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Executive Summary 
This report summarises the findings of “Tackling Leakage in a World of Unequal Carbon Prices” from 
Climate Strategies. During 2008 a number of investigations were conducted on the potential for 
carbon leakage from specific energy-intensive sectors, and some remedies were explored.  

The debate about carbon leakage, i.e. the possibility that unilateral carbon pricing could induce trade-
exposed, energy-intensive industries to replace domestic production by imports, or to relocate 
production to foreign countries, was at the heart of the policy process that resulted in the EU 
Emissions Trading Directive of 2008. The concern was that EU carbon reductions would not fully 
contribute to global emission reductions and the effectiveness of the EU climate strategy would be 
undermined. While the EU ETS Directive foresees free allocation of emission rights for “sectors at risk 
of carbon leakage”, the project has paid special attention to the adjustment of carbon costs at the 
border as an alternative. This touches on a number of legal, practical and political issues in trade and 
climate policy.  

The project is not limited to the EU, but also looks at future carbon pricing in the US and Japan. 
Accordingly, the measures to address carbon leakage have been investigated with a view to a 
multilateral understanding of the scope of the challenges and the potential impact of addressing 
leakage for the international climate agenda. The principal findings are: 

• Carbon price differentials will remain a challenge for international business for the mid- to 
long-term because of the slow process of establishing national emissions trading or carbon tax 
systems, and the difficulties of linking them. 

• A few energy-intensive sectors should be subject to screening: In order to effectively address 
leakage concerns and maintain the environmental integrity of the emission trading system, 
the focus of effort should be on the few sectors where carbon cost impacts are high. Although 
steel, cement and aluminium are high profile cases in this context, they differ significantly in 
their exposure.  

• Cement and clinker production, basic iron and steel, as well as aluminium, qualify for a closer 
screening and individual cost compensation measures. Other energy-intensive sectors might 
qualify for screening and compensation if the carbon price rises. These include some basic 
chemicals, pulp and paper, refineries. 

• Carbon leakage from industrial activities cannot be addressed by one single approach. The 
ability to pass through the costs of carbon incurred by an ETS differs along a set of sector 
characteristics, including direct and indirect costs, impacts on operational costs, capacity 
utilization or vertical integration.  For these we suggest a screening approach. Ignoring these 
characteristics when implementing remedies against carbon leakage will, at worst, neither 
deliver the carbon price signal for low carbon production in the ETS territory, nor tackle 
carbon leakage from energy-intensive sectors.  

• The screening of each of these sectors along their cost impacts and investment requirements 
shows that different tools to address leakage could work for different sectors. This would 
leave policy makers with a portfolio of tools. A sector-based procedure would enable the 
phasing-out of tools that become redundant following international developments within 
sectors. For instance, if a sectoral deal was reached for one of the energy-intensive industries, 
the leakage potential would decrease. The same applies if emissions trading covering these 
sectors was established in the major trade partner countries.  

• To level carbon costs downwards, policymakers can use free allocation of certificates, or 
output-based rebates, which are a refund to producers. There is a fundamental trade-off 
when using this tool as policy-makers have only limited control over the reaction of industry to 
carbon price differentials between countries. Thus, if free allocation of allowances is used to 
address carbon leakage under a cap and trade system, it has to be linked to the existence, 
availability or production of the installation. If it is designed in this way it reduces leakage but 
the carbon price will be distorted, thus reducing any incentive to become more efficient or to 
invest in low-carbon technology, especially in those sectors that receive the free allocation. As 
free allowances create a subsidy to producers, there is potential for conflict if major 
economies apply this tool in a race to support their industries in international markets.  
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• Border adjustment can be used to level costs upwards for imports to an ETS or downwards for 
exports from an ETS and are the most targeted tool for compensating producers in specific 
sectors. In particular, for clinker production - a homogenous and carbon-intensive product - 
an import cost adjustment would level the carbon costs upwards and would eliminate the 
incentive to substitute domestic clinker by imports to an ETS. Export taxes for clinker or 
cement, as this report points out for China, would not work well because the actual tax would 
need to be unreasonably high.  

• Any unilateral imposition of border measures, such as an inclusion of importers into an ETS, 
needs to be designed in a WTO-compatible way, in particular by not discriminating amongst 
trade partners. While this is manageable, for instance by declaring all importers as users of 
best available technology, the priority should be a multilateral understanding on the limitation 
of border adjustments.  If policymakers aim at unilateral action, or if there is coordinated 
action by major industrial countries, trade partners with diverging interests could challenge 
the legitimacy of such measures.  

• International agreement on emissions reductions by countries or by sectors and the creation 
of global carbon pricing are dominant policy goals. Measures addressing leakage should be 
made compatible with these long-term ambitions. This has implications for policymakers as it 
is not possible to fully accommodate private actors’ demands for a reliable mid- to long-term 
regulatory framework that addresses carbon leakage, while at the same time taking into 
account a constantly changing international business and policy environment which 
determines the degree of carbon leakage and the terms of competition.  
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Introduction 
The prospective prolongation of the European Emissions Trading Scheme (EU ETS) beyond the year 
2012 triggered a debate in 2008 on how effective a unilateral scheme like the EU ETS could be in a 
world where no other region has embarked on a similar carbon pricing system. A major argument was 
that industry and consumers as a reaction to such a unilateral approach could shift activities and 
consumption patterns in favour of foreign supply. This would imply a shift of emissions, making EU 
carbon pricing less effective. This effect, coined as carbon leakage, is interlinked with industry 
concerns about their international competitiveness. From the screening of sectors in the 2007 Climate 
Strategies Report on “Differentiation and Dynamics of EU ETS Industrial Competitiveness”, it became 
clear that the potential that emissions shift to outside-EU-territory hinges on the behaviour of a few 
energy-intensive sectors, e.g. cement, steel or aluminium, and their ability to pass through carbon 
costs. As these sectors emit a high share of the capped CO2 under the EU ETS and face competition 
from global markets, they deserve special attention also when the potential carbon leakage from the 
EU ETS is under scrutiny.  

The carbon leakage debate and the underlying competitiveness concerns have influenced the outcome 
of the revised emissions trading Directive in December 2008 under the EU energy and climate 
package. The reference to carbon leakage from the EU ETS was interlinked with the concerns about 
loss of profit and market shares. Thus leakage was understood as an effect from carbon pricing that 
makes trade-exposed, energy-intensive industries to replace domestic production by imports or to 
relocate production in foreign countries. Based on these prospects, energy-intensive industries’ claims 
that free allocation would be needed were acknowledged, while Eastern European governments 
achieved moderate auctioning provisions for their energy sectors. There was also a change made on 
the timing of decisions. The criteria for determining sectors at risk of carbon leakage were eventually 
included, whereas the original idea was to postpone the decision on such criteria. The identification of 
the sectors along their cost impact and trade exposure will be finalised by the end of 2009, with a 
revised report on carbon leakage due in summer 2010. In order not to hamper the international 
climate negotiations by including the protection of EU industries from competition at an early stage, 
the EU Commission, however, wanted to keep the level of specification low. As the actual degree of 
free allocation is subject external and internal decision making, the debates could re-emerge in 2010 
once international negotiations in Copenhagen proceed towards stricter emission rules in other 
countries and, internally, once the EU has decided on which benchmarks free allowance allocation will 
be based. Given the credit crunch and the economic crisis, the task to resist industry claims for long-
term and generous cost elimination will become more difficult.  

International cooperation is crucial for finding a way out of the mechanisms triggering carbon leakage. 
First, the international progress on emission mitigation, including carbon pricing in other world regions 
and sectoral approaches, determines the degree to which industry may find relocation and import 
substitution an attractive option for optimising its operations. Second, given that the international 
progress is an open issue, the EU and also the US should avoid a lock-in of policy measures until 2020 
or later. Any inflexible rule, which for instance guarantees generous free allocation up to the end of 
the trading period, would undermine the credibility of the system when international efforts are 
negotiated. This would feed back into decisions on cap and trade in other world regions, at worst 
triggering a subsidy race under emissions trading schemes, postponing important price signals for 
major polluters.  

As the EU wants to establish an OECD-wide carbon market by 2015, the design of its ETS needs to be 
aligned with other emerging cap and trade schemes. This also includes the scheme’s approach on 
handling carbon leakage Thus, the political challenge for the EU and other countries is to put in place 
a carbon cost equalisation system which serves at least three goals: first, preventing distortions from 
carbon-intensive imports and preventing domestic production to move to uncapped regions; second, 
keeping up the carbon price signal in a consistent and predictable manner; third, taking account of the 
international progress under the UNFCCC and under parallel processes (G8 or Major Emitters Forum), 
which contribute to levelling the carbon pricing field. 

This report addresses the challenges placed by unilateral carbon pricing in a changing global 
environment with a focus on the three sectors, cement, steel, aluminium, identified earlier in our 
competitiveness study. Our point of departure is that carbon price differences will prevail in the short- 
and mid-term and that this needs to be addressed if the carbon price signal should help to reduce 
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global emissions. The EU ETS foresees to level the carbon cost downards using free allowance 
allocation with benchmarking as the short- to mid-term tool against emission leakage, and aims in the 
longer run at levelling the costs upwards through a global market that potentially makes emissions 
costly in trade partner countries. Also the US cap and trade bill (Waxman-Markey-Bill) includes free 
allocation to compensate industry for costs incurred. Yet, there are other tools available, too. To 
address carbon leakage from investment or operation decisions, and the specific industrial, direct cost 
compensation or trade measures could deliver a better result than free allocation to support effective 
emission reductions policy. Subsidies, contingent on technological improvement at the current 
location, to installations with significant cost impacts could minimise the relocation of industry. Since 
for an investment decision a whole set of location factors matters, also other costs (e.g. taxes) than 
the CO2 costs could be lowered. Last but not least, the direct cost adjustment at the border for 
imports and exports would be the most targeted tool for a small set of industries, as it could, first, 
consider the carbon cost and thus the compensation level, second, it could be used only for products 
that actually cross the borders.  

However, there are a number of qualifications to all alternative approaches, which we highlight in this 
report. There is no one-size-fits-all remedy against industrial carbon leakage. Rather, any tool needs 
to be chosen taking into account the characteristics of an industry, including cost structures, 
international competition, technological status quo and potential, market structures - all determining 
the leakage potential. Moreover, creation of a policy tool portfolio takes time and requires information. 
We respond to the need for this information by introducing a sector model on the leakage potential 
from cement, aluminium, and steel and by generating a screening exercise to identify a tailored tool 
for sectors under consideration. The focus of this report is on the various applications of free 
allocation and border adjustments following such a screening.  

The analyses of different carbon pricing impacts are not yet fully established for all energy-intensive 
industries in the EU and even less so for other countries which consider the introduction of cap and 
trade. This report could feed into the national processes for other countries as it underlines the 
temporary, but serious concern about effective climate policy on the one hand, and the potentials of 
different tools to address leakage on the other hand. Dealing with the concerns about different carbon 
prices and uncoordinated action needs flexible policy, while industry demands a firm commitment 
from policymakers that the risk of carbon leakage is taken seriously. Unfortunately, a reliable policy 
environment is in contrast to the very dynamic carbon pricing developments at the global level. One 
government or region alone will not be able to deliver the reliable framework for industries that 
compete in the international markets. That is why there is no alternative to bringing forward 
international cooperation to mitigate emissions. 
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1. A world with different carbon prices 

1.1 The EU ETS as a frontrunner  

Carbon pricing could become the major international tool to achieve greenhouse gas mitigation in an 
economically efficient way as it makes emitters aware of a limited capacity of the atmosphere to 
absorb CO2 and other greenhouse gases. Currently, the European Union uses a carbon pricing 
mechanism, the Emissions Trading Scheme (ETS), which steers overall emissions from industrial 
sectors by setting a cap and allocating the rights to pollute to the actors. While a limited regional 
scheme (RGGI) has been launched in the US in late 2008, other countries are expected to follow the 
EU example (e.g. Australia in 2011, United States with a nation-wide bill in 2010), but probably with a 
different ETS design (sectors covered, price controls, linking of schemes). With a view to the 
international climate negotiations at the end of 2009, the European Commission is committed to 
achieve the objective of a global carbon market in the long term.1  

Although a number of other countries are planning cap and trade systems, the EU ETS, which started 
in 2005 and is currently in its second phase, will remain an outstanding carbon pricing regime for the 
coming years. First, the EU ETS is way ahead of many other domestic schemes, which are still in their 
planning or early implementation stages. Thus, the EU can draw on a number of experiences, which 
are important for the political process. Second, the EU has set up new plans in the European Energy 
and Climate Package 2008 to tighten the emission cap in Phase III, starting 2013. This implies that 
the carbon price within the EU ETS is expected to rise, while other schemes are still developing their 
preferred design and, accordingly, price signal.  

Given the different timing and design, it is most likely that there will be an interim period of different 
carbon prices around the globe, which challenge the actors who operate global businesses and face 
strong international competition. Even if other world regions will follow quickly, and an OECD-wide 
carbon market evolves by 2015, there will be an interim period of at least six more years in which EU 
ETS carbon prices stand alone or are above those in other regions. Moreover, it is very likely that after 
2015 there will still be a number of non-OECD countries without comparable carbon constraints. While 
at the same time the trade flows between these regions and the ETS-regions will increase. These 
trends contribute to a short to mid-term constellation of different carbon prices in different, but 
economically integrated world regions – closely linked through international flows of goods and 
capital.  

Although the EU ETS covers only around (50%) of the European overall CO2-emissions and although in 
its first phase (2005 – 2007) emission allowances were grandfathered to industry, a carbon price 
evolved (0 – 30 Euros). Being now in its second phase (2008 – 2012) the system has delivered a price in 
the range of (8 – 25 Euros), with some emission rights subject to auctions.  

For the third phase, 2013 to 2020, the European Commission foresees a stricter scheme with a rising 

share of auctioning and a decreasing yearly amount of allowances to be handed out to producers.
2
 

Thus, the costs of emitting carbon from EU territory will increase (subject to a number of 
determinants). A major part of the revised ETS will be an identification of those sectors, which 
contribute to carbon leakage (“sectors at risk”). This is being conducted by the Commission Services 
in the course of 2009 (with a review in 2010), using two quantitative indicators (cost impact and trade 
intensity), and a qualitative assessment. The methodology and preliminary results for the EU 27 as a 

whole were presented already in late 2008.
3
 The sectors on the list will receive allowances for free, 

but along benchmarks for each of the sectors identified. The allocation rules, including benchmarking, 
shall be adopted by the end of 2010. The whole process will take into consideration international 
progress, including carbon pricing in other world regions.  

                                                
1 European Commission (2009) 
2 European Commission, Proposal for a Directive of the European Parliament and of the Council amending 
Directive 2003/87/EC so as to Improve and Extend the Greenhouse Gas Emission Allowance Trading System of 
the Community (23 January 2008), COM(2008)16 
3European Commission (2008b) and (2008c) 
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1.2 ETS carbon pricing in other world regions 

In 2001 the US dropped out of the Kyoto process. Nevertheless, especially during the last three years, 
a number of US States has introduced greenhouse gas emissions trading schemes. One is the Western 
Climate Initiative (WCI), which includes seven US states (Arizona, California, Montana, New Mexico, 
Oregon, Utah, and Washington) and four Canadian provinces (British Columbia, Manitoba, Ontario, 
and Quebec), another is the Regional Greenhouse Gas Initiative (RGGI), including 10 Eastern states4. 
RGGI has started auctioning emission rights in September 2008, but only covers energy producers. 
These regional schemes lay the ground for two processes. First, they can be the predecessors for a 
US-wide carbon pricing tool at the federal level. Second, regional initiatives serve a political bottom-up 
process for action against climate change - even before the presidential elections in 2008, and the 
return of climate change on the federal policy agenda.  

