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AB STRACT
This paper analyzes carbon pricing policies in fifteen regions (EU, Switzerland, Ireland, Norway, Regional
Greenhouse Gas Initiative (RGGI) and California in the U.S., British Columbia and Québec in Canada,
Mexico, Chile, New Zealand, India, Japan, Republic of Korea, and pilot schemes in China) that have
implemented an emissions trading scheme (ETS), a carbon tax or a hybrid of both. The paper synthesizes
key findings and knowledge gaps on what is working, what isn’t and why when it comes to implementing
carbon pricing policies. Institutional learning, administrative prudence, appropriate carbon revenue
management, and stakeholder engagement are identified as key ingredients for a successful pricing regime.
Recent implementation of ETS in regions including California, Québec and South Korea indicates significant
institutional learning from prior systems, such as the EU ETS, with these regions implementing robust
administrative and regulatory structures suitable for handling unique national/sub national opportunities
and constraints. Cases show that carbon tax, in addition to being a standalone policy, may also serve as a
good first step towards building an emissions inventory and administrative capacity necessary for countries
interested in adopting an ETS in the future. Cases also show that there is potential for a “double dividend”
for emissions reductions even with a modest carbon price, provided the policy increases in stringency over
time and a portion of the revenue is reinvested in other emission-reduction activities. Knowledge gaps exist
in understanding the interaction of pricing instruments with other climate policy instruments and how
governments manage these policies to achieve optimum emissions reductions.

KEY P OLICY INSIGHTS
• Countries are learning from each other on carbon pricing implementations
•	Administrative and regulatory structures for carbon pricing strategies appear to evolve and become more
robust in every carbon pricing system analyzed.
•	So far, the price signals to the market from existing carbon pricing policies are modest and less ambitious
than they could be.
•	A “double dividend” for emissions reductions may also exist in cases where mitigation occurs as a result of
the carbon pricing policy and when auction revenues are reinvested in other emissions-reduction activities
Keywords: carbon pricing, institutional learning, administrative capacity, cap-and-trade, emissions cap,
allowances, liquidity, leakage, linkage, revenue management, stakeholder engagement, carbon tax, price
setting, revenue neutrality, earmarking.
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1. Introduction
The scope and urgency of dealing with climate change is abundantly clear. After the Paris Agreement was
finalized in December 2015, nations realized that to meet their ambitious national emissions reduction
targets, they must quickly ramp up policies to achieve decarbonization. In September 2014, more than 1,000
companies, including large oil and gas companies, signed the World Bank’s Put a Price on Carbon Statement
(World Bank 2014). Many firms, including ExxonMobil, Royal Dutch Shell, Total, and BP, have expressed a
preference for carbon pricing policies in lieu of regulatory approaches (Carroll 2017; BP 2015). Accompanying
the December 2015 Paris Agreement was the launch of the Carbon Pricing Leadership Coalition (CPLC) under
the leadership of the World Bank (Jungcurt 2015). The Coalition brings together 21 nations and numerous
states and provinces from the United States and Canada (Carbon Pricing Leadership Coalition 2016).
Currently, there are approximately 40 national carbon pricing mechanisms, along with more than 20 in cities,
states, provinces, and other sub-national jurisdictions, covering approximately 7 gigatons of carbon dioxide
equivalent (GTCO2e), roughly 13% of global emissions (World Bank, Ecofys, and Vivid Economics 2016).
Experts believe that the most economically-efficient way to reduce greenhouse gas (GHG) emissions is
through the use of carbon pricing policy instruments (Aldy 2015; Edenhofer et al. 2015; Metcalf and Weisbach
2009; Schmalensee and Stavins 2015). Direct carbon pricing mechanisms fall into three main categories: capand-trade, carbon tax, or a hybrid mechanism that combines elements of both. The key difference between
a cap-and-trade and a carbon tax mechanism is that the former sets a quantity cap on allowable emissions,
and a carbon price is indirectly derived from the interaction of supply and demand of emission allowance
units in secondary markets, while the latter sets a direct price on emissions or on the carbon content of a fuel.
Some countries follow a hybrid approach by implementing a carbon tax alongside a cap-and-trade policy with
or without an emissions overlap, impose a price collar in the trading market, or link one jurisdiction with a
carbon tax to another jurisdiction with a cap-and-trade policy.
Each carbon pricing mechanism has strengths and weaknesses; each works well in some respects and falters
in others. This paper focuses on how cap-and-trade, carbon tax, and hybrid systems around the world work
in practice. First, the paper provides an overview of select national and sub-national cap-and-trade systems
with a comparative analysis of those systems across different design and implementation issues. Second, the
paper provides a similar overview of select carbon tax and hybrid systems with a comparative analysis of its
design and implementation. Third, the paper summarizes the common features and issues that exist across
the reviewed country cases, separately for cap-and-trade and for carbon tax and hybrid systems. Finally, the
paper provides key policy findings, identifies knowledge gaps in the existing literature and recommends key
focus areas for future research.
1 .1 . BASICS OF CAP- AND -TRA D E
A cap-and-trade system, also known as an emissions trading system (ETS), may establish a cap either on
total emissions or on emissions intensity, as measured by emissions per unit of GDP. An ETS may include
emissions from all greenhouse gases or just one, such as carbon dioxide. Governments then provide
allowances, either freely or through an auction, equal to the level of the cap (Aldy and Stavins 2012). A hybrid
approach of auctioning and freely allocating emission allowances is common in ETS markets. Firms then
trade allowances during a specified compliance period, after which they are surrendered to the government.
Firms with lower abatement costs will sell their allowances in secondary markets to firms with higher
abatement costs, and overall, emissions reductions are achieved at least cost.
Key design considerations for an ETS include determining which emissions and sectors will be regulated
under the cap, at what point emissions will be regulated (upstream or downstream), the stringency of the
cap (or the total allowable emissions), allowance allocation and distribution, carbon revenue management,
monitoring, measurement, and verification of emissions and allowances, and impacts on international
competitiveness. Additional considerations include policies for banking and borrowing credits from future
compliance periods, creation of an allowance reserve to stabilize prices and ensure liquidity, creation of

4

Center for International Environment and Resource Policy, The Fletcher School, Tufts University

Carbon Pricing in Practice: A Review of the Evidence

new trading registries to monitor and track carbon allowance markets, accounting for carbon offsets,1
international linkage,2 and stakeholder engagement.
1 .2 . B ASICS OF CARB ON TAX
A carbon tax represents a quintessential Pigouvian tax (Mankiw 2009) that internalizes the unaccounted
public costs of increased pollution, ambient and global warming pollution, health and environmental effects,
and a myriad of other impacts of climate change resulting from greenhouse gas (GHG) emissions (Metcalf
and Weisbach 2009). A carbon tax may be imposed on just carbon dioxide emissions (which make up roughly
76% of global emissions), or could be expanded to include all greenhouse gases, including methane (IPCC
2015). A carbon tax may be imposed on the total emissions, the carbon content of a fuel source, or on the
amount of fuel produced/supplied. The latter two are a form of excise tax as different fuels emit different
amounts of carbon dioxide (CO2) in relation to the energy they produce, leading to a higher effective price for
carbon-intensive fuels such as coal and lower price for less carbon-intensive fuels like natural gas (Metcalf
and Weisbach 2009). Tax may also be applied to specific sectors and fuel products (World Bank, Ecofys, and
Vivid Economics 2016).
Key design considerations for a carbon tax system includes choosing the appropriate price, emissions
coverage, the point of taxation (upstream or downstream), stringency (i.e., planned escalation of price
over time), the flexibility of the price to change in light of new information on marginal cost of abatement,
allocation of revenue generated from the tax towards general public spending or specific emissions-reducing
activities, and harmonization across boundaries beyond the jurisdiction of the tax.
1 .3. HY B RID APPROACH ES
There is increasing evidence that countries find advantage in employing both carbon taxes and cap-and-trade
schemes, or devising policy instruments that employ elements of both approaches. Some governments may
prefer a carbon tax for political purposes in order to publicly demonstrate their commitment to reducing
emissions. Conversely, some governments may consider new taxes a political liability and therefore adopt
a cap-and-trade system for certain sectors. Finally, some countries or states/provinces that participate in
emissions-trading regimes at higher governance levels (e.g., supranational regime) also apply carbon taxes
domestically.
Four different hybrid approaches have been observed in existing carbon pricing regimes. First, countries
that impose a carbon tax in some sectors and cap-and-trade in other sectors without significant overlap.
Norway and Ireland are two examples discussed in this paper where a carbon tax is imposed on sectors not
fully covered under the EU ETS. Second, countries with cap-and-trade and a price collar. A cap-and-trade
approach that imposes a price “collar” (with minimum and maximum permit prices) is a hybrid because it
creates an effective carbon tax at the minimum and maximum price (Schmalensee and Stavins 2015). The
United Kingdom is a good example of an ETS with price collars. Third, countries that impose both cap-andtrade and a carbon tax without coordination among the instruments. In such scenarios, the simultaneous
signaling from both policies may lead to cost inefficiencies. Fourth, programs where a jurisdiction with
a carbon tax scheme is linked with a jurisdiction with a cap-and-trade scheme. There are currently no
instances of hybrid international linking between a carbon tax and cap-and-trade program (Metcalf and
Weisbach 2011).

