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Introduction and Overview
Following the 2009 Copenhagen Summit, momentum for mitigating global climate change has been
spurred by the idea that success at the international level must be built around existing national policies.
The Mistra Indigo research program —a collaboration among IVL Swedish Environmental Research
Institute, the University of Gothenburg’s Department of Economics, and Resources for the Future—was
created to analyze this bottom-up approach to climate policy. From 2012-2015 the program brought
together leading experts in economics and environmental policy, with the goal of understanding how to
design and select environmental policy instruments to promote longterm, cost-effective global climate
change mitigation change while taking into account the uncertain ties of international policy.
Regardless of specific domestic approaches or the outcomes of global negotiations, policies and actions to
mitigate climate change will directly affect energy-intensive industries and the electricity sector around the
world. With this in mind, researchers in the Mistra Indigo program tackled important questions about the
globalization of carbon markets, carbon pricing to encourage long-term investments in low-carbon technologies,
the distributional effects of climate policies at various levels, and the interactions between climate regulations
and markets. Much of the research focused on the United States and the European Union, two of the largest
emitters of greenhouse gas emissions globally.
The analyses revealed crosscutting implications for industry and the electricity sector related to, for example,
allowance prices in the European Union’s Emissions Trading System (EU ETS), the revision of climate policy
and strategy in the European Union and negotiations for a new global climate agreement, as well as recent
developments in the United States, where climate policy is taking shape under the Clean Air Act alongside
overlapping state policies for cap and trade and renewable energy.
This report highlights key implications related to the practical application of domestic policy and the significance
for international climate negotiations. The results are organized under eight themes:
•
•
•
•
•
•
•
•

Evaluating policy options for emissions reductions in the electricity sector;
Exploring the interaction between renewable energy and climate policies;
Assessing the distributional outcomes of policy instruments for emissions reductions;
Examining the interaction between air pollution and climate policies;
Improving the design of the EU ETS;
Comparing policy instruments: standards versus market-based options;
Assessing the prospect of linking carbon markets; and
Addressing emissions leakage: an examination of the EU ETS.

In the pages that follow, the Mistra Indigo researchers summarize their policy analyses and recommendations,
with the goal of helping decisionmakers in industry and the electricity sector better understand the implications
of current climate policies in the European Union, the United States, and around the world.
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Evaluating Policy Options for Emissions
Reductions in the Electricity Sector
The electricity sector is the largest source of emissions in the European Union and United States. It is expected
to provide the majority of the emissions reductions that could be realized in the near term under a costeffective
policy. That is, the cost per ton of emissions reductions are less, at least initially, in the electricity sector than in
most other parts of the economy because of the possibilities for increased use of renewable technologies, energy
efficiency, and fuel substitution.
Indeed, the emissions intensity of the electricity sector has been declining over the last decade. Regulatory policies
have promoted investments in renewable energy and energy efficiency that contribute to this trend. In the United
States, roughly 29 states have enacted policies promoting renewables and 25 have funded energy efficiency programs.
These policies contribute roughly 2.5 percentage points toward achieving President Obama’s 2009 pledge of a 17
percentage point reduction in emissions by 2020, measured against 2005 levels.
Fuel substitution in the electricity sector, from coal to natural gas, has also been important in the United States,
contributing about 4 percentage points toward Obama’s 2009 pledge. Regulations aimed at reducing conventional
air pollution have accelerated fuel substitution away from coal to natural gas and non-emitting resources, resulting in
ancillary reductions in greenhouse gases. Further reductions in the electricity sector will be precipitated by regulations
under the Clean Air Act, and will yield about 5 to 6 percentage points. When added to reductions achieved by mobile
source standards, if regulations are fully implemented, the United States appears on track to achieve its 2009 pledge, at
least with respect to carbon dioxide emissions. Reductions of other greenhouse gases, however, may be more difficult
to achieve.
Emissions trading systems are also prevalent in the electricity sector in the European Union, 10 US states, and the
Canadian province of Quebec. However, research and policy dialogues demonstrate that the emissions reductions that
have been achieved are not the result of any singular program or method, and emissions caps have had only a small
effect to date. More important emissions reductions are attributable to the various regulatory approaches supporting
technology development, energy efficiency, and air quality. A number of EU member states and US states are leading in
the development of regulatory policies to reduce emissions in the electricity sector. This is especially significant in the
United States because these efforts have helped provide a technical and legal foundation for additional rules under the
Clean Air Act.

Key Findings
•

•

•
•
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Emissions reductions in the electricity sector to date have occurred largely under various regulatory approaches
such as feed-in tariffs, renewable portfolio standards, and systems benefit charges to fund energy efficiency. In
addition, regulation aimed at improving air quality has accelerated fuel switching from coal to natural gas and nonemitting resources.
In most economic models, a comprehensive carbon price would be sufficient to achieve environmental goals; in
practice, however, policies have developed differently. Enacting and maintaining a comprehensive carbon price
appears difficult, in contrast to the success of regulatory policies, raising questions about the efficacy of policy
alternatives. Policymakers and the public tend to embrace a portfolio approach over a single price instrument, and
generally favor regulatory measures over market-based approaches.
Regulatory approaches can be cost-effective within the regulated sector, especially when they allow for flexible
compliance through trading or averaging across sources or over time.
However, regulatory approaches tend to reduce the change in retail prices compared with what would be achieved
under carbon pricing. Even where cap and trade is in place, regulatory programs that promote technology and
investment will push down the price of emissions allowances, reducing the impact of cap-and-trade programs on
retail electricity prices.

