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Executive summary
The last decade has seen worldwide growth of emissions trading systems (ETS) for climate change
mitigation. In 2017, there are 19 systems in operation, at the supra-national, national, state, provincial,
and city level, and several others are under consideration. In 2018, the combined value of ETS
worldwide (not including the Chinese National ETS) is estimated to be more than USD 34 billion, while
jurisdictions with an operating ETS now generate more than 50% of global gross domestic product
(GDP).
As experience with ETS continues to grow, so too does the body of literature which attempts to
measure empirically its impacts. Drawing on academic literature and official reports, this paper
reviews the theory and empirical evidence for the benefits of ETS under three broad categories: the
environmental benefits of ETS targeting emissions reductions, the economic benefits of ETS as a costeffective market-based mechanism, and the potential for ETS to support broader public policy
objectives. A summary of the evidence to date on the benefits of ETS is provided in Table E.S.1 at the
end of this section.
ETS ensures environmental effectiveness
ETS targets emissions reductions. Evidence from existing systems shows ETS policy has driven
emissions reductions, even when accounting for external factors. Estimates of emissions reductions
attribute the EU ETS with 3% of aggregate emissions in Phase I. During the beginning of Phase II
(2008-2010) when the policy was at its most influential, covered firms in Germany reduced emissions
25-28% more than comparable non-covered firms. For the RGGI states, modelling results indicate that
emissions from covered entities would have been 24% higher in the absence of an ETS. Similar
reductions from baseline emissions have been achieved under the Tokyo ETS (26%); however, not all
of these can be attributed solely to the ETS.
ETS enables clear emissions reduction paths. The quantity-based approach of ETS ensures emissions
remain at or below the specified emissions cap across the covered sectors. Jurisdictions implementing
ETS have aimed to adopt progressively declining, credible caps in line with national climate targets,
providing a clear emissions reduction path over the mid- to long-term.
ETS makes economic sense
ETS delivers cost-effective abatement. In OECD countries, studies have determined ETS to be a highly
cost-effective mitigation option. A recent OECD study found that compared to other instruments, ETS
(and broad-base carbon taxes) incurred the lowest costs per ton of abated emissions.
ETS provides flexibility. ETS allows firms to choose where and when to reduce emissions. The cheapest
abatement options are selected first. Moreover, participants can abate emissions when it is most costeffective to do so. Furthermore, the price signal created through an ETS automatically adapts to
changing economic conditions, making emission reductions cheaper when the economy slows and
more expensive during periods of growth.
ETS encourages low-carbon development, decoupling emissions from economic growth. ETS facilitates
the transition to a low-carbon economy and supports countries in breaking away from a carbonintensive development path. Many jurisdictions with an ETS are already trending towards less carbon4
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intensive economies. For example, the carbon intensity of California’s economy has fallen 33% since it
peaked in 2001, while during the same period the state’s economy has grown by 37%. From 2012-2015,
emissions in the state steadily declined, while GDP, population and employment grew. Between 2008
and 2015, the RGGI states reduced CO2 emissions from the power sector by 30%, while the regional
economy grew by 25%. Analysis also shows that during the first nine years of operation (2009-2017),
the RGGI program led to 44,700 new job years.
ETS promotes the deployment and innovation of low-carbon technology. ETS establishes a carbon price,
which changes market conditions to favor low-carbon production processes, products, and
technologies, and provides an incentive for innovation. Evidence shows that ETS contributes to the
deployment of market-ready low-carbon technology, as well as technological innovation close to the
market. For example, research indicates that from 2005-2007, the EU ETS constituted a main driver for
small-scale investments with short amortization times in covered firms in Germany. Studies also show
that ETS is driving innovation. According to recent research, the EU ETS increased low carbon
patenting of regulated firms by 10% compared to otherwise similar firms.
ETS supports further public policy objectives
ETS generates revenues. Through auctioning allowances, ETS can generate an additional source of
government revenue, which may then be used to invest in further climate action, lower other taxes, or
compensate low-income households or adversely impacted groups. By the end of 2017, ETS
jurisdictions have raised nearly USD 35 billion from auctioning. This figure is set to grow as the
coverage of ETS and the share of auctioned allowances increase. From when auctioning was
introduced until the start of 2018, the EU ETS raised more than USD 25.8 billion, RGGI USD 2.8 billion,
California USD 6.4 billion and Québec USD 1.6 billion in auctioning revenues.
ETS produces emissions data and facilitates information sharing. The monitoring, reporting, and
verification (MRV) systems underpinning an ETS generate emissions data. This information allows
jurisdictions to take stock of economy-wide emissions, identify the abatement potential of covered
sectors, and track progress towards mitigation targets. Evidence from the EU ETS suggests that
participating in an ETS helps to raise awareness about climate change issues at the management level
of firms and facilitates information exchange among key stakeholders. Likewise, knowledge sharing
between the regulator and covered entities has been a key element of the emission reductions
achieved under Tokyo’s ETS. MRV systems are currently being established in Mexico, Thailand,
Vietnam, Turkey, and Russia.
ETS creates substantial co-benefits. ETS can have positive synergies with public health, energy security,
job creation and land-use change objectives. In particular, it has the potential to generate long-term
public health benefits by reducing local air pollution. From 2009-2017, the reduction in hazardous
pollutants in RGGI states has led to an estimated more than USD 10 billion in health savings from
avoided illness, hospital visits, lost work days, and premature deaths.
ETS can be adapted to country-specific contexts. The jurisdictions of the 20 ETS currently in operation
display notable geographic, political, and economic differences. The ability to adapt the ETS
framework means that the policy can be designed to accommodate domestic priorities and fulfill
different roles in a jurisdiction’s policy mix.
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ETS is politically feasible. Implementing an ETS has proven politically feasible across a range of
jurisdictions. ETS is shown to be compatible with new and existing policy frameworks. Stakeholder
concerns can be accommodated, for example, through targeted rules on allocation and revenue use,
helping build support among domestic interest groups.
ETS allows for linking with other systems, fostering international climate action. ETS policy enables
distinct systems to be linked through the mutual recognition of emissions allowances. Linking reduces
overall compliance costs, increases market liquidity, promotes market stability, and reduces the risk of
leakage. There are already precedents for successful linking. For California and Québec, modelling
studies indicate that linking cuts overall compliance costs by one-third compared to achieving the
same targets unilaterally.
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Table E.S.1: Summary table outlining the evidence for the benefits of ETS

Benefit

Jurisdictions

Summary of evidence

Sources

Emissions reductions

EU, RGGI, California,
Tokyo

European Environment Agency (2017)4, Martin et
al. (2014)5, Abrell et al. (2011)6, Petrick and Wagner
(2014)7, Bel and Joseph (2014)9, Murray and
Maniloff (2015)11, ARB (2015)14, ARB (2017)15,Tokyo
Metropolitan Government (2018)16

Cost-effective
abatement

Global (OECD
countries)

ETS has driven emissions reductions, even when accounting for external factors:

EU ETS impacts range from an estimated 3% of aggregate emissions to 25-28% at the
firm level, with the impact on emissions being greatest during the beginning of Phase II
(2008-2010)

Based on modelling, RGGI contributed to around 50% of the emission reductions
achieved in the energy sector of RGGI participating states between 2009 and 2012, and
emissions would have been 24% higher in the absence of the ETS.
California and Québec verified emissions have remained below the cap
Tokyo achieved a 26% reduction below baseline emissions
ETS (and broad-based carbon taxes) achieve lowest-cost abatement when compared with other
instruments

Decoupling emissions
from growth

California, EU, RGGI

European Environment Agency (2017)4, European
Commission (2016)41, Denny Ellerman et al.
(2016)42 California Air Resources Board (2017)40,
Stutt et al. (2016)13, , RGGI (2015)43, , Hibbard et al.
(2018)44

Deployment and
innovation of lowcarbon technology

EU, Tokyo

ETS generates
revenues with various
uses

EU, Germany,
California, Québec,
RGGI, Australia

Jurisdictions with an ETS demonstrate an overall trend towards decreasing carbon intensity (not
directly attributable to ETS)

From 1990 to 2016, emissions' intensity of the EU economy was reduced by around 50%,
and decoupling occurred in all member states.

The carbon intensity of California’s economy has fallen 33 percent since it peaked in
2001, while the state’s economy has grown by 37 percent. From 2012-2015, emissions in
the state steadily declined, while GDP, population and employment grew. Between 2008
and 2015, the RGGI states reduced CO2 emissions from the power sector by 30%, while
the regional economy grew by 25%.During the first nine years of operation, the RGGI
program led to over 44,700 new job years
ETS promotes the deployment and innovation of low-carbon technology and processes close to
the market. ETS has a small but positive effect on patenting of low-carbon technology in covered
firms.

The EU ETS increased low carbon patenting of regulated firms by 10% compared to
otherwise similar firms. At the aggregate level, the EU ETS has resulted in a 1% increase
in low carbon patents compared to the counter factual.

For covered firms in Germany, from 2005-2007 the EU ETS constituted a main driver for
small-scale investments with short amortization times.
Tokyo’s ETS has resulted in energy efficient low-carbon technologies in the building sector
(particularly LED lights and efficient air conditioning units).
By the end of 2017, ETS jurisdictions had raised around USD 37 billion from auctioning emission
permits. This revenue is used for various purposes, including furthering climate action and
compensating low-income households. Revenues to the end of 2017: 1

EU ETS – USD 25.8 billion since 2008;

OECD (2013)24

European Commission (2015)45, Tokyo
Metropolitan Government (2015)46, Martin et al.
(2012)49, Martin et al. (2012b)50, Hoffman (2007)51,
Borghesi et al. (2012)52, Anderson et al. (2011)53,
Delarue et al. (2008)54, Calel and Dechezlepetre
(2016)55, Nishida et al. (2016)47

European Union (2009)69, RGGI (2017)10, RGGI
(2018)70 Hsia-Kiung and Morehouse (2015)71,
Gouvernement du Québec (2018)73, Centre for
Climate and Energy Solutions (2011)75
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RGGI – USD 2.8 billion since 2009,

California – USD 6.4 billion since 2012 and

Québec – USD 1.6 billion since 2013.
Countries currently considering an ETS are developing MRV systems and gathering emissions data.
ETS has also raised the issue of climate change to management boards of companies, and has
facilitated information sharing among key stakeholders. MRV systems are currently being
established in Mexico, Thailand, Vietnam, Turkey, and Russia.

Data production and
information sharing

Global, EU, Tokyo

Co-benefits

RGGI, China, USA,
Germany, New
Zealand, Global

ETS has the potential to create synergies with, e.g., public health, energy security, job-creation and
land-use-change policy. In particular, public health savings from improved air quality could be
substantial.

Between 2009-15, the reduction in hazardous pollutants sulfur dioxide, nitrogen oxide,
and mercury in RGGI states has led to an estimated more than USD10 billion in health
savings from avoided illness, hospital visits, lost work days, and premature deaths;

A review of studies into the potential air-quality benefits of climate mitigation policy
found estimates ranging from USD 2-196 /tCO2 (average of USD 49 /tCO2).

IMF estimates that a carbon price of USD 57 /tCO2 will yield the same value of
domestically accrued co-benefits
Significant ETS co-benefits were accrued from reforestation in New Zealand from 2008-2012.

Stutt et al. (2016)13, Nemet et al. (2010)79, Parry et
al. (2014)80, PBL (2009)81, Dong et al. (2015)82, Ma
et al. (2013)83, Thompson et al (2014)84, BMUB
(2015)85, Hibbard et al. (2015)44, New Zealand
Government (2013)86

Adaptable to countryspecific contexts

California, Global

Existing ETS vary in design, depending on context, as well as their intended role in the climate
policy mix. ETS has also been established in jurisdictions with regulated energy prices.

ICAP (2017)3, ARB (2015b)88 Acworth et al. (2018)90

Politically feasible

EU

Experience to date suggests that ETS is more likely to result in broad coverage and hence higher
cost effectiveness compared to a carbon tax as industries lobby for a larger share of free allocation
rather than exemptions.

Evidence from the EU ETS supports this claim, finding that companies have lobbied for
free allocation based on competitiveness concerns and that trade associations were
found to have had a significant influence on this outcome.