1A
 carbon offset is a tradeable certificate on the avoided emissions that result from environmentally focused investment
decisions such as landfill methane capture, reforestation, renewable energy development, energy efficiency upgrades, and
destruction of dangerous and harmful pollutants such as HFCs and PFCs. Offsets are generally required to meet certain
requirements such as additionality of the carbon emissions reduction in the absence of the investment project.
2 In a linked market, total allowable emissions would be the aggregate between the linked regions. Allowances would be
tradable between covered entities in the linked regions, and allowance prices would likely be very similar across the regions.
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2. National and Sub-National Policies:
Cap-and-Trade Systems
Section 2 briefly describes the ETS systems of the European Union (EU), Switzerland, Regional Greenhouse
Gas Initiative (RGGI), California, Québec, New Zealand, Republic of Korea, and China’s seven provinces
– Beijing, Shanghai, Tianjin, Chongqing, Shenzhen, Guangdong, and Hubei. Section 3 compares and
contrasts the design and implementation issues across these systems. Cases were selected to cover ETS
implementation at the supranational, national, and subnational levels. In addition, these cases represent
diverse geographies and span across time, allowing us to identify best practices, linkage opportunities, and
learning and knowledge spillovers, if any, from older to newer implementations. Table 1 provides a side-byside comparison of the ETS designs.
2.1 . EU ETS
Begun in 2005, the EU ETS was one of the main policy tools used by the EU to implement the 1997 Kyoto
Protocol to the UN Framework Convention on Climate Change (UNFCCC). The program now operates in 28
EU member states, plus Iceland, Liechtenstein, and Norway. The ETS covers about 11,000 entities accounting
for 45% of EU-wide GHG emissions (1,988 MMT CO2e) from multiple sectors. The EU ETS has proceeded
through three distinct trading periods, with phase three (2013–2020) employing an allowance cap reduction
of 1.74% per year, a market stability reserve (MSR) to begin in 2019, banking and borrowing restricted to
a year, offsets capped at 50% of total emissions reductions, a noncompliance penalty of €100 per ton of
regulated emissions, and 50% of auction revenue directed towards climate and energy-related investments
(European Commission 2016; European Commission 2017; Frunza 2013; Meadows 2017).
Noteworthy Features: Declining allowance cap rates every year and a market stability reserve (MSR) to
manage liquidity are two good features that emerged out of EU ETS’s experiences with over-allocations
during phases 1 and 2. EU ETS is also notable for its decision to progressively increase the auctioning of
allowances, with auctioning generating about €14 billion between 2012 and 2016. More than 50% of the
revenue has been distributed for climate and energy related purposes (European Commission 2017).
Constraints: The persistent low price of allowances in spite of market intervention measures is a major
concern for the EU ETS system. Over-allocation is reflected in the amount of total emissions reductions
achieved since its inception. According to the European Commission, emissions have decreased by about
4.5% between 2011 and 2015 (European Commission 2017). Many studies estimate a 2.5 to 5% total emissions
reduction (about 150–300 MMTCO2e) during phase one and a 6.3% (i.e., 260 MMTCO2e) from 2008–2009
in phase two (Brown, Hanafi, and Petsonk 2012; Hu et al. 2015). The biggest share of abatement, however, is
attributable to the 2008 economic crisis rather than the EU ETS (Bel and Joseph 2015). With new measures
to reduce the allowance surplus in phase three, the ETS is anticipated to induce greater emission reductions
after 2025 (Hu et al. 2015).
2.2. SWITZERLAND ETS AND CAR B ON TAX H YB R I D
Switzerland follows a hybrid approach to reducing its GHG emissions with a carbon tax (i.e., the CO2 levy
covering 51% CO2 emissions) and ETS (covering 33% CO2 emissions) operating simultaneously. The first
phase of the ETS, from 2008–2012, was voluntary for firms wanting to be exempt from the CO2 levy. Energyintensive industries could voluntarily participate and receive free allowances based on a company’s potential
to reduce emissions (CDC, EDF and IETA 2015b). Non-complying firms simply faced a price cap imposed
by the CO2 levy. In the latest phase, 2013–2020, the Swiss ETS imposes an economy-wide emissions cap,
mandatory enrollment for large entities, a combination of free and auctioned allowances with auctioning
set to increase to 70% by 2020, creation of an allowance reserve for new entrants, non-compliance penalties
equal to the EU ETS, an offset mechanism aligned with the EU ETS rules, and inclusion of the aviation sector
under a linked system with the EU ETS (FOEN 2016a; Hawkins and Jegou 2014; Rutherford 2014).
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Noteworthy Features: Switzerland’s strategy to exempt enterprises from its carbon tax (i.e., CO2 levy) in
exchange for participation in the voluntary ETS market is a notable feature in terms of garnering political
acceptance towards a transition to a full ETS market. Switzerland’s decision to align its ETS rules with EU
ETS rules for its second compliance period and include aviation under an emissions cap is another good step
in its plan to link with the EU ETS. In January 2016, the Swiss government agreed to link its ETS with the EU
ETS market (The Federal Council 2016).
Constraints: It is estimated that the aggregate marginal abatement costs are relatively high in Switzerland
and meeting the 2020 target of 20% GHG emissions reduction below the 1990 level will necessitate costeffective policies (Wölfl and Sicari 2012). Swiss ETS have not been shown to be more cost effective than
its carbon tax (i.e., CO2 levy). Trading activity has been minimal in the first three years of the second
commitment period of 2013–2020 (FOEN 2016b). A recent Swiss Federal Audit Office (SFAO) report found
that allocating 80% of allowances for free in the second compliance period and the low allowance prices in the
market created few incentives for participants to reduce emissions. Currently, there is no literature analyzing
the impact of Swiss ETS on the country’s overall emissions mitigation trajectory (FOEN 2016b).
2.3. REGIONAL GREENH OUSE GAS I N I TI ATI V E ( R GGI )
The RGGI covers 23% of GHG emissions in nine northeastern states in the United States (i.e., 2% of U.S.
emissions) by capping CO2 emissions from 165 regulated electricity-generating units in total (EIA 2016;
Ramseur 2017). RGGI is a transparent system with full auctioning of allowances, an allowance cap that
reduces at 2.5% per year until 2020 and at 3% thereafter, an allowance reserve to manage permit prices, a
price floor of $2.15, unlimited banking without borrowing from future compliance periods, offsets up to 3.3%
of emissions obligation, and periodic adjustments of the program through consultative review meetings (EIA
2016; ICAP 2017e).
Noteworthy Features: RGGI is notable for its transparency and commitment to periodic program
reviews to make adjustments to its ETS market (Rahim 2017). RGGI is also known for full auctioning of its
allowances, significant revenue generation ($2.7 billion so far), and investment of revenue towards other
emissions-reducing activities (Ramseur 2017; RGGI Inc. 2005). RGGI has led to a 57% decline in regional
CO2 emissions between 2005 and 2016. While all of these emissions reductions cannot be solely attributed to
RGGI due to the presence of other policies, one estimate found that emissions would have been 24% higher in
the absence of the program (Murray and Maniloff 2015).
Constraints: The primary constraint of RGGI is its scope and coverage. It addresses only CO2 emissions
emitted from electricity generating units over 25 megawatts of capacity. Excluding other GHGs and other
sectors limits the scope and potential impact of the program on the region’s emissions reduction.
2.4 . CALIFORNIA CAP- AND -T R AD E
The California cap-and-trade program (California CAT) began in 2013 after it was granted legal authority
through the Global Warming Solutions Act of 2006 (AB 32), requiring the state to reduce emissions to 1990
levels by 2020. During the first compliance phase (2013–2014), the program covered 35% of the state’s
emissions and all six major GHGs. In the second compliance period (2015–2017), the program regulates 85%
of California’s emissions with free allowances for electric utilities and industrial facilities and 10% auctioned
or fixed-price allowances for sectors such as transport, with auctioned allowance revenues allocated for
projects related to climate change (C2ES 2011). In addition, the program contains a $10 price floor with 5%
escalator per year and allows offsets up to 8% of a firm’s emissions.
Noteworthy Features: California CAT program is known for its well-designed ETS containing an allowance
price-containment reserve, which gives regulators the power to remove or add allowances into the market,
international linkage to the Québec cap-and-trade program, free allowances to energy-intensive and tradeexposed (EITE) industries to reduce leakage, and rigorous monitoring of allowances, offsets, and emissions
reductions (C2ES 2011). The results of the California cap-and-trade experience indicate that covered entities
steadily reduced emissions, with total emissions attributable to the cap-and-trade program being 9% below
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the 2014 cap of 160 MMTCO2e. CARB also estimates that California is on track to reach 1990 emission levels
by 2020 (Camuzeaux 2015).
Constraints: The CAT program has faced legal challenges and issues with carbon leakage due to resource
reshuffling3 by electric utilities, which has threatened the integrity of the program (Cullenward 2014).
California’s complimentary emissions reduction policies such as vehicle emissions standards, renewable
portfolio standards, energy efficiency programs, and non-carbon GHG emissions reduction programs are also
seen as undermining the proper functioning of the CAT program. This creates potential market uncertainty
as regulated entities may not know if the state will meet it complimentary policy goals and obligations in the
future, and what effect that will have on allowance prices (Diamant 2013).
2.5. QUÉB EC CAP- AND -TRADE
In 2009, Québec adopted a GHG emissions reduction goal of 20% below 1990 levels by 2020. In 2011, Québec
initiated its emissions trading scheme with its first compliance period beginning in 2013. Subsequently in
2014, the program formally linked with the California cap-and-trade system, creating the largest carbon
market in North America and the first sub-national program to link internationally (CDC, EDF, and IETA
2015a). Currently, the program caps emissions at 65 MMTCO2e with a 4% yearly cap reduction, covers about
132 entities emitting 85% of the province’s GHG emissions, allocates allowances freely but decreases free
allowances by 1 to 2% per year, directs auctioned revenues to the Québec Green Fund, sets a price floor
averaging the highest minimum price between California and Québec markets, maintains an allowance price
containment reserve, and utilizes stringent and transparent monitoring, reporting, and verification (MRV)
processes (Government of Québec 2015; ICAP 2017a).
Noteworthy Features: Québec’s stringent MRV process ensures the integrity of the cap-and-trade program.
Severe monetary and criminal consequences are possible for non-compliance, fraud, under-reporting, or
failure to surrender credits (Environmental Quality Act 2017). The program is also notable for its dedicated
“Green Fund” to invest auctioned revenues in other emissions-reducing activities. While it is too early to
know definitively how much the program has reduced provincial emissions, 2013 estimates showed a 7.5%
decrease from 2005 levels (Government of Canada 2016).
Constraints: Québec cap-and-trade is constrained by few attractive opportunities to reduce emissions,
in part, due to its low emissions base. Linking with the California CAT is estimated to alleviate the lack of
trading and reduce the marginal costs of abatement (CARB 2012).
2.6. N EW ZEALAND ETS
In 2008, the New Zealand ETS (i.e., NZ ETS) was introduced by legislation in order to meet the country’s
international obligations under the Kyoto Protocol, with the objective of delivering emissions reduction in
a cost-effective manner while increasing the long-term resilience of New Zealand’s economy (Richter and
Chambers 2014). Until 2015, the ETS covered all sectors under a Kyoto-based target without a nationwide
emissions cap. From 2016, the ETS imposes a nationwide emissions-intensity-based cap, upstream
regulation in the energy sectors, voluntary opt-in for downstream users, output-based grandparenting of
allowances to eligible EITE sectors such as agriculture with a linear phase-out of free allowances by 2030,
unlimited Kyoto offsets until 2015, and a strict MRV process with audits of self-assessment and penalties for
non-compliance (ICAP 2017b; Leining and Kerr 2016).
Noteworthy Features: NZ ETS is known for its unique “no cap” approach to reducing emissions in order to
achieve its Kyoto obligations. The scheme allowed for unlimited purchase of international offsets and issued
free domestic New Zealand allowance units (NZU) to its participants in order to garner political support
for the program. The program indicates that it is learning from its prior policy failings, as the ETS starting
in 2016 imposes a domestic emissions cap, phases out free allowances by 2030, and restricts the trading of
international offsets.
3C
 ARB, in 2012, defined resource shuffling as “any plan, scheme, or artifice to receive credit based on emissions reductions
that have not occurred, involving the delivery of electricity to the California grid.”
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Constraints: Although NZ ETS met its Kyoto obligations during the first the commitment period and is
expected to do so during the second one as well (Ministry for the Environment 2016a), the experiment of
running an ETS market with full international linkage without a domestic emissions cap has not resulted
in significant domestic emissions reductions. Bertram and Terry (2010) conclude that domestic emissions
were reduced only by 23 MMTCO2e in 2008 and only by 19 MMTCO2e in 2009. Bullock (2012) argued that the
integrity of the ETS has been undermined by interest groups, particularly from the agriculture sector, thereby
delaying significant technological upgrades and emissions reduction in the country. Free allowances to EITE
firms, the absence of a nationwide emissions cap, and an international offset cap until 2015 allowed many
ETS participants to meet their obligations without significantly reducing firm level emissions.
2.7. REPUB LIC OF KOREA ETS
In 2012, the Act on ‘Allocation and Trading of Greenhouse Gas Emissions’ established an ETS, beginning
in January 2015. The Korean ETS (KETS) allocates allowances freely based on historical GHG emissions,
both upstream at the point of electricity generation and downstream at consumption, and it benchmarked
allowances for other sectors (EDF, CRIK, and IETA 2016; PMR and ICAP 2016). In addition, KETS has
an allowance price containment reserve, a reserve auction price of €12, credits for emissions reductions
achieved prior to joining KETS, unlimited banking with borrowing up to 20% within phases, offsets up to 10%
of a firm’s obligation, and a non-compliance penalty up to $70 per ton of regulated emissions (Oh, Hyon, and
Kim 2016; PMR and ICAP 2016).
Noteworthy Features: The Korean ETS followed a careful approach of defining timelines, establishing
strategic governance architecture and an independent allowance committee, creating market stabilizing
measures, and providing support for losses incurred by entities participating in the ETS (Oh, Hyon, and Kim
2016). The program is notable for setting up a GHG and Energy Target Management System (TMS) to ease
firms into the process of monitoring and verifying emissions data prior to implementing the KETS (Oh, Hyon,
and Kim 2016). The program also indicates significant learnings from prior ETS implementations such as the
EU ETS.
Constraints: It is too early to tell whether KETS has helped Korea achieve its NDC commitment of
37% emissions reductions below BAU by 2030. However, emissions leakage from noncompliance in the
downstream electricity consumption, a lack of liquidity in the market, and the political nature of allowance
allocations has reduced confidence in the system (Kim 2015; PMR and ICAP 2016).
2.8. CHINA: PROVINCIAL ETS P I L OTS
In 2011, the Chinese government initiated seven pilot ETS programs for CO2 emissions (Beijing, Tianjin,
Shanghai, Chongqing, Shenzhen, Guangdong, and Hubei) requiring the regions to launch by 2013 and fully
initiate by 2015 (D. Zhang et al. 2014). Chinese ETS pilots covered indirect electricity emissions within the
pilot regions and emissions from imported electricity outside of the pilot regions (Z. Zhang 2015). Nearly all
of them allocated allowances for free, except for a small percentage of auctioning in Guangdong, Shenzhen,
and Hubei, but the systems differed in their method of allocation (Dong, Ma, and Sun 2016; Duan, Pang, and
Zhang 2014). All of them accepted offsets through CERs generated outside the pilot regions and established
market stabilizing mechanisms using auctions triggered by price ceilings, allowance reserves, buy-back of
surplus allowances in the market, or a combination of these features (Pang and Duan 2016).
Noteworthy Features: Chinese ETS pilots are notable for their innovative allowance allocation and
distribution methodologies that suit the local structural and economic conditions of the respective
jurisdictions (Xiong et al. 2017).
Constraints: Incomplete reporting practices, a lack of a legal framework to enforce compliance, and weak
penalties are identified as some of the key challenges that emerged in the seven pilots (Yu and Lo 2015). A
survey of Chinese firms conducted in 2015 revealed that the carbon price failed to “stimulate companies to
upgrade mitigation technologies” and that the majority of firms considered participation in the ETS pilots only
a means of improving ties with governments and earning a good social reputation (Yang, Li, and Zhang 2016).
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Table 1: Design Details of Cap-and-Trade Systems
DESIGN FEATURES
EU ETS

Switzerland

Regional
Greenhouse
Gas Initiative

California

Québec

New Zealand

Republic of
Korea

China

Jurisdiction

28 EU-member
states, plus
Iceland,
Liechtenstein,
and Norway

Switzerland

California
Connecticut,
Delaware,
Maine, Maryland,
Massachusetts,
New Hampshire,
New York, Rhode
Island, and
Vermont

Québec

New Zealand

South Korea

Beijing, Tianjin,
Shanghai,
Chongqing,
Shenzhen,
Guangdong,
Hubei

Start Date

2005

2013

2009

2012

2013

2011

2015

2013

Regulating
Authority

The European
Commission
Directorate
General for
Climate Action

Federal Office of
the Environment

RGGI, Inc.

California Air
Resources
Board

Minister of
Sustainable
Development,
the Environment
and the Fight
Against Climate
Change

Ministry of the
Ministry of
Environment,
Strategy and
Environmental
Finance
Protection
Authority, Ministry
of Primary
Industries

Development
and Reform
Commissions of
each region

Compliance
Period
Duration

1st period
(2005-07), 2nd
period (200812), 3rd period
(2013-20), 4th
period (2021-30)

1st period
(2013-20)

1st period
(2009-11), 2nd
period (201214), 3rd period
(2015-17), 4th
period (2018-20)

1st period
(2013-14),
2nd period
(2015-17), 3rd
(2018-20)

1st period
(2013-14),
2nd period
(2015-17), 3rd
(2018-20)

Yearly
Compliance
periods since
2011

1st period
(2015-17), 2nd
period (201820), 3rd period
(2021-25)

Pilot phase
(2013-15)

2016
Allowance
Cap, metric
tons of CO2equivalent
(MTCO2e)

1,969,509,118

5,340,000

78,477,716

346,907,444

63,190,000

13.1 million.
Cap equals the
amount of free
allocations.

562,183,138

Beijing:
58,000,000
Tianjin and
Shanghai:
160,000,000
each
Chongqing:
100,400,000
Shenzhen:
32,000,000
Guangdong:
388,000,000
Hubei:
324,000,000

Allowance
Allocation
Method

Although
in phase 3
auctioning is the
default method
for allocating
emission
allowances
to companies
participating
in the EU
ETS, some
allowances
continue to be
allocated for
free until 2020
and beyond.
41% of the
total quantity of
allowances will
be allocated
for free over
phase 3.

Free allocation
based on
industry
benchmarks,
similar to EU
ETS. Free
allocation to
non-exposed
sectors to be
reduced from
80% allocation
in 2013 to
30% in 2020.
Allowance
not allocated
for free is
auctioned. 5%
set aside for
new entrants.

Full auction

Allowance Allocation method is
mixed between
auction and
free allocation.
Electric utilities,
industrial facilities, and natural
gas distributors,
allowances allocated freely, with
a declining total
over time. Other
covered sectors,
such as transportation, natural
gas extraction,
and other fuel
sources, allowances must
be purchased
at auction or
through the
allowance trading
platform

Mixed, electricity
and fuel
distributors
must buy 100%
of allowance
requirements;
sectors exposed
to international
competition
receive a
portion of free
allowances.
Free allocation
diminishes
by 1–2%
annually. 39%
of allowances
were auctioned
in 2016

Mixed, 90%
free allocation
for high EITE
entities, 60%
free allocation
for moderately
EITE.
In 2016,
Industries –
4.6 million
allowances.
Forestry carbon
sequestration
– 8.5 million
allowances,
Surrendered
– 20.4 million
allowances.

For Phase I,
100% of
allowances
have been freely
allocated. In
Phase II, 97%
of allowances
will be freely
allocated; and in
Phase III 90% or
less allowances
will be freely
allocated.