•

•

•

•

•

Because retail electricity prices will not increase as much as would be expected under comprehensive carbon
pricing, the current portfolio of policies in the electricity sector is less likely to trigger price-driven behavioral
responses, including investments by businesses and households in energy efficiency. Consequently, realizing the
potential for energy efficiency will require the support of continued and additional regulatory policies.
Although regulatory approaches translate to small retail price changes they incur real costs in the electricity
sector which through tax advantages given to specific investments are shared among consumers, producers, and
taxpayers. These approaches also offer substantial benefits that are realized through improvements in air quality.
Greenhouse gas rules under the US Clean Air Act offer states the choice of a policy approach based on rate
(intensity standard) or mass (ton). A rate-based policy can achieve emissions reductions as great as an emissions
cap, and at similar costs when implemented on a sector-wide basis in a uniform way. However, differences in
emissions rates across jurisdictions enable a shift in economic activity and emissions, which is described as
emissions leakage. Rectifying leakage requires complicated policy decisions that raise overall administrative costs.
An emissions cap is likely to be less costly.
Policy tools can help mitigate leakage by directing some of the asset value created by limiting carbon emissions
as a production incentive to non-emitting technologies and technologies on the margin, which determine the
instantaneous electricity price. Variable costs for electricity generation (and retail electricity price) are greater
under a carbon price than under cap and trade with output-based allocation.
Emissions reductions under the Clean Air Act in the US electricity sector represent about 5 to 6 percentage points
toward President Obama’s 2009 pledge.

References and Further Reading
Burtraw, D., J. Linn, K. Palmer, and A. Paul. 2014. The Costs and Consequences of Clean Air Act Regulation of CO2 from Power Plants.
American Economic Review: Papers & Proceedings, 104(5): 557-562.
Burtraw D., and K. Palmer. 2015. “Mixing it Up: Power Sector Energy and Regional and Regulatory Climate Policies in the Presence of a
Carbon Tax,” in Implementing a US Carbon Tax, edited by Ian Parry, Adele Morris, and Roberton Williams III. Washington, DC: International Monetary Fund.
Burtraw, D., K. Palmer, S. Pan, and A. Paul. 2014. A Proximate Mirror: Greenhouse Gas Rules and Strategic Behavior under the US Clean
Air Act. RFF Discussion Paper 15-02. Washington, DC: Resources for the Future.
Burtraw, D., and M. Woerman. 2013. Economic Ideas for a Complex Climate Policy Regime. Energy Economics, vol. 35, Supplement 2:
Fifth Atlantic Workshop in Energy and Environmental Economics. Guest editors: Carlos de Miguel, Alberto Gago, Xavier Labandeira and
Baltasar Manzano.
Driscoll, C.T., J. Buonocore, J.I. Levy, K.F. Lambert, D. Burtraw, S.B. Reid, H. Fakhraei, and J. Schwartz. 2015. US Power Plant Carbon
Standards and Clean Air Co-Benefits. Nature Climate Change, 5: 535-540.
Fischer, C., R. Newell, and L. Preonas. 2013. Environmental and Technology Policy Options in the Electricity Sector: Interactions and
Outcomes. RFF Discussion Paper 13-20. Also published as FEEM Note di Lavoro 2014.067 and CESifo Working Paper No. 4757 (April
2014). Washington, DC: Resources for the Future.
Löfgren, Å., M. Wråke, T. Hagberg, and S. Roth, S. 2014. Why the EU ETS needs reforming: an empirical analysis of the impact on firm
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Shobe, W.M., and D. Burtraw. 2012. Rethinking Environmental Federalism in a Warming World. Climate Change Economics 3(4): 1-33.

6

Exploring the Interaction between
Renewable Energy and Climate Policies
Although renewable energy policies are quite popular politically, many economists have questioned the needfor them
once a carbon cap-and-trade policy is in place. Overlapping renewable energy policies do not offer any emissions reductions; rather, they tend to drive down the emissions price, while raising total abatement costs (Fischer and Preonas
2010). As a consequence of a reduced emissions price, investors and innovators outside the renewable energy sector
see less of a payoff from their investments. Moreover, the reduced emissions price may undermine confidence in the
longevity of the program. In the European Union, the interaction of policies has contributed to the large allowance bank
and a perception that the allowance trading system is not reducing emissions (Burtraw et al.,2013).
However, renewables policies can improve the cost-effectiveness of the overall emissions reduction program if they
address important market failures. Work under the Mistra Indigo research program has focused on the role of spillovers
from research and development, learning by doing, and energy efficiency undervaluation, as well as how renewable
energy subsidies can address emissions leakage (see Further Reading). Furthermore, policy options exist to mitigate the
interactions between renewable energy targets and the Emission Trading System. One would be to implement a reserve
price in the auction of allowances (Burtraw et al. [2014]). The reserve price would create a price floor, and it also offers
general advantages in auction design.