In 2009 the legislative processes around a US cap and trade bill gathered pace, and as there were a 
number of legislative proposals from past years (e.g. the Boxer-Lieberman-Warner Climate Security 
Act), another bill was drafted in a short time span by the Senators Henry Waxman and Ed Markey 
(both Democrats). Given the Democrats’ substantial majorities in both House and Senate, the 
implementation of a cap and trade bill by 2010 is likely. As the majority party, Democrats now also 

chair the relevant committees with jurisdiction over greenhouse gas regulation.
5 

 Still there will be a 
need to compromise on the details of an US cap and trade bill in order to meet interests aired by 
industry, trade unions, and politicians from a number of States.6 

In 2008, a cloture procedural vote on the Boxer-Lieberman-Warner bill was held to establish a cap-
and-trade system. It illustrated the vote distribution issues: an overwhelming majority (80%) of 
Democrats voted in favour, while an overwhelming majority of Republicans (82%) voted against 
cloture of the debate.7 This only indicates how the Senators would have voted on the content of the 
bill. Because of procedural peculiarities in the Senate concerning the cloture of debate and the 
ratification of treaties, the simple Democratic majority is not sufficient to pass climate change 
legislation. 60 Senate votes are needed to close debate on a bill and this requires that some 
Republicans must join with Democrats. At the same time, the Democratic majority can lose supporters 
from within its own ranks for climate change legislation. From an ex post evaluation of the 2008 
voting, it becomes evident that on balance the net support for the substance of the bill was only 44 
votes. 

The greenhouse gas reductions under the Waxman-Markey bill for the US emissions should add up to 
a minus 17% compared to 2005 levels by 2020. The long-term target until 2050 aims at a reduction 
by 83%. Companies are allowed to use up to 2 billion carbon offset credits each year to comply with 
their limits on GHG output. The bill foresees a large share of allowances (85%) to be subject to 
output-based rebates (see also chapter 6) in order to compensate consumers for increasing energy 
prices or to compensate manufacturers for competitive disadvantages.8 

Detailed proposed provisions for an Australian emissions trading scheme were set out in a December 
2008 White Paper9, aimed at a start date of July 2010. In May 2009 several changes were announced, 
including a start in mid-2011.10 Whether, when and in what form the scheme will come into effect 

                                                
4 Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Rhode Island, 
and Vermont 
5 Brewer et al. (2009) 
6 The Environmental Protection Agency (EPA) has declared on 17th April 2009 that six greenhouse gases, 
including, CO2 are a danger to the environment and to human health. This will give the EPA a major role in 
regulating CO2 emissions and increases the pressure to find a compromise on cap and trade for those who fear a 
strict regulatory approach. See “A green figleaf”, The Economist, 23rd April 2009 
7 Brewer; Van Asselt; Mehling (2009:14) 
8 According to an evaluation by the EPA the output-based rebate provision specified in Title IV of Waxman-
Markey applies to energy-or GHG-intensive industries that are also trade-intensive. Rebates on average 85 
percent of the direct and indirect cost of allowances, based on an individual firm’s output and the average GHG 
and energy intensity for the industry and gradually phases out between 2021 and 2030, or when other countries 
take comparable action on climate change. EPA (2009) 
9 Department of Climate Change (2008a) 
10 Prime Minister et al. (2009) 
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depends on the parliamentary process, the outcome of which is is unclear at the time of writing in the 
first half of 2009. The government has a majority in only one of the two chambers of Parliament.  

Japan which had only voluntary climate policy measures in place, has started a pilot phase for an ETS 
in October 2008. The Ministry of Environment plans a transition to a mandatory ETS until 2013. A 
voluntary Japanese Emissions Trading Scheme (JETS), trying to bring the companies under the 
Keidanren’s Voluntary Action Plan (1997) into an ETS, was launched in October 2008.11 Industries 
associations and individual companies can decide to adopt an absolute or relative emissions target 
and freely determine the level of their target. Verification of the participants’ emissions is not required 
unless a company wishes to sell excess allowances. Given these specific features, it is highly unlikely 
that a significant number of allowances will be traded and that a positive carbon price will evolve. The 
transition to a mandatory cap-and-trade scheme, which is planned until 2013, faces strong opposition 
by the Japanese industry.12 

Canada is starting an emissions trading scheme on 1 January 2010 for facilities with emissions over 
100 kt CO2/yr. Each facility will have an intensity allocation (tCO2/unit of output). For an existing 
facility, the allocation for 2010 will be an 18% reduction from the 2006 level. This allocation then 
drops by 2% per year through 2015. For a new facility, the intensity allocation starts in the fourth 
year of operation, based on data from its third year of operation, and declines by 2% each year. To 
comply, a facility can reduce its own emissions, contribute to a technology fund, purchase surplus 
allowances from other participants, purchase emission reduction credits from non-regulated activities, 
purchase CDM credits, and use credits for early action. CERs, with the exception of those from forest 
sink projects, can be used for up to 10% of a facility’s target.13 

New Zealand, in parallel to Australia, is in the implementation phase of a domestic scheme with plans 
to link the two schemes in the future. Although New Zealand’s ETS legislation came into force in 
September 2008, the cap-and-trade scheme will not apply to most covered sectors before 2010 and, 
as a result of a change of government, a parliamentary committee is reviewing the scheme (including 
alternatives to an ETS). Moreover, amongst the countries in which trading schemes are debated are 
South Korea and South Africa. 

Figure 1 illustrates the ETS under consideration or under implementation in different world regions as 
of 2008.  

                                                
11 Takamura, Y.; Kameyama, Y. (2009). Kimura, H.; Tuerk, A. (2008). 
12 Takamura, Y.; Kameyama, Y. (2009). 
13 Haites; Mehling (2009) 
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Figure 1 Emerging Emissions Trading Schemes 

 

Source: Tuerk et al. (2009) 

 

1.3 A global carbon market 

The environmental benefits of carbon pricing will increase if different carbon prices around the globe 
will adjust. However, the creation of a global carbon market is a huge effort, given the technical, 
institutional and political challenges. This has been highlighted in the Climate Strategies 2009 Report 
“Linking Emissions Trading Schemes”.14 As a first step, the EU Commission suggested to create an 
OECD-wide carbon market by 2015, and by 2020 to include non-OECD countries. One approach to 
create a global carbon market in a foreseeable future is to link the emerging schemes around the 
globe. The EU has taken the lead and as a first step, links to European Economic Area (EEA) countries 
Norway, Iceland and Liechtenstein have been established in 2007.15 Furthermore, through the 
International Carbon Action Partnership (ICAP), several EU member countries (France, Germany, 
Greece, Ireland, Italy, NL, Portugal, Spain, UK) and the EU Commission prepare the common ground 
for linking the EU ETS to evolving schemes in the US and Australia, and others.16  

The emerging economies India and China handle a large number of projects under the Clean 
Development Mechanism (CDM), which create Certified Emission Reductions (CERs) for companies 
falling under the EU ETS cap. This creates linkages between different emission rights markets through 
CERs. However, this could have detrimental effects on the environmental effectiveness of an ETS in its 
home country – at least in the interim phase of a global market creation.  Low cost abatement in an 
emerging economy follows the economic logic of maximising the outcome of investment in emission 
reductions. However, if this investment forgoes the country where the CERs are to be recognised, this 
is by definition a leakage of emissions to non-ETS-territory. As also supply from offset markets – 
another way of linking - can be recognised to a certain extent under an ETS, the process of 
international linking of schemes as such is not necessarily a measure that addresses short term 
leakage concerns. 17 

                                                
14 Tuerk et al. (2009) 
15 EU Commission (2007) 
16 Tuerk, A. et al. (2009). See also <http://www.icapcarbonaction.com/index.php?option=com_content 
&view=article&id=11&Itemid=105&lang=en> 
17 For a deeper analysis on CDM and offset markets and their role for linking see Tuerk et al. (2009) 
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All efforts to create national carbon markets and the ultimate goal of creating global trade in 
certificates are essential steps for achieving emission mitigation through carbon pricing. However, the 
short term picture shows fragmented carbon markets and different carbon prices amongst trade 
partners. At first, national steps in scheme design will probably lead to low carbon prices (because of 
over-allocation; generous offsetting provisions; learning costs; and a design along national interests), 
the expectation is that the EU ETS will be the most ambitious scheme for a while, with a likelihood of 
a carbon price higher than in the new schemes in other countries, and that the US will step in as 
another major market player. The latter will shift the market size and expectations tremendously. 
Given the insights from the “Linking Emissions Trading Schemes”- Report, the chances for achieving a 
truly global market with all major EU trade partners between 2015 and 2020 are low. There is not 
enough time for other countries to move up the learning curve that the EU has experienced since 
2005. Although it would be a desirable process that major industrial countries leap-frog based on the 
EU experiences, national differences and internal policy processes will probably deliver the major 
obstacles.  
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2. Price differentials and their role for climate policy effectiveness  
Carbon leakage is a potential problem as long as globally coordinated mitigation action is not being 
achieved. Dröge et al. (2009) have structured the three channels through which carbon pricing affects 
global emissions and which should be of concern to policy makers: A unilateral carbon price affects 
(1) international energy markets; (2) firms’ production costs and their operation and investment 
decisions; and (3) the dynamics of technological innovation and policy diffusion. This is illustrated in 
figure 2. 

Figure 2 Carbon pricing and the channels for carbon leakage 

 

The first channel, energy markets, became relevant after the adoption of the Kyoto Protocol (1997). 
While aiming at international cooperation, it has split the world in two groups of countries: those with 
emission reduction or limitation commitments (Annex I) and those without. Accordingly, first studies 
on the effectiveness of climate policy in Annex I countries for global emission reductions focussed on 
the “Kyoto world”. They model the macroeconomic effects from global energy markets interactions 
and trade flows.  

The second channel, production cost impacts, focus on the role of energy-intensive sectors. These 
sectors, including cement, steel or aluminium, face competitiveness constraints from unilateral carbon 
pricing. This could lead to changes in operation and investment that generate emission leakage. 
Sectoral models, though not covering the whole range of mechanisms and aspects through which 
carbon leakage could occur, fill a gap left by top-down macroeconomic models, because they are 
more detailed in their data sets and they include sector specific technological patterns or economic 
geography. However, these models do not deliver all global feedback loops that are part of the macro 
analysis of carbon pricing in single world regions.  

The third channel, the dynamic impacts from carbon pricing on technological advancements and 
policy, was already under discussion in the 1990s, known as the Porter Hypothesis. This suggests 
strict national environmental policy can induce innovation and would raise the competitiveness of 
firms operating in international markets.18 A cost constraint and a unilateral policy approach to a 
global problem could then lead to decreasing global emissions once technologies and the policy 
approach as such start diffusing around the globe.  

                                                
18 While investigating the performance of companies, Porter and van der Linde (1995) constructed a concept of 
national competitiveness in their approach.  
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This chapter gives an overview on all three channels, with a focus on the energy market channel 
analyses and on the sectoral analyses. In particular, we focus on the cost impacts from carbon pricing 
for a number of energy-intensive industries and present results on the leakage debate for the Polish 
power sector. Last but not least, we introduce the CASE II model, which incorporates a number of 
features that determine sectoral leakage, and estimates leakage rates for cement, aluminium and 
steel production by applying the 2013 - 2020 EU ETS cap.  

2.1 Energy market and macroeconomic effects 

A number of studies (see table 1) have investigated the macroeconomic and emission effects from the 
division of the world following the Kyoto Protocol commitments. The channels through which leakage 
occurs include global energy markets, mobility of capital and goods. The major findings on emissions 
leakage vary to a large degree (from 2% to 130% until 2010) as they depend on a set of modelling 
assumptions. Table 1 lists selected studies and their key characteristics. 

Table 1 Leakage under the Kyoto Protocol, selected macroeconomic models 

Author Model* Leakage Rate Features 

Babiker 2001 MIT-EPPA 14% average Leakage largely unaffected by the degree of 
international capital mobility. 

Babiker 2005 MIT-EPPA 25-130% Dynamic model, oligopolistic competition. 
Increasing global emissions (130% leakage): 
increasing returns to scale, Heckscher-Ohlin 
model (homogenous goods). Most leakage to 
China, India and other Asian economies. 

Bernstein et 
al.1999 

MS-MRT 8-20% Based on GTAP data 

Bollen et al. 2000 WorldScan 17% !

Burniaux/Oliveira 
Martins 2000 

OECD 
GREEN 

2.1-22.9% Depending on the chosen supply elasticity of 
coal and on the assumption if permit trading is 
allowed. 

Burniaux/Truong 
2002 

GTAP-E 4% !

Gerlagh/Kuik 2007 GTAP-E 14% Includes diffusion of technological change 

Kuik/Gerlagh 2003 GTAP-E 16% Import tariff reductions further increase the 
leakage rate. Main reason for leakage is the 
reduction in world energy prices. 

Light et al. 1999 Light 20/21% Depending on the homogeneity of coal 

Manne/Richels 
1999 

MERGE 20% !

McKibbin et al. 
1999 

G-Cuped 6% !

Paltsev 2000 GTAP-EG 10.5% Static model. Main contributors are the chemical 
industr and the iron and steel industry. The 
leakage rate has a sensitivity range of 5-15% 
depending on the calibration of the model. 

* for a brief description of a number of these models, see Kuik (2004: 61-62). 

Source: based on Dröge et al. (2009) 

The leakage rate calculated by the various analyses identifies the share of a country’s reduction in 
greenhouse gas emissions, which is caused by moving emissions to other places in the world. The 
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higher this share, the lower is the actual contribution of a country to the global effort of emission 
reduction. The shift in emissions in the macroeconomic analyses occurs through the energy markets 
and international trade. In particular, it is assumed that a price-induced reduction in fossil fuel 
demand in a large region such as the EU will depress world market prices and will eventually induce 
larger demand and consumption in the rest of the world. 

Figure 3 The energy channel  

 

However, macroeconomic models using a general equilibrium approach use high data aggregation. 
They do not differentiate energy-intensive industries according to their production steps (value chain), 
leading to an over- or underestimation of carbon cost impacts. The effects on market shares and on 
profits are not part of all CGE leakage models.19 Thus, an increasing number of sectoral (bottom-up) 
models have taken care of the specific energy-intensive industries, like cement or steel, in order to 
investigate the effects from carbon pricing on production and location decisions by firms. 

2.2 Industrial operation and investment effects 

The impact of a carbon price on the direct and indirect costs of a company has been subject to a 
number of competitiveness studies on the EU ETS, led by first investigations from the Carbon Trust 
(2004, 2005), Reinaud (2005), McKinsey and Ecofys (2006), and Climate Strategies (Hourcade et al. 
2007). The concept of competitiveness focuses on firms’ market shares, domestic and worldwide, and 
on profits20. The results have helped to identify, where carbon costs cause a problem for operation 
and investment, giving first indication how leakage of emissions would occur. A carbon price will 
become a threat for competitiveness if a firm cannot pass-through the costs or compensate these 
costs through restructuring. Part of the cost-pass-through depends on foreign companies, which have 
no, or only a lower carbon constraint to handle in their country of origin. Moreover, if a company 
under an ETS operates with large profits, the carbon cost will reduce profitability margins. Using profit 
margins, on the one hand, could help to maintain market shares under international competition; on 
the other hand, it will reduce financial capacity for investment. Firms with a monopoly position, 
however, will be able to pass-through costs up to the full extent if the market remains protected.  