Fagan-Watson et al. (2015)94

Allows for linking with
other systems

California, Québec,
EU, Switzerland,
Global

Several jurisdictions have established direct links with each other, while many systems are
indirectly linked through international carbon markets.

Modelling results indicate that over the period 2013-20, linking California and Québec
reduced total compliance costs by one-third.

The UNFCCC estimates that through the EU ETS link to the CDM, compliance costs under
the EU ETS were reduced by around EUR 1.2 billion in the four years of 2008-2011

Purdon et al (2014)97, ARB (2013)100, ICAP (2017)3

Notes: 1 EU auction revenues exclude aviation. Californian auction revenues exclude auctions of consigned allowances.
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Neuhoff (2011)76, Laing et al. (2014)77, Tokyo
Metropolitan Government (2012)78

1. Introduction
As the world looks to mitigate the risks of climate change, a broad range of policy tools have been
discussed and implemented. Among these, emissions trading, also referred to as cap-and-trade, is an
increasingly popular choice for climate change mitigation policy around the world.1 Emissions trading
systems (ETS) have been successfully implemented in a diverse range of economic and political
contexts. There are currently 20 systems in operation, at the supra-national, national, state, provincial,
and city level, and several others are either scheduled or under consideration. In 2017, the combined
value of ETS worldwide is estimated to be more than USD 34 billion, while the combined value of all
carbon pricing instruments (ETS and carbon tax) is estimated at USD 52 billion.a, 2 Furthermore, with
the launch of a national ETS in China, jurisdictions with an operating ETS now generate more than
50% of global gross domestic product (GDP).3
This trend reflects the growing understanding of the benefits of ETS, being one type of market-based
carbon pricing policy (other instruments include carbon taxes and crediting schemes), all of which aim
to make emitters internalize the external costs of their greenhouse gas (GHG) emissions. ETS policy
establishes a carbon price via a quantity-based approach. The government distributes a limited
number of tradable allowances, and then obliges participants to surrender allowances to match their
emissions. The market for allowances generates a carbon price in response to supply and demand,
and each participant is free to react to this carbon price as is individually appropriate. The quantitybased approach of ETS thereby retains the benefits of a carbon price while also ensuring that
emissions are limited to a desired level.
Alongside an overview of the theoretical arguments for ETS, the main aim of this study is to provide a
review of evidence from scientific studies and official reports from existing systems, which is
summarized in Table App.1 at the end of this document. As ETS for climate change mitigation is a
relatively new instrument, the empirical evidence mainly centers on the longest running and most
well-established system, the European Union Emissions Trading System (EU ETS), which has been
operating for over 10 years. There are some studies of the North American cap-and-trade programs,
but systems in the Asia-Pacific region are under-represented, even though ETS in this region is
currently growing the fastest.
Both the environmental and economic effects of ETS are well-covered in the literature, and are
addressed in the first two sections of this paper. The environmental effectiveness of the instrument is
appraised regarding its demonstrated effect on emissions reductions and the benefits that stem from
setting a progressively declining cap. The economic benefits of ETS, in particular, the costeffectiveness of the instrument, its effect on economic growth, and the potential for ETS to drive the
uptake and development of low-carbon technology, are then examined. The third section of this paper
identifies how ETS reaches beyond direct environmental and economic benefits to support a range of
broader public policy objectives. This section outlines the benefits of ETS relating to revenue
generation and use, the production of quality measurement, reporting, and verification (MRV)
information, and the typical synergies with other public policies that ETS presents. Furthermore, the
adaptability and political feasibility of ETS are discussed, as well as the potential for ETS to be linked
to other carbon markets
a

The estimated total value for ETS markets is based on the allowance volume of each ETS for 2017, or the latest year available, multiplied by
the allowance price. In the prior State and Trends of Carbon Pricing 2015 report, the World Bank estimated the combined value of carbon
pricing instruments in 2015 to be nearly US$50 billion globally, of which almost 70 percent (about US$34 billion) is attributed to ETS and
about 30 percent to carbon taxes. This combined value grew to USD 52 billion in 2017.
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2. ETS ensures environmental effectiveness
2.1 ETS targets emissions reductions
By setting an absolute cap, the maximum quantity of emissions under an ETS is clearly defined.
Although there are a range of economic, political, and social factors that can influence emissions
levels, the quantity-based approach of ETS ensures emissions remain at or below a specified limit
across the covered sectors, as determined by the cap. Provided that ETS legislation is robust and
stable over time, ETS therefore enables emissions reduction targets to be met with a high degree of
certainty.b By focusing on emissions reductions, the fixed cap of an ETS lends integrity to climate
policy as the environmental outcome takes precedence.
Despite the broad array of factors affecting emissions, research on impacts from currently operating
systems shows that not only have reduction targets been achieved, but ETS has also driven abatement
with a measurable effect on emissions levels.




From 2005 to 2015, emissions from sectors covered by the EU ETS decreased 24%.c,4Several
studies have sought to identify the main factors affecting emissions during this period and
determine the role of the EU ETS in driving emissions reductions. Studies of Phase I (20052007) show that the EU ETS had a small but non-trivial effect, causing abatement of around
3% of total capped emissions.5 The EU ETS was still a major driver of abatement in the first
part of Phase II (2008-2012), with the increase in stringency of Phase II particularly sparking
abatement.6 Firm-level studies show that from 2008-2010 industrial facilities under the EU ETS
in Germany were substantially driven by the policy, reducing emissions by 25-28% more than
comparable non-covered firms.7 However, from about 2009, factors other than the EU ETS
began to drive emissions reductions. In particular, the economic recession of 2009-2012
resulted in reduced economic activity, which caused a significant drop in emissions. Other
factors include the effects of renewable energy and energy efficiency policies of the EU 2020
Climate and Energy Package.8 Nonetheless, the EU ETS has still been found to drive emissions
reductions throughout this period (estimated at around 20% of the total abatement between
2005 and 2012).9
In 2015, the average CO2 emissions from power plants regulated by the Regional Greenhouse
Gas Initiative (RGGI) were more than 45% lower than in 2005,10 with a substantial decline in the
period after RGGI was introduced (2009-2012) - a trend not reflected in other U.S. states.11 The
2012 RGGI program review showed that RGGI states consistently managed greater emissions
reductions than expected, and the cap was consequently tightened in 2014.12 In 2015,
emissions once again fell 6.3% below the cap.13 Studies suggest that external factors, in
particular the opening of shale gas reserves and the subsequent drop in the price of natural
gas in the region, as well as the economic recession, have also likely played a role in reducing
RGGI states’ emissions. Nevertheless, it is estimated that the program was responsible for half
of the region’s emissions reductions in 2009-2012, and that emissions would have been 24%
higher in the absence of the ETS.11

b

Robust enforcement provisions are essential to maintaining the integrity of the cap. They ensure that participants fulfil their compliance
obligations and ensure that emissions are accounted for. Non-compliance has not yet been a major issue in any ETS around the world. A
further risk stems from the unrestricted use of offsets, which may expand the cap, or introduce allowances whose environmental integrity
may be lacking. Checks and limits may be put in place to ensure the environmental integrity of offset credits.
c

In 2014, GHG emissions from stationary installations under the EU ETS reached their lowest level since 2005 (1800 Mt CO2e) corresponding
to a 24% reduction from 2005 to 2014. This level was maintained in 2015, and preliminary estimates indicate a 27% reduction from 1990
levels in 2016.
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The Californian Cap-and-Trade Program also maintained verified reductions in covered
emissions in line with a steadily decreasing cap so far in each year of operation: the cap in
2015, with the inclusion of emissions from fuel suppliers, was set at 340.3 MtCO2e.14,15
Tokyo’s total emissions from covered facilities in 2016 (the 7th year of the Tokyo Cap-andTrade Program) were 26% lower than base-year emissions (average of 2002-2007),16 although
not all these emission reductions can be attributed directly to the ETS.

2.2 ETS enables clear emissions reduction paths
By setting a progressively declining cap, ETS enables a credible long-term policy signal and emissions
trajectory in line with mid- to long-term targets. An example of how a declining cap can set a trajectory
for emission reductions is shown for the EU ETS in Figure 1. Moreover, by focusing on emissions
reductions (as opposed to setting a specific carbon price or efficiency standard), ETS follows the
format of many national mitigation targets, which are usually defined as absolute quantity targets
(tons of CO2e). In many cases, this carbon budget approach also aligns well with the pledges countries
have put forward in their Nationally Determined Contributions (NDC) under the Paris Agreement.

MtCo2e

Figure 1: The EU climate plan showing emissions reduction targets and the role of the EU ETS . The green line indicates
the progressively declining cap, with a linear reduction factor of 1.74% until 2020, and a proposed factor of 2.2% beyond then.
Source: BMUB based on EEA data, published in the ICAP Status Report 2015.

Many ETS jurisdictions have adopted progressively declining caps corresponding to their short-term
mitigation targets, some of which are listed in Table 1.
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Table 1: Cap reduction factors across different ETS

Annual linear cap
reduction factor, %
1.74%
until 2020,
2.2%
2021-2030

Jurisdiction-wide mitigation target

Republic of Korea 551.0 Mt CO2e
ETS

1.9%

until 2017

California Cap
and Trade

370.4 Mt CO2e

3%
̴4%

until 2020
2021-2030

RGGI

84.3 Mt CO2e

2.5%

until 2020

Québec Cap and
Trade

61.1 Mt CO2e

3%
4%

until 2018,
2019-2020

by 2020: 30% below BAU
by 2030: 37% below BAU – (this
represents a 22% reduction below
2012 GHG levels).
by 2020: return to 1990 GHG levels.
by 2030: 40% below 1990 GHG
levels.
by 2050: 80% below 1990 GHG
levels.
by 2020: 50% below 2005 GHG
levels.
by 2020: 20% below 1990 GHG
levels.
by 2030: 37.5% below 1990 GHG
levels.
by 2050: 80–95% below 1990 GHG
levels.

ETS Jurisdiction
EU ETS

Emissions cap,
2017
1930.8* Mt CO2e

by 2020: 20% below 1990 GHG
levels.
by 2030: at least 40% below 1990
GHG levels.
by 2050: 80–95% below 1990 GHG
levels (not legislated).

Note: * Excludes aviation sector (210 MtCO2e) and does not account for adjustments related to backloading, the NER, or
unallocated allowances.
Source: International Carbon Action Partnership (ICAP) ‘ETS map’.1

A clearly defined emissions reduction pathway provides predictability for economic actors, as it frames
market expectations and sets a clear signal for necessary long-term investments.17 While this is
important for driving investment and innovation among covered entities (see section 3.4 - ETS
promotes the deployment and innovation of low-carbon technology), it also sends a signal for change
across the broader economy. Participants and non-participants alike are encouraged to integrate
climate mitigation into their corporate strategies and planning. However, the actual strategic response
of participating firms greatly depends on whether they perceive the ETS policy to have long-term
credibility. A number of studies have addressed this “commitment problem” in climate mitigation
policy. They have found that factors such as the perceived future stringency of an ETS, as well as
speculation about the future supply of allowances, affect the formation of the carbon price under an
ETS and therefore influence the general response of firms. 18, 19, 20, 21

12

BENEFITS OF EMISSIONS TRADING

3. ETS makes economic sense
3.1 ETS delivers cost-effective abatement
ETS harnesses the allocative power of the market to deliver a fixed level of emissions reductions at the
lowest possible cost to the economy. Under an ETS, trade in scarce emissions allowances on the
carbon market generates a carbon price, which provides the incentives for a shift in consumption,
production and investment decisions towards a low-carbon economy. Entities have the freedom and
flexibility to respond to this carbon price as they see fit, and so long as costs can be passed through,
the carbon price will be reflected in the price of goods and services across the economy.d, 22
In response to the ETS carbon price, companies with cheaper abatement options have an incentive to
abate more and sell allowances, while those with more expensive options abate less and purchase
allowances when needed. This leads to an efficient allocation of abatement efforts across installations
(also referred to as static efficiency), with the carbon price that emerges reflecting the marginal costs
of abatement across the system.e, 23 ETS therefore ensures that no-regret options (with net negative
costs) are taken first, followed by the lowest cost options. Furthermore, there is no need for regulators
to dictate specific abatement actions or to try to prescribe an optimum carbon price. This is especially
advantageous when targeted sectors have differing mitigation potentials and the regulator lacks
information on the actual costs companies will face.