Key Findings
•

•
•

•
•

•

•

•

•
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Encouraging deployment of renewable energy may help bring future costs down via learning by doing. However,
plausible estimates of optimal subsidy levels for learning appear to be quite modest, perhaps 1 cent per kWh for
conventional sources such as wind and 5 cents for solar. Thus, learning benefits may account for roughly one-fifth
of typical subsidy levels in the European Union.
The portfolio of European renewable energy policies is heavily skewed toward deployment (some estimate a ratio
of 100 to 1), whereas correcting research and development spillovers may have greater value.
Market failures that pose barriers to investments in energy efficiency improvements—such as landlord-tenant
issues, imperfect information, or any behavior that causes consumers to undervalue such investments—can be
more important than underinvestment in renewable energy knowledge. Correcting those incentives would affect all
demand for electricity, not just a small slice of energy supply.
Excessive subsidies to renewable energy and energy efficiency have a greater potential to increase costs (relative to
a carbon cap) than optimal policy combinations which can decrease them.
As emissions reduction targets increase, it becomes more important to get the carbon price right rather than to
strengthen supplementary policies (see figure). That is because the carbon price drives the full range of abatement
options (fuel switching, conservation, efficiency improvements, and renewable energy).
Bringing down the cost of clean energy technologies has additional value if it encourages uptake in other jurisdictions (e.g., emerging and other economies that may not be pricing carbon) and displaces fossil energy sources. This
issue is of growing importance as ever-larger shares of demand for global energy (and clean energy) lie outside of
the Organisation for Economic Co-operation and Development (OECD).
Large-scale deployment policies in countries that already regulate carbon emissions further drive up demand for
clean technologies. Unless learning and scale effects are very strong, this demand pressure tends to raise global
technology prices, discouraging clean energy adoption abroad and exacerbating leakage.
Policies that support research and development or the manufacturing of renewable energy equipment—that is,
green industrial policies—expand the supply of clean energy technology and thus may be useful in bringing down
global prices.
However, renewable energy subsidies are becoming contentious in the World Trade Organization, which is skeptical
of industrial policy and disciplines the use of subsidies. More thoughtful discourse is needed to identify and make
room for appropriate interventions for green goods with global benefits.

Sensitivity of optimal carbon price and subsidies for learning-by-doing to the emissions target (assuming a 10% undervaluation of energy efficiency). Source: Fischer, Newell, and Preonas (2013).

References and Further Reading
Burtraw, D., Å. Löfgren, and L. Zetterberg, L. 2015. A Price Floor Solution to the Allowance Surplus in the EU ETS. Mistra
Indigo Working Paper; available at indigo.ivl.se.
Fischer, C. 2015. Strategic Subsidies for Green Goods. Unpublished manuscript. Washington, DC: Resources for the
Future.
Fischer, C., and S. Charnovitz. Forthcoming. Canada—Renewable Energy: Implications for WTO Law on Green and Not-SoGreen Subsidies. World Trade Review.
Fischer, C., M. Greaker, and K.E. Rosendahl. 2014. Robust Policies Against Emission Leakage: The Case for Upstream Subsidies. CESifo Working Paper Series No. 4742. Munich: Ifo Institute.
———. 2014. Strategic Technology Policy as Supplement to Renewable Energy Standards. Unpublished manuscript. Oslo:
Statistics Norway.
Fischer, C., R. Newell, and L. Preonas. 2013. Environmental and Technology Policy Options in the Electricity Sector: Interactions and Outcomes. RFF Discussion Paper 13-20. Also published as FEEM Note di Lavoro 2014.067 and CESifo Working
Paper No. 4757 (April 2014). Washington, DC: Resources for the Future.
Fischer, C. and L. Preonas. 2010. Combining Policies for Renewable Energy: Is the Whole Less than the Sum of Its Parts?
International Review of Energy and Resource Economics 4(1): 51–92.
Fischer, C., and S. Salant. 2013. Limits to Limiting Emissions: Spatial Leakage, Intertemporal Leakage, and Negative Leakage. Unpublished manuscript. Washington, DC: Resources for the Future.
Huebler, M., C. Fischer, and O. Schenker. 2014. A Bird in the Hand is Worth Two in the Bush: Second-Best Analysis of
European Energy Policy Instruments. Unpublished manuscript. University of Hannover.

8

Assessing the Distributional Outcomes of Policy
Instruments for Emissions Reductions
Reducing carbon emissions using market-based approaches introduces costs on households and businesses in two ways:
1. The cost of resources that are used to avoid emissions, for example, the use of renewable technology rather than
fossil fuel and
2. The price paid for emissions that remain after any given level of abatement, as reflected, for example, in the tax
revenue that is collected under a carbon tax.
Our research indicates that under carbon pricing, the final cost of goods and services is much less affected by the additional resource costs than by the price paid on remaining emissions, whether that is an informal price under regulation
or a formal price in an emissions market. Hence, the distributional outcome of the policy depends largely on how the
asset value created by constraining carbon emissions is distributed back into the economy.

Key Findings
•

An asset value is created under any type of policy, whether it is regulatory or market-based, because constraining
carbon emissions creates a new source of financial value stemming from the scarcity of emissions. In a regulatory
context, the emissions constraint creates a shadow value that is not actually charged in a market but is reflected as
an incremental marginal cost affecting a firm’s cost of operation. In a market context, as illustrated in Figure 1 that
shadow value is reflected directly in the price of emissions allowances (under cap and trade) or in the price of emissions (under a tax). How that value is distributed determines the distributional outcome of the policy.