As carbon pricing influences investment decision, the new or the re-investment location will be 
considered along carbon constraints and market access. If profitability goes down as pass-through is 
not an option, further investment in the ETS region will be questioned given the marginal impact of a 
future (expected) carbon price in relation to technological abatement options/cost and in relation to 
other location costs. Overall return on investment is a crucial criterion for (re)investment in a carbon 
pricing zone.21  

Table 2 shows a number of studies, which have identified the carbon pricing effects in different 
countries. They assume different CO2 prices and data aggregations. The studies by Hourcade et al. 
(2007), Graichen et al. (2008), and de Bryn (2008) all assume !20t/CO2 and follow a similar analysis. 
Each of these studies, identified a set of sectors as potential contributors to carbon leakage. 

                                                
19 See Dröge et al (2009). 
20 While this is a definition at the firm level, relating to quality and productivity, competitiveness can also be 
regarded as a matter of macroeconomic performance and for governments’ policy evaluations of national 
productivity. We refer to the firm level.  
21 Neuhoff (2008) 
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Table 2 Sectoral studies on carbon pricing effects 

Indicator of carbon cost 
impact* 

Study Country Aggre-
gation level 

CO2 
price 

Denomi
-nator 

Process 
emissions 

Electri-
city 

Ranking of sectors along 
carbon cost impact 

Carbon Trust 
(2004)  

UK  2-3 digit  
SIC  

!20/t 
CO2  

GVA  yes  yes  1. Iron and Steel; 
2. Aluminium; 3. Chemicals; 
3. Food and tobacco; 4. 
Cement and construction; 
4. Pulp and paper 

Morgenstern 
et al. (2004)  

USA  4 digit 
SIC (USA)  

US$ 
1/ t  

Total 
cost  

no  yes  1. Petroleum refining; 
2. Products of petroleum 
and coal; 3. Lubricating oils 
and greases; 4. Carbon 
black; 5. Asphalt paving 
mixtures and blocks; 
6. Lime 

Hourcade et 
al (2007)  

UK  4 digit 
SIC  

! 
20/t 
CO2  

GVA  yes  yes  1. Lime; 2. Cement; 
3. Basic iron and steel; 
4. Refined petroleum; 
5. Fertilizers and nitrogen; 
6. Aluminium 

Houser et al. 
(2008) 

USA  2 digit  
SIC (USA)  

-  Final 
sales 
value  

yes  no  1. Alkalies and chlorine; 
2. Lime; 3. Pulp mills; 
4. Primary aluminium; 
smelters; 5. Nitrogenous 
fertilizers; 6. Newsprint 
mills 

Graichen et 
al. (2008)  

Germany  4 digit 
NACE  

! 
20/t 
CO2  

GVA  yes  yes  1. Cement; 2. Lime; 
3. Fertilizers and nitrogen 
compounds; 4. Basic iron 
and steel; 5. Aluminium 
6. Paper 

de Bruyn et 
al. (2008)  

Nether-
lands  

2-4 digit 
SIC  

! 
20/t 
CO2  

Total 
cost  

yes  yes  1. Cement, calcium, 
gypsum; 2. Fertilizer; 
3. Iron and steel; 
4. Aluminium; 5. Anorganic 
chemicals 
6. Other base chemicals 

Citi Group 
Investment 
Research 
(2008)  

Australia  Company 
(ASX100)  

A$ 
20/t 
CO2  

Market 
Capitali
-sation  

yes  yes  1. Energy Developments 
(Power) 2. Cement, lime, 
constr. mat., 3. Steel, 
4. Paper, 5. SP AusNet 
(Power), 6. AGL (Power) 

Commission 
Services 
(2008)  

EU-27  8 digit 
(partly 
aggr.) 
PRODCOM  

! 
30/t 
CO2  

Product 
price  

yes  yes  1. Cement clinker; 2. Quick 
lime; 3. Chlorine; 4. Grey 
Portland cement; 
5. Ammonium nitrate; 
6. White Portland cement 

* Indicators of carbon cost impacts can be distinguished along components included in the numerator and the 
choice of the denominator. Carbon cost includes direct and indirect costs. Direct costs stem from process 
emissions, indirect costs stem from a carbon cost mark-up included in the electricity price. These costs can be 
related to gross value-added, turnover or other indicators of company activity. The maximum value at stake is 
defined as the sum of potential direct and indirect costs in relation to the gross value added (GVA) of a given 
industrial sector. 

Source: Mohr et al. 2009, Climate Strategies 
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For the EU member countries, four studies have been published before the ETS Directive proposal. For 
the UK, the Climate Strategies Report by Hourcade et al. (2007) demonstrates that competitiveness 
impacts for trade exposed energy-intensive industries exist. In particular cement, iron and steel and 
aluminium would face a considerable cost impact from a carbon price of !20/tCO2 The overall share 
of the sectors identified contributes only around 1% to UK GDP. A sister analysis by Graichen et al. 
(2008) for Germany was based on identical criteria. The impacts were similar, but the ranking of 
sectors differs (see table 2), fertilizers and nitrogen compounds rank higher, while refineries rank 
lower. Based on the data set of 2005, the maximum gross value added at stake is below 2% in 
Germany. De Bruyn et al. (2008) conducted the analysis on the 2-to 4-digit level for the Netherlands, 
and the European Commission (2008b & 2008c) for the EU 27. The Commission Services (2008c) 
assess products based on one or more sub-sectors at 8-digit level. As the studies on the UK, Germany 
and the Netherlands were published before the Directive proposal they relate to different thresholds 
or slightly different criteria than the EU analysis. 

For the first phase of the EU ETS (2005 – 2008) the direct and indirect cost increases from carbon 
pricing were subject to competitiveness analysis of heavy industries. Reinaud (2005a and 2005b) 
investigates the impacts of a cap on emissions without auctioning, like it was applied in the first EU 
ETS phase, and with full auctioning. She includes iron and steel, based on both blast oxygen furnace 
(BOF) and electric arc furnace (EAF) processes, cement, paper and pulp, and refineries. Moreover, 
Reinaud also looks at the cost increase from electricity for the sectors mentioned plus primary 
aluminium production (which is only included starting 2013). For the power sector a full cost pass-
through (of opportunity cost) is assumed. The competitiveness impacts on the sectors differ along the 
allocation scenarios. Under free allocation, the primary aluminium sector is the most affected. Under a 
full auctioning scenario, the cement sector followed by the refinery sector, integrated BOF steel, 
primary aluminium, and newsprint are subject to cost increases. Process-emitting or energy-intensive 
sectors (beyond electricity) are the most vulnerable to an auctioning of allowances (e.g. integrated 
steel, refineries and cement kilns). From a competitiveness stand point it is crucial for these sectors to 
maintain profits while sustaining output levels. Assuming a 5% pass-through in costs generally 
demand falls by 6% or less.22 

2.3 Technology and spillover effects 

The third major impact from carbon pricing is a dynamic one.23 The cost impact will determine how 
investments evolve over time, in particular, if actors anticipate that the cost increase is irreversible. 
Beyond the immediate static cost effect, producers tend to substitute input in favor of low- or non-
carbon inputs, such as labour and capital, and carbon pricing is an incentive for the deployment and 
diffusion of more efficient technology. Besides the switch to already existing technologies, a long term 
carbon pricing policy will also induce innovation which should help to lower future costs and increase 
profits. The fact that innovative activities, e.g. low-carbon innovations, are at least in part sensitive to 
economic incentives, is the quintessence of the widely acknowledged ‘induced innovation hypothesis’ 
(IPCC, 2007). 

Even though the extent to which carbon pricing or other changes in input costs influence innovation of 
a particular kind is still difficult to quantify, carbon pricing can not only affect technology deployment, 
but as a consequence also technology development (Popp, 2001a, 2001b). Experience or learning 
curves have established a clear link between the rate of deployment of a particular technology and its 
cost performance. According to numerous studies, increased utilization helps to lower the costs of a 
technology. Particularly during the early phases of a new technology progress is being made quickly, 
while improvements become more and more difficult as experience accumulates (e.g. IEA, 2000). 

Lowering the cost of low-carbon technologies tends to make the adoption of these technologies more 
appealing even in areas without similar incentives for carbon abatement and/or technology 
deployment. Higher deployment of less carbon-intensive technologies abroad, in turn, lowers foreign 
emissions and can thus reduce carbon leakage. 

However, the causal relationship between domestic carbon pricing, technological change abroad and 
foreign emission levels is still weak. Much uncertainty remains as to how much technological 
innovation is triggered domestically by carbon pricing, i.e. to which extent carbon pricing sets 

                                                
22 See Reinaud (2008): 22f for a summary of results. 
23 See Dröge et al. (2009) 
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incentives for development of new or improved technologies as opposed to incentives for deployment 

of existing technologies
!"

. Almost all European countries have additional support mechanisms for the 
deployment of relatively expensive low- or zero-carbon technologies in place, such as feed-in tariffs, 
quotas and/or minimum technology standards. Furthermore, there is considerable public spending for 
energy-related research, development and demonstration (RD&D) of new technologies. This is due to 
the fact that carbon pricing alone does not induce sufficient development of low-carbon technologies 
in the light of the costs and benefits (McKinsey 2009). However, it should be noted that the share of 
technological progress vis-à-vis simple substitution in reaction to carbon pricing may differ between 
industrial sectors. 

Empirical studies about the international distribution of the benefits from innovation, such as R&D 
spillover regressions, have identified trade and FDI as the main mechanisms via which technologies 
diffuse internationally (Helpman 1997; Keller 2004). However, there are also other non-economic 
activities that help to spread technologies – be it international R&D collaboration, scientific 
conferences and literature or the migration of scientists, engineers and other skilled personnel across 
borders (Xu and Wang, 2000). 

A causal relationship between unilateral climate policy and global emission reductions has not been 
established yet. Sijm (2004: 179) points out that while the potential benefits from technology transfer 
to developing countries is substantial for energy-intensive industries, it  has so far not been quantified 
in a reliable manner. There is always a likelihood that net spillover effects are positive in the light of 
unexploited no-regret potentials and the technology and know-how transfer by foreign trade and 
educational impulses from Annex I countries to Non-Annex I countries. Thus, if technology-related 
emission reductions abroad result from other policy instruments or market mechanisms, this should 
consequently not be taken into account in discussions about carbon leakage from the EU ETS. 

2.4 A framework for carbon leakage channels 

The three major channels for carbon leakage work into two major directions as indicated in figure 2. 
Although there is agreement that the energy market and the industry channel potentially contribute to 
an increase in global emissions, the net effect from all three channels is unknown. The purely positive 
climate effect seems to be confined to the technology and policy spillover channel and it is an effect 
that needs time for diffusion of knowledge, technology and for implementation of policy.  

The focus of this study is on the industry channel, doubting on the concern that – as laid out in 
section 2.2 – the emission reductions under a unilateral ETS may partly be the result of offshoring 
production and investment. While the competitiveness impacts illustrated will not automatically lead to 
carbon emissions shifting abroad, the likelihood is high if cost impact and trade intensity are high. If 
we consider these two triggers alone, we can state the following pattern for the effects from carbon 
costs on leakage – as illustrated in figure 4: Carbon pricing increases direct and indirect production 
costs ! This has detrimental effects on market shares and profits ! Market shares decrease 
domestically and globally, brought about by a change in carbon-intensive trade flows (imports 
increase, export decrease) ! Decreasing profits affect the location decision of producers (re- or new 
investment) in favour of regions without or with lower carbon costs.  

                                                
24 Jaffe et al. (2001) note that it is hardly possible to distinguish between a movement of the production frontier, 
i.e. innovation, and a movement of firms towards the existing frontier, i.e. diffusion and deployment of existing 
technologies. 
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Figure 4 The EU ETS carbon pricing effects on market shares, profits and emissions 

 

Note: The EU ETS debate relates to the centre part of the flow chart. The effects on market shares and profits 
assume full auctioning. The energy channel is illustrated on the left-hand side, the technology and policy 
diffusions on the right-hand side. 

Source: Climate Strategies 

From the illustration it becomes clear that trade and capital flows are major drivers for the effects 
from pricing carbon on the geographic distribution of emissions. If this meets with a high value at 
stake, there is a high likelihood that operational and investment decisions will be reconsidered in 
favour of locations without or with lower carbon pricing.  

However, there are more indicators that determine the industries’ reactions to an increase in carbon 
costs. Also, the triggers vary for each sector. Major additional determinants for the ability to pass-
through costs are: 

• Transport costs relative to CO2 cost 
• Exchange rate risks 
• Market structures (domestic and global) 
• Share of carbon costs in overall cost structure (fixed vs. variable, direct vs. indirect) 
• Abatement costs and abatement options for direct and indirect costs  
• Differences in the cost shares across regions 
• Product differentiation and market segmentation 
• Customers reaction to a price increase, based on: vertical integration of industry, quality 

issues, long-term contracting 
• Legal and political environment 

Neuhoff (2008) provides an overview on factors that allow producers to charge a premium in local 
markets based, on the one hand, on the trade-related cost components and, on the other hand, on 
local market conditions. Both need to be related to the carbon cost incurred (see figure 5). The 
combination of factors determines the hurdle for the extra cost from carbon pricing, which – if met – 
could trigger a shift in market shares in favour of imports. The actual premium based on product 
quality, long-term customers relations and political factors makes a recovery of carbon costs possible 
without losing market shares even if the carbon cost equals the trade costs. However, the producer 
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may not recover all initial investment costs, and will refrain from future investment. Thus, for existing 
facilities fixed sunk investment costs are a further important factor in delaying leakage. In times of 
recession – as experienced again in 2009 – migration of production may become attractive as excess 
production capacities reduce profit margins and drive prices towards short-term marginal production 
costs.25 

Figure 5 Carbon cost impact, local premium and trade cost 
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Source: Neuhoff (2008) 

Accordingly, both a deeper and wider analysis would be needed for determination of the actual 
leakage potential. This analysis would also spread out to the remedies that could address the carbon 
leakage from unilateral carbon pricing.  

In what follows, we focus on selected aspects of cost structures (fixed vs. variable) and regional 
concerns, in particular from new EU member states. 

2.5 Evaluation of trade- and energy-intensive sectors 

For further analyses of the carbon price impact, Mohr et al. (2009) have investigated five sectors: 
basic iron & steel and ferro-alloys, paper and paperboard, aluminium, other basic inorganic chemicals, 
fertilizers &nitrogen compounds. As can be seen from figure 626, trade intensities have changed only 
slightly with a maximum rise of 3.7% in the aluminium sector. Most likely the economic crisis of 2009 
will reduce this below 2004 levels. In what follows, for each of the five sectors the energy use of 
underlying processes, the cost structures in EU Member States and the trade flows for these sectors 
will be elaborated. Finally we add a summary for the cement sector based on previous analyses by 
Climate Strategies and others in order to characterise mainly the dynamics in trade flows and the 
special challenges for cement production in the EU. 

                                                
25 See Neuhoff (2008) 
26 Data for the year 2007 is not available yet. The cement sector is not included. 
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Figure 6 EU trade intensity* in five potentially exposed sectors 

 
 * 

 

Note: Estimated data is included in the calculations for paper & paperboard 2004, other basic inorganic chemicals 
2005. Estimated or preliminary data is included in the calculations for basic iron &steel 2004 and paper & 
paperboard 2005. 