Beijing: Free
allocation
Tianjin: Mixed,
free allocation
(major) auction
and fixed price
distribution
Shanghai: Mixed,
free allocation
and auction
Chongqing:
Free allocation
Shenzhen: Mixed,
free allocation,
with no more
than 10% auction
Guangdong:
Mixed, 97% free
allocation with
3% auction
Hubei: Mixed,
free allocation
with 2.4% auction
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DESIGN FEATURES (continued)
EU ETS

Switzerland

Regional
Greenhouse
Gas Initiative

California

Québec

New Zealand

Republic of
Korea

China

Banking and
Borrowing

Banking is
allowed since
phase 2,
borrowing is
restricted to
within one-year.

Inter and intraphase banking
of allowances
is allowed.
Borrowing is not
allowed in the
current period.

Compliance
entities may
bank CO2
allowances,
without
limitation, until
the allowances
are used
to satisfy
compliance or
transferred to
another account.
RGGI prohibits
regulated
entities from
using future
allowances
to satisfy
compliance in
advance of the
year associated
with the
allowance.

Banking is
allowed but
the emitter is
subject to a
general holding
limit. Borrowing
of future vintage
allowances is
not allowed.

Banking is
allowed but
the emitter is
subject to a
general holding
limit. Borrowing
of future vintage
allowances is
not allowed.

Banking allowed
of allowance
credits, except
for those
purchased
under the fixed
price option.
Borrowing is not
allowed.

Banking of
allowances
between years
and compliance
periods is
allowed.
Borrowing
between
compliance
periods is
not allowed,
whereas entities
may borrow
up to 10% of
allowances
from within the
compliance
period.

No borrowing,
Banking is
allowed during
pilot phase

Price Collar
(Floor/
Ceiling)

Market Stability
Reserve will
begin operation
in 2019, aims to
stabilize market
and price of
allowances.
Allowances
added to
reserve is total
circulation
higher than
833 million
allowances.

No price
containment
provisions
currently exist.

Cost
Containment
Reserve (CCR)
is a fixed
additional
supply of CO2
allowances
that are only
available for
sale if CO2
allowance prices
exceed $4 in
2014, $6 in
2015, $8 in
2016, and $10
in 2017, rising
by 2.5 percent
each year
thereafter.

Auction Reserve
Price: $13.57.
The auction
reserve price
increases
annually by 5%
plus inflation,
as measured by
the Consumer
Price Index.
Price ceiling
for allowances
tiered at
$50.69,
$57.04, and
$63.37. Tier
prices increase
by 5% per year,
plus inflation.

Auction Reserve
Price: $13.57.
The auction
reserve price
increases
annually by 5%
plus inflation,
as measured by
the Consumer
Price Index.
Price ceiling
for allowances
tiered at
$50.69,
$57.04, and
$63.37. Tier
prices increase
by 5% per year,
plus inflation.

Fixed price
ceiling of $18.
67% allowance
surrender
obligation
from 2017,
increases to 83
in 2018, and
full surrender
obligation in
2019

According to the
Phase I National
Allowances
Allocation Plan,
an allowance
reserve of
approximately
88 million
tCO2e of
allowances, has
been created
for market
stabilization
measures and
distribution to
new entrants.

Regulating
authority can
auction extra
allowances
if average
weighted price
exceeds $22.75
and buy back
allowances if
price falls to $3
Guangdong:
Price floor set at
roughly $1.5

Offsets

The overall
use of credits
is limited to
50% of the EU
wide reductions
over the period
2008–2020.
Covered entities
are allowed to
use up to either
the amount
allowed to them
in Phase II or
to 11% of the
allowances they
were allocated
in Phase II,
whichever is
higher

Up to 4.5%
of actual
emissions
between
2013–2020

Up to 3.3%
of regulated
entities
allowance
commitment

Up to 8% of
each entity's
compliance
obligation

Up to 8% of
each entity's
compliance
obligation

Unlimited,
international
offsets are not
eligible

Up to 10% of
their allowance
submission
obligations

Beijing:
Tianjin: 10%
Shanghai: 5%
Chongqing: 8%
Shenzhen: 10%
Guangdong:
10%, of which
70% of offsets
must be located
in Guangdong
province
Hubei: 10% for
new entrants,
15 for pilot ETS
participants
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EMISSIONS COVERAGE
EU ETS

Switzerland

Regional
Greenhouse
Gas Initiative

California

Québec

New Zealand

Republic of
Korea

China

GHGs
covered

CO2, N2O, PFCs
(individual
states may
add more GHG
emissions)

CO2, NO2, CH4,
HFCs, NF3, SF6,
PFCs

CO2

CO2, CH4, N2O,
SF6, HFC, PFCs,
NO3

CO2, CH4, N2O,
SF6, HFC, PFCs,
NO3

CO2, CH4, N2O,
SF6, HFC, PFCs

CO2, CH4, N2O,
PFCs, HFCs, SF6

CO2

Entities
covered

10,950

55

165

450

132

2,364

525

Beijing: 490
Tianjin: 197
Shanghai: 191
Chongqing: 230
Shenzhen: 635
Guangdong: 830
Hubei: 107

Overall
emissions
coverage

45%

11%

23%

85%

85%

51%

68%

Beijing: 50%
Tianjin: 45%
Shanghai: 60%
Chongqing: 40%
Shenzhen: 40%
Guangdong: 60%
Hubei: 33%

Coverage
overlap
with carbon
taxes

UK, Ireland,
Denmark,
Norway, Sweden,
Finland, Estonia,
Latvia, Poland,
Switzerland,
Slovenia, France

Switzerland
has a carbon
levy that covers
some entities
if they are not
covered under
the Swiss
ETS. Entities
can voluntarily
participate in
the ETS.

No carbon taxes
exist in RGGI
states

No carbon
taxes exist in
California

No carbon taxes
exist in Québec

No carbon
taxes exist in
New Zealand

No carbon taxes
exist in South
Korea

No carbon taxes
exist in China
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EMISSIONS COVERAGE (continued)

Sectoral
coverage

EU ETS

Switzerland

Regional
Greenhouse
Gas Initiative

California

Québec

New Zealand

Republic of
Korea

China

Power plants
over 20MW
thermal rated
input, energy
intensive
industry, oil
refineries, coke
ovens, iron and
steel, cement
clinker, glass,
lime, bricks,
ceramics,
pulp and
paper board,
aluminum,
petrochemicals,
ammonia, nitric,
adipic, glyoxal
and glyoxylic
acid production,
CO2 capture,
transport in
pipelines,
geological
storage of CO2,
flights between
EU airports

Cement,
chemicals,
refineries,
paper, heat
and steel
over 20MW
of thermal
input.

CO2 emissions
from fossil
fuel-fired power
plants with a
capacity of 25
MW or greater
within a RGGI
state

Large industrial
facilities
(including cement
production, glass
production,
hydrogen
production,
iron and steel
production, lead
production, lime
manufacturing,
nitric acid
production,
petroleum
and natural
gas systems,
petroleum
refining, pulp
and paper
manufacturing,
including
cogeneration
facilities coowned/operated
at any of these
facilities),
electricity
generation,
electricity
imports, other
stationary
combustion, and
CO2 suppliers,
suppliers of
natural gas,
suppliers of
reformulated
blend stock
for oxygenate
blending (RBOB)
and distillate fuel
oil, suppliers of
liquid petroleum
gas in California
andsuppliers of
liquefied natural
gas. Facilities
≥25,000 tCO2e
(metric) per data
year

Electricity,
Industry with
emissions
greater than
25,000
CO2e/year,
transport
and building
sectors.

Sectors
gradually
phased-in,
forestry (2008),
stationary
energy, industrial
processing,
liquid fossil
fuels (2010),
waste and
synthetic GHGs
(2013)

The industry,
power
generation &
energy, building,
transportation
and waste
sectors are
covered, which
are further
divided into
23 sub-sectors.
Company >
125,000 tCO2/
year, facility
>25,000 tCO2/
year.

Beijing: 17 manufacturing
industries, commercial
buildings, public utilities.
Greater than 10,000 tons
CO2 per year. Heat and
electricity production,
iron, steel, nonferrous
metal, petrochemicals,
pulp and paper, glass,
cement. Tianjin: Oil and
gas exploration, buildings.
Greater than 20,000 tons/
CO2 per year for industry,
10,000 tons/CO2 per year
for other sectors. Heat and
electricity production, iron,
steel, nonferrous metal,
petrochemicals, pulp and
paper, glass, cement
Shanghai: Textiles,
commercial buildings,
airlines. Greater than
20,000 tons/CO2 per
year. Heat and electricity
production, iron, steel,
nonferrous metal,
petrochemicals, pulp and
paper, glass, cement
Chongqing: Greater
than 20,000 tons/
CO2 per year. Heat and
electricity production, iron,
steel, nonferrous metal,
petrochemicals, pulp and
paper, glass, cement.
Shenzhen: 26
manufacturing industries,
commercial buildings
and transportation.
Greater than 5,000 tons/
CO2 per year. Heat and
electricity production, iron,
steel, nonferrous metal,
petrochemicals, pulp and
paper, glass, cement.
Guangdong: Textiles,
commercial buildings,
transportation. Greater
than 20,000 tons/
CO2 per year. Heat and
electricity production, iron,
steel, nonferrous metal,
petrochemicals, pulp and
paper, glass, cement.
Hubei: Automobiles.
Greater than approximately
120,000 tons/CO2 per
year. Heat and electricity
production, iron, steel,
nonferrous metal,
petrochemicals, pulp and
paper, glass, cement.
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REVENUE
EU ETS

Switzerland

Regional
Greenhouse
Gas Initiative

California

Québec

Revenue
Generated
(2017
exchange
rates)

$16.45 billion
(2012–16)

$2.7 billion
(2009–16)

$3.4 billon
(2012–16)

$1.27 billion
(2013–17)

Revenue
Allocation

At least 50%
of auction
revenues must
be distributed
for climate and
energy related
purposes.

At least 25%
must be
allocated for
"consumer
benefit or
strategic energy
purposes"

25% to Highspeed rail
projects, 20%
to affordable
housing an
sustainable
communities
program, 10%
to intercity rail
program, 5%
to low carbon
transit options,
at least 25% of
proceeds must
be invested in
projects that are
located within
and benefiting
disadvantaged
communities,
at least 5%
benefiting
low-income
communities,
at least 5%
benefiting
disadvantaged
communities.

Climate Change
Action Plan,
waste and
recycling, water
protection,
and other
environmental
issues,
administrative
costs, and
environmental
permits, dams

Revenue
Managing
Authority

Auction revenue
allocated to
individual state
authorities

Auction revenue
allocated to
individual state
authorities

Greenhouse Gas Québec Green
Reduction Fund
Fund
(GGRF)

14

New Zealand

Republic of
Korea

China
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CARBON PRICES
EU ETS

Switzerland

Regional
Greenhouse
Gas Initiative

California

Québec

New Zealand

Republic of
Korea

China

Current
allowance
price per
ton of CO2e
(Nominal
$, 2017
Exchange
Rates)

$6.8 (August
2017)

$9.37 (March
2016)

$2.53 (June
2017)

$13.80 (May
2017)

$13.80 (May
2017)

$12.54 (June
2016)

$14.34 (June
2016)

Beijing: $8.14
(June 2016)
Tianjin: $2.88
(June 2016)
Shanghai: $1.08
(June 2016)
Chongqing:
$1.52
(June 2016)
Shenzhen:
$5.46
(June 2016)
Guangdong:
$2.00
(June 2016)
Hubei: $2.49
(June 2016)

Current
allowance
price per
ton of CO2e
(PPP $)

$4.76

$11.60

$2.53

$13.80

$17.50

$18.81

$18.90

Beijing: $28
Tianjin: $10.10
Shanghai: $3.90
Chongqing:
$5.30
Shenzhen: $19
Guangdong: $7
Hubei: $8.70

Coverage
adjusted
carbon price
per ton
of CO2e
(PPP $)

$2.14

$1.28

$0.58

$11.73

$14.88

$9.59

$12.85

Beijing: $14
Tianjin: $4.53
Shanghai: $2.27
Chongqing:
$2.13
Shenzhen:
$7.64
Guangdong:
$4.20
Hubei: $2.88
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BEYOND THE FENCE
EU ETS

Switzerland

Regional
Greenhouse
Gas Initiative

EITE
protection

Mitigation
of carbon
leakage

California

Québec

New Zealand

Republic of
Korea

China

90% free
allocation
for high EITE
entities, 60%
free allocation
for moderately
EITE

Receive free
allowances
for transition
assistance
and to prevent
leakage.
Starting in
2018, transition
assistance
declines. The
amount of free
allocation is
determined by
leakage risk
(measured
through
emissions
intensity
and trade
exposure) and
sector-specific
benchmarks
Manufacturing
sub-sectors
deemed at
high risk for
carbon leakage
receive 100%
free allocation.
Sectors not
deemed to be at
risk of leakage
will draw down
free allowance
allocation from
80% in 2013 to
30% by 2020.

Sectors whose
production
costs are 30%
or more, sectors
whose trade
intensity level is
5% or more, or
sectors whose
production cost
rate is 5% or
more and their
trade intensity
level of 10%
or more, are
eligible to
receive free
allowances.