Figure 1. Illustration of resource costs and carbon asset
(tax) value under market-based regulation.

•

•

9

The design of the policy instrument determines the distribution of the carbon asset value. Under a tax, the carbon
asset value accrues to the government. Under cap and trade, the value flows with the distribution of emissions allowances. When allowances are auctioned, the value can go to the government or to other purposes. Free allocation to firms distributes the value to firms, and a regulatory approach effectively does that also, but in an informal
way outside of markets. Allocation can also be directed to consumers through consumption incentives.
There is a trend toward wider use of formal pricing of emissions through cap and trade or taxation, which is a reflection of the “polluter pays” principle (i.e., pricing is a payment for environmental services). Two world views prevail on how carbon asset values should be distributed. If it is understood that the government owns the atmospheric resources or is viewed as a trustee, then carbon revenue can be viewed as a contribution to the government’s
fiscal problem. Alternatively, that revenue might be reinvested in program-related activities, such as research. If
carbon payments are viewed as compensation to owners of the common property resource, then carbon revenue
might flow back to individuals as per capita dividends (Figure 2). Both are evident in current programs.

Figure 2.

•

•

•
•

Figure 3. Dividend (per capita payment) Welfare Change
as Percentage of Income on Average by State, and across
Income Quintiles (source: Williams et al. 2014)

The power sector, in general, benefits greatly when the asset value created by introducing constraints on
carbon emissions is kept in the sector. This can be accomplished under cap and trade by free allocation to producers or consumers, or through regulatory approaches. However, the distribution of costs within the power
sector can vary significantly. In competitive markets the emissions price will be passed on to consumers, so
free allocation can overcompensate producers, leading to windfall profits.
In the overall economy, households are affected through changes in the cost of direct energy use (e.g., home
heating and cooling, electricity use, transportation) and indirect energy use (e.g., food, products, services, and
so on). If the United States were to introduce a carbon tax, the direct effect would be about twice as significant as the indirect effect.
A full distributional analysis requires consideration of the effects on the sources of income. Owners of capital
are also owners of resources that decline in value with the introduction of carbon pricing.
As illustrated in Figure 3 above, a carbon dividend (payment on a per capita basis) is much more progressive
than a carbon tax that directs revenue to reduce other taxes. Overall a majority of individuals are better off
than under no policy. However, the overall cost of a carbon dividend is greater because reducing other taxes
will stimulate economic growth.

References and Further Reading
Burtraw, D., and S. Sekar, 2014. Two World Views on Carbon Revenues. Journal of Environmental Studies and Sciences 4:
110–120.
Linn, J., D. Burtraw, K. Palmer, and A. Paul, 2014. The Costs and Consequences of Greenhouse Gas Regulation under the
Clean Air Act. American Economic Review: Papers & Proceedings 104(5): 557 562.
Williams, R.C. III, H. Gordon, D. Burtraw, J.C. Carbone, and R.D. Morgenstern. 2014. The Initial Incidence of a Carbon Tax
across US States. National Tax Journal 67(4): 807–830.
Williams, R.C. III, H. Gordon, D. Burtraw, J.C. Carbone, and R.D. Morgenstern. 2015. The Initial Incidence of a Carbon Tax
across Income Groups. National Tax Journal 68(1): 195-214.
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Examining the Interaction between
Air Pollution and Climate Policies
Air pollution and climate change have often been considered and handled as two separate non-linked environmental
problems. There are, however, several interlinkages between air pollution and climate change, with respect to both
emissions and emission control, as well as with respect to atmospheric processes and effects. Recently, the importance
of even some short-lived components in the atmosphere has been recognized. These are often referred to as short-lived
climate pollutants and include black carbon, methane, and tropospheric ozone.
Because the most important greenhouse gas—carbon dioxide—and key atmospheric pollutants such as sulfur dioxide,
nitrogen oxides, and mercury (to a large extent) have the same origin in the form of fossil fuels, significant co-benefits
can be achieved through optimized control strategies. This potential has already been realized, for example in the EU
strategies for air pollution, but so far it has not been included in the design or implementation of greenhouse gas policy.
Fuel switching away from fossil fuels, and especially from coal, contributes importantly to reducing short-lived climate
pollutants and carbon dioxide emissions. Experts in the Mistra Indigo team have investigated the co-benefits for the
power sector in the United States.

Key Findings
•

•
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Because of the strong interaction between air pollution and climate change policies, it is crucial to understand
the interlinkages and make use of inherent opportunities to achieve environmental objectives at the lowest costs.
Combustion of coal and oil are, in most cases, associated with emissions of sulfur dioxide, nitrogen oxides, particles,
and air toxics, including mercury. Any control measure that reduces the use of these fuels will reduce air pollution
emissions. Energy conservation will, if associated with less consumption of fossil fuels, inevitably lead to reduced
emissions of atmospheric pollution.
The standard narrative about the difficulty of achieving climate policy goals is that the costs of doing so accrue
locally and in the near term while the benefits accrue globally and in the future. However, accounting for all changes in pollutions when greenhouse gases are reduced demonstrates that substantial reductions in conventional air
pollutants can be realized in the near term and close to home.