Source: Calculations by Mohr et al. (2009) based on Eurostat 2009 

2.5.1 Aluminium 

In 2007, 24.8 Mt of primary aluminium were produced worldwide of which roughly one third was 
produced in Europe (including non-EU countries e.g. Island and Norway)27. The production in Europe 
has remained rather stable over the past years whereas in Asia it has increased significantly (from 2.7 
Mt in 2004 to 3.7 Mt in 2007). Taking into account the alumina production capacity under 
construction, the trend is expected to continue for Asia28. However, the economic recession will most 
likely bring about a temporary halt.  

Over the years, secondary aluminium production (recycling) has become important, as it needs only 
5% of the energy input required for primary aluminium production, combined with an increasing 
availability from waste separation and product life-cycle management. In terms of quality or 
properties, no difference exists between primary and recycled aluminium. 

The breakdown of operational expenditure in the ‘manufacture of aluminium’ (both primary and 
secondary, NACE 27.42) into three blocks (purchases of energy products, personnel costs and all 
other purchases of goods and services) varies across EU countries (see Mohr et al. 2009). The share 
spent on energy products (including all energy products used as fuel as well as electricity and heat) 
varies from 1% (Denmark) to 9% (United Kingdom). Ireland has an exceptional high share of more 
than 40%. The share spent on personnel costs varies from 7% (Hungary) to 17% (Denmark)29. The 
personnel costs in four Eastern and Middle European Member States where values are available 
(Czech Republic, Lithuania, Hungary and Poland) are at the lower end (7%-8%), partly reflecting 
shares of primary and secondary aluminium and refinement levels.  

                                                
27  See<http://stats.world-aluminium.org/iai/stats_new/formServer.asp?form=1 > (accessed 15 January 2009). 
28  See <http://stats.world-aluminium.org/iai/stats_new/historical.asp?currentYear=2007&material=1&formType 
=2&dataType=122&period=4&fromYear=1995&fromHalf=1&fromMonth=1&toYear=&toMonth=1&area=&submit

Search=Find+Stats> (accessed 15 January 2009). 
29It should be noted, however, that the use of outsourcing or employment agencies influences the cost balances 

as these expenditures will not appear as personnel costs and are included in the total of goods and services. 
The share of cost for employment agencies is available for few Member States only. Nevertheless, it does not 
exceed 1% in any of the countries and sectors analysed in Mohr et al (2009). 
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The trade volume of aluminium (NACE 27.42) has risen by 76% from 2003 to 2007. The intra-EU 
share in the total volume traded has been stable at 72% during this period. The remaining 28% trade 
with non-EU countries is dominated by Norway, Russia, Switzerland, the US, China (P.R.) and 
Mozambique. They account for 15%, i.e. 13,491 million EUR in 2007, which is more than half of non-
EU trade. The non-EU trade structure has been dominated by imports over the years, with a 
alternating trend – with a decrease from 67% in 2003 to 64% in 2005, and an increase to 72% in 
2007. As can be seen from figure 7, Norway and Russia dominate trade volumes and imports. The US, 
Switzerland and China show a rather balanced ratio between imports and exports, whereas 
Mozambique is a considerable import partner only. 

Figure 7 Trade in aluminium, extra-EU trade partners, 2007 

!

 

Table 3 Aluminium EU trade in million ! current prices, 2007 

Trade 
Partner 

Exports Imports 

Norway 324 4 307 

Russia 406 2 474 

Switzerland 889 1 016 

USA 1 054 540 

China (P.R.) 678 633 

Mozambique 1 1 169 

Source:  Eurostat 2009, own calculations, Mohr et al. (2009) 
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2.5.2 Iron and Steel 

Out of 1,343.5 million metric tons of crude steel produced worldwide in 2007, 15.7% were 
manufactured in the EU 2730. With an output of 48.5 million metric tons of crude steel in 2007, 
Germany is the largest producer in the EU and number seven worldwide, following China, Japan, the 
US, Russia, India and South Korea. The two processes (BOF and EAF) differ mainly with respect to 
fuel and raw material input, production technology and scale, as well as variety and quality of steel 
products. For EAF electricity is the major energy input, for BOF it is coal. Production of BOF steel is 6-
7 times higher than for EAF steel. 31 

Again, a major advantage in terms of energy consumption lies with scrap-based steel. Scrap-based 
electric arc furnaces are often referred to as mini-mills. According to the Worldsteel association (2008) 
the share of EAF in the EU 27 is on average 40%. It is substantially higher in some EU member states 
like Spain (78%) or Italy (63%) and lower in others, such as Germany (31%). Some EU Member 
States (Greece, Luxembourg, Portugal and Slovenia) produce all crude steel using the EAF process. 

The breakdown of operational expenditure in the sector in EU countries shows that personnel costs 
account for 10% of total expenditure in most EU Member States. The highest share of personnel costs 
is reported for Ireland (29%) and the lowest for Portugal (4%). The share of purchases of energy 
products in total expenditure vary widely between countries (Romania: 28%; Ireland: 2%). These 
differences are due to the different steel production processes, efficiency of the plants, the different 
levels of refinement adding e.g. capital and labour, but little additional energy cost as well as local 
prices for energy products. 

The Commission’s Non-Paper (2008b) distinguishes six different representative products in the iron 
and steel sector. The CO2 cost to product price ratio for the three products produced via the BOF 
route (hot roiled coil, slabs and hot dipped metallic coated) ranges from 13% to 16% whereas the 
ratio for the three products manufactured via the EAF process (wire rod, rebar and stainless cold 
rolled) is significantly lower (1% to 5%).  

The value of trade in basic iron and steel and ferro-alloys (NACE 27.10) has more than doubled from 
113,983 million EUR in 2003 to 258,893 million EUR in 2007. Yet, the share of intra-EU trade has been 
rather stable at around 77% during this period. The six main non-EU trading partners are China, 
Turkey, Russia, the US, Ukraine and Switzerland, which together make up 12% in 2007, half of non-
EU trade (see figure 8). The non-EU trade structure in this sector was dominated by exports (56%) in 
2003, whereas roles have continously changed in favour of imports (57%) until 2007. China, Russia 
and Ukraine are main sources of imports and Turkey and the US main destinations for exports. 
Figure 8 also shows which of the trade partners have plans to introduce carbon pricing. An overlap 
with the EU climate policy exists with Switzerland, and for the near future can only be expected for 
the US. Thus, for levelling the costs for the steel industry carbon constraint would be needed in 
countries that are actually in a situation of supplying certificates to the domestic carbon markets – like 
AAUs from “hot air” (Russia, Ukraine) or CERs from CDM projects (China).  

                                                
30  See <http://www.worldsteel.org/?action=newsdetail&jaar=2008&id=228> (accessed 15 January 2009). 
31 For further details on the production steps see Mohr et al. (2009). 
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Figure 8 Trade in iron and steel, extra-EU trade partners, 2007 

 

Table 4 Basic iron&steel and ferro-alloys EU trade in million ! current prices, 2007 

Trade Partner Exports Imports 

China (P.R.) 1 902 6 547 

Turkey 4 254 2 306 

Russia 720 5 280 

USA 3 411 1 355 

Ukraine 262 3 054 

Switzerland 2 126 729 

Source: Eurostat 2009, own calculations, Mohr et al. (2009) 

 

2.5.3 Fertilizers and nitrogen compounds 

About 1.4 % of total world consumption of fossil energy (not including combustion of wood) goes into 
the production of ammonia, roughly 83 % of which is used for fertilizers (e.g. Bhattacharjee 2006, 
Gielen 2007). The remainder mostly serves as a building block for the synthesis of many 
pharmaceuticals.  

Since the 1930s, when steam reforming of hydrocarbons for ammonia production started, specific 
energy consumption per ton of ammonia has come down from more than 80 GJ/t to best available 
technology levels of about 28 GJ/t (Rafiqul 2005). The average specific energy use in Western 
European countries is around 35 GJ/t and in Central European Countries significantly higher at 43.6 
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GJ/t. Comparing worldwide the average energy use of gas based ammonia production only, Central 
European Countries requires most energy per ton and China produces most efficiently (34 GJ/t) (IEA 
2007). Specific energy use depends on the specific source used, like gas, oil or coal. Consequently, 
the fuel mix and the energy efficiency of the plants influences the production cost structure 
significantly. The share of energy cost in operational expenditure ranges from 2% (Ireland, Greece, 
Italy and Lithuania) to 50% (Romania). The comparison cost structures in the sector ‘manufacture of 
fertilizers and nitrogen compounds’ (NACE 24.15) shows that the share of personnel costs in total 
operational expenditure varies from 28% (Greece) to 7% (Ireland). 

The analysis of representative products carried out by the European Commission (2008b) 
distinguishes two products only; ammonium nitrate and ammonia. The value for the CO2 cost to 
product price ratio for both products is comparable at 22%-25%. 

 

2.5.4 Other basic inorganic chemicals 

Chlorine and Sodium Hydroxide. Chlorine is a primary chemical, which accounts for about two-thirds 
of the chemical industry’s turnover. Chlorine gas is widely used for pharmaceuticals, medical devices, 
windows, flooring and pipes. Caustic soda, the main by-product, is an alkali and used in the food 
industry, textile production, for soap and other cleaning agents, water treatment and effluent control. 
In Europe about half of the chlorine is produced via the mercury cell process (IEA 2007), which uses 
the most electricity compared to alternative processes. However, it is being phased out for 
environmental reasons and typically replaced by the membrane process.  

Production of sodium carbonate: Sodium carbonate (soda) is the most important sodium salt and used 
for the manufacturing of glass (50 %), in the chemical production (23 %), for paper (5 %) and for the 
production of soap (5 %) (Roempp 2008). The main production process for the production of soda is 
the Solvay process. About one third of worldwide soda produced is manufactured in the EU 
synthetically. In the USA (accounting for 27% of total soda production in 2004) production is based on 
natural soda ash deposits and soda recovery from lakes; which is less energy intensive and less costly. 
Using best available technology, the energy use for the synthetic production is about 10-12 GJ/t soda 
ash (IEA 2007). 

Production of calcium carbide: Calcium carbide is produced via an electric arc furnace loaded with a 
mixture of lime and coke at very high temperatures (2000°C). Calcium carbide can be processed at 
high temperature to calcium cyanamid, which is used as fertilizer. Other applications include 
manufacture of acetylene, a feedstock for the chemical industry. 

The Non-Paper of the Commission assesses two representative products in the sector ‘other inorganic 
chemicals’; the production of chlorine and sodium hydroxide. The CO2 cost to price ratio for sodium 
hydroxide is quantified with 5%. Two values are given for Chlorine (16% and 35%) without further 
explication of the differences (see European Commission 2008b).  

The analysis of operational expenditure for other basic inorganic chemicals again shows major 
differences between the shares of purchases of energy products within the EU. While for most 
Member States the values range between 5% and 13%, in Portugal nearly half of the operational cost 
is spent on the purchases of energy products (see Mohr et al. 2009).  

The trade volume of other basic inorganic chemicals (NACE 24.13) has grown by 47% from 17,254 
million EUR in 2003 to 24,965 million EUR in 2007. The share of intra-EU trade has been rather 
constant at 71%. The main non-EU trading partners are the US, China (P.R.), Norway, Russia and 
Japan. Moreover, countries and territories not specified for commercial or military reasons (within the 
framework of trade with third countries) claim a considerable position in trade, but it remains 
unspecified if this is a group or a single country. Altogether, these six partners make up 15%, i.e. half 
of non-EU trade in 2007. 

The structure of non-EU trade in this sector is slightly dominated by imports (58%), which nearly 
remains constant over the years. The US is the major non-EU import and export partner. A balanced 
ratio exists also with Japan, and with Switzerland, which took in the year 2007 the fifth position of 
countries and territories not specified for commercial or military reasons (within the framework of 
trade with third countries). China (P.R.), Norway and Russia are mainly import partners, but with 
shares comparable to the one of the US. 
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2.5.5 Paper and Paperboard 

Paper production takes two main steps: transformation of raw materials into fibrous materials called 
pulp, and transformation of pulp together with filler materials and additives into paper. The two main 
raw materials for pulp production are wood and recovered paper, and pulp is produced in two main, 
distinctly different, ways: chemical pulping and mechanical pulping. Mechanical pulp production is 
virtually always located on the site of the actual paper plant. Chemical pulp is produced in either 
integrated or non-integrated market pulp plants. Besides these fibrous materials, non-fibrous filler 
materials which are low in energy use are used to a considerable and growing extent. 

In 2006 30% of worldwide paper was produced in Europe (including Norway and Switzerland), 36% in 
Asia and 27% in North America. Within Europe Germany is the largest paper producer, followed by 
Finland, Sweden, Italy and France. The German paper industry exhibits a rather high recovered paper 
utilization rate (66%) compared to the EU-25 average (48%). The actual recovery rate of 77% is even 
more elevated (EU-25: 61%) (VDP 2007). Finland and Sweden are the main European producers and 
exporters of pulp. Europe is a net importer of pulp and a net exporter of paper (CEPI 2008).  

The energy use varies along the processes and process steps in the pulp and paper production. The 
share of biomass in the primary energy consumption in the European pulp and paper industry is 52%. 
This is mainly due to the use of black liquor, a by-product of chemical pulping, which is burnt to 
produce heat and electricity (CEPI 2008).  

The breakdown of operational costs in the sector ‘manufacture of paper and paper-board’ (NACE 
21.12; excluding pulp) exhibits a share of energy expenditure ranging from 8% (Hungary) to 29% 
(Lithuania). The value for Ireland is exceptionally low for 2006, which might be due to the low degree 
of specialization (66% share of the principal activity in turnover); in 2001 and 2002 the degree of 
specialization was around 90% and the share of purchases of energy products in total expenditure 
13% (2001) and 7.5% (2002). The share of personnel costs range from 7% (Hungary and Slovakia) 
to 19% (Denmark).  

The analysis carried out by the European Commission (2008b) distinguishes eight typical products in 
the sector of paper and paperboard (and additionally six types of pulp). The CO2 cost to product price 
ratio for paper products ranges from 2%-9% whereas for pulp the values are at the upper end within 
this range (7%-9%). 

Trade in paper and paperboard (NACE 21.12) is about one third in relation to iron and steel, but four 
times as high as for fertilizers and nitrogen compounds. It has risen by 16% in 2003 to 96,970 million 
EUR in 2007. The share of intra-EU trade has been quite stable at 80% over this period. The six main 
non-EU partners are the USA, Switzerland, Russia, China (P.R.), Norway and Turkey, which make up 
10%, i.e. half of non-EU trade in 2007. 

!

2.5.6 Cement   

According to the competitiveness studies (Hourcade et al. 2007, Carbon Trust 2008) the value at 
stake in the cement sector is high but at the aggregate EU-27 level its import intensity is low and the 
sector is quite concentrated. This suggests that EU firms could easily pass through the full cost of CO2 
without much change in market shares and profits. However, prices vary considerably from one 
location to another, based on32: 

• high transportation cost relative to the ex-work cost with major differences regarding road, 
rail or sea transportation; 

• the supply and demand differ on regional bases, given that production is subject to strong 
capacity constraints;  

• globalisation of the industry with notable differences in concentration levels from one region 
to another.  

The exposure to long-haul competition through marine transportation is reflected by the respective 
market shares of non-EU imports in each EU member state. Due to transport cost this pressure is 
higher in the coastal regions. The various spatial distributions of demand within each member state 
makes some EU countries more exposed than others. Moreover, strategic entry barriers such as 

                                                
32 See Ponssard (2009), Demailly and Quirion (2006 and 2008) 
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vertical integration are probably lower in Italy or Spain than in France or UK. The history of the trade 
flows in the cement industry consists of two phases: 

(i) Phases in which short term factors dominate after a shock in demand (such as in the recent years 
in Spain) or in cost (such as in the mid’80 with the development of maritime freight).  