International Soon to be
linking
linked with
Swiss ETS

Soon to be
linked with EU
ETS markets

No international
linkage

Linked with
Québec ETS
in 2014

Linked with
California ETS
in 2014

No international
linkage

No international
linkage

No international
linkage

Data
sources

(CDC, EDF, and
IETA 2015b);
(ICAP. 2017f)

(C2ES. 2011);
(RGGI Inc.
2010); (ICAP.
2017g); (CDC,
EDF, and IETA.
2015c)

(C2ES. 2011);
(CARB. 2010);
(CARB 2012);
(CCI. 2017);
(ICAP. 2017h)

(Government of
Québec. 2015);
(CDC, EDF, and
IETA. 2015a);
(ICAP. 2017a)

(Ministry for the
Environment.
2016a); (ICAP.
2017b); (EDF,
MOTU, and IETA.
2014)

(Park, H., and
Hong, W. K.
2014); (ICAP.
2017c); (EDF,
CRIK, and IETA.
2016)

(Z. Zhang.
2015); (Xiong
et al. 2017);
Swartz, J. 2016)

(European
Commission
2017), (ICAP.
2017e)
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3. Comparative Analysis of Cap-and-Trade Systems
in Practice
3.1 . EMISSIONS CAP
Emissions caps can be allocated as an absolute cap in tons of GHGs or as a cap on GHG intensity, denoted in
terms of GHG per unit of GDP. The level of the cap can be decided using a ‘top-down’ approach of imposing
certain calculated emission reductions for an entire economy or through a ‘bottom-up’ approach of
participating entities or regions reporting the emissions they may be able to abate in a compliance period. In
order to establish an appropriate top-down emissions cap, it is important for regulators to have complete and
accurate information on current and likely future emissions (Munnings et al. 2016). Similarly, for a bottomup cap to be reliable and effective, regulators must have full information regarding the emissions-reduction
potential of the participating entities or regions. Either way, an information asymmetry exists because firms
hold the information needed by regulators. Both the EU ETS and Swiss ETS initially employed a bottom-up
approach to deciding emission targets in their first compliance periods, with the EU allowing its member
states to determine their respective national emission caps based on historical emissions benchmarks.
Switzerland calculated the emissions-abatement potential of each participating firm individually before
allocating allowances (CDC, EDF and IETA 2015b). However, after facing a substantial over-allocation of
220 million allowances and a resulting complete price collapse, the EU ETS decided to aggregate all member
state emissions caps into a single EU-wide emissions cap that decreases at 1.74% a year (Meadows 2017;
Schmalensee and Stavins 2015). In addition, the EU ETS implemented an EU Transaction Log (EUTL)
to track the trading of allowances within each member country (Frunza 2013). To align with the EU ETS,
Switzerland also made its emissions cap mandatory for all of its participants in the second compliance period
with a 1.74% decrease per year.
RGGI, California, Québec, and KETS set top-down emissions caps based on projected emission levels
calculated using estimates of future economic growth. RGGI and California also factored in the effect of
complementary policies on total emissions. In spite of careful projections, the emissions cap of 188 million
tons that RGGI set in 2005 ended up being too high as actual emissions were 124 million tons when the
program launched in 2009. Lower electricity demand resulting from energy-efficiency improvements,
economic downturn, fuel switching away from coal to natural gas, and changes in the capacity mix to nuclear,
wind, and solar generation were found to be the reasons for the over-allocation of allowances (Jones, Atten,
and Bangston 2017; RGGI Inc. 2010). This prompted RGGI authorities to correct course and set a 44% lower
cap in the next compliance period with an annual reduction of 2.5% until 2020 (Ramseur 2017). While the EU
ETS and RGGI caps suffered from miscalculated emission caps, the credibility of Korea’s ETS cap has been
questioned, as it relied heavily on the country’s manufacturing businesses to derive an abatement target while
discounting the concerns of environmental organizations and civil society (Kim 2015).
In NZ ETS, the intensity-based nationwide cap from 2016 may lead to varying abatement costs each year as
its economy is primarily driven by weather-dependent primary production (47% of GDP from agriculture).
Even if the NZ ETS were to utilize an absolute emissions cap in the future, it would still have to make ex-ante
projections of its agriculture-driven GDP growth to arrive at an appropriate cap level.
Finally, the Chinese ETS pilots vary significantly in the way they set their emissions targets with
Guangdong choosing an absolute cap, Shanghai allocating allowances without announcing an emissions
cap, and Shenzhen issuing both intensity and absolute caps for the 2013–2015 period. It is unclear whether
Guangdong, Shanghai, and Shenzhen did economic assessments to estimate their current and future CO2
emissions (Munnings et al. 2016). Reflecting the variation in economic conditions between the Chinese cities,
between 2013 and 2015, Guangdong increased its emissions cap to allow for increased industrial production,
Hubei decreased its cap to reflect new economic growth patterns, Chongqing reduced its cap by 4.13% a year,
and Beijing, Shanghai, Tianjin, and Shenzhen kept their caps unchanged (Xiong et al. 2017).

Center for International Environment and Resource Policy, The Fletcher School, Tufts University

17

Carbon Pricing in Practice: A Review of the Evidence

3.2. ALLOWANCE ALLOCATIO N AN D D I STR I B U TI ON
Once the emissions cap is decided, policymakers must choose whether to auction or freely allocate
allowances. Grandfathering (i.e., based on historical emissions), fixed sector benchmarking (i.e., based on a
product or sector’s historical or current emissions) and output-based allocation (i.e., based on a firm’s current
output) are the most common approaches for free allocation (PMR and ICAP 2016). The bases for allowance
calculations include the use of historical emissions, historical emissions intensity, industrial benchmarks
that differentiate allocations based on the nature of a product or the production process, early-action
incentives that reward new entrants with credits for emissions-reducing activities prior to enrollment, and
rolling baseline years that allow firms to be benchmarked on their latest emissions data if their emissions
increased significantly from the original benchmark (European Commission 2011; Pang and Duan 2016; PMR
and ICAP 2016; Xiong et al. 2017; Ye et al. 2015). Each ETS scheme uses a combination of these features when
calculating their free allowance allocations to individual firms.
The EU ETS was initiated with a politically-palatable, free, grandfathered allowance-allocation method,
based on a bottom-up reporting of historical emissions by firms in each member state in its first compliance
period. Over time the EU ETS has transitioned to a benchmarking system that calculates allowances based
on a product’s benchmarked emissions and historical production. The cap takes into account potential
carbon leakage and adjusts accordingly (European Commission 2011). Similarly, California initially allocated
allowances for free and calculated its allocations based on a benchmarked, three-year moving-average output
for each industry. It likewise takes into account industrial carbon leakage and reduces the cap over time
(CARB 2010). In the second trading period (2013–2020), California uses a mix of free allocations, auctioning,
and fixed price allowance sales for different sectors (see Table 1) (C2ES 2011). Québec allocated free
allowances based on an entity’s historical emissions intensity from 2007–2010. However, during the second
trading period, Québec harmonized its ETS with California, in preparation for linkage with the Californian
system. The Swiss ETS has gone one step further in protecting its EITE sectors, by not only allocating most
allowances for free, but also offering early-action credits and redistribution benefits from its CO2 levy revenue
for ETS-participating firms that are exempt from the CO2 levy (FOEN 2016b).
Along similar lines, the NZ ETS gave preferential treatment to its EITE sectors (i.e., agriculture and land
use sectors) by assigning free allowances based on grandfathered historical emissions, fixed until 2018,
with a linear phase-out of free allowances starting in 2019 and moving to full auctioning by 2030 (Bullock
2012). With a change in government, New Zealand also introduced a “transition period” where non-forestry
sector participants were required to meet only half of their emission obligations (i.e., by surrendering one
allowance for two units of emissions) with the price capped at 25 NZ dollars and capping the convertibility
of allowances to international offset units limited (Bertram and Terry 2008; Bullock 2012; ICAP 2017b).
This essentially protected emitters from carrying the full cost of compliance. Eventually, the New Zealand
government decided to phase out its one-for-two transitional measure by 2019 in order to meet its climate
change targets and incentivize firm level emissions reductions (Ministry for the Environment 2016b).
Korea’s ETS established its emissions target primarily by consulting with its EITE sectors. In addition, in
2015, at the beginning of the KETS program, it allocated allowances freely and provided early action credits
for new entrants (Song, Lim, and Yoo 2015). KETS allocated allowances at the firm level and calculated those
allowances based on historical emissions at the sector/product level (Park and Hong 2014). In the electricity
sector, KETS created a mandatory upstream and downstream allowance obligation for electricity-producing
power plants and electricity-consuming customers such as large commercial buildings (PMR and ICAP
2016). Downstream obligations effectively create a price signal for indirect emitters because regulated
electric utilities have limited ability to pass compliance costs to consumers. KETS accounts for indirect
downstream emissions by reflecting those allowances in a higher emissions cap (above the assigned cap of
1687 MMTCO2e in phase one), thereby preventing entities from being regulated twice for the same emissions
(ICAP 2016).
Finally, the Chinese ETS pilots seem to have experimented the most when it comes to allowance allocation
and distribution methods. The pilots chose to allocate based on the method that best suited the region’s
economic structure. Beijing and Tianjin pilots used a combination of historical emissions, historical carbon
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intensity, and industrial benchmarks to allocate based on the region’s historical average carbon intensity
multiplied by an intensity decline coefficient (Xiong et al. 2017). Similar to KETS, Shanghai uses early
action incentives to encourage early movers and employs a rolling baseline year so that enterprises can use
the latest year’s emissions data as a benchmark to receive allowances if their emissions increased over 50%
from 2009 to 2011 (Xiong et al. 2017). Guangdong and Hubei pilots follow the Shanghai formula without
issuing early-action incentives, while Chongqing relies on self-declaration of emission reductions by entities.
Shenzhen allocates 90% of allowances for free based on industrial benchmarks. For the manufacturing sector,
Shenzhen follows a novel approach of post-allocation adjustment based on the difference between expected
and actual firm-level emissions. Manufacturing firms are required to follow a strict MRV process and report
their emissions output every year for adjustment (Ye et al. 2015). Out of the seven pilots, Beijing, Shenzhen,
and Hubei follow California’s hybrid approach of distributing allowances freely, through auction, and by
fixed price sale. Shanghai, Tianjin, and Chongqing pilots distribute entirely for free, while Guangdong uses a
combination of free distribution and auction (Xiong et al. 2017).
3.3. LIQUIDITY AND PRICE CON TR OL M ECH AN I S M S
Liquidity in the secondary markets is important to ensure that the allowance price reflects the true marginal
cost of abatement. The turnover ratio, calculated as the ratio of total allowances traded in the secondary
market and total allocations issued in the period, gives a good insight into the liquidity of an ETS market
(see Table 2). The average turnover ratios of EU, RGGI, and California after 2014 are above 15%, indicating
active trading in the market. However, the turnover ratios of Guangdong, Shanghai, and Shenzhen were
only 0.54%, 1.48%, and 2.12% respectively (Munnings et al. 2016). Similarly, KETS has suffered from a lack
of liquidity with a turnover ratio of 0.05% in the first year of the first compliance period (2015–2017). The
Korean government intervened by relaxing its carefully crafted rules and increasing borrowing from 10% to
20%, relaxing rules for entities to earn early action credits and auctioning 0.9 MMCO2e from its allowance
reserve in June 2016 (World Bank, Ecofys, and Vivid Economics 2016). Yet there has been little to no
activity in the marketplace since 2016 (ICAP 2017c). A lack of liquidity may be occurring because of overallocation, imperfect information for emitters, or complementary policies resulting in simultaneous emission
reductions (Munnings et al. 2016; B. Zhang et al. 2013).
Table 2: Turnover Ratio of Cap-and-Trade Systems
ETS System

Turnover Ratio = Allowances traded/Allowances issued

EU ETS

26% (2014); 32% (2015); 37% (2016)

Switzerland

N/A. No evidence of active trading.

RGGI

14% (2014); 61% (2015); 14% (2016)

California-Quebec

18.5% (2014); 16% (2015); 15% (2016)

New Zealand

N/A. No evidence of activing trading of domestic NZ allowance units.

Republic of Korea

0.05% (2015–2017)

China — Pilots

Guangdong — 0.54%, Shanghai — 1.48% and Shenzhen — 2.12% (2013–2014).
Hubei, Chongqing, Beijing, Tianjin — N/A

Sources: (European Energy Exchange 2017); (Climate Policy Initiative 2017); (RGGI 2017); (Intercontinental Exchange 2017),
(Munnings et al. 2016)