•

•

•

Reducing conventional air pollution leads to important improvements in human health, including reductions in
morbidity (such as reduced cases of asthma and chronic bronchitis) and premature mortality. The largest benefits
that we are able to monetize are those associated with reductions in sulfur dioxide, which account for at least half
of the monetized value of health benefits. Far-reaching control will also bring about substantial positive health
effects due to reduced emissions of fine particulates and nitrogen oxides.
Our results also indicate that carbon dioxide and nitrogen oxides are substitutes when introducing efficiency
upgrades at power plants; modest regulatory efforts to limit emissions of one might have the unintended consequence of increasing the other. However, more substantial regulatory efforts are likely to lead to substitution away
from fossil-fired power plants and a reduction in both pollutants. As illustrated in the figure, the change in fuel mix
can result in important changes in annual fine particle (PM2.5) concentration (microgram per cubic meter) under a
flexible policy resembling the Clean Power Plan to reduce US greenhouse gases in the electricity sector.
The fact that generating units face a trade-off between the pollutants indicates the need for better policy coordination to avoid inadvertent increases in local pollution. Another example relates to the substitution of fossil fuels with
biomass, which may lead to increased emissions of particulates.

Change in Annual PM2.5 Concentration (microgram per cubic meter) Source: Driscoll et al. 2015.
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Improving the Design of the
EU Emissions Trading System
Ever since the EU Emissions Trading System (EU ETS) was first established, it has been surrounded by rumors about
its imminent demise. Low allowance prices, generous allocation, oversupply, economic downturn, industries’
competitiveness, windfall profits—the list of factors that have made emissions trading in the European Union subject to
criticism, and even open to debate about future viability, is long. But advocates of the EU ETS have, point to its costeffectiveness and note that the emissions reduction target for 2020 is very likely to be achieved. Despite its challenges,
the EU ETS has managed to put a price on carbon emissions, which affects a large proportion of economic activities in
the European Union.
Significant changes to improve and extend the EU ETS were made before the third phase of the program (in effect from
2013 to 2020) was implemented. Several of the amendments target the distribution and allocation of allowances and
establish the following:
•
•
•

Auctioning should be the default allocation mechanism,
Harmonized union-wide rules for free allocation should be based on product benchmarks, and
There should be no free allocation to electricity producers.

The expanded role for auctions as the main mechanism for initially distributing emissions allowances has the potential
to create large financial value for EU member countries. However, continued over-supply of allowances still plagues the
EU ETS. Since 2008, there has been a rapid build-up of two billion allowances, corresponding to two gigatons (Gt) of CO2
emissions in the EU ETS, which is in the range of the annual emissions covered by the scheme. Without action, the current surplus of allowances is likely to persist for a decade or more and would make the EU ETS irrelevant as an instrument for driving climate (and economically) efficient investments. The most straightforward response to this problem
would be to tighten the cap and have fewer allowances enter the market.
Cancellation of allowances was included as an option when the European Commission presented a set of proposals
for structural reform for the period after 2020. Politically, however, this is a very difficult measure to implement. Other
options are being considered, including expanding the scope of the system to include transportation, limiting the use of
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international credits, and creating a so-called market stability reserve (MSR). The primary objectives of the MSR are to
limit allowance price volatility and, over time, reduce the surplus of allowances in the market.
Currently, the MSR is the most likely reform to be implemented, but there are significant uncertainties over its precise
design. Most notably, there has been no decision on its start date—some advocate for a start before 2020, others for a
start in 2021—or how the current surplus of allowances will be handled.