Among the available policies for greenhouse gas mitigation, ETS is considered to be highly
cost effective at reducing emissions. A study published by the Organisation for Economic Cooperation and Development (OECD) found that ETS (and broad-base carbon taxes) incurred
the lowest costs per ton of abated emissions in comparison to other instruments, including
direct subsidies and feed in-tariffs.24 Across the electricity sectors of OECD countries in 2013,
the average effective carbon price (the cost to abate one ton of CO2e) was estimated at USD
40/tCO2e for renewable portfolio standards and certificate schemes, and USD 180/tCO2e for
feed-in tariffs and capital subsidies. In comparison, the majority of emissions covered by ETS
in 2015 had a carbon price of less than USD 10.25

The impact of a carbon price on firm performance is often prominent in debates surrounding carbon
pricing policies. However, a recent empirical study of firms under Phases I and II of the EU ETS found
that there were no negative, and even some positive effects on the economic performance of covered
firms.26 The study finds that ﬁrms reacted to the EU ETS by passing-through costs to their customers
on the one hand and improving labor productivity on the other.
In the absence of a universal carbon price, some have referred to the risk that carbon-intensive and
trade exposed industries may react to an ETS by shifting to regions with lower carbon prices. This
process, termed carbon leakage, has implications for the economic efficiency and environmental
effectiveness of carbon pricing and is discussed in Box 1.

d

For a comprehensive review of price formation and market behaviour under the EU ETS see Hintermann et al. 201522

e

For a detailed overview of the efficiency of pollution permits see Hasegawa and Salant 201523
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Box 1: Carbon leakage – theory and practice
While ETS ensures emissions reductions are achieved at the lowest cost to the economy, covered entities still
face a new cost factor under an ETS. This has often led to concerns that polluting industries will become less
competitive and will therefore move to non-regulated and potentially more-polluting regions. The risk of
“carbon leakage” has repeatedly been raised, with detractors arguing that ETS will displace emissions and push
trade-exposed industries offshore. However, evidence suggests that these concerns have been largely
overstated, with studies of ETS to date concluding a lack of any significant leakage effects. 27, 28, 29, 30, 31, 32 In fact,
ETS policy design can address these risks, for example, through the free allocation of some allowances to
emissions-intensive, trade-exposed sectors, or through price equalization measures for imports of energyintensive products.33, 34 Nonetheless, a more fundamental solution to carbon leakage would be to extend carbon
pricing and price harmonization efforts to competitor regions, most effectively through the international linking
of ETS.35

3.2 ETS provides flexibility
The ETS policy framework features a range of measures that enhance the flexibility of the instrument,
allowing participants to decide when and where to invest in abatement. These features foster a more
stable carbon market and increase the overall cost effectiveness of the system.
Temporal flexibility allows market participants to make decisions about whether to abate now or at
some point in the future. Allowances may be ‘banked’ to be used later or ‘borrowed’f from future
emissions budgets. Firms can then take advantage of future innovations, phase out old technology at
a time that is cheapest for them, and abate more now if they expect future abatement costs to
increase. Temporal flexibility allows participants to abate when it is most cost effective, ensuring
emissions are reduced at least cost over the duration of the policy.g, 36
External crediting systems that generate ‘offsets’, such as the Clean Development Mechanism (CDM),
provide additional flexibility relating to where abatement takes place. Offsets allow certified emissions
reductions to be made outside the scope of the ETS, expanding the range of abatement options
available and driving down the cost of compliance. However, as the unrestricted use of offsets can
pose a risk to the integrity of the ETS, limits on the quality and quantity of offsets are usually put in
place.
Once implemented, a cap-and-trade mechanism is also inherently flexible, as it establishes a dynamic
carbon price signal that automatically adapts to broader economic and political changes. ETS can be
seen as a ‘breathing’ instrument that provides counter-cyclical economic feedback and promotes
stability. In times of economic slowdown, lower than expected levels of economic output reduce
demand for allowances and the carbon price therefore adjusts downward, reducing the economic
burden of the policy. Then, during times of rapid economic growth, the carbon price rises, ensuring
that more is abated when the economy is strong.


In a study of price formation under the EU ETS, the authors concluded that “the trading
scheme proved its flexibility with respect to changing economic conditions by reducing the
carbon costs during a period of economic stress”.37

f

While borrowing theoretically introduces intertemporal flexibility and hence improves efficiency, it also introduces a number of political
concerns. Extensive borrowing reduces certainty over short term targets, locks energy systems into carbon intensive investments and creates
a constituency that has an incentive to lobby for lower targets or scheme eradication.
g

For a detailed overview of how banking and borrowing are treated in existing ETS, see Step 5 of the ICAP and PMR, 2016. ‘Emissions Trading
in Practice: A handbook on design and implementation’.36
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3.3 ETS encourages low-carbon development, decoupling emissions from economic growth
As economic growth has historically been tied to carbon emissions from energy generation, it is
commonly assumed that reducing emissions will negatively impact the economy. While this may have
been the case during the Industrial Revolution, it is not necessarily true today. As seen in Figure 2,
many industrialized countries and regions are already trending toward decarbonization, with
continual improvements in the carbon intensity of their economies (more economic output generated
per ton of carbon emissions). This trend has many underlying drivers and reflects the increasing
energy efficiency, productivity, and technological level of economies. By specifically targeting
emissions, ETS can give a strong impetus to this transformation. It serves to help decouple carbon
pollution from economic growth, and importantly, supports countries in breaking away from a
carbon-intensive development path.
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Figure 2: Carbon intensity of the economy shown in tons of CO2 emitted per USD 1000 of GDP. Emissions include only
CO2 from the burning of fossil fuels, and exclude other GHG emissions, i.e., from construction (cement production), waste from
landfill, agricultural emissions and LULUCF. GDP is normalized to 2015 USD. In the jurisdictions presented, CO2 emissions from
fossil fuels produced per USD 1000 of GDP have been decreasing (for every one ton of emissions, more economic output was
generated), showing an improving carbon intensity of the economy. Over the short term, this trend can be influenced by many
factors (e.g. changing coal/gas prices, economic shocks affecting specific sectors of the economy, weather patterns affecting
energy use), however, over the long term the trend is toward a steady decoupling of emissions from economic growth.
Sources: World Bank38 and the US Energy Information Administration39

Measuring the specific effect of an ETS on low-carbon economic development is generally hampered
by the many external factors affecting the economy, as well as the effect of other policies supporting
renewable energy and energy efficiency. Moreover, it is impossible to tell just how an economy would
have developed in the absence of an ETS. However, evidence from existing systems shows that ETS is,
in these cases, compatible with economic growth. In fact, several jurisdictions with an ETS have
demonstrated robust growth while at the same time reducing emissions. For example:




h

The carbon intensity of California’s economy has fallen 33% since it peaked in 2001, while
during the same period the state’s economy has grown by 37%. From 2012-2015, emissions in
the state steadily declined, while GDP, population and employment grew.40
In the EU emissions decreased by 4% in 2013-14, rose slightly in 2014-15, and then once again
decreased in 2015-2016 (based on preliminary figures). More broadly, in the period 1990-2016,
EU GDP grew by 53%, while total GHG emissionsh decreased by 23%. Over this period the

Excluding land use, land-use change and forestry (LULUCF) but including international aviation
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GHG emission intensity of the EU economy was reduced by around 50%, and the decoupling
of economic growth and GHG emissions occurred in all member states.41 This decoupling
trend has continued in recent years; while 2010 saw both emissions and real GDP rebound
after the global financial crisis, emissions have since declined and economic output has
slightly increased.42
Between 2008 and 2015, the RGGI states have reduced CO2 emissions from the power sector
by 30%, while the regional economy has grown by 25%. Compared to other U.S. states
without a comparable ETS, economic growth over the period was 3.6% greater and GHG
emissions 16% lower.13 During the first few years of RGGI operation (2009-2013) participating
states reduced emissions 2.7 times faster than other US states, while the RGGI economy grew
2.5 times faster.43 Analysis also indicates that during the first nine years of operation (three
compliance periods from 2009-11, 2012-14 and 2015-17), the RGGI program led to over 44,700
new job yearsi, with each of the ten RGGI states recording net job additions.44

3.4 ETS promotes the deployment and innovation of low-carbon technology
By establishing a carbon price signal, ETS changes market conditions to favor low-carbon production
processes, products, and technologies. Furthermore, it provides an incentive for companies and
entrepreneurs to engage in innovation activities. To distinguish the effects of a carbon price along the
different stages of the innovation chain, from basic research in the laboratory to deployment in
commercial markets, Figure 3 provides a simplified visualization of the innovation process, showing
where ETS has a demonstrated effect. The clearest and best-known effects of an ETS on low-carbon
technology are close to the market place.

Figure 3: The effect of carbon pricing at different stages of the innovation process. ETS is shown to have an effect on
the deployment of market-ready low-carbon technology, as well as technological innovation close to the market. Innovation
processes with a demonstrated effect of ETS are lightly shaded, while processes with little or no demonstrated effect of ETS
are darkly shaded. Market failures, according to innovation theory, are shown as dark blocks. The market failure relating to
innovation increases at stages more distant to the market, as indicated by the gradual shading.

i

One ‘job year’ equals one full time job for the period of one year. RGGI While some RGGI job impacts may be permanent full-time, others
may be part-time or temporary. The total job years for the RGGI states is much greater (approximately 25 million in 2011), however, when
compared to job losses in 2010-11 (approx. 73,400 job years), RGGI-generated employment is substantial. Jobs related to RGGI expenditures
within the regional economy include, for example, engineers who perform efficiency audits; workers who install energy efficiency measures in
commercial buildings; staff performing teacher training on energy issues; or the workers in state-funded programs that might have been cut
had a state not used RGGI funds to close budget gaps.
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Source: Adapted from Jenkins and Mansur 201159 and Grubb 200558

The price signal created by an ETS makes emerging low-carbon technologies more competitive, and
thereby incentivizes short to medium-term investment in proven energy efficient products and
processes. The greater deployment and diffusion of emerging technologies creates a larger and more
competitive market, which in turn lowers technology prices and may accelerate learning curves and
attract capital. A large and growing domestic market for low-carbon technology may also strategically
place the economy in a technological leadership position.


Case studies of covered entities across the EU have found that, in its early stages, the EU ETS
played a supporting role in firms’ decisions to invest in carbon efficient technologies.45 In Asia,
the Tokyo Cap-and-Trade Program has also fostered the deployment of energy-efficient, lowcarbon technology in the commercial building sector, with entities responding to the ETS by
installing energy-saving lighting systems, high-efficiency air conditioning units and electronic
energy-saving controls.46, 47

Beyond the increased deployment of otherwise uncompetitive low-carbon technologies, ETS has been
shown to induce incremental innovation in production processes and inputs. Such changes are
considered ‘low-hanging fruit’ in that the basic technologies already exist and even a modest carbon
price (or the expectation of a higher price) is sufficient to induce change.48


For example, studies have identified a small but positive effect of the EU ETS on low-carbon
innovation during the first two phases, with firms developing innovative processes.49, 50, j
Similarly, firms have repeatedly made small-scale investments with short amortization
periods,51 and made incremental improvements, for example, relating to energy efficiency.52
Typically, investments have focused on the organizational innovation of the production
process, for example, by fuel switching, installing of new equipment, streamlining procedures,
and inducing behavioral changes, e.g., through training.53, 54

Somewhat further from the market, but still far from breakthrough innovation is the patenting process.
Through patenting, investors have the opportunity to realize the commercial benefits of developing
new technologies, and the ETS carbon price is here shown to have an effect.