(ii) Phases in which long term factors dominate. Most of the imports at peak levels of demand are 
made through major cement players. A limit pricing strategy is implemented in order not to attract 
traders, and imports are progressively reduced as the demand/supply ratio moves down.  

If the sector participated in the auctioning of emission rights, and the long term factors determine the 
amount of investment in a given regional market - and finally at the EU level -, then plants in the 
coastal markets would be closed while inland plants would adapt their capacity to meet a cyclical 
demand targeting a lower average capacity/demand ratio. The mechanisms in this sector have been 
modelled in the CASE model (see section 2.6). 

The focus of analyses is on clinker, as this is the input which causes most of cement emissions and 
which can be imported as a reaction to CO2 pricing. Imports are chosen if reducing clinker content of 
cement or energy efficiency improvements are more costly. 

This strategy seems to be reflected in the trade flows in cement, which were very dynamic in recent 
years. In particular EU imports (figure 9) have risen from geographically detached regions like China. 
The 2007 data show the trade links for cement again with the ETS regions marked, in figure 10. 

Figure 9 Top Non-EU import partners for cement, 2003 – 2007 

!

Source: Eurostat 2009  
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Figure 10 Trade in cement, extra EU trade partners, 2007 

!

Table 5 Cement trade in million ! current prices, 2007 

Trade partner Import Export 

Turkey 143 22 

China (P.R.) 459 1 

Egypt 76 8 

USA 1 63 

Croatia 42 16 

Russia 13 30 

Source: Eurostat 2009, own calculations, Mohr et al. (2009) 

!

2.5.7 Ranking of trade partners in energy-intensive industries 

The trade partners for all sectors described in this section are ranked in table 6. Russia, China and 
Turkey are among the most important trade partners. These countries do not price carbon in a similar 
manner as the EU (and Switzerland, Norway) do, or as the US is planning to implement. Thus, the 
differences in carbon costs could be of major concern for those industries for the time being.  
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Table 6 EU’s major non-EU-trade partners in selected energy-intensive sectors 

 NACE USA* Russia China Norway* Switzerland* Turkey 

Aluminium 27.42 4 2 6 1 3  

Basic iron & steel and 

ferro-alloys 

27.10 4 2 3  6 1 

Other basic inorganic 

chemicals 

24.13 1 4 2 3 (7)  

Fertilizers & nitrogen 

compounds 

24.15 3 1  2   

Paper & paperboard 21.12 1 3 5 4 2 6 

Cement 26.51 4 6 1   2 

*countries with cap and trade (implemented or planned) 

Source: Mohr et al. (2009); Eurostat 2009 

Given these details for major energy-intensive industries based on past data, we turn next to the 
estimation of potential future leakage of carbon emissions in a sub-set of sectors, namely cement, 
aluminium and steel.  

2.6 Leakage potential from cement, aluminium, steel, and electricity 

The insights from ex post analyses of the EU ETS on competitiveness and leakage are of a limited 
value for the future impact of a much stricter ETS which uses auctioning and will probably interact 
with a number of new ETS in other regions. However, the data availability for simulating leakage 
effects is very limited as well. All simulations need to assume overall economic performance, business 
strategies (operation and investment), international business environment and global climate policy. 
Thus, any model will deliver only a rough indicator of potential effects.  

The simulation presented here is based on the plan by the EU to reduce up to 2020 under the ETS 
21% of emissions based on 2005 data, while the non ETS sectors should contribute minus 10%. This 
is applied using a 1.74% yearly reduction of the cap. Table 7 summarises the emission reduction plan. 
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Table 7 The EU ETS cap 2005 until 2020 

EU ETS Period years EU ETS cap* yearly % of 2005 emissions 

1st 2005 until 2007 2 177 100% 

2nd 2008 until 2012 2 083 95.7% 

2013  1 974 90.7% 

2014 1 937 89.0% 

2015 1 901 87.3% 

2016 1 865 85.7% 

2017 1 829 84.0% 

2018 1 792 82.3% 

2019 1 756 80.7% 

3rd 

2020 1 720 79.0% 

*adjusted to perimeter changes 

Source: Monjon and Quirion 2009 based on European Commission (2008a). 

The model applied33 focuses on four major sectors: cement, aluminium, steel and electricity 
production (CASE II). It incorporates a number of market features and is a static and partial 
equilibrium model, which represents production and the prices of the four sectors in the European 
Union. It also includes the international trade between the EU and the rest of the world (RoW) in 
cement, aluminium and steel. All sectors are linked through the electricity market. We do not take into 
account the fact that some industrials produce their own electricity or the role of long-term power 
supply contracts. Moreover, we do not consider electricity savings in the sector modelled following the 
rise in the power price. The cement sector consumes electricity both at the stage of clinker production 
and at the stage of cement grinding.  

The steel, cement and electricity sectors are also linked through the CO2 market. The CO2 price clears 
the market: based on unitary abatement and production drop, the sum of the emissions from these 
sectors equals the total amount of allowances given for free or auctioned. In each sector, we have 
built a marginal abatement cost curve, assumed linear-quadratic and fitted to the results of the 
PRIMES model (Blok et al., 2001). Profit maximisation entails the usual equalisation of the marginal 
abatement cost to the CO2 price. We assume that the abatement cost increases the variable 
production cost, not the fixed production cost. Figure 11 illustrates the interactions between sectors 
and trade in the model.  

                                                
33 The detailled results can be found in Monjon and Quirion (2009): Addressing leakage in the EU ETS: 
results from the CASE II model, Climate Strategies Working Paper (forthcoming) 
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Figure 11 Sectoral links in the CASE II model 

  

 

Source: Monjon and Quirion (2009) 

 

In the cement sector, clinker imports to the EU are taken into account which is the emission-intensive 
intermediary product in cement production. Thus, we pay attention to one of the open issues from 
previous Climate Strategies competitiveness analyses, namely clinker trade, in order to assess the 
leakage potential in the cement sector. The share of clinker and substitutes is endogenous in the 
model, as is the share of imported vs. domestic clinker. Hence an ETS (at least with full auctioning) 
would potentially increase the share of imported clinker and reduce the share of clinker in cement. For 
cement production we distinguish two production steps: manufacturing of clinker, which entails direct 
CO2 emissions and requires electricity, and manufacture of cement from clinker (imported or 
domestic) and substitutes, which consumes electricity but does not entail direct CO2 emissions. 

In the aluminium, steel and cement sectors there is imperfect (Cournot) competition, which leads to a 
partial (or >1) cost pass-through. This potential depends on the structure of each industry. For each 
sector, the number of firms is variable with respect to the degree of competition. Transportation costs 
between regions are modelled explicitly and fixed costs of production are taken into account. 
Consumers can choose between imports and domestics goods of each sector, with an Armington 
assumption of imperfect substitution. The modelling approach to the electricity sector assumes perfect 
competition. Moreover, the emissions abatement curves for the EU-27 in electricity, steel and clinker 
are included. Thus, CASE II covers a number of the factors that determine the leakage potential we 
have listed in section 2.2, given in table 8. 
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Table 8 Features of the model 

Indicators that determine the industries’ reactions to an increase in 

carbon costs 
CASE II 

Transport costs relative to CO2 cost " 
Exchange rate risks  
Market structures (domestic and global) " 
Share of carbon costs in overall cost structure (fixed vs. variable, direct vs. 
indirect) 

" 

Differences in the carbon cost shares across regions " 
Product differentiation and market segmentation " 
Customers reaction to a price increase, based on: vertical integration of 
industry, quality issues, long-term contracting 

 

Abatement costs and abatement options for direct and indirect costs  " 
Legal and political environment " 

Given these specifications, the model allows to compare the evolution of leakage at the aggregated 
and at sectoral levels as well as production, prices, imports and exports of the four sectors, depending 
on the emissions reduction target and on the allocation mode.  

The results from CASE II include leakage rates for the single sectors, and the model can be applied to 
compare measures to address the leakage of emissions. We will illustrate the results on the policy 
instruments in chapters 4 and 5 and will first focus on leakage under full auctioning. 

 

2.6.1 Results for full auctioning and emissions in 2016 

The simulations help to draw a picture for a potential future reaction of the investigated industries 
under full auctioning and unilateral carbon pricing by the EU compared to a business-as-usual scenario 
without carbon pricing.  

Figure 12 illustrates the respective shares of electricity, clinker, steel and aluminium in the emissions 
from the four sectors if no carbon price is applied.  

Figure 12 Share in overall emissions from four sectors 2016, BAU  

 

Note: „electricity“ sums up all indirect emissions from the three other sectors, and electricity consumed by 
households and other sectors of the economy 

Source: based on Monjon and Quirion (2009) 

The emissions are clearly dominated by electricity production. Steel contributes 15% to the four 
sectors’ emissions, clinker 11% and aluminium, which consumes a high amount of electricity, has only 
a direct contribution of 1% (only primary aluminium is considered). Given the links between the 
sectors (figure 11), the indirect emissions from electricity need to be accounted for in all three other 
sectors. 

Clinker has the highest CO2 intensity among the products covered by the model. It has the highest 
increase in average cost (around +35%) if there is full auctioning.  As a consequence the decrease in 
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production is also the sharpest: between 25 and 30%. The share of imported clinker in EU cement 
production more than doubles, from 6% in BaU to 15% under auctioning.  

The leakage rate (see figure 13) represents the share of emission reductions under the ETS that are 
moving offshore, caused by both a relocation of emissions through imports substituting domestic 
production (changes in market shares), and through relocation of production to non-ETS regions (exit 
of firms). 

Figure 13 illustrates the overall emissions in the year 2016, the reduction and the leakage rates for 
electricity, clinker, steel, and for the aluminium sector from the modelling exercise. The leakage rate 
gives the share of emissions from a sector that will be reduced under the ETS only, because trade 
flows change and/or because production is relocated to non-ETS regions. Thus, these emissions will 
occur in the rest of the world instead.  

The calculations assume full auctioning of emission rights under the EU ETS, no carbon pricing in the 
trading partners’ regions and the strict reduction of the emissions cap on a yearly basis (reduction by 
1.74%, see table 7).  

Figure 13 Emission reduction in the electricity, clinker, steel, aluminium industry in 2016 

under 100% auctioning 

 

Source: based on Monjon and Quirion 2009 
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The steel production shows the highest leakage rate of all three sectors (38.8%), followed by 
aluminium (21.4%) and clinker (16.1%) – while overall leakage from cement adds is 19.5%. There is 
no leakage in the power sector. The average leakage rate is 10%.34 

In the cement sector, leakage is caused by market share losses both in the cement and in the clinker 
market. The leakage ratio is lower than that of steel, which is due to the high transportation cost of 
cement and clinker, but it is still significant (19.5%). 

In aluminium the price increase and the production drop are relatively similar to that of steel. Since 
we do not model direct emissions, these impacts only stem from the rise in the electricity price. 

                                                
34 See Monjon and Quirion (2009) 
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While the leakage rates for cement and aluminium, and for steel are very close to the results of the 
calculations by Damien and Quirion (2005, 2006, 2008), the high rate for steel (40%) can also be 
found in other sectoral steel models (e.g. Yeonbae and Worrell 2002). The Climate Strategies 
Competitiveness Report (Hourcade et al. 2007) provides a comparable increase in the import ratios 
(import/consumption). The CASE II model does in particular investigate clinker and shows an increase 
in the leakage rate from 8% in the business-as-usual setting to roughly 17% under auctioning. The 
imports of steel rise 10% under BAU and 13% under auctioning in CASE II. While the absolute import 
ratio rate differs in the Climate Strategies Report, with 17% in BAU and 21% under auctioning, the 
increase is similar. 

The CASE II model is based on a number of assumptions on how and in which environment the four 
sectors operate. Thus, the numbers presented here give a first idea of the potential contributions from 
cement/clinker, steel and aluminium to carbon leakage from the EU ETS. They cannot project the 
future correctly, in particular as the economic crisis has led to a massive correction of production that 
could not be anticipated. For example, the model produces a steel production decrease under full 
auction by less than 10% compared to business as usual (BAU), whereas in 2009 a forecast by 
Eurofer shows that steel output will be reduced by 30% in 2009 compared to 2008.35 

An advantage of the CASE II analysis is to compare how different tools can help to address carbon 
leakage from trade and cost exposure effectively. We will come back to this aspect in chapters 4 and 
5. First, we introduce some more findings on the Eastern European power production and the leakage 
potential. While the electricity sector is not a direct contributor the emission leakage, it has received 
some attention in the EU debate on the third phase of the ETS and the full auctioning of emission 
rights after 2012. This concern was driven by energy producers who use mainly coal, together with 
Eastern European member states, in particular Poland.  

2.6.2 The Polish power sector and overestimated leakage concerns 

During the EU-wide decision process on the third ETS-phase, the objections against auctioning were 
raised by a number of stakeholders including Poland and led to an exemption of Eastern power 
producers from full auctioning in the initial phase III (30% of permits will be auctioned increasing to 
100% by 2020). 

Poland relies up to 95% on lignite and hard coal. The fuel mix for power generation in five EU 
countries, four Eastern European and Germany, is shown in figure 14. While in four countries nuclear 
power has a significant share in the production of electricity, this share is zero in Poland. Moreover, 
gas plays a minor rule in the energy mix, and the same holds for renewable energy sources. 

Figure 14 Fuel structure of electricity generation in Eastern Europe 

 

Source: Suwala (forthcoming) 

                                                
35 See Monjon and Quirion (2009) 
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The high share of coal creates a high emission-intensity in the power sector. The full auctioning of 
certificates, thus, was regarded as a threat to local production, potentially leading to relocation and 
carbon leakage. As in Poland energy policy is a matter of national security, the interest is to keep up 
the high share of production from domestic energy sources, namely coal. The conflict between carbon 
pricing and its impact on the position of the polish power producers in the EU energy market in the 
short-term has led to a softening of the auctioning provisions. 

Yet, there are a number of issues that help to clarify the actual potential for carbon leakage from 
power supply shifting to neighbouring countries. First, a number of technical import barriers exist. 
Mainly, the capacity of transmission lines of the Polish power grid is very limited. The same applies for 
the availability of excess capacity abroad that could be used to generate electricity for Poland.  

Figure 15 Polish transborder electricity connections 

 

Source: Suwala (forthcoming) 

In the long term, these technical constraints can be overcome by targeted investments. Transmission 
capacities could be extended and new power plants could be built abroad to serve the Polish market. 
However, such investments can only be expected if they are profitable and if they are politically 
feasible. 

From a technical point of view, with the given synchronisation of grid structures, imports of electricity 
can only be received from Lithuania and Ukraine. One nuclear power plant (Ignalina II) will export 
from Lithuania to Poland 1,200 MW out of the 3,000 MWh capacity planned. However, as Lithuania is 
an EU member and as additional nuclear power plants abroad will not emit as much carbon as 
domestic coal-powered plants, there will be no detrimental effect on global emissions from such a 
shift in production. The two non-EU neighbours, Belarus and Ukraine, show diverse power production 
structures. While Belarus is a net importer of electricity, Ukraine has spare capacity mainly in hydro 
power plants and is planning to increase its overall nuclear capacity. Imports from this country into 
Poland would be based on hydro, nuclear or, less likely, coal. However, the technical compatibility36 of 
power transmissions from the Ukraine create another problem for imports and need to be resolved in 
order to facilitate future energy trade. 