Key Findings
•
•
•

•

•

•

•

There is only limited evidence that the EU ETS has directly influenced investment in energy efficiency or other
measures aimed at reducing emissions.
Empirical analysis of firm-level investment data shows very weak influence of the EU ETS on investment (Löfgren et al. 2013).
Climate investments in Swedish energy and carbon-intensive industries, such as steel, cement, and paper are not
driven by the EU ETS, and there are doubts among industry representatives that this will be the case in the future
(Roth, Stigson, and Zetterberg 2014).
Expanding the scope of the EU ETS to include land transportation would increase the demand for allowances and
may increase cost-efficiency since more emissions sources would be covered by the system. However, there are
concerns that including transportation would increase the allowance price in an uncontrolled way, with consequent
risks of carbon leakage that would affect industrial sources already covered under the system. This leakage risk can
be reduced if land transportation is covered by both the ETS and a tax (Zetterberg et al. 2013).
The introduction of an MSR in the EU ETS, as suggested by the European Commission, is likely to increase the price
of allowances. However, a market reserve would add another layer of complexity to a system that is already difficult
to grasp for a considerable portion of policymakers and observers. There are concerns that the MSR may increase
price volatility and lead to a loss of inter-temporal efficiency. Cancellation of allowances or the introduction of a
price floor would be better reform options (Zetterberg et al. 2014).
Discussions about the surplus and the MSR often focus on price impacts. If the goal is to secure a certain price
level, the MSR is an indirect, blunt, and uncertain tool. In this respect, the introduction of a price floor in the EU ETS
would improve the function and increases the efficiency of the system (Burtraw, Löfgren and Zetterberg 2015; Zetterberg, Engström Stenson, and Roth 2014).
Increasing the allowance price in the EU ETS from today’s €6 per ton to €16 per ton would increase the net revenues to Sweden as a whole. This is due to two effects: Sweden has an oversupply of allowances (free allocation is
much higher than emissions), and the value of these allowances increase with price; and Sweden is a net exporter of
electricity, and the revenues from exported electricity increase with price. We have not assessed the potential risk of
carbon leakage, although we expect it to be small, because an allowance price of €16 per ton is low (Zetterberg et al.
2013).
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Comparing Policy Instruments:
Standards versus Market-Based Options
Economic theory suggests that market-based policy instruments provide cost-effective solutions for reducing a given
amount of emissions, while providing strong incentives for investment in cleaner technology. Standards, on the other
hand, do not guarantee cost-effective solutions and offer weaker incentives for firms to invest in cleaner technology
than market-based policy options.
Still, no specific policy instrument, or even set of policy instruments, is a universal cure or magic bullet. Simple criteria
such as cost-effectiveness might not tell the whole story about the prospective success of a policy instrument. Several
projects within the Mistra Indigo research program have been devoted to comparing standards to market-based options
to understand why and under what circumstances the outcomes of those policies differ from what would be expected
based on standard economic theory. Several important aspects have been analyzed comparing the outcomes of different policies.
One such aspect is the cost of monitoring, reporting, and verifying emissions reductions. The difference in transaction
costs among different policies is substantial and should clearly play a role when choosing among policy instruments
and designing policies. Most studies analyzing or comparing environmental regulations disregard the role of transaction
costs.
Another aspect that has not yet been well researched is how behavior and culture within the industry affects policy
outcomes. The research community has recently pointed out the need to take into account behavioral economics in
the analysis of environmental policy (see, e.g., Shogren and Taylor. 2008). An ongoing Mistra Indigo project shows that
managers and investment advisors’ abatement choices under different, but comparable, policy regimes could differ, in
particular for standards versus market-based policy instruments. It seems that managers and investment advisors face
more complex decisions under market-based policies than under standards, which could lead, for example, to decisions
based on the rule of thumb and earlier experience rather than on marginal price setting and cost-minimization.

Key Findings
•

•

•

•

15

The costs of monitoring, reporting, and verifying (MRV) emissions reductions are substantial and exceed the current
prices of carbon dioxide (CO2) emissions. Moreover, the costs related to MRV activities under the European Union
Emissions Trading System (EU ETS) are higher than the costs under CO2 taxation.
Under a trading scheme, the price of emissions permits is affected by the strength of monitoring and enforcement
activities. Moreover, the permit price influences abatement decisions and, therefore, the enforcement strategy
influences the emissions discharge. Thus, the success of an emissions trading scheme will depend on the strength
of MRV. If not properly handled, this can affect the emissions price and the aggregate abatement level achieved
by the policy in the long term. Hence, MRV procedures related to emissions trading are not only more costly than
those related to CO2 taxation but also much needed if the regulation is to provide real incentives for polluters to
reduce emissions.
Given that MRV costs can be substantial, policymakers could increase the efficiency of the policy by implementing
a minimum threshold to ensure that the regulations cover only installations that emit more than a fixed amount
of CO2 per year. This would help prevent a scenario where the costs of participation in the scheme outweigh the
benefits of being covered by the scheme.
Previous studies suggest that market-based instruments (such as a carbon tax) create more effective incentives for
technology adoption than conventional regulatory standards. However, emissions standards, unlike emissions taxes
and performance standards, introduce regulatory asymmetries favoring small firms, and when such asymmetries
are taken into account, the profitability of technological change related to emissions reductions is higher under
emissions standards than under market-based instruments.