In a recent comprehensive study of firm patenting behavior in the EU,55 it was found that the
EU ETS caused an increase of about 10% in low-carbon patents in regulated firms, as
compared to otherwise similar firms. However, despite the significant innovation effect of the
EU ETS on patenting in regulated firms, the effect on overall low-carbon patenting was small.
This is because only a fraction of firms engaged in low-carbon patenting were covered by the
EU ETS (regulated firms were responsible for less than 3% of all low-carbon patenting in the
period 2005-2009). The results of the study are summarized in Figure 4.

j

The study (Martin et al. 2012b)50 indicates an additional aspect. They found that companies that expected to receive less generous
allocations of free permits in the third phase of the EU ETS had a tendency to innovate more. This suggests that a higher carbon price could
lead to more innovation activity and that the expected stringency of the EU ETS is a key factor in firms’ low-carbon investment decisions
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Figure 4: Effect of the EU ETS on low-carbon patenting in the EU 2005-2009 (based on Calel and Dechezleprêtre 201655)
Between 2005 and 2009, patenting activity increased by about 10% in EU ETS covered firms compared to similar firms not
covered - an effect attributable to the EU ETS given that the studied firms are otherwise very similar.

While evidence shows that ETS provides a basic incentive for the deployment of existing technologies,
as well as incremental innovation and patenting, there is no evidence of ETS driving more
fundamental innovation. This is in line with current innovation theory,48 which identifies several
market failures relating to innovation – simply put, research and development is often too removed
from the market to be affected by a price incentive. Several studies have suggested that, in order to
stimulate the innovation of breakthrough low-carbon technologies, ETS should be complemented by
other policy measures.56, 57, 58
Furthermore, the demonstrated innovative effect of an ETS is shown to be dependent on the
perceived stringency of the instrument, most notably via the actual and expected future carbon price.
Studies of the EU ETS show that factors such as an oversupply of allowances, and perceived policy
instability have muted the innovation effect of the EU ETS.59, 60 Measures to promote long-term price
stability and reduce oversupply of allowances are currently being implemented. While we can expect
that these measures will strengthen the price signal and therefore the innovative effect of the EU ETS,
further empirical studies will be needed to evaluate their effectiveness in this regard.
Beyond generating a carbon price incentive, ETS policy provides at least one further possibility to
induce low-carbon innovation. The revenue generated by ETS allowance auctioning can potentially be
“earmarked” to fund targeted research and development of low-carbon technology,61 as is already
practiced to some extent in the EU and RGGI systems. This option is discussed further in section 4.1 ETS generates revenues.

4. ETS supports further public policy objectives
4.1 ETS generates revenues
Through the auctioning of allowances, ETS can generate fiscal revenue, similar in effect to a carbon
tax. Depending on the jurisdiction’s legal requirements, the regulator can put this revenue to a variety
of uses, such as earmarking revenues for research and development or direct climate action, enacting
tax reform, and/or insulating low-income households from higher energy costs. By the end of 2017,
ETS worldwide had raised around USD 37 billion.
Earmarking – governments may dedicate a share of ETS revenues to specific uses, and thereby
complement broader climate and energy policy and contribute to lowering the long-run costs of
18
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decarbonization. For example, revenues may be earmarked to fund research and development of lowcarbon technologies. Revenues may also be dedicated to increasing adaptive capacity or resilience to
climate damages, both domestically and in other countries. Earmarking auction revenues to fund
further climate action has considerable political appeal, as a clear link is made between funds raised
and government spending.k
Tax reform – auctioning revenue can be ‘recycled’ to reduce existing distortionary taxes, such as labor
and capital taxes, thereby making the overall tax system more efficient. Economists have postulated
that if the efficiency improvements of the tax reform outweigh the cost of carbon pricing, emissions
reductions could even be achieved at zero or negative cost. This idea is often referred to as the ‘double
dividend’ hypothesis,62, 63, 64 and is still largely debated. Although there are not yet any cases of ETS
revenues being recycled to tax reforms, the basic approach has been implemented, for example, in
Germany with an ‘environmental tax’ on particular fossil fuels, and in British Columbia, where
proceeds from the revenue-neutral carbon tax are recycled into broad-based tax cuts.
Protecting low-income households – the poorest households will be the least equipped to adjust to
increasing carbon costs. To counter this, carbon pricing revenues can be used to compensate poor
households. The amount of assistance required will be dictated by local economic circumstances,
energy markets, and political considerations. However, recent studies indicate that for the United
States 11-12% of total carbon pricing revenues would be sufficient to compensate the poorest onefifth of households. l, 65, 66, 67, 68
Examples from established ETS systems that auction permits illustrate how ETS revenues can be
generated and used.




In Europe, Member States themselves decide how to use their auctioning revenues, but the
EU ETS Directive mandates that at least 50% should be used for additional domestic or
international climate change action.69 In Germany, for example, 100% of the revenue goes into
a special fundm that finances additional climate change action. From 2012-2017 (auctioning
was introduced in 2012), allowance auctions in the EU raised a total of USD 25.2 billionn (EUR
21.2 billion).
RGGI states invest auctioning revenues into programs under four main categories: energy
efficiency, clean and renewable energy, direct bill assistance, and GHG abatement. By the end
of 2015, RGGI states had invested around USD 1.77 billion of the cumulative revenues from
2008-2015.o Around 14% of cumulative investments (ca. USD 248 million) were rebated as
direct bill assistance to electricity consumers, mostly through small credits on their energy
bills. Investments in GHG abatement (ca. 7%) fund such programs as the research and
development of advanced energy technologies. Clean and renewable energy programs
received 14% of investments over the 2008-2015 period, while energy efficiency projects
received 60%.11 In 2017, RGGI auctions generated around USD 198 million (compared to USD
265 in 2016), with a cumulative total from 2008-2017 of around USD 2.83 billion.70

k

However, there is no specific link between auction revenues raised and the appropriate level of spending on research and development or
adaptation. Thus, earmarking is unlikely to be economically efficient (see Morris and Mathur, 2014)65.
l

For a good overview of use of auction revenues to offset the burden on low income households, see Kaufman and Krause, 201668.

m

Called ‘Sondervermögen Energie- und Klimafonds’

n

All auctions up to November 2017. Calculation by ICAP, based on data of EEF and ICE: https://www.eex.com/en/marketdata/environmental-markets/auction-market/european-emission-allowances-auction#!/2017/11/13 and
https://www.theice.com/emissions/auctions Retrieved 13.11.2017 Euro Value converted to US Dollars, exchange rate at 13.11.2017.
Bundesverband Deutscher Banken.
o

Although the first RGGI trading period (control period) began in 2009, two preparatory auctions were held already in 2008.
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In California, auctioning revenues go to the Greenhouse Gas Reduction Fund (GGRF) for
investments in projects that aim to “achieve even greater emissions reductions, while creating
jobs, improving communities, and slashing other harmful pollutants”.71 At least 35% of the
fund must be used to benefit disadvantaged communities and/or low-income households
disproportionately affected by climate change and pollution.p By the end of 2017, USD 2.0
billion worth of projects had been implemented, of which 50% are to benefit disadvantaged
communities.72 In the financial year 2015-2016, USD 1.8 billion of auction revenues was
deposited into the GGRF. By the end of 2017, the cumulative proceeds from 2013-2017
totaled more than USD 6.4 billion.q, r
In Québec, auctioning revenues go the Québec Green Fund that finances further climate
change mitigation actions as defined by the Climate Change Action Plan of the Government of
Québec.73 In 2015, CAD 830 million (USD 652 million) were deposited into the Fund. By
September 2017, the program had raised a total of CAD 1.8 billion (USD 1.4 billion) in auction
revenue. 74
In the (now repealed) Australian Carbon Pricing Mechanism, over 50% of the revenue
generated through the program was designed to be used to compensate households,
particularly low-income households. The assistance was to be provided through general tax
reform and not as a rebate on electricity bills. On average, households were expected to be
marginally better off under the Carbon Price Mechanism given the tax reform.s, 75

4.2 ETS produces emissions data and facilitates information sharing
Implementing and operating an ETS requires comprehensive data on covered sources and their
emissions in order to function properly. As companies comply with reporting requirements, extensive
and detailed emissions data are generated, which may otherwise be difficult to obtain. This can help
governments, researchers, and civil society organizations take stock of economy-wide emissions,
identify the abatement potential of covered sectors, and track progress towards mitigation targets.
Participating companies may also make use of this data, which can be applied to long-term
investment decisions and to identify cost-effective emissions reductions options. Participating in an
ETS further facilitates information sharing among key stakeholders.
In many regions of the world, the planning or prospect of an ETS has motivated countries to establish
a reliable MRV system to account for emissions. Reliable accounting systems are not only an essential
step in the implementation of a domestic ETS, they are also important in the international context, as
they facilitate countries’ participation in international carbon markets. The robust and transparent
reporting required by ETS also lends credibility to international mitigation claims, thereby building
trust amongst parties, which will become ever more important in the future under the approach of the
Paris Agreement.


Currently, several countries considering implementing an ETS are developing national MRV
systems. These include Mexico, Thailand, Vietnam, Turkey, and Russia.3

p

For a detailed outline of legislative requirements for GGRF funding, see ‘Cap-and-Trade Auction Proceeds Implementing Legislation’ at
https://www.arb.ca.gov/cc/capandtrade/auctionproceeds/implementinglegislation.htm. Retrieved 05.12.2017
q

Information on auction proceeds available from California Air Resource Board website at
https://www.arb.ca.gov/cc/capandtrade/auction/auction.htm#proceeds . Retrieved 13.11.2017
r

Total proceeds do not include revenues from consigned auction allowances, as these revenues are not deposited in the GGRF

s

The average cost-of-living impact as a result of the carbon price was expected to be AUD 9.9 per week; average assistance received would
have been worth AUD 10.10 per week.
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Furthermore, participating in an ETS helps to spread knowledge and awareness about climate change
issues, and gives impetus to information sharing activities among stakeholders.




Studies have found that the EU ETS has helped to raise the issue of carbon emissions to the
management boards of companies, thereby influencing investment and innovation
patterns.76,77
The Tokyo Cap-and-Trade Program (covering mainly emissions from large residential,
industrial and commercial buildings), explicitly aims to bring together stakeholders across the
building sector (both landlords and tenants) in order to discuss and discover potential carbon
savings.78

4.3 ETS creates substantial co-benefits
While the primary objective of ETS policy is to reduce GHG emissions, a well-designed ETS will work in
concert with domestic public policy objectives to deliver additional environmental and social cobenefits. The range of these benefits is diverse, and depending on ETS design and context for
implementation, ETS is likely to create positive outcomes for public health, energy security, job
creation and land-use change. In particular, the long-term health benefits from a reduction in local air
pollution through climate mitigation policies have received much attention.








Evidence from RGGI shows that declining CO2 emissions have been accompanied by an even
more significant decline in the hazardous pollutants sulfur dioxide, nitrogen oxides, and
mercury. Between 2009 (the start of the RGGI program) and 2015, this reduction has led to an
estimated more than USD 10 billion in health savings from avoided illness, hospital visits, lost
work days, and premature deaths.14, t
On climate mitigation policies more broadly, a review of studies into the potential air-quality
benefits of climate mitigation policy found monetized estimates ranging from USD 2-196 /tCO2
(average of USD 49 /tCO2), with the highest co-benefits in developing countries.79 A more
recent study of the top twenty emitting countries estimates that on average a carbon price of
USD 57.5 /tCO2 will yield the same value of domestically accrued co-benefits, reflecting mainly
the value of reduced air pollution from coal power plants.80 Globally, it is estimated that
reducing GHGs to 50% of 2005 levels by 2050 can reduce the number of premature deaths
from air pollution by 20-40%.81
Several studies identify the potential co-benefits of climate mitigation policy in China, with
benefits coming in the form of synergies with air pollution policy, as well as improved water
quality and water conservation.82, 83
Highly developed countries also stand to benefit. A recent study in the USA projected that the
savings in public health spending from improved air quality, resulting from the
implementation of a national ETS, could more than outweigh the costs of the ETS policy.84

If an ETS stimulates changes in the way energy is produced and used, then ETS policy can also support
strategic macroeconomic objectives aimed at enhancing national energy security and supply.