                                                
36 Poland has joined the Union for the Co-ordination of transmission of electricity (UCTE), and power from the 
Ukrainian grid would need to be synchronised for a transmission. See Neuhoff; Matthes (2008: 65) 
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Thus, the actual potential for emission leakage from Poland’s power production to countries without 
carbon constraint is very limited and boils down to a single option: an increase in coal-based power 
generation in Ukraine for the purpose of energy exports to Poland. The share of these imports is 
expected to be low as most of the future power imports by Poland (expected share in 2030 is 10% in 
overall consumption given necessary transmission capacity) will be covered by nuclear power from 
Lithuania, followed by potential imports from Germany and Ukraine.  
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3. Levelling the costs from carbon pricing 
The basic options for levelling the carbon costs vis-à-vis trade partners have been presented already 
in a number of previous competitiveness studies (Hourcade et al. 2007, Carbon Trust 2008a and 
2008b, Graichen et al. 2008, Houser et al. 2008, Neuhoff and Matthes 2008, Reinaud 2008). They 
include: (i) adjust carbon costs downwards, (ii) implement flexible border adjustment (upward or 
downward), (iii) adjust carbon costs upwards. Figure 16 illustrates these options. 

Figure 16 Options to adjust carbon costs vis-à-vis non-ETS regions  
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Source: adopted from Neuhoff (2008) 

The EU policy in the first two phases of the ETS was to use fixed free allocation for all (phase I) or 
most (phase II) certificates. Thus, the initial carbon costs were not incurred to producers across the 
whole industries, but occurred only if producers needed to buy certificates to cover extra emissions. 
For the third phase, the auctioning of emission rights will be applied for the majority of certificates. 
The levelling of carbon costs using e.g. free allocation is now focussing on the trade-exposed energy-
intensive industries. We have illustrated the role of CO2 costs for six of these industries in chapter 2.  

Each of the three options to level the costs can be achieved with different policy tools or varieties of 
one tool. In our report we focus on a subset, namely free allocation, which cancel the carbon costs, 
and border adjustments, which can be used in both directions, i.e. increasing the carbon costs for 
outsiders trading with the ETS region, or eliminating the cost for EU exporters. These tools have in 
common that they can be introduced in the short term and unilaterally, whichs is the crucial difference 
to the tools that serve the globalisation of carbon costs. 

The global approach to level cost upwards is not investigated further in this report. In particular, 
sectoral agreements could play a part in eliminating expectations of long-term cost difference, which 
matter for investment decisions, in combination with the perception that global climate policy moves 
forward and that major emitters commit to putting long-term constraints on their domestic producers. 
Thus, global sectoral agreements are a desirable solution to the competitiveness and leakage 
concerns if they can be built upon a strong commitment by governments, i.e. if the risk of a lowest 
common denominator is avoided. A number of in-depth studies have been conducted on the 
instrument as such, underlining the need for clear commitments and control.

 37  

                                                
37 Baron et al. (2007); Stigson et al. (2008), Colombier and Neuhoff (2008). An analysis of the sectoral 
agreement implementation issues for the global steel industry is being produced by Climate Strategies in order to 
highlight the application procedures. 
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In this chapter, we introduce the short-term instruments which can be used to level carbon costs in 
different directions and suggest a screening process industries that are at risk of carbon leakage. We 
introduce the methodology that the EU Commission applies in order to identify sectors at risk of 
carbon leakage. In-depths analysis of the tools is provided in the following chapters 4 (downward 
adjustment) and 5 (flexible adjustment). 

3.1 Instruments to level carbon costs  

The adjustment of carbon costs can be achieved with a number of policy instruments. 

(i) To level costs downwards:  

1. Allowances can be allocated for free. This tool can be combined with benchmarking, a 
method which is prioritised in the revised emissions trading Directive of the EU, it can be 
guaranteed to new entrants and based on different activities in the industry (closures, 
output). 

2. In order to address specific investment costs and the impact on costs from pass-through in 
the electricity sector, governments could implement a scheme of investment subsidies. 
Direct payments for new or (re)investment could be made conditional on specific carbon 
efficient technologies or on specific carbon-related standards.  

3. A change in the cost structure of production could eliminate non-carbon cost burden. In 
order to keep up the carbon price signal, e.g. labour costs or taxes could be reduced by 
governments. This is an option for addressing both operational and investment leakage, as it 
would alter the return on investment in a location. Transfers can be used from auctioning 
revenues and the process would be similar to the double dividend approach of ecological tax 
reform.38 

(ii) In order to react flexibly to the cost differentials, adjustments at the border for imports and for 
exports could be applied. 

4. Cost adjustment at the border could directly relate carbon pricing to trade flows, by 
increasing the price of imports to the ETS, thus levelling the costs upwards, and/or by 
reducing the price of exports from the ETS to other regions, thus, levelling them downwards. 
Moreover, also the upwards adjustment applied by the exporting regions is an option. For 
border adjustments, a number of design options exist.  

(iii) For upwards cost adjustment other than described under 4, global agreements are necessary.  

5. First, sectoral agreements for energy-intensive industries, which include technological 
standards or benchmarks. Second, agreement among governments on linking of emissions 

trading schemes with the ultimate goal of a global carbon market. Both options are 
subject to the UNFCCC negotiations.39 

The analysis presented here focuses in more depths on free allocation (chapter 4) and border 
adjustment (chapter 5) as they can be implemented in the short term – as opposed to all global 
attempts to level costs upwards. The short-term tools can be applied without a process of 
international cooperation, which is a matter of concern for a number of reasons we will discuss. The 
application causes trade-offs for policymakers if they want to tackle leakage while at the same time 
pursue consistent carbon pricing and international climate policy. The options of direct compensation 
or measures to change the overall cost structure from regulation need deeper analyses, too. This, 
however, goes beyond the scope of this report.40 

The application of free allocation and border adjustments is not straightforward if applied on a sector-
by-sector basis. We therefore introduce an approach to investigate the energy-intensive sectors along 
their impact from carbon costs in order to identify the tool that would work best.  

                                                
38 Kohlhaas (2000) 
39 Note that the issue of “national appropriate mitigation action” could become relevant for levelling costs 
upwards, because this refers to domestic policies that contribute to climate protection. 
40 A legal analysis of State Aid can be found in Johnston (2008). Houser et al. (2008: 26) refer to revenue 
recycling from auctioning as an option to reduce non-carbon costs for sensitive sectors. 
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3.2 Application of the instruments based on screening of sectors  

In order to find the most effective way to handle carbon leakage from an energy-intensive sector, 
there needs to be some assessment of the cost structures and the investment options. We have 
developed a flow chart – see figure 17 – which could assist decision makers in screening a sector and 
in finding the best measures for a sector.41 We refer to three out of the five tools mentioned above: 
border adjustment, free allocation, and direct compensation. The main indicators are the direct and 
indirect costs. Direct cost raise a number of additional issues, while for indirect cost direct 
compensation would be most effective. If direct cost impacts are low, the risk of leakage is low, too. 
For sectors with high direct costs, capital intensity of production should be considered. If there is high 
capital intensity, the need for new investment matters, if not, the part load production ability should 
be considered. Finally, the diversification of products need to be taken into account. For homogeneous 
products an application of flexible adjustment at the border works much better than for 
heterogeneous goods (i.e. goods with different CO2 emission contents).  

Figure 17 Screening of leakage potential and tools to address it for energy-intensive, trade 

exposed sectors 

 

Note: this screening assumes that the determination of energy-intensity and trade exposure has been conducted 
beforehand. 

Source: Climate Strategies 

The screening can be illustrated further if applied to the three sectors that have been identified by 
competitiveness reports: cement, iron and steel, and aluminium. A sector like cement with the carbon-
intensive clinker production could easily use more imports once carbon costs make transport to the 
ETS region profitable - this holds in particular for coastal regions. Clinker can be traced in figure 17, 
taking the route from high impact on operating cost. Production is not capital intensive, and running a 
plant below full capacity is possible. Being a homogenous product it qualifies for border adjustment 
(e.g. allowances for importers or an import tariff) – the specific design of which is discussed in chapter 
5. The steel sector struggles with an impact on its capital-intensive production costs. In steel the 

                                                
41 For an application see Carbon Trust (2009). 
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production process is crucial for emissions in this sector. If blast furnaces are used, the direct 
emissions are high and the substitution of this process needs new investment. A direct support by 
state aid could help to keep industry in the ETS territory. If free allocation is applied, a new entrants 
reserve could be used as an incentive for investors. Last but not least, the direct cost impact is not 
relevant for a number of sectors, e.g. aluminium, which uses a high share of electricity in its 
production process. Indirect costs need to be compensated for in order to reduce carbon leakage and 
this can be handled by using some sort of direct compensation. 42 

This kind of screening has not been applied to any cap and trade system yet, as the priority in the EU 
and in the US has been to use a single approach across all sectors (i.e. free allocation). This yields a 
number of challenges for the efficiency of the system, which are illustrated in the chapters 4 and 5. 
The EU uses past data to identify cost impact and trade-exposure of energy intensive sectors, a set of 
qualitative criteria, and then applies benchmarks in order to maintain a dynamic incentive for 
innovation in low-carbon production processes. This approach is presented in the next section. 

3.3 The identification of sectors at risk of carbon leakage by the European Commission 

For the EU ETS Phase III, the procedures and the timing on how to identify the sectors that are at risk 
of carbon leakage was established together with the Energy and Climate package at the end of 2008. 
By mid-2009 the sectors are supposed to be identified along their trade- and their cost-exposure. By 
June 2010 the Commission then has to suggest suitable measures to address the leakage risk. Art 10b 
of the Directive provides four options. 

(1) free allowance allocation 
(2) global sectoral agreement 
(3) provision of state aid 
(4) inclusion of importers into the scheme 

The attention lies with the first option, free allowance allocation, which are applied already since 
2005. The actual amount of free allowances, however, depends on a specific benchmark for the 
individual sectors. The benchmarking process will start in 2010, thus, in 2009 the focus also is on 
setting up the principles for benchmarking. The actual efficiency criterion for benchmarks is already 
set in the Directive as the top 10% of producers in a sector. Due to this procedure, the final number 
of allowances allocated to the three “boxes” - box 1 including the power sector subject to auctioning, 
box 2 the industry not at risk of leakage, and box 3 the sectors at risk of leakage – cannot be 
calculated before the identification and benchmarking processes are finished. This is announced for 
September 2012. 

The identification of sectors is based on a concept presented in September 2008 (European 
Commission 2008b). It foresees two major steps.  

1. A quantitative assessment of the sectors exposure to carbon cost and to trade intensity 
along the criteria 5% cost impact and 30% trade intensity and the either 30% cost impact or 
30% trade intensity.  

The data used are taken from the NACE – either NACE 4 or, if these are not available, from NACE 3 
data set. The averages of the last three years (2005 to 2007) are built for each indicator. 

2. Those sectors that do not qualify for free allocation based on step 1 or for which there is a 
severe data problem, are subject to a qualitative assessment. Thus, if a sector falls below 
the thresholds in 1., the following is applied:  

2(a) a technological assessment, including the possible extent of reducing direct emissions 
and electricity consumption, including the cost increase from investment needed. The 
emission intensity and the fuel mix are taken into account as much as the investment/capital 
expenditure for CO2 reductions. Moreover, the marginal abatement cost are calculated and the 
degree of the financial effort involved. 

2(b) the market characteristics are accounted for, inter alia by application of the 
Herfindahl-Hirshman-Index (HHI) which is a market concentration index, by evaluation of 
imports, exports and the Armington elasticities which express the substitution between 
imported and domestic goods. Moreover, the level of integration along the value chain and 

                                                
42 See e.g. Ponssard 2009; Hourcade et al. 2007; Carbon Trust (2008a) and (2009). 
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the transport costs are considered as well as the actual profit margins which matter for long-
run investment and relocation decisions 

Thus, the evaluation by the Commission takes a number of criteria into account, which are listed in 
table 8 (see chapter 2). Yet, there is no automatism from step 1 to step 2. Instead, the Commission 
has established a “flag raising” approach to the second step. If an industry wants to be included and 
claims that step 1 has not shown its leakage potential adequately, it needs to make an own effort to 
prove this, in particular by disclosing the relevant data. However, as the interpretation of the 
identification process is made by the Commission, the two steps of analysis go only in one direction. If 
the first filter (step 1: quantitative assessment) has separated a set of sectors based on past data, the 
criteria from the second filter (step 2: qualitative assessment) are not used for these sectors any 
more. If past data shows a trade exposure beyond the 10% and cost exposure beyond the 5% 
criterion, this will not be corrected for by data from step 2, which include indicators of future leakage 
potential. If for instance profits allow investments in higher emissions saving (which again would 
eliminate the cost pressure in the future) – this would indicate a lower risk of future carbon leakage.  

The ongoing evaluation of the sectors assumes for the cost calculation that 100% of allowances are 
auctioned. Although the actual text of the Directive from the climate package 2008 (Article 10a) 
names the “additional costs induced by the implementation of this directive” – which in fact foresees 
only 20% auctioning for the sectors at risk in the initial year (in box 3). Put differently, the Directive 
suggests that 80% of the share of the cap are allocated for free in the initial year declining to 30% by 
2020. Therefore real costs will be significantly lower than assumed under the current evaluation. 43  

The first results presented in April 2009 reveal that three sectors qualify due to the cost criterion alone 
(cost impact > 30% of GVA): Coke Oven Products, Cement (59.33%) and Lime (45.15%), while seven 
meet the 5% cost criterion.44 

The actual amount of free allowances will depend on the EU-wide benchmarks applied to each 
sector. The benchmarking process will be finished in 2010. Again this is carried out by the 
Commission. The determination of the benchmarking approach is still in progress. A first focus is on 
possible principles, to be further elaborated, and on four case study sectors: iron & steel, pulp & 
paper, lime, glass. A second focus (until autumn 2009) will develop basic rules for free of charge 
allocation based on benchmarks and taking account of the specific provisions of the Directive (e.g. the 
10% best performers). During this process, Member States and industry experts will be consulted by 
the Commission. The basic conceptual issues, such as the number of benchmarks for a sector, 
deviation of each installation from the 10% EU-wide average in efficiency, will determine how 
benchmarking will eventually play out for the amount of allowances handed out for free.  

The benchmarking approach will add complexity to the EU ETS. The higher the number of sectors 
which belong to the box 3, i.e. qualify for full free allocation, the more benchmarks are needed. The 
range of the expected carbon cost impact is rather huge for some sectors due to this uncertainty. 
Thus, as long as the benchmarking approach is not settled, many industries will not be able to assess 
their future carbon costs. If the evaluation of the Copenhagen negotiations in early 2010 would 
reduce the sectors in box 3, then the benchmarking exercise will be smaller.  

The final announcement of the number of allowances for auctioning and for free allocation is due by 
30.9.2012. By then member states will deliver the lists of installations falling either under auctioning 
or under free allocation. 

Major issues for further elaboration of this process: 
• The asymmetries in timing and data availability. The decisions are and will be made based on 

past data. This is on the one hand an issue of dynamic incentives for firms who anticipate that 
future free allocation is based on current data. On the other hand, the economic crisis will 
have a major impact on industry structures, which is not reflected in 2005 to 2007 data. The 
first round of free allocation would need to be corrected for the 2008 and 2009 trends in trade 

                                                
43 See also Neuhoff (2009) for an interpretation. 
44  Mining and agglomeration of lignite; Manufacture of sugar; Manufacture of refined petroleum products; 
Manufacture of flat glass; Manufacture of hollow glass; Manufacture of basic iron and steel and of ferro-alloys; 
Casting of Steel. See 
<http://ec.europa.eu/environment/climat/emission/pdf/20090428_prel_results_citl_calc_stakeholder_%20mtg_v3
.pdf> accessed on 12 May 2009. 
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exposures. Moreover, the closure of installations and the potential re-investment in coming 
recovery periods will determine the leakage caused by relocation decisions. 