•

•

Market-based policies (such as taxes or subsidies) provide less information to firms than performance standards:
whereas performance standards inform firms about what to achieve, market-based policy instruments only indirectly provide such information through a price signal (rather than providing explicit instructions about what
to achieve or how to achieve it). Hence, abatement choices under market-based polices compared to standards
are inherently more complex decisions. Results from a 2015 experiment conducted by Mistra Indigo researchers
indicate that the difference in terms of information provided by different types of regulations can have important
implications. More complex decisions seem to lead firms to not make rational abatement choices, which could lead
to emissions reductions that are less than optimal under market-based policy instruments.
Environmental policies may suffer if they rely on the standard rational model for predicting firms’ responses to
economic policy instruments. Firms are usually assumed to make rational decisions, but those models does not
account for behaviors such as the limited capacity of an individual investment advisor to be rational when solving
complex problems (often referred to as bounded rationality). In such cases, improving the policy design to reduce
behavior anomalies would seem to be a win-win for both the industry and society, as it would both improve optimality for firms and increase overall policy efficiency.
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Assessing the Prospect of Linking Carbon
Markets
Addressing climate change has been at the forefront of the international policy agenda for at least the past decade. Yet
it is not clear what we have achieved. One way to judge process would be to examine the flow of greenhouse gas emissions, however emissions as indicator leaves much to be agreed upon in terms of measurement. Another way would
be to look at the progress of international climate negotiations or the development of a price on carbon for relevant
markets. Economists are adamant that the most efficient and cheapest emissions abatement will be achieved if there
is a single price on carbon for all markets. This could be attained, in principle, in a number of ways. One of the most
intuitive would be through linking the emerging cap-and-trade schemes in various regions. If those systems could be
connected, market participants might be able to reap some advantages to trade, in much the same way as there are
benefits to trade when one country is better at producing wool and another sherry.
There are at least two levels of arguments in favor of linking. The simplest is that linking will increase flexibility and give
market participants more options to buy or sell abroad when the price is better. This could increase the profitability of
abatement measures or lower the cost of meeting a certain abatement target—although one should recognize that linking generally will not do both at the same time.
The broader and more far-ranging view is that linking markets for emissions trading might facilitate improvements
in—or maybe even obviate—“top-down” climate negotiations. Such negotiations, as epitomized by the Kyoto Protocol,
have moved at an excruciatingly slow speed. There are different interpretations of why these negotiations are so slow,
but one line of thinking points to disagreements over emissions targets and objections to financial transfers. To avoid
those problems, many have shifted their focus to linking “bottom-up” climate policies, such as regional carbon markets.
Although this approach seems very appealing, Green et al. (2014) identify various obstacles to successful linking, including different levels of ambition, competing domestic policy objectives, objections to financial transfers, and the difficulty
of regulatory coordination.
The most fundamental problem is that the analogy between linking and free trade is largely an illusion. Free trade
brings benefits because demand for goods can be satisfied by imports that cost less. Ricardo’s famous principle of
comparative advantage teaches us that it is best if each country produces what it is best at producing. This principle
will not work automatically with trading emissions allowances because there is neither natural demand nor supply for
permits; they are a “good” created by political decision. Country A and country B cannot realize the benefits of trade
without deciding how many allowances each of them owns, and that is fundamentally the question that international
treaties were supposed to answer. Another consideration is that activities to reduce carbon emissions bring various ancillary benefits, including reductions in conventional air pollutants and the development of technological infrastructure.
If these benefits were substantial enough, of course, then they should sway sovereign governments to adopt climate
policy measures. But apparently the benefits are not sufficient to overcome the coordination challenges in international
negotiations, and the negotiation process does not appear to empower the domestic coalitions that experience these
ancillary benefits.
Finally, the incremental alignment of independent national and subnational climate mitigation policies can help address
political economy around the world. The negotiation process is not really a bilateral or even multilateral process among
sovereign governments. Rather, it is a multidimensional process among sovereign governments and among constituencies within each sovereign jurisdiction. Concluding that neither the top-down nor the bottom-up approach will work
is not constructive. One might therefore conclude that the linking of permit schemes helps prepare the way for international negotiations. By developing schemes separately but in coalition with others, and by linking trading schemes
at least partially, we gain knowledge about many practical aspects that help harmonize standards and procedures for
monitoring and verification; as well as build political coalitions within and among jurisdictions that can help pave the
way for international climate negotiations. Even with a more decentralized approach, overcoming the “global warming
gridlock” of the intergovernmental negotiations will require close coordination.
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Key Findings
•

•

•
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The main reason for formally linking carbon markets is to reduce costs for emission reductions. Linking will also
equalize carbon prices in the linked markets, thereby reducing competitive distortions. Linking may also signal international cooperation and a commitment to long-term climate policy. This may create greater certainty for investors.
In spite of the benefits of linking and initial plans to link the California and EU emissions trading systems, it is
unlikely that we will see linking of the major markets in the European Union, North America, and China in the near
future. It appears that these economies see emissions trading as a national or regional concern and want to keep
control of it themselves. There are also other barriers, described in more detail below.
The obstacles to successful linkage can roughly be categorized into environmental, economic, policy, and political
barriers:
Environmental barriers: Total emissions in a linked system may increase. If one of the systems has a price cap,
for instance, this may increase total emissions. Also, there are concerns that the linked party may inflate its
cap in order to sell more carbon allowances.
Economic barriers: Concerns exist about funds leaving the region.
Policy barriers: Linking will generally lead to a “mixing” of policy design features. This is not necessarily a
barrier to linking, but it may create problems in some cases. For instance, related to decisions about which
offsets are acknowledged, the use of price management mechanisms, and whether imported allowances can
be used for compliance.
Political barriers: Linking leads to a reduced sovereignty of each system and a compromising of each’s original
policy priorities. Linking also means the scope for regulatory interventions within a single system is reduced.
There may also be political preferences toward collaborating with certain countries or regions, such as
California with Quebec or the European Union with least-developed countries.
Successful linkage will require dealing with trade-offs between efficiency and political feasibility. Confronting these
trade-offs practically will require an incremental approach. For example, informal linkages, such as through a
“memorandum of understanding” can help jurisdictions align their practices before formal arrangements are codified, providing great opportunities for learning and institution building. It might not replace the need for a global
agreement but linking might eventually facilitate the negotiation of such a deal. A balance of bottom-up and topdown elements can create a path toward an effective architecture to address global climate change.

References and Further Reading
Burtraw, D., K. Palmer, C. Munnings, P. Weber, and M. Woerman. 2013. Linking by Degrees: Incremental Alignment of
Cap-and-Trade Markets. RFF Discussion Paper 12-04. Washington, DC: Resources for the Future.
Green, J., T. Sterner, and G. Wagner. 2014. A Balance of “Bottom-Up” and “Top-Down” in Linking Climate Policies. Nature
Climate Change 4: 1064–1067. doi: 10.1038/NCLIMATE2429.
Zetterberg, L. 2012. Linking the Emission Trading Systems in the European Union and California. FORES study 2012:6.
Bellmansg 10, SE-11820 Stockholm, Sweden. www.fores.se. ISBN 978-91-979505-8-9.
Zetterberg, L., M. Wråke, T. Sterner, C. Fischer, and D. Burtraw. 2012. Short-Run Allocation of Emissions Allowances and
Long-Term Goals for Climate Policy. Ambio 41: 23–32.