The EU ETS in phases 1 & 2, RGGI, California in phase 1, and New Zealand witnessed excess allowances
in the secondary markets resulting from over-allocation. The EU experienced over-allocation of up to 900
million allowances and a complete price collapse in its first compliance period due to grandfathered permits
based on member state reported emissions. Subsequent over-allocation in the second compliance period
was due to the economic downturn, even in spite of a 6.5% reduction in allowances and auctioning of 10% of
allowances (European Commission 2016). In the third compliance period, EU ETS created a Market Stability
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Reserve (MSR) to begin operating in 2019, with the aim of aligning the demand and supply of allowances
by placing surpluses into the MSR and releasing them in the event of an allowance shortage (European
Commission 2017; Hu et al. 2015). The EU also intends to double the MSR’s capacity to absorb excess
allowances in the market (Meadows 2017). RGGI and California witnessed excess market liquidity and price
volatility in their initial compliance periods primarily due to miscalculation of future growth projections
and thereby set the emissions cap too high. Both established a price floor and created an allowance price
containment reserve similar to the EU, which regulators can use to increase or decrease allowance liquidity
in the market (see Table 1).
New Zealand witnessed excess liquidity resulting from the glut of Kyoto offset credits in the trading
market. Since NZ ETS came under an overall Kyoto emissions cap in its first compliance period, the glut of
Kyoto offsets led to a collapse in the allowance price from $20 in May 2011 to $2 in May 2013 (Richter and
Chambers 2014). Unlike the California system, until 2015, the NZ ETS did not have a cap- or a price-based
circuit breaker on the number of international offset credits that could be purchased by participants. In its
second compliance period, NZ ETS responded by bringing the program under a nationwide emissions cap and
closing access to international Kyoto offset credits (Diaz-Rainey and Tulloch 2015).
Finally, the Québec and Swiss ETS programs suffered from a lack of liquidity, primarily due to the small
size of their markets. Thanks to a relatively emissions free electricity sector dominated by renewables,
both programs saw fewer attractive opportunities to reduce emissions, leading to a high marginal cost of
compliance. Prior to linking the Québec system to California, allowance prices were between $37–$43 per ton
in 2013, three times the current price under a linked market (Purdon, Houle, and Lachapelle 2014). In a linked
market, Québec currently maintains an allowance price containment reserve that aligns with California
(Government of Québec 2015).
3.4 . LEAKAGE AND GAMING O F EM I S S I ON S AL L OWAN CE M AR K ETS
Carbon leakage and gaming of emissions allowance markets appeared in several forms across ETS systems.
Carbon leakage, in the form of non-compliance, is apparent in the KETS. Since KETS requires downstream
fleets in the transport sector to report fuel use, there is a risk of increased leakage from fleets shifting towards
unregulated vehicles (PMR and ICAP 2016). In the case of New Zealand, carbon leakage appeared in the
form of Kyoto offsets and HFC-23-related credits from other markets that were easily brought into the NZ
ETS market, thereby undermining the creditability and environmental effectiveness of the program (DiazRainey and Tulloch 2015). Although the new intensity-based allocation in NZ ETS may stem domestic carbon
leakage, it could encourage increased international leakage, with emitters from other countries with stricter
emission requirements relocating to New Zealand (Bertram and Terry 2010).
Between 2008 and 2011, some firms gamed the EU ETS, resulting in the loss of €5 billion in national tax
revenues. Companies bought EU allowance units (EUA) in member countries without a value added tax
(VAT) and sold them in countries with a VAT (and therefore for a higher price), without returning the VAT
to the relevant tax authority (Bierbower 2011). Later, the EU adopted a directive allowing member states
to implement a VAT reverse mechanism whereby the entity responsible for paying the VAT is the entity
purchasing the allowances (European Court of Auditors 2015). Similarly, in California, leakage has occurred
as regulated entities, primarily utilities, shuffle their resources through out of state electricity purchases.
California imports large amounts of electricity, roughly 33.5% in 2015 (much of it either coal or natural gas
based), from other western states that do not have carbon pricing mechanisms (CEC 2017). This practice
allows regulated California utilities to switch from dirtier to cleaner electricity resources by rearranging
ownership or contracts with out-of-state generators, and then claim the difference in emissions as reductions
in firm-level emissions. While initial CARB policies banned the practice, after significant industry pressure,
CARB allowed for special exemptions that allow for resource shuffling (Cullenward and Weiskopf 2013).
Estimates of the potential leakage range from 120 to 360 MMTCO2e in total measured emission reduction
under the cap-and-trade program, a significant amount in light California’s goal to reach 1990 emission levels
(approx. 431 MMTCO2e) by 2020 (Borenstein et al. 2014; CARB 2017). Due to Québec’s linkage with the
California system, it also suffers indirectly from resource shuffling. There has not been evidence of significant
carbon leakage or gaming documented in RGGI, Swiss ETS, or the Chinese pilots.
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3.5. INTERNATIONAL LINKAG E
Linkage between ETS systems can be of three types: 1) a unilateral link where one ETS accepts the
compliance instruments of another but not vice versa; 2) a bilateral link where each ETS accepts the
compliance instruments of the other or have common compliance rules; 2) an indirect link where an ETS has
a link to another ETS through a third market (Haites 2016). Linked ETS systems may benefit from improved
cost effectiveness, better liquidity and price stability, lower emissions leakage, and lower transaction costs
(Haites 2016; Metcalf and Weisbach 2011). Linkages are likely when jurisdictions have similar environmental
goals, economic conditions, a history of productive engagement on other issues and familiarity with each
other’s regulatory and political systems (Ranson and Stavins 2016).
California is notable for its international linkage with the Québec cap-and-trade program beginning in 2014.
The two systems were fairly easy to link due to extensive and transparent communications between the two
governments going as far back as 2008 (Benoit and Côté 2015). California and Québec created a common
electronic allowance registry to avoid gaming and potential double-counting. Strong verification and data
accuracy safeguards were put in place to ensure the integrity of allowance credits, in addition to that of the
offsets. To maintain price stability, the price floor was set at the highest minimum price of either region, in
USD. Linking with the California system allowed Québec’s cap-and-trade market to increase its liquidity
through increased access to allowances, with analysis indicating that Québec could potentially purchase
between 14.4 and 18.3 million allowances from California, based on projected demand for allowances (CARB
2012). Ontario, which recently inaugurated its cap-and-trade program, announced plans to link up with
Québec and California in 2018, which will further increase the total number of tradable allowances and
offsets (ICAP 2017d).
The Swiss ETS aligned its compliance instruments during its second trading period with the EU ETS. As a
small ETS market with only 5.3 MMTCO2e emissions cap, the Swiss ETS could potentially gain from linking
with the EU ETS. Through linkage, the existing lack of market liquidity will ease carbon leakage outside of
Switzerland and competitiveness concerns for Swiss companies would decrease, as 60% of its exports and
78% of imports occur within the EU region (Hawkins and Jegou 2014). The KETS could potentially link to its
regional neighbor, Tokyo-Saitama ETS, or with the EU ETS. However, there is little indication of learning on
the part of KETS from the Québec-California linkage when it comes to solving its liquidity issues.
On the delinking side, Diaz-Rainey and Tulloch (2015) argue that NZ ETS shows both the power and dangers
of tacit linking to international carbon markets. As discussed in the previous section on carbon leakage, due
to excess liquidity from international offsets, the NZ ETS had to delink itself from CDM and offset markets in
2015 and move towards a domestic market (Bullock 2012). The EU ETS also delinked from the international
CDM market in 2012.
3.6. CARB ON REVENUE MANAGEM EN T
In 2015 alone, carbon pricing policies generated $26 billion in revenues worldwide (World Bank 2016).
Revenues generated from auctioning allowances could be used in climate change mitigation, reducing
distortionary taxes, reducing budget deficits, addressing competitiveness concerns, augmenting government
expenditure on public goods, or to increase the flow of climate finance from developed to developing countries
(Bowen 2015; World Bank 2016).
The EU ETS generated about €14 billion in auctions between 2012 and 2016, with at least 50% of the
revenue distributed for climate and energy-related purposes and retrofitting existing infrastructure
(European Commission 2017). The EU plans to establish two new funds: an Innovation fund to extend
existing support for demonstration of innovative technologies, and a Modernization fund to facilitate
investments in modernizing the power sector and fostering energy efficiency (Meadows 2017). Similarly,
RGGI has generated about $2.7 billion in revenue, of which close to 50% is used for “consumer benefit or
strategic energy purpose” by participating states (RGGI Inc. 2010). RGGI allocated 42% for energy efficiency
programs, 11% for bill assistance to low-income residents, 9% for GHG abatement, 8% for renewable energy
development, 8% for state budget reductions, 4% for program administration, and 1% for RGGI management
between 2009 and 2014 (Ramseur 2017). Allowance revenue has generated employment in the RGGI region,
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with estimates showing a net effect of 30,200 job-years between 2009 and 2015 (Hibbard et al. 2015). Similar
to the EU and RGGI, California raised $3.385 billion in revenue through 2017 and has invested revenue into
high speed rail, low carbon transit, low-income weatherization, and environmental conservation efforts (CCI
2017). Québec expects to raise $3.3 billion by 2020 towards the Québec Green Fund, a dedicated fund used to
enhance the region’s emissions reductions (CDC, EDF, and IETA 2015a). Overall, ETS systems with a revenue
generation instrument seem to be doubling down on environmental effectiveness rather than directing
revenues towards non-environmental purposes.
3.7. STAK EHOLDER ENGAGEM EN T
Engaging stakeholders on a regular basis is critical to the success of any ETS regime. ETS programs like
RGGI, California, and Québec are known for their transparency and commitment to periodic program
reviews where issues such as cap level reduction and revenue allocation are revisited. The linked CaliforniaQuébec system ensures data transparency, careful monitoring, and evaluation. In addition, the California
system has received wide public support, with 54% of the state’s residents favoring the program even if it
raised consumer prices (Baldassare et al. 2016).
The KETS is a good example of learning from the successes and failures of prior implementations when
it comes to planning and engaging stakeholders early. Prior to introducing KETS, the Korean government
launched a GHG and Energy Target Management System (TMS), a mandatory negotiated agreement aimed at
curtailing energy use and GHG emissions, thereby easing firms into the process of monitoring and verifying
emissions data (Oh, Hyon, and Kim 2016). KETS also follows a detailed set of conditions under which the
Allocation Committee can intervene in the market without requiring permission from the legislature. Along
the lines of KETS, the Chinese ETS pilots represent experimentation in the marketplace, engaging and
familiarizing stakeholders to new forms of regulations, and testing compliance enforcement prior to the
launch of its nationwide ETS system.
3.8 A MB ITION
Of all the design features discussed in this paper, ambition captures the extent to which an ETS system
contributes to global climate mitigation efforts. Ambition can be defined as the amount of emissions
covered by an ETS (i.e., coverage) and the price per ton of GHG emissions imposed/reflected in the market
(i.e., stringency). The product of coverage and stringency, defined as the “coverage adjusted carbon price,”
indicates the level of ambition of an ETS system. In Figure 1, we see that the coverage-adjusted carbon price
for all of the ETS systems discussed in this paper fall short of $15 per ton of GHG emissions, less than the
politically-acceptable lower bound estimate of $20 per ton recommended by the Interagency Working Group
and the recent $31 estimate proffered by Nordhaus (Nordhaus 2017; Pindyck 2013). This indicates that there
is significant room for improving the ambition of these ETS programs.
A well-functioning ETS helps maintain a stable price signal but it does not serve the core purpose of a carbon
pricing policy unless it is accompanied by sufficient ambition. RGGI, for example, stands out as one of the
most well-planned and well-executed ETS markets with full auctioning of allowances and efficient use of
carbon revenues, but could be considered the least ambitious ETS program with a coverage adjusted price of
$0.53 per ton of GHG emissions even though its emissions fell 57% between 2005 and 2016, perhaps induced
by other complementary policies. Similarly, increasing ambition with wider emissions coverage combined
with a progressively tightening cap and stable prices, as observed in California and Québec, is critical for
achieving a reasonable social cost of carbon over time.
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Figure 1: Carbon price per ton of GHG emissions in 2016: Cap-and-Trade and Carbon Tax
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4. National & Sub-National Policies:
Carbon Tax and Hybrid Systems
Section 4 briefly describes the carbon tax systems of British Columbia, Mexico, Chile, Japan, India, Norway,
and Ireland. Section 5 compares and contrasts the design and implementation features, constraints, and other
issues faced by these systems. Cases were selected to cover carbon tax policies that varied in their sectoral
coverage (e.g., economy wide in British Columbia to partial coverage in Chile), taxation on carbon content of
the fuel instead of direct carbon emissions (e.g., Mexico, Norway), taxation on one particular source of fuel
(e.g., India), revenue redistribution (e.g., revenue neutral in British Columbia versus earmarking of revenue to
clean energy investments in Japan and India), and the presence of a hybrid with cap-and-trade systems (e.g.,
Norway and Ireland). Similar to the cap-and-trade case studies, the carbon tax case studies represent diverse
geographies and span across time allowing us to identify learning and spillover of knowledge, if any, from
older to newer implementations. Table 3 provides a comparison of the design details of the carbon tax and
hybrid systems reviewed in this paper.
4.1 . N ORWAY ’S CARB ON TAX WITH EU ETS - H YB R ID
Following the publication of the Brundtland report, Our Common Future, in 1987, the Norwegian government
introduced an upstream carbon tax on oil and gas extractors, HFC/PFC importers and a downstream tax on
oil and gas suppliers. The tax system allows some sectors such as pulp and paper, fishmeal, domestic aviation,
and shipping to pay reduced rates and other sectors covered by the EU ETS and external aviation to be exempt
from the carbon tax (see Table 3). Although EU ETS sectors are exempt from the carbon tax, there seems to be
significant overlap between the carbon tax and EU ETS covering the same base emissions in sectors such as
electricity (58%), industry sector (54%), and off-road transport sector (30%) (OECD 2015).
Noteworthy Features: Norway’s carbon tax is notable for its ambitious tax rate between $3 and $58 per ton
of CO2e in different sectors since its introduction in 1991. Norway also taxes non-CO2GHG emissions from
NOx, SO2, and HFC/PFC. The government has maintained policy stability and clear price signals for private
sector companies willing to invest in clean energy technologies. Since 2013, about 30% of carbon tax revenue
is being earmarked in to a special fund for climate, renewable energy and energy efficiency measures.
Constraints: In order for Norway to meet the EU target of 30% emissions reduction in non-EU ETS sectors
by 2030, the tax rate needs to be significantly higher on motor fuels (Bye and Bruvoll 2015). The Green Tax
Commission has recommended a single tax rate of $49 per ton CO2e for all non-EU ETS sectors (World
Bank, Ecofys, and Vivid Economics 2016). Stiff political resistance to higher carbon tax rates has made
policy changes unlikely in the foreseeable future (PMR 2017). In terms of emissions reduction since 1991,
the Ministry of Climate and Environment estimated in 2014 that the country’s total emissions would have
been 6–7 million tons of CO2e higher than they were without the tax in place (PMR 2017). Between 1991 and
2008, total CO2 emissions in Norway only increased by 15% while the GDP grew 70% during the same period
(Sumner et al. 2011). However, during that period, CO2 emissions from petroleum and natural gas extraction
increased 86%, while general emission growth was only 6%. With inelastic European demand for oil and
gas extraction, which is taxed, exemptions for shipping exported oil and gas sold through pipelines, and a
domestic energy mix already dominated by hydropower and renewables, the carbon tax does not seem to have
created any significant domestic reduction of total emissions (Lin and Li 2011).
4.2. IRELAND’S CARB ON TAX W ITH EU ETS - H YB R ID
In 2010, Ireland introduced a carbon tax on CO2emissions from most sectors not covered under the existing
EU ETS (Irish Finance Act 2010); including transport, heat for residential sectors, commercial buildings, and
small industry. Currently, the tax rate is €20 per ton of CO2e covering 38% of the country’s CO2 emissions.
Noteworthy Features: Ireland’s carbon tax is notable for its ambitious price per ton of CO2 covering
almost all sectors not covered by the EU ETS. Although the Irish carbon tax was mildly regressive based
on income and household characteristics for home heating expenditures, it was progressively distributed
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across the income spectrum for electricity and petrol use (Farrell 2017). The tax system is also known for its
implementation during the global recession and a time of peak austerity in Ireland. The carbon tax revenue
represented about 12.4% of the cumulative tax increases required by the IMF between 2010 and 2012
(Convery, Dunne, and Joyce 2013) and has generated over €2 billion in revenue so far. In addition, non–EU
ETS covered emissions have decreased by 15% from 2008 to 2012. While not all of these reductions can be
attributed to the carbon tax, the Irish carbon tax has clearly decreased emissions further than the EU ETS
would have alone (Convery, Dunne, and Joyce 2013).
Constraints: In spite of significant emissions reductions, a government report warns that Ireland is not
on track to meet its decarbonization goals and may face added pressure when new emissions reduction
obligations are imposed post-2020. There are concerns that non-ETS sectors (i.e., sectors covered by the
carbon tax) will miss their 2020 target of twenty percent emissions reduction by 14 to 16% (Ireland EPA
2017) due to the difficulty of decarbonizing the agriculture and transport sectors. Additional policy incentives
and a higher carbon price are necessary to achieve decarbonization in these sectors.
4.3. B RITISH COLUMB IA’S CA R B ON TAX
British Columbia (BC) has the longest running carbon tax policy in Canada. The economy-wide tax rate is
$30/ton of CO2e, covering more than 70% of the region’s GHG emissions with sectoral exemptions for the
remaining 30% of GHG emitting sources (see Table 3) (Government of British Columbia 2016).
Noteworthy features: A defining feature of the BC carbon tax is its revenue neutrality. This design decision
won support from the business community as BC redistributed the revenues to reduce industrial property
taxes and other corporate taxes for industries affected by the tax (see section 5.5.1). Overall, data indicate that
BC’s carbon tax has reduced emissions with few negative effects on the economy (Murray and Rivers 2015;
Metcalf 2015). An analysis of several different models shows that the carbon tax reduced emissions between
5%–15%, absent any additional policy, when compared to a business-as-usual scenario (Murray and Rivers
2015). The province decreased per capita emissions by 12.9% by 2013 when compared to pre-carbon tax
levels, more than three-and-a-half times the 3.7% per capita decline nationwide (Metcalf 2015). As of 2015,
BC has reduced 2.8 million metric tons of GHG when compared to the pre-tax period, with a GDP growth of
1.55% (higher than the national average of 1.44%) between 2008 and 2013 (Komanoff and Gordon 2015).
Constraints: The defining feature of revenue neutrality is by itself a constraint for BC’s carbon tax system.
The system does not have any plans to transition from revenue neutrality to earmarking of funds for
reinvesting in emissions-reducing activities. In addition, sectoral exemptions and carbon tax politics (see
section 5.5.1) can undermine popular support for the policy.
4 .4 . ME XICO’S CARB ON TAX
In 2013, as part of a broader fiscal reform effort, Mexico became the first Latin American country to establish
a carbon tax with widespread support of the domestic think tanks and NGOs (Muñoz 2015). Mexico’s carbon
tax builds on the national climate change law approved by the Mexican Congress in 2012, with the goal of
reducing greenhouse gas emissions by 30% by 2020 and 50% by 2050 (CDC, EDF, and IETA 2015d). An
effective average tax of $3.21 per ton of CO2e is levied upstream at the production stage on the carbon content
of the fuels (see Table 3) (OECD 2014), with exemptions for natural gas production and import, and an offset
mechanism allowing the use of certified emissions reduction (CER) credits by eligible Mexican projects
(CDC, EDF, and IETA 2015d; IEPS Law 2013). The Mexican carbon tax operates in parallel to a voluntary
carbon exchange market called MexiCO2 that allows for the exchange of CER offsets with taxes.
Noteworthy features: Taxing upstream at variable rates based on the carbon content of the fuel, the operation
of a carbon tax market alongside a voluntary carbon exchange market (MexiCO2), and the creation of a national
emissions inventory registry are three notable features of the Mexican carbon tax design. The emissionsinventory registry is paving the way for a future carbon trading market. The Mexican government plans to
establish a voluntary ETS market by 2018 with the expected participation of 60 national and international
companies from the power, industry, and transport sectors (Mexican Government 2016). The government is
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exploring cooperation options within Latin America through the Pacific Alliance (World Bank, Ecofys, and
Vivid Economics 2016) and has expressed interest in forming a North American carbon market linking the
voluntary Mexican ETS with California and Québec cap-and-trade programs. Finally, Mexico plans to liberalize
domestic fuel prices by 2018, which would increase the effectiveness of the carbon tax and potentially result in
10% of total tax revenues coming from the carbon tax and retail price reforms (Metcalf 2015).
Constraints: Mexico’s tax rate is the lowest among OECD countries (IMF 2015) and one of the lowest in
the world (World Bank, Ecofys, and Vivid Economics 2016). Since natural gas accounts for about 30% of
Mexico’s energy-related CO2 emissions and is exempted, the tax only covers about two-thirds of Mexico’s fossil
fuel-related emissions (Metcalf 2015). Low prices combined with exemptions for natural gas act as major
constraints in achieving higher ambition (i.e., coverage adjusted carbon price). The annual revenues expected
at this rate are about $1.1 billion, representing less than 1% of the total federal tax collections (Metcalf 2015).
Despite low prices and revenue, there is currently no plan to increase the tax rate over time, with the exception
of adjusting fuel rates annually for general inflation. The low tax rate is estimated to reduce CO2e emissions by
1.6 million tons of CO2e, representing just 0.33% of Mexico’s total emissions per year (Metcalf 2015).
4.5. CHILE’S CARB ON TAX
In 2014, Chile approved a carbon tax to enter into force in 2018, to meet its climate mitigation goal of 20%
reduction in carbon emissions by 2020 as compared to 2007 levels. The Chilean carbon tax applies to the
electricity sector, which more than doubled its emissions from 1990 to 2010. The main goal of the tax is to
reduce energy demand and transition the grid towards less carbon intensive fuels (Benavides et al. 2015). The
tax is expected to impose an additional cost of energy of about 3%, which would translate into approximately
2% of the current cost of the residential tariff (Borregaard 2014).
Noteworthy features: The creation of an emissions inventory registry is a notable feature of the
Chilean carbon tax policy. This sets up an easy transition for a future ETS market. In 2015, the Minister
of Environment stated that as the country builds its emissions monitoring, verifying, and reporting
infrastructure as part of the carbon tax implementation process, a scale up of the carbon tax or the
establishment of an ETS could be an option (Szabo 2015).
Constraints: The prevailing low tax rate of $5 per ton of CO2e is a constraint on Chile’s goal to encourage
utilities to shift towards cleaner energy generation. It is believed that energy companies will simply pass the
higher cost on to households and smaller companies (CEPAL 2016). López, Accorsi, and Sturla (2016) argue
that a $26 per ton of CO2 tax would be optimal, and that it should be accompanied by a target to achieve a
50% carbon-free energy mix, which could be supported by investments using the tax revenues.
4.6 . J APAN’S GLOB AL WARMI N G TAX
In 2010, the Japanese government passed the Basic Act on Global Warming Countermeasures (GW
Basic Act), which established climate policy as a pillar of Japan’s policymaking on par with energy and
environmental policy. The major proposed policies were a carbon tax, a nationwide cap-and-trade system,
and a feed-in tariff scheme. Subsequently, in October 2012, the Japanese government introduced the Global
Warming Countermeasures Tax (GW Tax), an upstream carbon tax on fossil fuels that added a surtax to
existing taxes on petroleum, gas and coal products (Kuramochi 2015). The tax covers 70% of Japan’s GHG
emissions with a low price of $3 a ton of CO2e.
Noteworthy features: Japan’s GW tax is notable for its efficient use of revenue towards low carbon
technologies and energy efficiency. In 2016, the special account received JPY 596 billion ($5.37 billion)
and disbursed $1.39 billion to the MOE and $3.3 billion to METI (MOE 2017). The tax revenue was used
efficiently towards reducing the burden of small businesses from the tax and feed-in-tariff and increasing the
end-use energy efficiency in the country (see section 5.5.2 and Table 6).
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Constraints: The GW tax plan does not mention whether the tax of $3 per ton of CO2 will be increased in the
future. In spite of the efficient use of carbon tax revenue towards emissions-reducing activities, the modest
tax rate do not seem to help Japan achieve its emissions reduction goal of 26% below 2013 levels by 2020.
Japan’s GW tax seems to neither maximize the price effect with high tax rates nor accelerate significant
emissions reduction through the use of higher tax revenues towards emissions-reducing activities. In
addition, after the Fukushima nuclear disaster, Japan’s closure of nuclear power plants has increased the
amount of imported coal use in electricity generation, making the GW tax even less effective in reducing the
inelastic demand for imported coal. Pollitt et al. (2014) estimate that achieving 25% emissions reduction from
1990 levels with zero nuclear energy in the mix would require a very high carbon tax of $506 per ton of CO2e,
much higher than the current $3 per ton of CO2e (Pollitt et al. 2014).
4.7. INDIA’S COAL TAX
In 2010, the government of India introduced a “Clean Energy Cess”, an upstream tax on coal, with an initial
tax of $1 per ton of coal. Subsequently, the tax has risen to $6 per ton of coal (i.e., $3.29 per ton of CO2e) today.
Noteworthy Features: The tax system is notable for its strict MRV process where excise officers are
empowered to inspect the premises of registered coal producers during audits. The tax system imposes
a non-compliance penalty that is three times the existing price (i.e., $18 per ton of coal). In addition, the
system earmarks all of its revenue generated towards a National Clean Environment Fund (NCEF) meant to
encourage energy innovation and investments.
Constraints: It is unlikely that the current tax alone is high enough to support India’s ambitious NDC goal
of 40% non-fossil fuel energy mix by 2030. Although it is not practical to expect to reach the target only with
a coal tax, higher coal tax levels ($18 per ton) and recycling of revenues to deployment of solar, wind, and
climate-smart agriculture could increase the share of renewables to at least 16% with a positive impact on
GDP (Ghosh 2016). Second, there are concerns about the effectiveness of the current usage of tax revenue
by the NCEF as there are inconsistencies between the NCEF’s stated objectives, operational guidelines,
and actual implementation (Pahuja et al. 2014). The lack of capacity to develop proposals, unclear eligibility
criteria, and under provision for public-private partnerships seem to plague the NCEF mission.
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Table 3: Design Details of Carbon Tax and Hybrid Systems
DESIGN FEATURES
British Columbia