• The benchmarking levels will actually define the cost impact, as based on aggregate data, the 
impacts will be very diverse at firm levels – leakage is conceivable if this is combined with 
restructuring after the economic crisis. Benchmarking will probably create sectors’ demand for 
additional help against detrimental competitiveness effects. 

In summary: a final list of those industries which would receive initially 100% instead of 80% free 
allocation in 2013 under the EU ETS Phase III is subject to (a) the qualitative assessments by June 
2009, (b) the benchmarking decisions in 2010, (c) the UNFCCC international negotiations 
interpretation in early 2010. 

The effects from free allocation on the leakage of emissions is subject to the next chapter in which we 
consider levelling down of carbon costs in more detail. 
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4. Downward adjustment of carbon costs  

4.1 Free allowance allocation  

Free allowance allocation is frequently discussed as a means to address carbon leakage and it is 
currently the preferred tool by EU and US policymakers. The underlying idea is to eliminate the costs 
from carbon for industries that compete internationally by not including them in the auctioning 
process. This should preserve their competitiveness, and ultimately prevent carbon leakage.  

There are a number of issues that determine the performance of free allocation with respect to 
avoiding carbon leakage. They relate to the design of the tool and the reaction by industry. Previous 
competitiveness analyses (Hourcade et al. 2008, The Carbon Trust 2008a). show that companies 
receiving free allocation will trade-off short-term profits and longer-term market share. Passing 
through all the opportunity costs of the emission rights increases short-term profits but may result in a 
decline of market shares. The major insight from the competitiveness analyses on a sector-by-sector 
basis is that there is no clear-cut pattern of industries’ reaction to free allocation. All attempts to 
control the industries’ behaviour (by linking allocation to output, to employment or to technological 
performance) are difficult to pursue and the compensation for indirect cost for electricity are posing 
even more implementation problems. Thus, while free allowance allocation can compensate for 
carbon costs, it’s ability to address leakage concerns in a systematic way is very limited and it comes 
at the cost of undermining incentives for emission reductions through innovation, investment and 
through the trickle down effect across the value chain. 

There are different design options for and applications of free allocation, which take into account 
industries’ reactions to the asset transfer, including grandfathering, output-based allocation with or 
without benchmarks and ex post adjustments. The major trade-off however, arises between the 
effectiveness of the allocation in addressing leakage concerns and the distortion of the carbon price 
signal. The approach taken by the EU is not a pure grandfathering or one-off compensation as the EU 
ETS has different trading periods. Companies will receive allowances for each of the periods and thus 
will anticipate this in their current operations. In particular, as the allocation method is based on past 
production data. Also closure rules and new entrants reserves have an impact on companies’ 
investment strategies. The US approach under the Waxman-Markey bill includes output-based 
rebates. This approach compensates manufacturers for their allowance cost according to their 
production and the price paid for permits. Refunds will be paid also for indirect costs from power 
consumption. 

The distortions arising from allocation methods have been illustrated by Neuhoff et al. (2006) and 
Neuhoff (2008) and are given in table 9. It shows three major options to calculate the amount of 
allowances if free allocation is designed. (i) grandfathering with benchmarking, (ii) grandfathering 
with updating, and (iii) output-based allocation.  
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Table 9 Cascade of distortions from free allowance allocation 

Impacts on  
Expenditure on 
extending plant life 
relative to new build 

Plant operation Energy efficiency 
investments and 
demand substitution 

Allocation 
Method 

Distortions 

Discourage 
plant 
closure 

Bias 
towards 
higher 
emitting 
plant 

Encourages 
an increase 

Bias 
towards 
higher 
emitting 
plants 

Lower   
incentives 
for 
producers 

Lower 
incentives 
for 
consumers 

Capacity 
only 

X     (X) Grandfathering 
with 
Benchmarking Capacity by 

fuel/plant 
type 

X X    (X) 

Output only X  X   X 
Output by 
fuel/plant 
type* 

X X X X  X 
Grandfathering 
with updating 
from previous 
periods 

Emissions X X X X X X 
Final 
product 

X  X   xx Output-based 
(undifferentiated) 
allocation or 
rebates 

Intermediate 
product (eg. 
clinker) 

X  X  xx xx 

Note: x indicates a distortion arising from the allocation rule. Brackets indicate that distortion may depend upon 
market/pricing characteristics of the sector. xx indicates magnified distortions. 

Source: based on Neuhoff (2008) 

In the short term, free allocation as practised in the EU can reduce incentives for relocation of 
production - installations lose their allowances upon closure, while the New Entrant Reserves grant 
additional allowances at the time of new investments or capacity boosts. However, the longer term 
implications are not at all pointing into this direction, as the fundamental idea of improving the 
efficiency of production within the ETS territory is undermined due to the character of free allocation. 

As pointed out in the Climate Strategies competitiveness study (Hourcade et al 2008), leakage 
through the ‘relocation channel’ occurs if overall profitability declines for installations under an ETS. 
Export capacity outside the EU would be first built by EU transnational firms that face lower trade 
barriers and are able to take better advantage of cost differentials between countries. Examples are 
the relocation of clinker production to the Mediterranean Basin or production of semi-finished steel to 
countries with coal and iron-ore resources (e.g. Brazil and Ukraine), with operation of the downstream 
transformation continuing within the EU to satisfy EU demand.45  

In order to address leakage effectively, the amount a company receives needs to vary with its 
production decisions from existing or planned plants. If this is not the case, a company could get free 
allowances, but still choose to reduce production in favour of imports, selling its surplus allowances. 

Neuhoff (2008) has highlighted the major ingredients, which are needed to address leakage using free 
allocation: 

1. Closure rules. As business can still decide to relocate and sell the allowances, free allowance 
allocation has to be made conditional on continued operation. Restrictive closure 
provisions could imply an output-based allocation with ex post adjustment. 

2. Benchmarks. The early action problem arising from an updating of historical emissions can 
partially be addressed using benchmarks. The benchmark can be applied to  

a. installed production capacity,  

                                                
45 See Hourcade et al. (2008: 91). 
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b. production volumes before a past base year, 

c. to production volumes before a future base year (e.g. before 2012), or to  

d. production volumes post a future base year (e.g. post 2012), proportional e.g. to 
current or very recent output.  

In the EU, the ultimate level of a benchmark as determined by a Commission’s State Aid decision46 
can not exceed the CO2 emissions of the best available technology. To reflect the efficiency 
improvements over time, a declining benchmark rate could be announced. 

3. Upstream allocation. Addressing the relevant step of the value chain to which allowances 
are given. If allocation is downstream – e.g. conditional on cement production – then this 
does not necessarily address emission leakage as producers might import the CO2 intensive 
intermediate product (e.g. clinker). This could be achieved if free allocation is upstream (i.e. 
for clinker) instead. Clearly then the incentive to reduce the carbon intensive input from 
domestic production is eliminated. However, in both cases, the conditional allocation aims to 
prevent the increase of cement or even clinker prices, and thus undermines the idea of carbon 
pricing to create incentives to use carbon intensive commodities more efficiently and find 
substitutes.47   

Benchmarks can help to ensure that industry does at least retain incentives to increase the 
efficiency of production processes, even if incentives to shift to more efficient fuels, production 
processes, or lower carbon products and services might be distorted by such benchmarks. However, 
the identification and administration of benchmarks creates transaction costs. Accordingly, the more 
detailed the benchmarks are set along the production steps, the higher the administrative effort and 
the less incentives exist to move towards efficient production processes. There are significant 
differences between benchmarking approaches.48 If benchmarks are based on technologies, a precise 
definition of the involved production process and exact specification of the benefiting products is 
needed. If benchmarks are based on past production (e.g. 2005 – 2008), like in the national allocation 
plans for power producers in phase II of the EU ETS, and if the baseline is moving, the incentives to 
switch to lower-carbon processes could be distorted.49 

In addition, the implementation of free allowance allocation to address leakage will require 
restrictive definitions of (a) the products that are the basis for free allocation, (b) the production 
volume, timing, and process, and (c) even the choice of input factors. This administrative procedures 
increase the costs of emission reduction as it can severely restrict the flexibility of operation, 
investment and innovation decisions. The trade-offs created by the elimination of carbon costs for 
some sectors are not to be underestimated given the share of these sectors in overall emissions and 
their international market integration. 

4.2 Major challenges and trade-offs using free allocation 

Free allowance allocation would need a number of specific rules in order to present a reliable solution 
to the leakage problem as it does not directly address the underlying source of a shift in emissions, 
namely trade and capital flows. All the design options for free allowance allocation will to a certain 
extent help to tackle leakage through downward adjustment of carbon costs. However, the major 
dilemma is, in order to be successful the free allocation (or the rebates) needs to be linked to the 
activity on the very action which the ETS ultimately is addressing, namely emissions at home. The 
better the compensation is designed, the lower will the carbon price signal be. In particular: 

1. A regular update for appropriate allocation (output-based ex post) creates an early action 
problem with respect to output and innovation behaviour, because actors anticipate future 
updates and will adjust their decisions accordingly, e.g. by emitting more or keeping 
inefficient plants alive.50 

                                                
46 See the decision on the Austrian national allocation plan, 2 April 2007 
47 See Neuhoff et al. (2006) and Demailly/Quirion (2007a), Colombier/Neuhoff (2008). 
48 Neuhoff (2008): p.26.; and Carbon Trust (2008a) 
49 See also Neuhoff (2008) for further analyses on disincentives from free allocation. 
50 The early action problem occours both for output and for innovation, if they are used to determine the level of 
free allocation. Neuhoff (2008); Neuhoff et al. 2006; Demailly/Quirion 2007a). 
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2. Free allocation to upstream activities, i.e. at an early stage of the production process would 
address the incentive to substitute carbon-intensive inputs by imports that are produced 
without a carbon constraint. Thus, implementation of output-based free allocation in the 
upstream sectors is the most targeted solution against leakage. At the same time it is least 
efficient from an economic point of view as the carbon price signal is eliminated. 

3. Benchmarks as such are not a tool to address carbon leakage but an attempt to induce 
emission reductions under free allocation. Thus, the strict application of benchmarks can 
create demand for additional allowances from the sectors covered. If this incurs considerable 
carbon costs, there is potential that carbon leakage is still an issue for industries’ operations.  

From an environmental point of view, free allocation therefore limits the incentives to reduce CO2 
emissions in the sectors that receive allowances for free. It is protecting profits while at the same time 
undermining the substitution to low-carbon products. Given the information asymmetries between 
firms and governments, there is a bias towards over-allocation. Last but not least, under any ETS, 
which does not cover all sectors, a distorted incentive to reduce emissions under the ETS will force 
policy makers to demand more reductions by other, non-ETS sectors.  The trade-offs are summarised 
in figure 18 for output-based free allocation and free allocation with benchmarks.  

Figure 18 Trade-offs when using free allocation to address leakage from energy-intensive 

industries 

 

BM = benchmarking, OB = output-based  

 

There is also a trade policy aspect of the use of free allowances under a unilateral cap and trade 
system. Competitiveness effects generated by free allocation could become a future matter of 
international attention once national ETS are implemented in major OECD countries and given that 
already the US the favours this approach (see chapter 2). While at time of writing this has not 
received wide public attention, it needs to be pointed out that different national free allocation rules 
generate different levels of competitiveness of energy-intensive industries. Their international market 
performance will change and a ‘subsidy race’ of this kind could trigger national countervailing 
activities, in particular tariffs to offset differences in free allocation and sectoral coverage. This could 
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become a matter of the WTO Agreement on Subsidies and Countervailing Measures (SCM).51 We refer 
to this aspect also in chapter 5. 

An advantage from an implementation point of view is that free allocation is benefiting industry, 
illustrated by the significant lobby support from incumbents in sectors considered for further free 
allocation. This could lead to a situation where a company’s profits are more dependent on its ability 
to influence allocation decisions by governments than on the innovative and competitive market 
performance.  

The summary of distortions from free allocation in table 9 shows the various effects of output-based 
free allocation. The EU ETS does not allow for this version of free allocation as it is regarded as an ex 
post adjustment which produces a negative dynamic incentive52 – in its simplest application it 
encourages an increase in activities without inducing efficiency improvements. Nevertheless, it can be 
used to address leakage concerns, in particular if applied to intermediate or basic inputs. An output-
based approach is part of the US Waxman Markey cap and trade system, but with rebates to the 
industry after the cost from allowance purchases have been paid and declared. 

4.3 Output-based allocation to address leakage from cement, steel and aluminium 
production (CASE II) 

In order to simulate the performance of output-based free allocation, the CASE II model introduces 
output-based scenarios assuming that allowances are distributed for free in proportion of current 
production. This requires an update of the allocation when production is known, i.e. in year n+1. The 
EU approach of using past production capacity (European Union, 2008c) as a basis for free allocation, 
contains elements from both pure lump-sum and output-based allocation.  

We distinguish three variants which differ in particular in the assumption about auctioning to the 
power sector and the compensation of these indirect costs. Note that all OB scenarios assume the 
same reduction ratio for several sectors, yet that sectors differ in their abatement cost. Thus, the 
sectors with the cheapest abatement opportunities will typically sell some allowances to the sectors 
with the most costly abatement. All numbers refer to the year 2016. 

i. OB full: In all sectors, the amount of allowances allocated per unit produced is computed by 
applying a reduction ratio to the 2005 base year unitary emissions. The reduction ratio is equal 
across sectors and computed to deliver an emission cap of 85% of 2005 emissions in 2016.  

ii. OB direct only: There is full auctioning in the power sector and output-based allocation in 
exposed industries (clinker and steel) for their direct emissions. The amount auctioned is 85% 
of the electricity sector’s 2005 emissions. In every other sector, the amount of allowances 
allocated per unit produced is computed by applying a reduction ratio to the 2005 unitary 
emissions.  

iii. OB direct&indirect: Full auctioning in electricity, and output-based allocation in exposed 
industries for direct and indirect emissions. The amount auctioned is 85% of the electricity 
sector 2005 emissions minus indirect emissions by clinker, steel and aluminium. In every 
other sector, the amount of allowances allocated per unit produced is computed by applying a 
reduction ratio to the 2005 unitary emissions. 

 

In this model the amount of the emission reduction is fixed. Thus, in order to reach the cap, the CO2 
price adjusts according to demand for allowances. Under auctioning the model delivers a CO2 price of 
14!/t CO2.  Under all three OB scenarios the CO2 price increases (OB full is highest with nearly 27!, 
see table 10). While a high carbon price at a first glance represents a desired effect, it actually does 
not contribute to the dynamic incentives discussed in section 4.1, namely low carbon investment and 
innovation in those sectors, which are carbon-intensive, and at risk of leakage. These sectors receive 
their allowances for free. The mechanism leading to a higher carbon price is exactly driven by the 
adjustment of free allocation for their output. The incentive to increase output in order to receive 
more free allowances is enforced by the price effect. The result is an increasing subsidisation of the 
“wrong” sectors, while all sectors under the cap which have to auction the emission rights compete for 

                                                
51 See Howse (2009). We will come back to these issues in chapter 5 and 6.  
52 Rather the EU ETS refers to production capacity when deciding free allocation. European Commission (2008c). 
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a decreasing supply of permits. This effect is dominating in the OB full scenario where the full carbon 
costs are compensated, while in the other two scenarios there is auctioning in the power sector. Of 
course there is still an incentive for industries with free allocation to reduce emissions as they can sell 
certificates in the market. Still, OB allocation creates perverse incentives exactly because it drives up 
the CO2 price.  