18

Addressing Emissions Leakage:
An Examination of the Emissions
Trading System
Economists have long argued that the most effective way to reduce global carbon emissions would be to develop a
single carbon price applicable to all countries. Currently, 30 jurisdictions operate either an emissions trading system
(ETS) or carbon tax that collectively price approximately 12 percent of annual global greenhouse gas emissions at levels
ranging from US$1 to $175 per ton of carbon dioxide (World Bank and Ecofys 2014). The current landscape of divergent
and incomplete carbon prices allows for the potential for international trade to undermine the efforts of jurisdictional
carbon pricing by leading to carbon leakage.
The European Commission (2014a) describes carbon leakage as “the situation that may occur if, for reasons of costs related to climate policies, businesses were to transfer production to other countries that have laxer constraints on greenhouse gases. This could lead to an increase in their total emissions.” Emissions trading, or carbon pricing in general,
does not automatically result in carbon leakage. The outcome depends on a number of factors, including the additional
cost the policy imposes on the sector and the ability to pass on carbon costs to consumers. If a sector faces international competition from countries with no carbon constraint, it may be difficult to pass on the carbon-related costs.
The EU ETS provides particular treatment, through free allocation, for sectors that are considered to be exposed to significant risk of carbon leakage—that is, sectors where the carbon costs exceed 5 percent of total costs and where trade
intensity is greater than 10 percent. Also, sectors with additional carbon costs or trade intensity exceeding 30 percent
are included. Several ex ante studies show the potential risk for carbon leakage in the second phase of the EU ETS for
some sectors (see, e.g., Grubb and Counsell 2010). However, an empirical ex post study commissioned by the European
Commission finds little evidence of carbon leakage during the first and second phase (Ecorys 2013), although it should
be noted that the allowance price has been low. But the past may not be a good reflection of the future, given that the
third trading period and beyond may look very different from the first two trading periods.
Concern has been raised about the free allocation of a large number of allowances. The EU carbon leakage list, covering 95 percent of industrial emissions in 2014, has been criticized for being too long as a result of political compromises
(Öko-institut and Ecofys 2013). Because the total amount of allowances under the EU ETS (the cap) is reduced by an
annual reduction factor (currently 1.74 percent, increasing to 2.2 percent after 2020), the number of allowances available for free allocation will decrease and finally be phased out. To prevent carbon leakage in phase three, the European
Commission (2014b) proposes to continue with free allocation after 2020, if other major economies do not take comparable climate action.
Leakage has taken on a somewhat different meaning in the context of US policy, where existing power plants in
different states will become subject to regulations that vary somewhat in stringency based on demonstrated technical
opportunities among the states. Variation in stringency among states exists even within power markets, introducing the
possibility that electricity generation or new investment will flow to states with lower regulatory stringency. Electricity
sector modeling demonstrates, however, that states can use the asset value created by introducing a price on carbon to
create a production incentive to eliminate leakage or even to produce negative leakage, drawing generation and investment into the state and potentially lowering total national emissions. This policy approach creates a precondition for
regional negotiation and coordination in designing state-level policies to proceed on even footing.
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Key Findings
•

•
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In the EU ETS, free allocation is motivated mainly by leakage. Output-based allocation (as is implied by the benchmarking exercise) has been shown to have the potential to mitigate leakage, at least while the coalition of countries
pricing carbon is small (Boehringer, Fischer, and Rosendahl. 2014). Although such subsidies are less efficient at
getting price signals right than border carbon adjustments, output-based allocation can be less disruptive to trade
partners (Boehringer, Fischer, and Rosendahl. 2010).
Output-based allocation with updated output and ex ante benchmarks mitigates leakage, provides abatement
incentives as high as with auctions, but constitutes a production subsidy (Zetterberg 2014, Burtraw et al. 2015).
Post 2020, it will be important that free allocation in the European Union provides for changes in production
patterns and harmonization of compensation of indirect costs (Marcu et al. 2014).
As a result of exposure to international competition and free allocation, EU producers of carbon-intensive materials such as cement, steel, and aluminum do not bear the costs of carbon externalities. The carbon price signal is
largely eliminated for most of the value chain other than for efficiency improvements within the primary production process (Neuhoff et al. 2015).
A new policy concept proposes to include a consumption fee on high-carbon commodities (already covered by
the EU ETS) based on the carbon emissions associated with their production. First, this would create incentives
for choosing carbon-efficient materials. Second, revenues from the consumption fees could be refunded to the
producers in the form of free allocation of emissions allowances or corresponding tax exemptions. This way, leakage
protection can continue far beyond 2020. Legal analysis shows that this type of consumption fee could be implemented on imported goods without being in conflict with international trade laws. The consumption fee would not
be implemented on carbon-intensive materials exported from the European Union (Neuhoff et al. 2015).
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