—that a viable 
market would not develop, even if trading among regulated 
fuel providers were allowed as it is in the California program.    

Fuel Feebates  
Some of the same benefits of a tradable fuel standard could 

32 Farrell, a. and d. sperling (2007). a low-carbon Fuel standard for california: part 2: policy analysi, 
university of california.

33 in contrast, some fuel standards would require regulated entities to sell specific volumes of particular 
fuels—for example, the energy policy act of 2005 mandates a specific proportion of biofuel sales.

34 several alternative policies could alter the relative prices of low- and high-carbon fuels, thereby encourag-
ing the use of low-carbon fuels and the development and deployment of vehicles that can run on them. 
these policies include explicit government subsidies for the production of low-carbon fuels (e.g., current 
subsidies for ethanol production), revenue-neutral feebates that would tax high-carbon fuels and subsidize 
low-carbon fuels, policies to improve the infrastructure for delivering low-carbon fuels, and government-
funded R&d to bring down the cost of production.
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be achieved by transforming the standard into a feebate, 
where the pivot point might be grams of carbon emissions 
per gallon of fuel. The mechanics of such a system would 
be analogous to those discussed previously for vehicle 
feebates. Fuels with emissions above some threshold or 
pivot point would be taxed; those with lower emissions 
would be subsidized. By changing the relative price of fuels 
in proportion to their emissions impacts, feebates would 
generate incentives for fuel providers to introduce lower-
carbon fuels and for consumers to purchase those fuels. 

Fuel-Specific Mandates 
This type of mandate requires fuel providers to produce and 
sell a minimum quantity of specific fuel alternatives. It can 
be used to force unconventional fuels such as E-85 into the 
marketplace. Fuel mandates can be expressed in terms of a 
required minimum volume of alternative fuels or as a share 
or percent of overall fuel or energy consumption. The federal 
Renewable Fuel Standard (RFS) introduced as part of the 
Energy Policy Act of 2005 is an example: it is expected to 
require 7.5 billion gallons of renewable fuels in 2012.

Conclusion
As noted at the outset of this issue brief, CO2 emissions from 
the transport sector are largely driven by light-duty vehicles.  
Light-duty vehicle emissions, in turn, are driven by three 
factors: vehicle fuel economy, the carbon intensity of vehicle 
fuels, and VMT. To the extent that market failures exist in this 
sector that cannot be addressed by a single, economywide 
price on CO2 emissions, it is unlikely any single policy can 
effectively target all three of these drivers at once. Thus, some 
combination of policies to address vehicle characteristics, fuel 
characteristics, and VMT may be desirable. Moreover, climate 
policies for the transport sector cannot be considered in a 
vacuum; in many cases they may not produce desired results 
without complementary policies to reduce CO2 emissions 
from other sectors and to address other energy and social 
concerns. (For example, efforts to promote all-electric and 
hybrid-electric vehicles might not produce desired GHG 
reductions unless policies were also in place to limit emissions 
from stationary sources such as power plants.) 

Only the first regulatory option discussed in this issue brief—a 
broad-based emissions pricing policy—would simultaneously 
provide incentives for lower-carbon vehicles, lower-carbon 
fuels, and reduced VMT. Given that pricing policies like a 
carbon tax or cap-and-trade program can be implemented 
on an economywide basis—that is, so that they provide 
seamless coverage of the transport sector along with other 

sectors—the question arises: is there a need for separate 
transport policies? Many would say yes, based simply on the 
observation that any politically feasible economywide carbon 
charge would initially increase gasoline prices by only pennies 
per gallon and therefore have little or no impact on transport 
emissions, at least in the short term. Others disagree, arguing 
that if it is more costly to reduce emissions from light-duty 
vehicles than from, for example, electric power generators, 
then it is economically efficient for most emissions reductions 
to come initially from other sectors while deferring significant 
transport-sector reductions until some time in the future.  

There are, however, additional factors to be considered. 
The first is the possible existence of a market failure. If 
consumers undervalue fuel efficiency for some reason, a 
carbon price signal by itself will not elicit all cost-effective 
emissions reductions. A second issue concerns the adequacy 
of incentives for bringing about fundamental technological 
change. Will a carbon charge alone provide adequate 
incentives for vehicle manufacturers to begin investing now 
in the breakthrough technologies that will be needed to 
achieve significantly deeper emissions reductions later? 
Finally, a similar threshold issue may exist with respect to 
the large-scale deployment of lower carbon fuels, especially 
where those fuels would require substantial investments in a 
new or enhanced delivery infrastructure. Again, the incentives 
provided by a carbon pricing policy might not be adequate, 
by themselves, to overcome the considerable financial and 
other barriers that might hinder progress in this area.  