In Germany, for example, the EU ETS is considered a key supporting instrument of the German
energy transition policy (die Energiewende) wherein an explicit objective is to enhance energy
security and stabilize energy costs by reducing dependence on fossil energy imports. While

t

The analysis draws on emissions information from the EPA Air Program Markets Data and the EPA’s benefit-per-ton metrics for specific
pollutants. For more information, see: http://acadiacenter.org/wp-content/uploads/2015/07/Appendix_Monetized-Benefits-of-AvoidedEmissions.pdf. Retrieved 13.11.2017
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not the main policy instrument of the Energiewende,u the EU ETS still contributes to this
objective by lowering the demand for fossil fuels, particularly in the electricity and heat
generation sectors.85
The inclusion of specific sectors or offsets in an ETS (e.g., the forestry, agriculture, or waste sectors) can
further support local or regional environmental objectives such as the improvement of soil and water
quality, the reduction of deforestation, and the restoration of biodiversity and habitats.


In New Zealand, for example, environmental objectives related to forestry (e.g. soil erosion
control, water quality, biodiversity) were explicit goals of New Zealand’s ETS (NZ ETS), and
evidence shows that over the five years following its implementation (2007-2012), new forest
area increased and the deforestation rate decreased.86 After 2012, however, the collapse of the
carbon price together with policy uncertainty undermined the forestry outcomes of the NZ
ETS.87 While most forestry participants manage timber plantations of fast-growing exotic
species, there is also the possibility for private landowners to earn NZ ETS units (NZUs) for the
re/afforestation of new native forests (post 1989) with high conservation values both under the
NZ ETS and the NZ Permanent Forests Sink Initiative.

4.4 ETS can be adapted to country-specific contexts
ETS policy can be tailored to fit a variety of national and subnational circumstances. The jurisdictions
currently operating ETS display wide geographic, political, and economic differences.v For instance,
there are city-wide systems, such as in Tokyo, characterized by few industrial facilities but many large
buildings with high energy consumption. The EU ETS as a supra-national system covers facilities in 31
countries with markedly different circumstances and economic profiles. In China, pilot systems were
implemented in very heterogeneous regions, including large, commercial cities such as Beijing and
Shanghai, the industrial centers of Tianjin and Guangdong, and the more rural province of Hubei, to
prepare for the implementation of a national cap-and-trade system in 2017. Finally, New Zealand’s
emissions profile is strongly characterized by land-use, land-use change and forestry, and its ETS has
been designed with these circumstances in mind.
The ability to adapt the policy framework means that ETS can be designed to accommodate domestic
priorities and objectives. Existing systems vary significantly in their design.


For instance, while RGGI covers only power installations, New Zealand is the only ETS that
directly includes the forestry sector. Systems also differ in terms of allocation, GHG coverage,
price control measures, and offset provisions.3

ETS can be designed to fulfil different functions in a jurisdiction’s overall climate policy mix.


In California, for example, the California Cap-and-Trade Program is one of several
complementary instruments comprising the state’s overall climate change mitigation and
clean-energy policy,w which includes a feed-in tariff for renewable energy sources, renewable
portfolio standards, strict building codes, the Low-Carbon Fuel Standard, and the Advanced
Clean Air Program.88 In the EU on the other hand, the EU ETS is considered as a cornerstone of

u

The German Energy Transition (Energiewende) comprises a raft of policy instruments, including the planned phase-out of nuclear power
plants, the feed-in tariff program Renewable Energy Act (Erneuerbare-Energien-Gesetz - EEG), and policy measures targeting energy efficiency,
such as the Energy-Conservation Ordinance (Energieeinsparverordnung - EnEV).
v

See, e.g., the ICAP ETS Map: https://icapcarbonaction.com/ets-map.

w

As determined by the California Global Warming Solutions Act of 2006.
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European climate change mitigation policy,89 and is responsible for a major part of the
emissions reductions needed to fulfil the EU climate targets.x
ETS has also been implemented in jurisdictions where price incentives traditionally play little role.


For example, ETS has been implemented in the Republic of Korea, and regions in China where
there are government controls on electricity prices. By also including indirect emissions from
electricity consumption, these jurisdictions have created a demand-side incentive for
emission reductions while retaining government control over electricity prices.90

4.5 ETS is politically feasible
ETS policy has proven to be politically tenable, as demonstrated by the number and variety of
jurisdictions that have chosen ETS as their primary mitigation instrument. While successful
implementation is still contingent on political will, the flexibility of an ETS, both in the freedom that it
gives firms and the various design options, makes it compatible with new and existing policy
frameworks and allows it to gain broad political acceptance.
Furthermore, ETS can be designed to address particular concerns of different stakeholder groups. For
example, the free allocation of some allowances to especially energy-intensive and trade-exposed
sectors as an initial and transitional allocation method may help to overcome concerns of industrial
groups regarding carbon leakage or competitive distortions. At the same time, the use of auction
revenues to compensate households for rising energy costs may win over consumer groups. The
ability to address issues of allocation and revenue use through negotiations at the design stage, while
still ensuring the policy achieves a set level of emissions reductions, means ETS policy can work well in
achieving consensus among domestic interest groups.91, 92


The final design of the EU ETS was the result of intense negotiations between stakeholder
groups and political institutions, which resulted in the concerns of various groups being
successfully incorporated. For example, free allocation was introduced as a mechanism to
counter the competitiveness concerns of some industrial sectors,93 and trade associations
were found to have had a significant influence on this outcome.94

4.6 ETS allows for linking with other systems, fostering international climate action
In order to effectively fight global climate change, it is crucial to coordinate international efforts and to
link different measures. The nature of ETS policy means that distinct systems can be linked through
the mutual (or unilateral) recognition of emissions allowances for compliance. Linking systems creates
a larger carbon market, which can reduce overall compliance costs, increase market liquidity and
promote market stability.95, 96


Based on official projections of allowance prices, abatement costs, and trade volumes in
California and Québec, one study estimates that both jurisdictions will be significantly better
off by linking systems, as compared to a situation where they operate alone. By linking
markets, Québec is expected to reduce compliance costs by 52-57% (USD 387-532 million) by
2020. While compliance costs are expected to rise in California, income from the sale of
allowances is expected to more than compensate these additional costs, with the net gains

x

Under the ‘2030 climate & energy framework’, in order to meet 2030 emissions reduction targets, EU ETS sectors (currently ca. 45% of EU
emissions) would cut emissions by 43% and non-ETS sectors would cut emissions by 30% below 2005 levels. See the European Commission
website for more details - https://ec.europa.eu/clima/policies/strategies/2030_en. Retrieved 13.11.2017
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from trade estimated to be USD 284-442 million for California. Overall, as a result of the link,
aggregate compliance costs are estimated to be reduced by 28-33%.97
Other potential benefits include a reduction of competitiveness distortions between linked regions
related to ‘carbon leakage,’ as well as administrative benefits stemming from information sharing and
cost-savings from shared infrastructure such as auction administration and registries.98 Linking
systems also allows jurisdictions to display political leadership in the fight against climate change by
coming together in a joint effort to reduce GHG emissions.99
Several jurisdictions have already proven that linking systems is feasible.




In 2014, California and Québec successfully linked their systems.100 Ontario linked its cap-andtrade program (since repealed) to the systems of California and Québec in January 2018101
and the three jurisdictions conducted their first joint auction the following month. .
In 2017, the EU and Switzerland signed an agreement to link their systems. The link will likely
become effective from 2020 onward.102 Previously, the EU ETS had already been expanded to
include Iceland, Norway, and Liechtenstein.103

Some systems have also established indirect links by accepting credits from international offset
mechanisms such as the CDM or domestic offset programs such as the China Certified Emission
Reductions (CCER) program.3


The UNFCCC estimates that through the EU ETS link to the CDM, firms under the EU ETS
saved around €1.2 billion on compliance costs in the period 2008-2011.104
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Conclusion
This paper provides a comprehensive review of the theoretical arguments and empirical evidence of
the benefits of ETS for climate mitigation. Given the short timeframe of existence of some ETS, it is not
surprising that a large share of the scientific studies and official reports evaluating the performance of
ETS focus on Europe and North America. Overall, however, there is a growing body of evidence
supporting the arguments presented in this paper, and the benefits of ETS are being realized around
the world.
Research on the effects of ETS has so far concentrated on the environmental benefits and cost
effectiveness of the instrument, and the available evidence generally supports these main arguments.
Beyond these aspects, this paper has highlighted several areas in which ETS may help to achieve
broader public policy objectives, particularly public health benefits associated with improved air
quality.
Currently, evidence is drawn largely from the European and North American experiences. This
highlights the need for further research, but also reflects the fact that ETS in most regions is still a
young instrument. Looking ahead, we expect evidence for the benefits of ETS to strengthen over the
coming years, with more comprehensive data and new research becoming available.
Around the world, ETS policy is put into practice differently depending on the political and economic
conditions in which it is implemented. Therefore, although this paper can show the range of potential
benefits that are possible with an ETS, not all of the benefits outlined in this paper will be equally
relevant across jurisdictions. In order to incorporate the full range and value of ETS benefits into policy
decisions, policymakers will need to first uncover the drawbacks, advantages, and potential synergies
presented by the implementation of ETS in their region.
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Appendix 1. Summary table of evidence
Table App.1: Summary table outlining the evidence for the benefits of ETS

Benefit

Jurisdictions

Summary of evidence

Sources

Emissions reductions

EU, RGGI, California,
Tokyo

European Environment Agency (2017)4, Martin et
al. (2014)5, Abrell et al. (2011)6, Petrick and Wagner
(2014)7, Bel and Joseph (2014)9, Murray and
Maniloff (2015)11, ARB (2015)14, ARB (2017)15,Tokyo
Metropolitan Government (2018)16

Cost-effective
abatement

Global (OECD
countries)

ETS has driven emissions reductions, even when accounting for external factors:

EU ETS impacts range from an estimated 3% of aggregate emissions to 25-28% at the
firm level, with the impact on emissions being greatest during the beginning of Phase II
(2008-2010)

Based on modelling, RGGI contributed to around 50% of the emission reductions
achieved in the energy sector of RGGI participating states between 2009 and 2012, and
emissions would have been 24% higher in the absence of the ETS.
California and Québec verified emissions have remained below the cap
Tokyo achieved a 26% reduction below baseline emissions
ETS (and broad-based carbon taxes) achieve lowest-cost abatement when compared with other
instruments

Decoupling emissions
from growth

California, EU, RGGI

Jurisdictions with an ETS demonstrate an overall trend towards decreasing carbon intensity (not
directly attributable to ETS)

From 1990 to 2016, emissions' intensity of the EU economy was reduced by around 50%,
and decoupling occurred in all member states.

The carbon intensity of California’s economy has fallen 33 percent since it peaked in
2001, while the state’s economy has grown by 37 percent. From 2012-2015, emissions in
the state steadily declined, while GDP, population and employment grew. Between 2008
and 2015, the RGGI states reduced CO2 emissions from the power sector by 30%, while
the regional economy grew by 25%.During the first nine years of operation, the RGGI
program led to over 44,700 new job years

European Environment Agency (2017)4, European
Commission (2016)41, Denny Ellerman et al.
(2016)42 California Air Resources Board (2017)40,
Stutt et al. (2016)13, , RGGI (2015)43, , Hibbard et al.
(2018)44

Deployment and
innovation of lowcarbon technology

EU, Tokyo

ETS promotes the deployment and innovation of low-carbon technology and processes close to
the market. ETS has a small but positive effect on patenting of low-carbon technology in covered
firms.

The EU ETS increased low carbon patenting of regulated firms by 10% compared to
otherwise similar firms. At the aggregate level, the EU ETS has resulted in a 1% increase
in low carbon patents compared to the counter factual.

For covered firms in Germany, from 2005-2007 the EU ETS constituted a main driver for
small-scale investments with short amortization times.
Tokyo’s ETS has resulted in energy efficient low-carbon technologies in the building sector
(particularly LED lights and efficient air conditioning units).

European Commission (2015)45, Tokyo
Metropolitan Government (2015)46, Martin et al.
(2012)49, Martin et al. (2012b)50, Hoffman (2007)51,
Borghesi et al. (2012)52, Anderson et al. (2011)53,
Delarue et al. (2008)54, Calel and Dechezlepetre
(2016)55, Nishida et al. (2016)47

OECD (2013)24
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ETS generates
revenues with various
uses

EU, Germany,
California, Québec,
RGGI, Australia

By the end of 2017, ETS jurisdictions had raised around USD 37 billion from auctioning emission
permits. This revenue is used for various purposes, including furthering climate action and
compensating low-income households. Revenues to the end of 2017:

EU ETS – USD 25.8 billion since 2008;

RGGI – USD 2.8 billion since 2009,

California1 – USD 6.4 billion since 2012 and

Québec – USD 1.6 billion since 2013.