Mexico

Chile

India

Norway

Ireland

Japan

Jurisdiction

Provincial

National

National

National

National

National

National

Start Date

2008

2014

2014

2010

1991

2010

2012

Regulating
Authority

Ministry of
Finance

Ministry of
Environment and
Natural Resources
and Ministry of
Finance

Ministry of the
Environment,
Ministry of
Finance

General Excise
Office, Ministry of
Finance

Norwegian Tax
Administration,
Norwegian
Petroleum
Directorate

Office of Revenue
Commissioners

Ministry of
Finance

Emissions/
Capacity
Threshold

10,000 tons CO2e

Point of Taxation

Downstream

Upstream

Midstream (power
producers)

Upstream

Upstream and
Midstream

Midstream
(fuel suppliers)

Upstream

Tax Type

Emissions-based

Carbon content
of select fuels

Emissions-based

Fuel quantity
(coal, lignite, peat)

Carbon content
of select fuels

Carbon content
of select fuels

Carbon content
of select fuels

Fuels Covered

23 fossil fuels

All fossil fuels,
except natural gas

All fossil fuels

All domestic and
imported coal,
lignite, peat

Heating oil, diesel,
natural gas,
gasoline, LPG

Oil, gas, and coal,
peat, LPG not
covered by EU ETS

Oil, gas, and coal

Excise officers are
allowed to inspect
the premises
of registered
producers and
audit records
to determine
compliance

Failure to comply
with the law
is subject to
fines and up to
three months
imprisonment

The Revenue
Commissioners
can revoke the
license of any
license holders
who do not comply
with regulations.
Furthermore, any
person who tries
to contravene or
fails to pay the
tax is subject to a
penalty of €5,000.

Taxpayers are
required to pay
a penalty and
interest for
late payment.
Tax officials
are allowed to
conduct audits
of individuals
suspected of tax
evasion and file
criminal charges
and seize assets
for nonpayment

CO2, CH4, HFC,
PFC

CO2, CH4, NO2,
SO2, HFC, PFC

CO2

Offset
Tax Compliance

50MW or more
of thermal
generation

Allows for use of
CER offsets
The Ministry of
Finance has been
given significant
inspection and
audit powers,
with the ability to
assess interest
and penalties
(ranging from
10–100% of the
tax amount owed).
(World Bank)

The Federal
Attorney General’s
Office for the
Protection of the
Environment can
impose a fine of
3,000 days of
minimum wage
for a violation

EMISSIONS COVERAGE
GHGs Covered

CO2, CH4, NO2,
SO2, HFC, PFC

Sectoral Coverage

Overall Emissions
Coverage

70%
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CO2

CO2, SO2, NO2,
PM

Fuel producers
and importers

Electric Sector

Coal importers
and producers

Petroleum
extraction, HFC/
PFC importers, oil,
natural gas and
LPG suppliers

Fuel suppliers

Fuel producers
and suppliers

40%

75%

46%

60%

33%

70%
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CARBON TAX
British Columbia

Mexico

Chile

India

Initial Tax Rate

$8.22 (2008)

$1.06 (2016)

$5 (2018)

$1.08 (2010)

Annual Escalator

Yes ($4 per year
until max tax rate
of $30, 2012)

None

None

None

Current Tax Rate
per ton of CO2e
(USD nom)

$24.66 (max)

$3.25 (2016)

$5 (2017)

Current Tax Rate
($ PPP)

$23.64

$6.72

Coverage
Adjusted Carbon
Tax (Average)

$16.55

$2.69

Norway

Ireland

Japan

$21.61 (2010)

$.95 (2012)

None

Yes ($3 per year,
maxed out at $24)

None

$3.29 (2016)

$4-$54 (2016)

24.07 (max)

$2.54 (2016)

$7.95

$11.97

$3.1-$41

$24.72

$2.83

$5.97

$5.51

$8.70

$8.16

$1.98

REVENUE MANAGEMENT
Revenue
Generated

$5.01 billion
(2008–15)

$1.24 billion
(2014–16)

$160 million
(expected)

$8.34 billion
(2010–17)

$670 million
(2016)

$2.41 billion
(2010–16)

$2.81 billion
(2016)

Revenue
Disbursement

Revenue neutral
(business
& personal
income tax cuts,
low-income tax
credits, direct
grants to rural
and native
communities)

Revenue is
directed towards
the national
budget

Revenue is
directed towards
the General
Treasury

Revenue directed
toward the
National Clean
Energy Fund

Revenue directed
toward the Global
Government
Pension Fund and
national budget

Revenue is
directed towards
the general
budget, most
revenue has been
used to pay public
deficit.

Tax revenue is
used to promote
low-carbon
technologies,
energy efficiency
improvements
and renewable
energy

Exemptions for
international air
and maritime
transport,
exported gas,
freight and
passenger
transport within
domestic shipping
sector

Emissions from
agriculture are
excluded

All fossil fuels that
were exempted
from the general
Petroleum and
Coal Tax before
October 2012
continue to be
exempt from the
tax, including
imported coal
used for the
production of
iron and steel,
coke and cement,
and volatile oil
feedstock for
the production
of petrochemical
products

Linked with EU
ETS, emissions
covered by EU
ETS are exempted
from carbon tax

Linked with EU
ETS, emissions
covered by EU
ETS are exempted
from carbon tax

(PMR 2017); (Act
21 2008)

(PMR 2017); (Irish
Finance Act of
2010)

BEYOND THE FENCE
EITE Protection
and Exemptions

Exemptions for
fuel exporters,
international
travel, nonfossil fuel GHG
emissions
from industrial
processes, i.e.,
cement, landfills,
forestry, and
agriculture.