European Union (2009)69, RGGI (2017)10, RGGI
(2018)70 Hsia-Kiung and Morehouse (2015)71,
Gouvernement du Québec (2018)73, Centre for
Climate and Energy Solutions (2011)75

Data production and
information sharing

Global, EU, Tokyo

Neuhoff (2011)76, Laing et al. (2014)77, Tokyo
Metropolitan Government (2012)78

Co-benefits

RGGI, China, USA,
Germany, New
Zealand, Global

Countries currently considering an ETS are developing MRV systems and gathering emissions data.
ETS has also raised the issue of climate change to management boards of companies, and has
facilitated information sharing among key stakeholders. MRV systems are currently being
established in Mexico, Thailand, Vietnam, Turkey, and Russia.
ETS has the potential to create synergies with, e.g., public health, energy security, job-creation and
land-use-change policy. In particular, public health savings from improved air quality could be
substantial.

Between 2009-15, the reduction in hazardous pollutants sulfur dioxide, nitrogen oxide,
and mercury in RGGI states has led to an estimated more than USD10 billion in health
savings from avoided illness, hospital visits, lost work days, and premature deaths;

A review of studies into the potential air-quality benefits of climate mitigation policy
found estimates ranging from USD 2-196 /tCO2 (average of USD 49 /tCO2).

IMF estimates that a carbon price of USD 57 /tCO2 will yield the same value of
domestically accrued co-benefits
Significant ETS co-benefits were accrued from reforestation in New Zealand from 2008-2012.

Adaptable to countryspecific contexts

California, Global

Existing ETS vary in design, depending on context, as well as their intended role in the climate
policy mix. ETS has also been established in jurisdictions with regulated energy prices.

ICAP (2017)3, ARB (2015b)88 Acworth et al. (2018)90

Politically feasible

EU

Experience to date suggests that ETS is more likely to result in broad coverage and hence higher
cost effectiveness compared to a carbon tax as industries lobby for a larger share of free allocation
rather than exemptions.

Evidence from the EU ETS supports this claim, finding that companies have lobbied for
free allocation based on competitiveness concerns and that trade associations were
found to have had a significant influence on this outcome.

Fagan-Watson et al. (2015)94

Allows for linking with
other systems

California, Québec,
EU, Switzerland,
Global

Several jurisdictions have established direct links with each other, while many systems are
indirectly linked through international carbon markets.

Modelling results indicate that over the period 2013-20, linking California and Québec
reduced total compliance costs by one-third.

The UNFCCC estimates that through the EU ETS link to the CDM, compliance costs under
the EU ETS were reduced by around EUR 1.2 billion in the four years of 2008-2011

Purdon et al (2014)97, ARB (2013)100, ICAP (2017)3
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Stutt et al. (2016)13, Nemet et al. (2010)79, Parry et
al. (2014)80, PBL (2009)81, Dong et al. (2015)82, Ma
et al. (2013)83, Thompson et al (2014)84, BMUB
(2015)85, Hibbard et al. (2015)44, New Zealand
Government (2013)86

Reference list
International Carbon Action Partnership (ICAP), 2017. ‘ETS map’, https://icapcarbonaction.com/ets-map
Retrieved: 13.11.2017.
1

World Bank; Ecofys; Vivid Economics. 2017. State and Trends of Carbon Pricing 2017. Washington, DC: World
Bank. Retrieved 31.11.2017. https://openknowledge.worldbank.org/handle/10986/28510
2

International Carbon Action Partnership (ICAP), 2018. ‘Emissions Trading Worldwide International Carbon
Action Partnership, Status Report 2018’. https://icapcarbonaction.com/en/icap-status-report-2018 Retrieved
31.02.2018.
3

European Environment Agency, 2017. ‘Trends and Projections in Europe 2017. Tracking progress towards
Europe's climate and energy targets’. https://www.eea.europa.eu/ds_resolveuid/P8H9Y6SMOD. Retrieved
13.11.2017.
4

Martin, R., Muuls, M. and Wagner, U., 2014, ‘The Impact of the EU ETS on Regulated Firms: What is the evidence
after nine years?’ SSRN publication: http://dx.doi.org/10.2139/ssrn.2344376
5

Abrell J., Ndoye-Faye A. and Zachmann G., 2011. ‘Assessing the impact of the EU ETS using firm level data’,
Bruegel Working Paper 2011/08. Brussels. http://bruegel.org/wpcontent/uploads/imported/publications/WP_2011_08_ETS_01.pdf Retrieved 12.04.2016.
6

Petrick, S. and Wagner, U., 2014. ‘The impact of carbon trading on industry: Evidence from German
manufacturing firms.’ Working Paper. Kiel: Kiel Institute for the World Economy SSRN Publication:
http://dx.doi.org/10.2139/ssrn.2389800
7

Gloaguen, A. and Alberola, E. 2013. Assessing the factors behind CO2 emissions changes over the phases 1 and
2 of the EU ETS: an econometric analysis. CDC Climat Research Working Paper 2013-15.
http://www.cdcclimat.com/IMG/pdf/13-10_cdc_climat_r_wp_1315_assessing_the_factors_behing_co2_emissions_changes.pdf. Retrieved 12.04.2016.
8

Bel, G. and Joseph, S., 2014. ‘Industrial Emissions Abatement : Untangling the Impact of the EU ETS and the
Economic Crisis.’ Research Institute of Applied Economics (IREA), Working Paper 2014/22 1/23. Barcelona:
Universitat de Barcelona. http://www.ub.edu/irea/working_papers/2014/201422.pdf. Retrieved 27.05.2015.
9

Regional Greenhouse Gas Initiative (RGGI), 2017. ‘Investment of RGGI Proceeds in 2015’.
https://www.rggi.org/sites/default/files/Uploads/Proceeds/RGGI_Proceeds_Report_2015.pdf. Retrieved
01.05.2018
10

Murray, B. and Maniloff, P., 2015. ‘Why Have Greenhouse Gas Emissions in RGGI States Declined? An
Econometric Attribution to Economic, Energy, Market, and Policy Factors’. Energy Economics 2015. DOI:
10.1016/j.eneco.2015.07.013. http://www.sciencedirect.com/science/article/pii/S0140988315002273 Retrieved
28.05.2015.
11

Regional Greenhouse Gas Initiative (RGGI), 2013. ‘RGGI 2012 Program Review’ Website accessed 15.03.2016
https://www.rggi.org/design/program-review - see RGGI 2012 Program Review: Summary of Recommendations
to Accompany Model Rule Amendments and Summary of RGGI Model Rule Changes
12

Stutt J., Shattuck P. and Kumar V., 2016. ‘Regional Greenhouse Gas Initiative Status Report Part I: Measuring
Success’. Acadia Center, Rockport, ME. http://acadiacenter.org/wpcontent/uploads/2016/07/Acadia_Center_2016_RGGI_Report-Measuring_Success_FINAL_08092016.pdf
Retrieved 31.07.2017.
13

California Environmental Protection Agency Air Resources Board (ARB), 2015. Mandatory GHG Reporting Reported Emissions. http://www.arb.ca.gov/cc/reporting/ghg-rep/reported-data/ghg-reports.htm. Retrieved
31.07.2017
14

California Environmental Protection Agency Air Resources Board (ARB), 2017. ‘New Report Shows California is
Reducing Greenhouse Gas Emissions as Economy Continues to Grow.’ https://ww2.arb.ca.gov/news/new-reportshows-california-reducing-greenhouse-gas-emissions-economy-continues-grow. Retrieved 02.05.2018
15

BENEFITS OF EMISSIONS TRADING

Tokyo Metropolitan Government Bureau of Environment, 2018. ‘Results of Tokyo Cap-and-Trade Program in
Second Fiscal Year of Second Compliance Period.’ Website accessed 23.02.2018
http://www.kankyo.metro.tokyo.jp/en/climate/cap_and_trade/index.files/Tokyo_CAT_6th_year_result.pdf
16

Grubb, M., 2009. ‘Reinforcing carbon markets under uncertainty: The role of reserve price auctions and other
options’. Climate Strategies, Issues and Options Brief. http://climatestrategies.org/wpcontent/uploads/2009/03/reinforcing-carbon-markets-under-uncertainty.pdf Retrieved 30.05.2015.
17

Helm, D., Hepburn, C. and Mash, R., 2003. ‘Credible carbon policy’, Oxford Review of Economic Policy 19(3),
438–450. https://doi.org/10.1093/oxrep/19.3.438 .Retrieved 05.12.2017
18

Brunner, S., Flachsland, C. and Marschinski, R., 2012. ‘Credible commitment in carbon policy’. Climate Policy,
12, 255-271. https://doi.org/10.1080/14693062.2011.582327 .Retrieved 05.12.2017
19

Koch, N., Fuss, S., Grosjean, G. and Edenhofer, O., 2015. ‘Politics Matter: Regulatory events as a catalyst for price
formation under a cap and trade scheme’. MCC Working paper. (May 6, 2015).
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2603115. Retrieved 17.03.2016.
20

Acworth, W., Ackva, J., Haug, C., Montes De Oca, M., Fuss, S., Flachsland, C., Koch, N., Kornek, U., Knopf, B.,
Edenhofer, O. and Burtraw, D., 2017. ‘Emissions trading and the role of a long-run carbon price signal: Achieving
cost-effective emission reductions under an emissions trading system.’ International Carbon Action Partnership
Secretariat and Resources for the Future. Berlin. Retrieved 13.11.2017 from
https://icapcarbonaction.com/en/?option=com_attach&task=download&id=491
21

Hintermann, B., Peterson,S. and Rickels, W., 2015. ‘Price and market behavior in phase II of the EU ETS’. Review
of Environmental Economics and Policy. doi: 10.1093/reep/rev015. Retrieved 05.12.2017
22

Hasegawa, M. and Salant, S., 2015. ‘The Dynamics of Pollution Permits.’ Resources for the Future, Working
Paper 15-20. http://www.rff.org/files/sharepoint/WorkImages/Download/RFF-DP-15-20.pdf. Retrieved
17.03.2016.
23

Organisation for Economic Co-operation and Development (OECD), 2013. ‘Effective Carbon Prices’. Paris: OECD
Publishing. http://dx.doi.org/10.1787/9789264196964-en Retrieved 28.08.2015.
24

Kossoy, A., Peszko, G., Oppermann, K., Prytz, N., Klein, N., Blok, K., Lam, L., Wong, L., Borkent, B., 2015. ‘State
and trends of carbon pricing 2015’, World Bank Group, Washington, D.C.
http://documents.worldbank.org/curated/en/2015/09/25053834/state-trends-carbon-pricing-2015 Retrieved
20.06.2016
25

26

Marin, G., Marino, M., and Pellegrin, C. 2018. ‘The Impact of the European Emission Trading Scheme on Multiple
Measures of Economic Performance’. Environmental and Resource Economics, 71(2), 551–582.
http://doi.org/10.1007/s10640-017-0173-0
Partnership for Market Readiness (PMR), 2015. ‘Carbon Leakage, theory, evidence and policy design’. Technical
note 11. October. http://wwwwds.worldbank.org/external/default/WDSContentServer/WDSP/IB/2015/10/21/090224b083160750/1_0/Rendere
d/PDF/Carbon0leakage0e00and0policy0design.pdf. Retrieved 15.03.2016.
27

Ecofys, 2013. ‘Carbon Leakage Evidence Project. Factsheets for selected sectors, 2005–2012’.
https://ec.europa.eu/clima/sites/clima/files/ets/allowances/leakage/docs/cl_evidence_factsheets_en.pdf.
Retrieved 27.05.2015.
28

Alexeeva-Talebi, V., 2010. ‘Cost Pass-Through in Strategic Oligopoly: Sectoral Evidence for the EU ETS’. ZEW
Working paper. ftp://ftp.zew.de/pub/zew-docs/dp/dp10056.pdf. Retrieved 28.05.2015.
29