Natural gas
exempted

International
Linkage

No international
linkage

Talks ongoing
of adopting ETS
mechanism
and linking with
California and
Canada

Data Sources

(PMR 2017);
(Carbon Tax
Act 2008)

(PMR 2017);
(Carbon Tax —
Ley Del Impuesto
Especial Sobre
Produccion y
Servicios 2014)

Coal mined by
local tribes in
the State of
Meghalaya

(PMR 2017);
(Carbon Tax Law
No. 20780 2014)

(PMR 2017);
(Finance Act of
2010)
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5. Comparative Analysis of Carbon Tax and Hybrid
Systems in Practice
5.1 . P RICE SETTING
Determining the appropriate price of a carbon tax based on the principal of maximizing total social welfare
is nearly impossible to do with certainty due to a lack of consensus on the socially-optimal level of emissions
(Mankiw 2009). This lack of consensus arises due to uncertainty over the potential economic damages of
climate change, the cost of mitigation, and normative judgments over discounting future damages and timeinconsistent preferences. In recent years, many efforts have been made to determine the social cost of carbon,
both globally and at the country level. In terms of specific carbon tax recommendations, William Nordhaus
(2007) suggested a tax of $30 per ton of CO2e while the 2006 Stern Report recommended a much higher tax of
over $300 per ton (Stern 2007) globally. Aldy (2016) recommended a tax starting at $25 per ton for the United
States with a 5% annual escalator to reach the desired social cost of carbon by 2030. In 2017, a carbon pricing
effort led by former U.S. conservative politicians advocated for a carbon dividend approach with a tax starting
at $40 per ton and escalating annually from there (Climate Leadership Council 2017).
Table 4: Mexico’s Carbon Tax
Fossil Fuel
Type

Rate

Carbon Price

Units

Initial

Enacted

MEX$/ton CO2

US$/ton CO2

Natural Gas

¢/m3

11.94

0.00

0.00

0.00

Propane

¢/liter

10.50

5.91

39.78

2.93

Butane

¢/liter

12.86

7.76

42.10

3.10

Gasoline

¢/liter

16.21

10.38

45.26

3.33

Jet Fuel & Kerosene

¢/liter

18.71

12.40

46.84

3.44

Diesel Oil

¢/liter

19.17

12.59

46.42

3.41

Fuel Oil (Heavy & Regular)

¢/liter

20.74

13.45

45.84

3.37

Petroleum Coke

$/ton

189.85

15.60

5.80

0.43

Mineral Coal

$/ton

178.33

27.54

10.92

0.80

39.80

2.93

Other Carbon Fuels

Fuel Specific

Source: (Metcalf 2015)

British Columbia’s carbon tax started with a flat economy-wide $10 price per ton of CO2e and a $5 increase per
year until reaching $30 per ton in 2012 (Government of British Columbia 2016). Similarly, Ireland’s carbon
tax began at an average effective rate of €15 per ton of CO2, and increasing annually for different fuels until
it reached a rate of €20 per ton. Unlike British Columbia and Ireland, other carbon tax systems do not have a
codified annual escalator to reach a desired carbon price. In an ad hoc fashion, India increased its upstream
tax on from Rs.50 (~$1 per ton of coal) to $2 per ton in 2014, $4 per ton in 2015, and to $6 per ton in the union
budget of 2016–2017 (MOF 2015). Similarly, Japan has increased its carbon tax three times since October
2012, starting with an initial price of $0.95 to $3 today (MOE 2012), with no proposals to increase the tax rate
any higher. Chile imposes a flat tax rate of $5 per ton of CO2e on emissions from fixed sources (boilers and
turbines) with a thermal input greater than or equal to 50 MWT (thermal megawatts) (Gobierno de Chile
2014), while Mexico taxes fuels differentially ranging from $0.43 to $3.44 per ton of CO2e emissions (Table
4) (Metcalf 2015). Similar to Mexico, Norway imposes a variable tax rate ranging from $3.5 to $58 per ton of
CO2e on fossil fuels and greenhouse gases across different sectors (Table 5).
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Table 5: Carbon tax by fuel and sector in Norway
Carbon Tax Sectors (Upstream and Midstream)

Tax on Fuel source
(in NOK)

Petroleum activities in the continental shelf —
oil, gas, condensate (used in extraction)

1.04 per liter or
cubic meters

Petroleum activities in the continental shelf —
natural gas emitted to air (used in extraction)

7.16 per liter or
cubic meters

Petrol (at consumption)

Tax per ton of CO2
(NOK / USD)
Gas – 444 / $56
Oil – 392 / $46
444 / $56

0.97 per liter

414 / $48

0.87 per cubic meters

463 / $54

LPG (at consumption)

1.26 per kg

479 / $56

Oil (at consumption)

1.2 per liter

452 / $53

Oil for Domestic Aviation (at consumption)

1.1 per liter

497 / $58

Oil for Pulp and paper industry, Herring meal, fish meal industries
(at consumption)

0.32 per liter

120 / $14

Oil for fishing and catching in inshore waters (at consumption)

0.29 per liter

109 / $13

0.057 per cubic meters

30 / $3.5

N/A

N/A

Natural gas (at consumption)

Reduced rate for natural gas
Exempted sectors – Foreign shipping of oil and gas exports,
fishing in Norway and in distant waters, external aviation,
EU ETS sectors (except electricity, industry, and transport,
all of which face both tax and EU ETS prices).

Source: (Statistics Norway 2017); calculated with CO2 conversion factors from www.eia.gov.

5.2. E MISSIONS COVERAGE
Carbon taxes vary widely in terms of sectoral coverage. Carbon taxes can apply economy-wide or to specific
sectors and products such as liquid fuels (like Finland’s liquid fuels tax) or specific industries such as the
oil and gas sectors (World Bank, Ecofys, and Vivid Economics 2016). For true economic efficiency, a carbon
tax would ideally be economy-wide, covering all emitting sources at either the production (upstream) or
consumption (downstream) stage. Taxing upstream, with the exception of natural gas, is generally considered
to lower the transaction costs of implementing and collecting the tax, as well as ensuring wide sectoral
coverage (Metcalf and Weisbach 2009). A downstream tax requires applying and collecting the tax at the
broader retail level, rather than on a smaller subset of fuel extractors, producers, and users (Metcalf 2017).
British Columbia’s downstream economy-wide carbon tax covers 70%–75% of all provincial GHG emissions
from facilities that emit more than 10,000 tons of CO2e per year, including emissions from liquid fossil fuels,
natural gas, coal, and other greenhouse gases such as methane, nitrous oxide, and land-use change emissions
(Murray and Rivers 2015). Similar to British Columbia, Chile imposes a tax on GHG emissions; however, it
is applied midstream on electricity produced from fixed sources. Emitting sources using biomass energy are
exempted (Gobierno de Chile 2014). The Chilean carbon tax covers about 27% of the country’s total CO2e
emissions, primarily affecting big energy companies such as Endesa or AES Gener (CEPAL 2016).
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Other countries impose a tax on the fuel or the estimated carbon content of fossil fuels instead of GHG
emissions. India imposes an upstream fuel tax per ton of coal imported or produced covering about 46% of
the country’s GHG emissions. Japan adds an upstream surtax to existing taxes on petroleum, gas, and coal
products based on the carbon content of the fuel (Kuramochi 2015). Mexico levies an upstream tax on the
sale and import of fossil fuels depending on the relative carbon content of a fuel with respect to natural gas as
the baseline (i.e., zero tax for natural gas) (IEPS Law 2013). The Mexican carbon tax covers about 40% of the
country’s total GHG emissions. Norway imposes an upstream carbon tax on fuel sources such as oil and gas
used for petroleum extraction activities in the continental shelf, HFC/PFC importers, and a midstream tax
on oil, natural gas, and LPG fuel suppliers (Table 5). The Norwegian carbon tax covers about 60% of its GHG
emissions and 80% of the country’s emissions along with EU ETS (Bragadóttir et al. 2015). Similar to Norway
and Mexico, Ireland’s carbon tax, levied midstream on fuel suppliers, covers about 38% of the country’s CO2
emissions with a tax on petrol, heavy oil, auto-diesel, kerosene, liquid petroleum gas (LPG), fuel oil, natural
gas, coal, and peat (Convery, Dunne, and Joyce 2013).
5.3. E ITE SECTOR E XEMP TION S
A carbon tax that is not harmonized across jurisdictions raises the marginal cost of production in the region
with the carbon tax and thus creates a competitive disadvantage for that country. A number of carbon pricing
experts have proposed border carbon adjustments that would serve to equilibrate prices of carbon-intensive
goods across regions that do and do not have carbon pricing schemes (Flannery 2016). Most carbon tax
systems, however, instead exempt their EITE sectors from the tax rather than implementing border carbon
adjustments.
With the exception of Ireland and India, all current carbon tax systems exempt energy-intensive and tradeexposed enterprises from paying the tax. Mexico exempts the entire natural gas production and supply
from the carbon tax. Both Norway and British Columbia exempt the fuels exporting process out of the
region and emissions from shipping and air travel. In addition, British Columbia exempts emissions from
agricultural production and other non-fossil fuel GHG emissions such as methane leakage from landfills,
forestry, agriculture, and natural gas production. EITE sectors such as the cement sector in British Columbia
were even able to secure a one-time transition incentive of $22 million to buy in to the carbon tax system,
essentially establishing precedent for targeted incentives to improve political acceptability (PRNewswire
2015; Murray and Rivers 2015). Japan exempts imported coal used for the production of iron and steel,
coke and cement, etc., agriculture, forestry, and all transport sectors except road transport. Both Japan and
Chile allows energy companies to pass on the cost to consumers, allowing utilities to recover the additional
expenses incurred from the carbon tax (CEPAL 2016; Kuramochi 2015). Chile, in addition, exempts copper
smelting, utilities using biomass, and other associated industrial plants from its carbon tax.
5.4 . AMB ITION
As seen Figure 1, the effective economy-wide carbon price, when adjusted for sectoral coverage and
exemptions, is significantly lower than it would be without such exemptions in most of the carbon tax
systems. With the exception of British Columbia, all of the carbon tax systems have a coverage adjusted
carbon price less than $10 (2016 ppp dollars). All these tax systems either exempt fuel sources (India and
Mexico) or fossil fuel intensive sectors (Chile and Japan). Ireland and Norway exempt certain EITE activities
but cover most of their respective economies with either a carbon tax or the EU ETS. In spite of the EU ETS
including sectors not covered under the carbon tax system in both these countries, the effective carbon price
is less than $10, as the prevailing allowance price of the EU ETS system is only $6 per ton of CO2e (EEX 2017).
Only British Columbia, with an economy-wide carbon price, is closer to the $20 per ton of CO2e recommended
by the U.S. Interagency Working Group and William Nordhaus’s recommended $31 per ton carbon price.
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5.5. CA RB ON REVENUE MANAGEM EN T
A crucial design consideration for carbon taxation is the allocation of revenue generated from the tax. A
carbon tax has the potential to be regressive, with large tax burdens falling onto lower income populations
due to consumption patterns (Metcalf and Hassett 2007). Revenue can be allocated in ways that compensate
lower-income populations. A revenue-neutral carbon tax or “swap” is one that returns all carbon tax revenues
to citizens and/or corporations through reduced income or corporate taxes. A cash-dividend distribution
scheme recycles the revenue back to each citizen in the form of equal portioned direct cash transfer. Finally,
governments can use revenue to invest in infrastructure, clean energy projects, R&D, climate change
adaptation, or any other fiscal priority through earmarking of revenues (Metcalf and Weisbach 2009).
British Columbia, Norway, Ireland, Chile, and Mexico direct their carbon tax revenue to the general budget or
earmark it to reduce other income taxes for low-income communities, impacted industries, etc. India, Japan,
and a part of Norway’s carbon tax revenues are earmarked towards emissions-reducing activities. Although
the carbon tax systems examined in this paper lack the ambition required to achieve a desirable social cost
of carbon and consequent emissions reduction, careful directing of revenue from carbon taxes towards
other emissions-reducing activities may provide a double dividend by increasing the emissions reductions
achieved through the imposition of these taxes.
5.5.1 . REVENUE NEUTRALITY
British Columbia, with the highest coverage adjusted carbon price of $17 per ton of CO2e (2016 ppp), redirects
almost all of its revenue towards the general budget. The BC carbon tax generated about $7.3 billion in
revenue between 2008 and 2015, with revenue allocated towards low-income tax credits, reducing the bottom
two personal income tax brackets by 5%, issuing direct cash transfers to Northern and rural residents of the
region, reducing corporate and small business tax rates, and industrial property tax credits (Komanoff and
Gordon 2015). Similar to BC, Ireland and Norway’s carbon tax revenues are directed towards the general
budget. Ireland has used its carbon tax revenues primarily to pay off public debt. Norway uses the revenue
to reduce income and capital taxes, labor taxes, and provide pension plans for low-income citizens. With
carbon tax revenue and revenue from offshore drilling licenses, Norway has financed a special pension fund
that contained $373 billion or nearly $80,000 for every Norwegian, at the end of 2007 (Turner 2008; Sumner
et al. 2011). Traditionally, revenues from regional EU ETS sectors in Norway went towards green subsidies
while the carbon tax revenue went towards the country’s general budget. However, 2013 annual revenue data
showed 30% of carbon tax revenue earmarked for green spending and the remaining 70% allocated to the
general budget. The government earmarked 30% of the carbon tax revenue primarily to expand the capital
base of its “Green Fund for Climate, Renewable Energy and Energy Efficiency Measures.” Currently, the
financial returns on this expanded capital base are used to subsidize green projects (Carl and Fedor 2016).
Mexico and Chile also reinvest their carbon tax revenues towards public spending in different ways. Both
these countries, however, have not mentioned specific earmarking towards renewable energy investments.
In Mexico, the revenue collection agency (SAT, by its Spanish acronym) collects the revenue and directs it to
the general funds and does not use it either for green spending or revenue recycling (Muñoz Piña 2015; Carl
and Fedor 2016). Additionally, eligible Mexican projects can offset their carbon tax with CER credits through
the MexiCO2 carbon exchange market. In Chile, revenues are expected to be reinvested in modernizing the
nation’s electric grid to bring more renewable energy online (Villarreal 2016).
5.5.2. EARMARKING REVENUE FOR EM IS S ION R ED U CTION S
Some countries earmark the carbon tax revenue to achieve a double dividend in emissions reductions.
Political acceptance for earmarking revenues instead of alleviating the public burden of the carbon tax
appears to be achieved by keeping the tax rate low. Both Japan and India utilize this approach with a lower tax
rate and revenues earmarked for low carbon investments. In Japan, the Ministry of Finance (MOF) is tasked
with collecting the GW tax towards a dedicated fund for promoting low carbon technologies and energy
efficiency. The MOF subsequently disburses money to the Ministry of Environment (MOE) and Ministry of
Economy, Trade and Investment (METI) for use in relevant projects (PMR 2017), as illustrated in Table 6.
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Since introducing the GW tax, the Japanese government has efficiently used the earmarked funds to address
distributional risks associated with the GW tax by offering subsidies to small and medium enterprises
(SMEs) and individuals to reduce the simultaneous burden resulting from a tax and Feed in Tariff (FIT)
surcharge. In addition, the government spent the earmarked revenue by funding energy saving and end-use
energy efficiency programs, indirectly funneling revenue back to SMEs and individual consumers. Finally, the
special tax fund has supported RD&D into low carbon technologies, including for the increased efficiency of
solar PV, RD&D for offshore wind technology, and energy saving technologies (see Table 6).
Table 6: Sample of investments from the special GW tax fund in 2017
METI projects

2017 Funding Allocations (in million USD)

Subsidies for reducing FIT surcharge

435

Subsidies for energy saving projects

102.7

R&D for energy saving technologies

86.5

Energy saving manufacturing

(in 2016)

8.1

Subsidies for fuel efficient vehicles

126

RD&D for more efficient solar PV

69.3 (in 2016)

RD&D for offshore wind technology

21.6

Source: (METI 2017)

In India, the coal tax revenue is allocated to the National Clean Environment Fund (NCEF) and is earmarked
for investments in both clean energy and environmental conservation. Since 2010, the coal tax has raised
about $8.4 billion in revenues towards the NCEF (see Table 7) (MOF 2015). The fund is managed by an InterMinisterial Group (IMG) that consists of senior government officials representing the ministries of finance,
power, coal, fertilizers, petroleum and natural gas, new and renewable energy, and environment and forests
(Cottrell et al. 2013).
Table 7: Tax collected and disbursed out of the NCEF fund
Year @ Tax $ per ton (in million USD)

Tax collected

Financed by NCEF

2010–2011 @ $1 per ton

164

0

2011–2012 @ $1 per ton

397

3.3

2012–2013 @ $1 per ton

471

3.8

2013–2014 @ $1 per ton

535

187

2014–2015 @ $2 per ton

831

322

2015–2016 @ $4 per ton

1947

808

2016–2017 @ $6 per ton

4030

N/A

Total

8389

1392

Source: (MOF 2015)

Individuals and organizations in the public and private sector are allowed to apply for funding for projects
that are related to clean fossil energy, renewable/alternative energy, energy infrastructure, or installation
of energy-efficient technology (PMR 2017). As per the fund’s requirements, a project must be sponsored
by a government department, be self-funded by the recipient individual/organization by at least 40%, and
have not received funding from another government agency, in order to be eligible for funding (PMR 2017).
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However, the IMG has followed an ad hoc approach to approving various projects under the NCEF (Panda
and Jena 2012). In some instances, the IMG approved 100% funding for renewable deployment projects in
remote rural areas, exceeding the 40% self-financing requirement (Table 8). As of 2013, half of the projects
receiving full funding were deploying mature technologies, and only few projects were conducting research
and development into new technologies (Cottrell et al. 2013). Also, with the government changing the fund’s
name from “National Clean Energy Fund” to “National Clean Environment Fund” in 2016, $340 million
was allocated towards a Ganges river rejuvenation project (see Table 8), further diluting the core mission
of promoting clean energy innovation and investments. As of 2016, only 16% of NCEF revenue has been
disbursed in India.
Table 8: Sample of energy and environment projects that received funding from NCEF
Projects approved by IMG

Year

Approved Amount
(in million USD/percent of total project cost)

Additional subsidy for solar lantern charging facility and
rice husk based gasifier system in remote rural areas

2011

2.06 / 100%

Installation of Solar Thermal Systems in 16 States

2011

9.9 / 36%

Installation of Solar PV systems in 6 states

2011

13.3 / 42%

Green India Mission – National Afforestation

2016

16 / 100%

Ganga River Rejuvenation Plan

2016

348 / 100%

Sources: (MOF 2015); (Panda and Jena 2012)

6. Discussion
6.1. CAP-AND-TRADE SYSTEMS
From the eight ETS designs reviewed in the paper, we identified several design features that enable successful
initiation and management of the ETS marketplace. An ETS rolled out with dynamically-adjustable emission
caps based on stakeholder feedback and new emissions data (e.g., RGGI, Chinese pilots) has been shown to
result in price stability and cost-effective emissions reductions. An ETS rolled out with ambitious coverage
and free allowances seems to be initially more politically palatable (with the exception of RGGI), but
transitioning to auctioning of allowances over time (e.g., California, Québec, and EU ETS phase III) ensures
simultaneous revenue generation.
Getting firms used to reporting data prior to the rollout of an ETS (e.g., Target Management System Pilot in
Korea) may help regulators avoid over-allocation for a given ETS period. Similarly, developing scenarios for
future projections can also be useful to anticipate different types of events that could affect the system (e.g.,
the financial crisis affecting the estimates of RGGI and EU ETS emissions).
A price floor/ceiling, or “collar,” creates a more stable market with less price volatility (e.g., Korea and
California) and may lower compliance costs in the long run. Restricting banking of allowances or not
allowing borrowing between phases (e.g., EU ETS) may lead to a collapse in allowance prices at the end
of a commitment period if allowances are over-allocated. The presence of reserve allowances with an
independent regulatory body enables the government to intervene quickly in the market if necessary (e.g.,
Korea’s Allocation Committee, California’s CARB), to manage liquidity and or implement a price collar.
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International linkage benefits smaller markets (e.g., Switzerland and Québec) by reducing abatement costs,
increasing liquidity, and achieving cost effectiveness. Soft linkages to offset markets without a cap on such
offsets can result in excess supply and price collapse (e.g., NZ ETS).
Overall, managing the level of price caps, the percentage of banking and borrowing between phases, the
amount of reserve allowances, and the ability to adjust these levers quickly in the market could ensure
a predictable marketplace with stable prices and sufficient liquidity. Finally, most countries that have
implemented a carbon price have done so in the presence of complementary policies including renewable
portfolio standards, fuel efficiency standards, feed-in-tariffs, and investments in innovation. The presence
of complementary policies can achieve significant emission reductions but contribute to an overabundance
of supply in the ETS market, which places downward pressure on the permit prices (Schmalensee and
Stavins 2015).
6.2. CARBON TAX AND HYBRID SYSTEMS
From the five carbon tax systems (i.e., British Columbia, Mexico, Chile, Japan and India) and two carbon tax–
EU ETS hybrid systems (Norway and Ireland) discussed in this paper, we identify some key design features
necessary for the efficient operation of a carbon tax program. Low tax rates per ton of CO2 (e.g., Mexico,
Chile, and Japan) with no mechanisms to increase the future tax rate will reduce and eventually nullify the
price effect of the tax on emission reductions over time. An ambitious or escalating tax rate per ton of CO2
(e.g., British Columbia, Norway) is necessary for substantial emission reductions outcomes, but may not be
sufficient if many exemptions are provided and/or the structure of the economy poses inelastic demand for
sectors/fuels taxed (e.g., the oil and gas sectors in Norway). In addition, a clear, stable, and steady tax rate
increase is necessary to drive deeper emission reductions, as well as to send transparent market signals to
private actors that climate policy is a long-term, economy-wide policy. Exempting emission-intensive tradecompetitive sectors (e.g., shipping in Norway, natural gas in Mexico, copper extraction in Chile) from carbon
taxation undermines the purpose of a carbon tax. Exempting certain sectors may make the introduction of
a carbon tax politically feasible, however. In such cases, combining the price effects of carbon taxes with
investments through the earmarking of funds in clean energy technologies could result in more progressive
emissions reduction, as seen in Japan. Earmarking funds from carbon taxes towards energy efficiency or
renewable energy investments are only effective if a sound complementary policy framework for using the
earmarked revenue exists (e.g., energy saving investments in Japan, green spending capital in Norway).
Failure to define a consistent policy framework and adhere to it will result in carbon tax revenues not being
dedicated to investments in either innovation or emissions reductions, even if they are being put towards
other social goods (e.g., India’s coal tax).
For systems that impose both a carbon tax and ETS across sectors, it is important to identify whether there
is overlap of carbon tax and ETS on the same emissions base (e.g., the electricity and industrial sectors
in Norway) and ensure that the overlap does not have distributional consequences or lead to increased,
economically-inefficient abatement costs. Finally, taxing upstream at the point of fuel extraction
(e.g., India, Norway) or downstream at major emitting entities (e.g., Chile, British Columbia) reduces
the complexity of a carbon tax design and enforcement, making it more feasible for LDCs with less welldeveloped administrative states.
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7. Key Policy Findings
Countries are learning from each other — Each new carbon pricing policy implemented somewhere in
the world shows evidence of learning from the prior experience of other countries. Korea, for example, made
numerous design decisions based on the performance of the EU ETS.
Each national context creates unique opportunities and constraints — No two carbon pricing
policies will be exactly the same, but certain design features lend themselves better to particular national
circumstances.
Carbon pricing regimes lead to emissions reductions — While emissions reductions achieved from
carbon pricing policies have thus far been modest in most cases, there is no instance where emissions
increased as a result of carbon pricing.
Administrative and regulatory structures for carbon pricing regimes appear to be robust in every
carbon pricing system — Whenever administrative imperfections were identified, they appear to have been
eventually rectified.
So far, the price signals to the market from existing carbon pricing policies are modest —
(see Figure 1) Because effective carbon prices (either direct through taxes on fuels or indirect through capand-trade) are relatively low, they do not appear to be inducing major changes in behavior from firms or
consumers. Also, the signal to the market varies substantially because of the differing carbon intensity of the
fuels (i.e., a modest carbon tax makes coal much more expensive than natural gas due to the higher carbon
intensity of coal compared with gas). Because price ceilings are not being hit in any of the ETS regimes, it
appears that either there is a surplus of supply of permits (over-allocation) or compliance costs are lower
than anticipated by regulators. Longer-term signals could be sent to the marketplace if policies are put in
place that will cause a gradual escalation of the carbon price
Revenue generation from carbon taxes is often being used to meet (non-climate) societal needs —
Most of countries employing tax policies use the revenues generated for non-climate purposes, such as
general revenue to the treasury (e.g., Mexico, Ireland, Chile), or provision of pension funding to the population
(e.g., Norway).
A “double dividend” exclusive to emissions reductions may exist — This could arise in cases where
mitigation occurs as a result of the carbon pricing policy, and then revenue from ETS auctions or carbon
taxes is, in turn, invested in other emissions-reduction activities. This added emission-reduction benefit
occurs even in the case of low prevailing carbon prices (e.g., India’s revenue directed to energy-innovation
investments or Japan’s revenue directed to energy efficiency deployments).
Heterogeneity of carbon pricing mechanisms across fuels, industries, or sectors — This may
undermine cost effectiveness and make governments susceptible to intense lobbying by special interests (e.g.,
Mexico and Norway).
The administrative burden for carbon taxes appears to be lower than for ETS — For those countries
that ultimately are interested in adopting an ETS, establishing a carbon tax could be a good first step. At a
minimum, both cap-and-trade and carbon tax policies would require establishing emissions inventories,
reporting, monitoring, and verification procedures and oversight. Chile, Japan, Mexico, and Australia have all
expressed a desire to evolve from a carbon tax towards an ETS.

Center for International Environment and Resource Policy, The Fletcher School, Tufts University

37

Carbon Pricing in Practice: A Review of the Evidence

8. Conclusion
More than 100 INDCs submitted before Paris in 2015 included some form of carbon pricing, accounting for
roughly 58% of global emissions. Currently, there are approximately 40 national carbon pricing mechanisms,
supplemented with more than 20 carbon pricing schemes implemented in cities, states, provinces, and other
sub-national jurisdictions, covering approximately 7 gigatons of carbon dioxide equivalent (GTCO2e), roughly
13% of global emissions (World Bank, Ecofys, and Vivid Economics 2016). In addition, China is rolling out a
national ETS policy for some sectors in 2017. In October 2016, Canada finalized efforts for a comprehensive
plan to implement some kind of carbon pricing in all provinces and regions by 2018. Mexico will launch a new
national carbon pricing mechanism in 2018, with a goal of linking emissions reductions with other North
American carbon markets (World Bank, Ecofys, and Vivid Economics 2016). All of this activity points to
growing international political momentum to achieve global emissions targets through cost-effective pricing
mechanisms in the near future.
A large body of empirical evidence already exists about the design and performance of existing carbon pricing
policies around the world. In this paper, we have attempted to derive key insights from the practice of existing
carbon pricing regimes in order for future carbon pricing programs to learn from prior experience. Key
knowledge gaps still exist, however, regarding our understanding of existing cap-and-trade and carbon tax
systems.
Two knowledge gaps need to be addressed to better understand the functioning of an ETS market. First, what
is the level and nature of management necessary for a well-functioning ETS market? From the five cases
discussed in this paper, Korea may serve as a good case study to examine the level of management necessary
for a successful ETS market. In spite of Korea’s careful rollout of its ETS with features necessary to avoid
price volatility, over-allocation and the ability to intervene in the market, the Korean ETS market suffers
from a lack of liquidity and has experienced almost no transactions since its rollout in January 2015. Second,
what is the interactive effect of carbon pricing and other complementary non-pricing policies aimed at
emissions reductions? The California cap-and-trade system and the EU ETS may serve as good case studies
to understand the interactive effect of multiple environmental policies implemented in concert with ETS on
overall emissions reductions and cost. In particular, California could serve as a case study to understand the
interaction between regulation and market-based mechanisms, and the efforts to stem carbon leakage from
neighboring subnational entities that do not have an explicit carbon price. Finally, studying the effect of the
recently linked California and Québec ETS and the future linkage of Swiss ETS with the EU ETS would shed
light on the pros and cons of linking across national jurisdictions.
A key knowledge gap in carbon tax and carbon tax-ETS hybrid systems is in understanding the emission
outcomes and distributional consequences of sectorally differentiated carbon prices (e.g., Norway)
versus economy-wide prices (e.g., British Columbia). In this regard, comparing the tax systems of Norway
and British Columbia may be useful. Another major knowledge gap is the relationship between the tax
rate, allocation of revenue towards green investments or the general budget, and the overall structure of
the economy. Improved understanding of this relationship would help determine which percentage of
earmarking would lead to efficient emission-reduction outcomes, and this may be done by comparing the
carbon tax policies of Japan, India, and Norway.
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The Fletcher School at Tufts University was established in 1933 as the first graduate school of
international affairs in the United States. The primary aim of The Fletcher School is to offer a broad
program of professional education in international relations to a select group of graduate students
committed to maintaining the stability and prosperity of a complex, challenging, and increasingly
global society.
The Center for International Environment and Resource Policy (CIERP) was established in
1992 to support the growing demand for international environmental leaders. The Center provides
an interdisciplinary approach to educate graduate students at The Fletcher School. The program
integrates emerging science, engineering, and business concepts with more traditional subjects
such as economics, international law and policy, negotiation, diplomacy, resource management, and
governance systems.
The Climate Policy Lab (CPL) convenes teams of scholars and practitioners to evaluate existing
climate policies empirically and works with governments contemplating new climate policies. The
main questions the Lab seeks to answer are: Which climate policies work in practice? Which don’t
work? Why? Under what conditions would they work elsewhere? The scope of the Lab is global
while remaining highly attuned to state, national, and bi-lateral policy processes. It has a particular
emphasis on international comparative policy analysis.

Internal carbon pricing can be an effective means to address the risksâ€”regulatory, reputational and financialâ€”associated with
external carbon prices. 1.2 Internal voluntary carbon price. An internal carbon price is a voluntary method for companies to internalize
the economic cost of their GHG emissions, even if some or all of their operations are not currently subject to external carbon
regulations.Â This practice is referred to as â€œshadow carbon pricingâ€, or â€œthe voluntary use of a notional market price (a
â€œshadowâ€ price) for carbon in internal corporate financial analysis and decision-making processes.â€7.Â Interestingly, nearly half
of the financial service companies reviewed are moving beyond their own footprint and incorporating shadow pricing into their portfolio
decision-making.