Walker, N., 2006. ‘Concrete Evidence? An empirical approach to quantify the impact of EU Emissions Trading
on cement industry competitiveness’. Working Paper PEP 06/10. Dublin: School of Geography Planning and
Environmental Policy, University College Dublin. https://cprubibliography.wordpress.com/2012/06/14/concreteevidence-an-empirical-approach-to-quantify-the-impact-of-eu-emissions-trading-on-cement-industrycompetitiveness/. 27.05.2015.
30

29

BENEFITS OF EMISSIONS TRADING

Rydge J., 2015. ‘Implementing Effective Carbon Pricing. Contributing paper for Seizing the Global Opportunity:
Partnerships for Better Growth and a Better Climate.’ New Climate Economy, London and Washington, DC.
Available at: http://newclimateeconomy.report/misc/working-papers/ . Retrieved 15.03.2016.
31

Boutabba, M.A. and Lardic, S. 2017. ‘EU Emissions Trading Scheme, competitiveness and carbon leakage: new
evidence from cement and steel industries.’ Ann Oper Res (2017) 255: 47. https://doi.org/10.1007/s10479-0162246-9. Retrieved 13.11.2017.
32

Marcu, A., Egenhofer, C., Roth, S. and Stoefs, W., 2014. ‘Carbon Leakage : Options for the EU’. Brussels: Carbon
Market Forum, Centre for European Policy Studies.
https://www.ceps.eu/system/files/CEPS%20Special%20Report%20No%2083%20Carbon%20Leakage%20Optio
ns.pdf. Retrieved 17.03.2016
33

Edenhofer, O., Normark, B. and Tardieu, B., 2014. ‘Euro-CASE Policy Position Paper. Reform Options for the
European Emissions Trading System (EU ETS)’. Paris: European Council of Academies of Applies Sciences,
Technologies and Engineering. http://www.euro-case.org/images/stories/pdf/position-paper/Euro-CASE-policypaper-ETS-reform.pdf. Retrieved 15.09.2015
34

International Carbon Action Partnership (ICAP), 2015. ‘Linking Emissions Trading Systems: A Summary of
Current Research’. https://icapcarbonaction.com/index.php?option=com_attach&task=download&id=241.
Retrieved 30.05.2015
35

The International Carbon Action Partnership (ICAP) and the Partnership for Market Readiness(PMR), 2016.
‘Emissions Trading in Practice: A handbook on design and implementation. Step 5’.
https://icapcarbonaction.com/en/?option=com_attach&task=download&id=387 Retrieved 28.04.2016.
36

Hintermann, B., Peterson,S. and Rickels, W.,2015. ‘Price and market behavior in phase II of the EU ETS’. Review
of Environmental Economics and Policy. doi: 10.1093/reep/rev015. Retrieved 05.12.2017
37

World Bank, 2015. ‘World Development Indicators. GDP (current US$)’.
http://data.worldbank.org/indicator/NY.GDP.MKTP.CD. Retrieved 06.06.2015
38

United States Energy Information Administration (EIA), ca. 2014. ‘International Energy Statistics – Total Carbon
Dioxide Emissions from the Consumption of Energy’.
http://www.eia.gov/cfapps/ipdbproject/iedindex3.cfm?tid=90&pid=44&aid=8. Retrieved 06.06.2015
39

California Air Resources Board, 2017. ‘California Greenhouse Gas Emissions for 2000 to 2015: Trends of
Emissions and Other Indicators’, California GHG Emission Inventory,
https://www.arb.ca.gov/cc/inventory/pubs/reports/2000_2015/ghg_inventory_trends_00-15.pdf. Retrieved
13.11.2017
40

European Commission, 2017. ‘Two years after Paris – Progress towards meeting the EU's climate
commitments’ https://ec.europa.eu/clima/sites/clima/files/strategies/progress/docs/swd_2017_xxx_en.pdf
Retrieved 22.12.2017.
41

Denny Ellerman, A., Marcantonini, C., and Zaklan, A., 2016. The European Union Emissions Trading System: Ten
Years and Counting. Review of Environmental Economics and Policy, 10(1), 89–107.
http://doi.org/10.1093/reep/rev014
42

Regional Greenhouse Gas Initiative (RGGI), 2015. ‘Investment of RGGI Proceeds ThroEuugh 2013’.
https://www.dec.ny.gov/docs/administration_pdf/rggiprcds13.pdf. Retrieved 01.05.2018. Original data based on
economic indicators from the Federal Reserve Bank of Philadelphia (http://www.philadelphiafed.org/researchand-data/regional-economy/indexes/coincident/) weighted by gross state product
(http://www.bea.gov/newsreleases/regional/gdp_state/2013/xls/gsp0613.xls)
43

Hibbard, P. J., Tierney, S. F., Darling, P.G., and Cullinan, S.,2018. ‘The Economic Impacts of the Regional
Greenhouse Gas Initiative on Nine Northeast Mid-Atlantic States. Review of RGGI’s Third Three-Year Compliance
period’.
http://www.analysisgroup.com/uploadedfiles/content/insights/publishing/analysis_group_rggi_report_april_20
18.pdf Retrieved 01.05.2018
44

30

BENEFITS OF EMISSIONS TRADING

European Commission, 2015. ‘Study on the Impacts on Low Carbon Actions and Investments of the
Installations Falling Under the EU Emissions Trading System (EU ETS). Final Report’.
https://ec.europa.eu/clima/sites/clima/files/ets/allowances/docs/report_low_carbon_actions20150623_en.pdf.
Retrieved 01.05.2018
45

Tokyo Metropolitan Government, 2015. ‘Tokyo Cap-and-Trade Program achieves 23% reduction after 4th year’.
http://www.kankyo.metro.tokyo.jp/en/climate/cap_and_trade/index.files/Tokyo_CAT_4th_Year_Results.pdf.
Retrieved 01.05.2018.
46

Nishida, Y., Hua, Y., and Okamoto, N., 2016. “Alternative building emission-reduction measure: outcomes from
the Tokyo Cap-and-Trade Program” Building Research & Information, Vol. 44, 5–6, 644–659,
http://dx.doi.org/10.1080/09613218.2016.1169475
47

Hourihan, M. and Atkinson, R., 2011. ‘Inducing Innovation : What a Carbon Price Can and Can’t Do’. Washington,
D.C.: The Information Technology and Innovation Foundation (ITIF), March 2011. http://www.itif.org/files/2011inducing-innovation.pdf. Retrieved 27.08.2015.
48

Martin, R., Muûls, M. and Wagner, U., 2012. ‘An Evidence Review of the EU Emissions Trading System, Focussing
on Effectiveness of the System in Driving Industrial Abatement’. London: Department of Energy and Climate
Change, UK. https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/48449/5725-anevidence-review-of-the-eu-emissions-trading-sys.pdf. Retrieved 27.08.2015.
49

Martin, R., Muûls, M. and Wagner, U., 2012b. ‘Carbon Markets, Carbon Prices and Innovation: Evidence from
Interviews with Managers’. London: London School of Economics and Political
Science.http://citeseerx.ist.psu.edu/viewdoc/summary?doi=10.1.1.269.7238. Retrieved 27.08.2015.
50

Hoffman, V., 2007. ‘EU ETS and Investment Decisions: The Case of the German Electricity Industry’. Europe:
European Management Journal, 25(6), pp. 464-474. https://doi.org/10.1016/j.emj.2007.07.008. Retrieved
05.12.2017
51

Borghesi S., Cainelli G. and Mazzanti M., 2012, ‘The European Emissions Trading Scheme and environmental
innovation diffusion: Empirical analyses using Italian CIS data.’ University of Ferrara, Quaderno n. 1/2012.
http://www.sustainability-seeds.org/papers/RePec/srt/wpaper/2714.pdf. Retrieved 27.08.2015.
52

Anderson, B., Convery, F. and Di Maria, C., 2011. ‘Technological Change and the EU ETS: The case of Ireland’.
IEFE Working Paper No. 4. Milan: Centre for Research on Energy and Environmental Economics and Policy.
http://www.iefe.unibocconi.it/wps/wcm/connect/d07d10004cadae4d98affc0f7bdc7be0/IEFE+WP+Anderson.pdf
?MOD=AJPERES&useDefaultText=0&useDefaultDesc=0. Retrieved 27.08.2015.
53

Delarue, E., Voorspools, K. and D’haeseleer, W., 2008. ‘Fuel Switching in the Electricity Sector under the EU ETS:
Review and Prospective’. Journal of Energy Engineering 134(2) 40-46. Australia: University of New South Wales.
https://www.mech.kuleuven.be/en/tme/research/energy_environment/Pdf/WPEN2007-04. Retrieved 27.08.2015.
54

Calel, R. and Dechezleprêtre, A. 2016. ‘Environmental Policy and Directed Technological Change : Evidence
from the European Carbon Market’. Review of Economics and Statistics. 98(1), 173-191. USA : Harvard College
and MIT. http://www.mitpressjournals.org/doi/pdf/10.1162/REST_a_00470. Retrieved 05.12.2017
55

Jaffe, A., Newell R.. and Stavins, R., 2004. ‘A tale of two market failures: Technology and environmental policy.’
Ecological Economics. 54(2-3),
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.76.3757&rep=rep1&type=pdf. Retrieved 05.12.2017
56

Grubb, M., 2005. ‘Technology Innovation and Climate Change Policy. ‘An Overview of Issues and Options’, Keio
Economic Studies 41(2), 103-132
http://seg.fsu.edu/Library/Technology%20Innovation%20and%20Climate%20Policy_%20An%20Overview%20o
f%20Issues%20and%20Options.pdf. Retrieved 27.08.2015.
57

Jenkins, J. and Mansur, S., 2011. ‘Bridging the Clean Energy Valleys of Death: Helping American Entrepreneurs
Meet the Nation’s Energy Innovation Imperative.’ Breakthrough Institute,
http://thebreakthrough.org/archive/bridging_the_clean_energy_vall. Retrieved 15.04.2016
58

Bel, G. and Joseph, S., 2015. ‘Certificate Oversupply in the European Union Emission Trading System and Its
Impact on Technological Change.’ University of Barcelona Research Institute of Applied Economics (IREA).
Working Paper 2015/20. 1/32. http://www.ub.edu/irea/working_papers/2015/201520.pdf. Retrieved 13.11.2017
59

31

BENEFITS OF EMISSIONS TRADING

Marcantonini, C., Teixido-Figueras, J., Verde, S. F. and Labandeira X., 2017. ‘Low-Carbon Innovation and
Investment in the EU ETS.’ European University Institute, Florence School of Regulation, Policy Briefs 2017/22.
http://cadmus.eui.eu//handle/1814/47525. Retrieved 13.11.2017
60

Kennedy, K., Obeiter, M. and Kaufman, N., 2015. ‘Putting a price on carbon: A handbook for U.S. policymakers’.
World Resources Institute (WRI), Washington D.C.
http://www.wri.org/sites/default/files/carbonpricing_april_2015.pdf. Retrieved 15.03.2016.
61

Goulder, L., 2013. ‘Climate change policy's interactions with the tax system’. Energy Economics 40 (2013) S3–
S11.
http://web.stanford.edu/~goulder/Papers/Published%20Papers/Climate%20Change%20Policy's%20Interaction
s%20with%20the%20Tax%20System.pdf. Retrieved 15.03.2016.
62

Heine, D., Norregaard, J., Parry, I., 2012. ‘Environmental Tax Reform: Principles from Theory and Practice to
Date’ IMF Working Paper WP/12/180. https://www.imf.org/external/pubs/ft/wp/2012/wp12180.pdf. Retrieved
10.03.2016.
63

Parry I., 1997. ‘Environmental taxes and quotas in the presence of distorting taxes in factor markets’. Resource
and Energy Economics. 19, 203–220. http://ac.els-cdn.com/S0928765596000127/1-s2.0-S0928765596000127main.pdf?_tid=d8b6e966-323d-11e6-b7ee00000aacb35e&acdnat=1465915369_3687e17438ba1a26c9b35ac10b4ce781. Retrieved 10.03.2016.
64

Morris A. and Mathur A., 2014. ‘A Carbon Tax in Broader U.S. Fiscal Reform: Design and Distributional Issues’
Center for Climate and Energy Solutions, Arlington, Virginia
https://www.c2es.org/site/assets/uploads/2014/05/carbon-tax-broader-us-fiscal-reform.pdf. Retrieved
10.03.2016.
65

Parry I., 1997. ‘Environmental taxes and quotas in the presence of distorting taxes in factor markets.’ Resource
and Energy Economics. 19, 203–220. http://ac.els-cdn.com/S0928765596000127/1-s2.0-S0928765596000127main.pdf?_tid=d8b6e966-323d-11e6-b7ee00000aacb35e&acdnat=1465915369_3687e17438ba1a26c9b35ac10b4ce781. Retrieved 10.03.2016.
66

Goulder L., 2013. ‘Climate change policy's interactions with the tax system’ Energy Economics 40 (2013) S3–
S11.
http://web.stanford.edu/~goulder/Papers/Published%20Papers/Climate%20Change%20Policy's%20Interaction
s%20with%20the%20Tax%20System.pdf. Retrieved 15.03.2016.
67

Kaufman N., & Krause E., 2016, ‘Putting a price on Carbon: ensuring equity’. World Resources Institute. Issue
Brief April http://www.wri.org/publication/putting-price-carbon-ensuring-equity. Retrieved 02.04.2016
68

European Union, 2009. ‘DIRECTIVE 2009/29/EC OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 23
April 2009 amending Directive 2003/87/EC so as to improve and extend the greenhouse gas emission allowance
trading scheme of the Community’, Article 10. http://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:32009L0029&from=EN. Retrieved 27.05.2015.
69

Regional Greenhouse Gas Initiative (RGGI), 2018. ‘Auction results. Allowance Prices and Volumes (by Auction)’.
http://www.rggi.org/market/co2_auctions/results. Retrieved 01.02.2018.
70

Hsia-Kiung, K., Morehouse, E., 2015. ‘Carbon Market California: A Comprehensive Analysis of the Golden State’s
Cap-and-Trade Program. Year two: 2014’. Environmental Defense Fund (EDF)
https://www.edf.org/sites/default/files/content/carbon-market-california-year_two.pdf. Retrieved 27.05.2015.
71

California Air Resources Board. 2018. “California Climate Investments Annual Report 2018: Annual Report to the
Legislature on California Climate Investments Using Cap-and-Trade Auction Proceeds.” California Climate
Investments. https://www.arb.ca.gov/cc/capandtrade/auctionproceeds/2018_cci_annual_report.pdf Retrieved
02.05.2018
72

Gouvernement du Québec, n.d. ‘The Carbon Market’.
http://www.mddelcc.gouv.qc.ca/changements/carbone/index-en.htm. Retrieved 27.05.2015.
73

Ministère du Développement durable, de l’Environnement et de la Lutte contre les changements climatiques
Québec, 2018. ‘Revenus des ventes aux enchères versés au Fonds vert’.
74

32

BENEFITS OF EMISSIONS TRADING

http://www.mddelcc.gouv.qc.ca/changements/carbone/revenus.htm. Retrieved 01.02.2018.Value converted in
US Dollars, exchange rate of13.11.2017; Bundesverband Deutscher Banken
Centre for Climate and Energy Solutions, 2011, ‘Australia’s Carbon Pricing Mechanism.’ December
https://www.c2es.org/site/assets/uploads/2011/12/Australia_Pricing_Mechanism.pdf. Retreived 01.05.2018
75

Neuhoff, K., 2011. ‘Carbon Pricing for Low Carbon Investment: Executive Summary’. Berlin: Climate Policy
Initiative/DIW. http://climatepolicyinitiative.org/wp-content/uploads/2011/12/Carbon-Pricing-ExecSummary.pdf. Retrieved 10.03.2016.
76

Laing, T., Sato, M., Grubb, M. and Comberti, C., 2014. ‘The effects and side-effects of the EU emissions trading
scheme’. Wiley Interdisciplinary Reviews: Climate Change, 5(4), 509–519.
http://onlinelibrary.wiley.com/doi/10.1002/wcc.283/abstract . Retrieved 27.05.2015.
77

Tokyo Metropolitan Government, 2012. ‘Official documents on the Tokyo Cap-and-Trade Program’, Sections 3
(8-18). http://www.kankyo.metro.tokyo.jp/en/climate/cap_and_trade/index.files/Tokyocap_and_trade_program-march_2010_T.pdf. Retrieved 01.05.2018.
78

Nemet G. F., Holloway T. and Meier P., 2010. ‘Implications of incorporating air-quality co-benefits into climate
change policy making’. Environmental Research Letters, Vol. 5, No. 1, pp. 1–5.
http://iopscience.iop.org/article/10.1088/1748-9326/5/1/014007/pdf. Retrieved 10.03.2016.
79

Parry I., Veung C. and Heine D., 2014. ‘How Much Carbon Pricing is in Countries’ Own Interests? The Critical Role
of Co-Benefits’. International Monetary Fund, IMF Working Paper.
https://www.imf.org/external/pubs/ft/wp/2014/wp14174.pdf. Retrieved 05.07.2015.
80

Netherlands Environmental Assessment Agency (PBL), 2009. ‘Co-benefits of Climate Policy’, PBL Report no.
500116005. http://www.pbl.nl/sites/default/files/cms/publicaties/500116005.pdf. Retrieved 10.03.2016.
81

Dong, H., Dai, H., Dong, L., Fujita, T., Geng, Y., Klimont, Z., Inoue, T., Bunya, S., Fujii, M.and Masui, T.,2015.
‘Pursuing air pollutant co-beneﬁts of CO2 mitigation in China: A provincial level analysis’ Applied Energy 144
(2015) 165-17, https://doi.org/10.1016/j.apenergy.2015.02.020. Retrieved 05.12.2017
82

Ma Z., Xue B., Geng Y., Ren, W., Fujita, T., Zhang, Z., Puppim de Oliveira, J., Jacques, D. and Xi, F. ,2013. ‘Cobenefits analysis on climate change and environmental effects of wind-power: A case study from Xinjiang, China’
Renewable Energy 57 (2013) 35-42, doi:10.1016/j.renene.2013.01.018. Retrieved 05.12.2017
83

Thompson, T. M., Rausch, S., Saari, R. K., and Selin, N. E., 2014. ‘A systems approach to evaluating the air quality
co-benefits of US carbon policies’. Nature Climate Change, (August), 1–11.
https://www.nature.com/articles/nclimate2342. Retrieved 27.05.2015.
84

Federal Ministry for the Environment, Nature Conservation, and Nuclear Safety (BMU), 2017. ‘Climate Action in
Figures: Facts, Trends and Incentives for German Climate Policy.’ Berlin, pg. 35
https://www.bmu.de/fileadmin/Daten_BMU/Pools/Broschueren/klimaschutz_in_zahlen_2017_en_bf.pdf.
Retrieved 01.05.2018.
85

New Zealand Government, 2013. ‘The New Zealand Emissions Trading Scheme. ETS 2013 - Facts and Figures’.
http://www.epa.govt.nz/Publications/EPA_ETS_FactsandFigures2013_web.pdf. Retrieved 27.05.2015.
86

Carver, t., Dawson, P., Kerr, S., 2017. ‘Including Forestry in an Emissions Trading Scheme: Lessons from New
Zealand’ Motu Economic and Public Policy Research, Motu Working Paper 17-11. http://motuwww.motu.org.nz/wpapers/17_11.pdf. Retrieved 13.11.2017
87

California Environmental Protection Agency Air Resources Board (ARB), 2015b. ‘AB 32 Scoping Plan’.
https://www.arb.ca.gov/cc/scopingplan/scopingplan.htm. Retrieved 01.05.2018.
88

European Union, 2016. ‘Climate Action Factsheet: The EU Emissions Trading System (EU ETS)’.
https://ec.europa.eu/clima/sites/clima/files/factsheet_ets_en.pdf. Retrieved 13.11.2017
89

Acworth, W., Montes de Oca, M., Gagnon-Lebrun, F., Gass. P., Matthes, F., Piantieri, C., Touchette, Y., 2018.
‘Emissions Trading and Electricity Sector Regulation’, International Carbon Action Partnership, Berlin.
https://icapcarbonaction.com/en/?option=com_attach&task=download&id=566
90

33

BENEFITS OF EMISSIONS TRADING

Grubb, M., 2009. ‘Reinforcing carbon markets under uncertainty: The role of reserve price auctions and other
options’. Climate Strategies Issue and Options Brief. http://climatestrategies.org/wpcontent/uploads/2009/03/reinforcing-carbon-markets-under-uncertainty.pdf. Retrieved 25.05.2015.
91

Aldy, J. and Stavins, R., 2012. ‘Using the Market to Address Climate Change: Insights from Theory & Experience’
Deadalus 141.2 (Spring 2012): 45-60. http://www.nber.org/papers/w17488. Retrieved: 05.12.2017
92

DG Climate Action, European Commission, 2016. ‘Carbon Leakage’.
http://ec.europa.eu/clima/policies/ets/allowances/leakage/index_en.htm Retrieved 11.06.2016.
93

Fagan-Watson, B., Elliott, B., Watson, T., 2015. ‚Lobbying by Trade Associations on EU Climate Policy’.
http://www.psi.org.uk/pdf/2015/PSI%20Report_Lobbying%20by%20Trade%20Associations%20on%20EU%20Cl
imate%20Policy.pdf. Retrieved 11.06.2016.
94

International Carbon Action Partnership (ICAP), 2015. ‘Linking Emissions Trading Systems: A Summary of
Current Research’. https://icapcarbonaction.com/index.php?option=com_attach&task=download&id=241.
Retrieved 30.05.2015.
95

Burtraw, D., Palmer, K. L., Munnings, C., Weber, P. and Woerman, M., 2013. ‘Linking by Degrees: Incremental
Alignment of Cap-and-Trade Markets’. SSRN Electronic Journal.
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2249955. . Retrieved 27.05.2015.
96

Purdon, M., Houle, D., and Lachapelle, E., 2014. ‘The Political Economy of California and Québec’s Cap-andTrade Systems’ Institute Smart Prosperity, University of Ottawa
https://institute.smartprosperity.ca/sites/default/files/publications/files/QuebecCalifornia%20FINAL.pdf.
Retrieved 01.05.2018
97

Carbon Market Watch, 2015. ‘Towards A Global Carbon Market: Prospects for Linking the EU ETS to Other
Carbon Markets’ Carbon Market Watch Report, May 2015. http://carbonmarketwatch.org/wpcontent/uploads/2015/05/NC-Towards-a-global-carbon-market-report_web.pdf. Retrieved 20.11.2015
98

Flachsland, C., Marschinski, R. and Edenhofer, O., 2009. ‘To link or not to link: benefits and disadvantages of
linking cap-and-trade systems’. Climate Policy, 9(4), 358–372. doi:10.3763/cpol.2009.0626. Retrieved 27.05.2015.
99

California Environmental Protection Agency Air Resources Board (ARB), 2017.'Facts about the Linked Cap-andTrade Programs'. http://www.arb.ca.gov/cc/capandtrade/linkage/linkage_fact_sheet.pdf. Retrieved 13.11.2017
100

Government of Ontario, 2017. ‘Agreement on the Harmonization and Integration of Cap-and-Trade Programs
for Reducing Greenhouse Gas Emissions.’ News Release, https://news.ontario.ca/opo/en/2017/09/agreementon-the-harmonization-and-integration-of-cap-and-trade-programs-for-reducing-greenhouse-gas.html Retrieved
13.11.2017
101

European Commission, 2017,‘ EU and Switzerland sign agreement to link emissions trading systems’ News
Release, https://ec.europa.eu/clima/news/eu-and-switzerland-sign-agreement-link-emissions-tradingsystems_en Retrieved 01.12.2017
102

European Commission DG Climate Action, 2016. 'Linking with other cap-and-trade systems. International
Carbon Market'. http://ec.europa.eu/clima/policies/ets/markets/index_en.htm Retrieved 20.05.2016
103

United Nations Framework Convention on Climate Change (UNFCCC), 2012. “Benefits of the Clean
Development Mechanism: 2012.” http://cdm.unfccc.int/about/dev_ben/about/dev_ben/ABC_2012.pdf.
Retrieved 05.12.2017
104

34