Table 10 CO2 price in !/t for auctioning and for OB scenarios 

Auctioning OB full OB direct only OB direct & indirect 

14.42 26.96 20.24 21.00 

Electricity. Full auctioning causes a price increase of 3% in the electricity sector for households, and 
5% for industry. In the OB direct only, and direct & indirect scenarios, the power price increase is 
higher as the CO2 price increases in these two settings (in both, the power sector has to auction the 
permits). These costs are passed through to all other sectors. While in OB full, where the power 
sector receives free allowances, there is an incentive to increase production and the price increase is 
nearly zero. 

Clinker. Figure 19 illustrates the effects on the leakage rate if the three OB versions are compared to 
the auctioning scenario. Full free allocation to all sectors reduces leakage (OB full), a compensation 
for the carbon costs when there is auctioning for the power sector is slightly more effective (the rate 
is 13.6%, instead of 16.1% under auctioning). However, all three versions of output-based free 
allocation do not reduce leakage to a significant degree . Production decreases between 10 and 15% 
under the OB scenarios, which is considerable given the sharp decline under auctioning of up to 30% 
- substituted for by imports. Imports are increasing to 15% under auctioning, OB allocation reduces 
this rate to 9 – 11 %. 

Figure 19 Output-based allocation effects on leakage from clinker, 2016 

!!

Note: allowances are allocated following current production with an adjustment ex post. OB full = in all three 
sectors; OB direct only = auctioning in the power sector and free allocation in cement and steel; OB 
direct&indirect = auctioning in the power sector, but free allocation also for indirect cost (and direct cost) 

Source: based on Monjon and Quirion (2009) 

The performance of OB full with respect to the reduction on leakage is driven by an actual cost 
increase in cement production, which then feeds into the cement price. As the model applies the 
emission reductions in the same way to each sector, here the abatement cost curve determines the 
cost increase of cement. It is steeper than in the other sectors, thus, any reduction comes at a higher 
cost (from buying allowances from other sectors) and, thus, a higher cement price. This creates more 
losses in market shares (leading to leakage) than under OB direct or under OB direct&indirect. 
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!

Figure 20 Output-based allocation effects on leakage from steel, 2016  

!
Note: allowances are allocated following current production with an adjustment ex post. OB full = in all three 
sectors; OB direct only = auctioning in the power sector and free allocation in cement and steel sectors; OB 
direct&indirect = auctioning in the power sector, but free allocation also for indirect cost (and direct cost) 

Source: based on Monjon and Quirion (2009) 

Steel. The leakage rate in the steel sector was the highest of all three under auctioning. The effect of 
OB full and OB direct&indirect free allocation is that the indirect costs from power input are 
compensated for and this leads to a higher reduction of leakage than in the scenario where only direct 
costs are compensated (OB direct only). OB in this case, while not addressing the trade flows as such, 
captures the carbon costs driving the market shares of this sector. As steel is traded to a considerable 
degree by the EU firms, the cost impact mainly determines consumption of foreign steel. The model 
shows that the production and the price of steel under OB is very close to the business as usual 
scenario. Combined with a high CO2 price this creates for steel the highest subsidy effect from free 
allocation.   
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Figure 21 Output-based allocation effects on leakage from aluminium, 2016 

!

Note: allowances are allocated following current production with an adjustment ex post. OB full = in all three 
sectors; OB direct only = auctioning in the power sector and free allocation in cement and steel sectors; OB 
direct&indirect = auctioning in the power sector, but free allocation also for indirect cost (and direct cost) 

Source: based on Monjon and Quirion (2009) 

Aluminium. The effects on the aluminium sectors are driven by the price for electricity, not by direct 
cost compensation. Figure 21 shows how this directly influences the effect on leakage: the full 
compensation with auctioning in the power sector still generates some leakage, while a full 
compensation of all costs drives leakage to zero. 

In order to put the leakage rates and their reduction by the OB free allocation into perspective, figure 
22 illustrates emission reductions under auctioning, which are offshored to non EU regions in absolute 
terms. 

Figure 22 Absolute leakage from all four sectors in MtCO2, different OB scenarios in 2016 

!

Source: based on Monjon and Quirion (2009) 

The absolute CO2 emissions data illustrate that leakage is reduced under OB free allocation, but this 
does not apply proportionally across all sectors. In particular, clinker producers, but also steel 
manufacturers still have incentives to substitute domestic production by imports. The effect on the 
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carbon price that is considerably distorted if certificates are handed out according to production and 
adjusted over time, adds to the overall critical evaluation of OB free allocation as a tool to tackle 
leakage. If OB allocation is applied by taking into account more of the forces that drive leakage, the 
carbon price signal will be eliminated even more for the sectors where it should play an important 
role. 

!

4.4 Direct cost compensation  

If free allocation presents a subsidisation of industry, but with an unknown or low effect on controlling 
carbon leakage, the question arises why governments would not use direct state aid for affected firms 
rather than using an indirect allocation of free allowances. Using such a procedure – also in order to 
address indirect carbon costs from electricity input - any firm would have to demonstrate the specific 
circumstances that necessitate the subsidy, potentially resulting in evidence based allocation of 
subsidies.53 

The direct compensation option to address leakage could ensure that investment and re-investment in 
low(er)-carbon technology takes place in the ETS territory. If return on investment hinges on carbon 
costs and the higher returns are expected outside the ETS, then this can be compensated with a 
subsidy for carbon-friendly technology and capacity. This is likely to be an effective mechanism for 
sectors with high capital-costs, particularly if they are at a point in their investment cycle where near 
re-investment in the light of carbon pricing will not be profitable in the ETS territory. Thus, direct 
compensation on a case-by-case basis could address investment leakage very effectively.  

Moreover, the indirect carbon costs from electricity cost pass through could be addressed by this tool 
mainly for sectors with a high share of indirect cost (such as aluminium). Electricity production as such 
is not subject to high trade intensity, thus, the substitution of power from regions without carbon 
pricing is not an option for the power consumers.  

While the case-by-case support for investment will not necessarily undermine the carbon price signal 
for industry, a generous subsidy to all new investment in a sector can again feed through to lower 
product prices. Therefore, it will be important to find criteria that are closely linked to the level of 
innovation and carbon intensity of a new production site in the for the State Aid approval of such 
subsidies. A legal analysis of EC law by Johnston (2008) shows that the purpose behind any given aid 
measure will be crucial in assessing its acceptability und EC law, whether by fitting it within categories 
recognised by a block exemption regulation or via the individual notification process. Such State Aid 
control may allow some degree of support, but will also follow a stringent analysis of the costs 
involved and the necessity of such measures proposed by Member States.54 

                                                
53 Dröge and Neuhoff (2007) 
54 Johnston (2008) 
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5. Flexible adjustment of carbon costs through border adjustments 
The analysis of energy-intensive sectors subject to carbon pricing shows that trade flows are the major 
channel for emission leakage in the short term, while capital flows add to the phenomenon in the mid- 
to long-term. Adjustment of the carbon costs at the border would thus immediately response to the 
challenge. Border adjustments (BA) include tariffs, taxes, quotas, subsidies or legal standards and they 
can be used for either leveling carbon costs upwards or downwards. We illustrate their effect on carbon 
leakage from the EU ETS by an evaluation of different types of border adjustments for cement, 
aluminium and steel under the EU ETS using the CASE II model already introduced in chapter 2. 

However, while in theory this option works well and our simulations for cement and steel in this 
chapter show the high performance in addressing carbon leakage, there are a number of caveats to 
this tool. They exist mainly, because a trade policy tool would be applied in a manner, which seems 
potentially not in line with basic world trade principles. And, moreover, there is a long-standing 
experience with protectionism, disguised or openly, by developing countries or at least a strong 
perception that protectionism underlies the carbon cost debates in industrialised countries. This is not 
far fetched given the twinning between competitiveness and carbon leakage concerns. The elimination 
of competitive disadvantages that are generated for trading firms through unilateral carbon pricing 
can only work through supporting these firms - while the whole concept of trade liberalisation of the 
WTO aims at eliminating such support.  

However, the WTO system is not insulated from developments in other policy fields. Member states 
are the very same countries that consider climate change being a serious problem. For the legal 
interpretation of trade measures based on climate protection motives, the intent of such measures is 
important, meaning that border adjustments need to be designed in a way that is acceptable both 

politically and legally.
55

 An application of border adjustments without risking both trade conflicts and 
a global climate deal, thus, could only be achieved in a process of legal and political clarification and 
by finding common ground. 

Many authors state that the current understanding of non-discrimination of “like products” prevents 
that the carbon-intensity of production can be used to differentiate products at the border.56 Still, 
there is some room for interpretation and there are legal exemptions to the rules, which will be 
discussed in this chapter. The purpose of this exercise is to lay the ground for framing of border 
adjustment options, which could support an effective climate policy without compromising the 
negotiations under the WTO or the UNFCCC.  

We then move to the example of the Chinese export taxes and VAT rebates for energy-intensive 
industries. Export taxes are the mirror image of import tariffs to level the carbon costs upwards for 
businesses, but the revenues remain with the exporting country. Thus, the export tax example 
deserves attention, with respect to both its cost effects and its role in international efforts to reduce 
emissions. The chaper finally introduces a different viewpoint on trade and emissions, the carbon 
added regulation concept, which combines the border adjustment discussion with the carbon-
embedded-in-trade debate. The last section summarises the trade-offs of using flexible border 
adjustments to address carbon leakage. 

 

5.1 Adjusting carbon costs for imports to and exports from the ETS – results from the 

CASE II model 

There are two major categories of border adjustments for companies covered by the emissions 
trading scheme (ETS): the application of price-based (tariffs, taxes) or quantity-based (allowances) 
tools to imported or exported goods.  

In the case of a price adjustment, importers would be asked to pay an amount at the border 
equivalent to the EU producers’ cost from carbon pricing; EU producers who export would receive a 

                                                
55 The 2009 study by UNEP and the WTO furthers these debates by putting equal wait on both policy fields (WTO 
2009). 
56 Hence Ismer and Neuhoff (2007) suggest to apply border adjustment along the carbon intensity of best 
available technology. This does not require discrimination among like products according to production process.!!
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rebate on their carbon costs. In the case of a border adjustment with emissions allowances, importers 
would have to buy emissions allowances, while exporters would be exempt from the submission of 
emissions rights for the share of production that goes abroad. All these options would also need to be 
aligned along the type of cost imposed, direct or indirect (from electricity input) carbon costs . 

In order to develop a first idea on how BA work for cement, aluminium, and steel, Monjon and Quirion 
(2009) apply five different types of border adjustments and compare their performance against 
leakage amongst each other and with three variations of output-based free allocation (see chapter 
4)57. All comparisons assume that the certificates are fully auctioned. The most “radical” BA measure 
is an adjustment for all carbon costs (direct and indirect) and along an average emission rate 
differentiated for exports and imports (‘BA full’): 

(1) BA full: border adjustments on both exports and imports, with the EU average unitary 
emission from direct and indirect sources as the relevant basis for exports adjustments, and the 
rest of the world (ROW) average unitary emissions as the basis for import adjustments.58 

Four other scenarios, all are variations of ‘BA full’, are included, which are less contestable in terms of 
their references to emissions, to the direction of trade flows and thus w.r.t. WTO issues. 

(2) BA import: adjustment only for imports, but with the same calculation of emission bases as 
in BA full. 

(3) BA direct: adjustment only for direct emissions, again with the same calculation of 
emission bases as in BA full. 

(4) BA import direct: as (2) for imports and for direct emission costs only.  

(5) BA EU average: the adjustment for imports is proportional to the EU average emissions. 

The comparison of the five different BA shows how cost equalisation could work in the CASE II model 
which we have used to identify the leakage potential (see chapter 2.6).  

Table 11 CO2 price in !/t for auctioning and for BA scenarios 
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Source: based on Monjon and Quirion (2009) 
 

In all BA scenarios the CO2 price is slightly higher than under auctioning (but not as high as in the OB 
scenarios discussed in chapter 4). Under BA the domestic production is higher, foreign carbon-
intensive products are no longer cheaper than the domestic ones – a reason why there is less leakage 
as described below. To meet the emission cap in each sector at home, there is a higher demand for 
allowances, driving the price upwards. 

In this setting, the leakage of carbon emissions stems from two sources: rising imports from regions 
without a carbon price and/or from a reduction in export market shares abroad (if assumed that the 
producers in the EU emit less than foreign producers). Not surprisingly, as trade is the major trigger 
for regional shift in emissions, the compensation of carbon costs at the border has the desired effect 
of reducing leakage.59 The effects differ considerably if the instrument is designed along trade flows 
(exports, imports) and costs (direct, indirect). Moreover, as shown in figures 23 and 24, negative 

                                                
57 Output-based allocation means that allowances are distributed for free in proportion of current production. This 
requires an update of the allocation when production is known, i.e. in year n+1.  The allocation method in the EU 
ETS is not based on output but on production capacity (European Union, 2008). Monjon and Quirion (2009) 
define their Output-based approach as intermediate between the pure lump-sum allocation and the pure output-
based allocation method as they apply a reduction ratio to the 2005 unitary emissions (along the EU plans, see 
table 4). 
58 Note that we come back to the calculation basis in section 5.2.1 as the average technology (or average 
emissions) can be replaced by a best available technology approach, which would be more stringent. 
59 See Monjon and Quirion (2009)  
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leakage rates can occur for steel and aluminum in the CASE model. In these cases, the BA for 
imports and for direct costs increase a product’s price for the domestic consumers, and therefore their 
consumption of imported goods will decrease. This in turn reduces emissions abroad and the leakage 
rate (which determines the reaction of emissions globally as share of domestic reductions) becomes 
negative. The scale of this effect depends on the actual import share in a sector. This is low for 
cement, but high for aluminium.  

We discuss the performance of BA sector-by-sector for clinker/cement, steel and aluminium.  

Figure 23 Emission reductions at home and in ROW under auctioning  

!

Source: based on Monjon and Quirion (2009) 

Figure 24 Emission leakage from clinker under different border adjustment policies, 2016 

!

Note: BA full = both imports and exports are adjusted, BA imports only = no export adjustment, BA direct costs 
only = no compensation for indirect costs, BA EU average emissions = change in calculation basis for importers 
(from ROW average to EU average emissions), BA import direct cost = imports are not adjusted for indirect 
carbon costs. 

Source: based on Monjon and Quirion (2009) 

Clinker: All scenarios for BA reduce the leakage rate in the clinker and thus cement sector 
significantly compared to the reference of full auctioning, as illustrated in figure 24. If only importers 
face a cost increase based on the average emission rates in the RoW in cement production, (‘BA 
import only’ for direct and indirect cost, and ‘BA import direct’ for direct costs only), the leakage rate 
is not reduced as much as under full BA application (where exporters are compensated for the carbon 
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costs as well). The main reason for a shift of emissions to non-EU-ETS countries from cement 
production is increasing imports of clinker and/or cement, not the loss in export market shares. 
Hence, cement exports need not necessarily be adjusted for by a BA regime. There is almost no 
difference in the BA impact if indirect emissions are left aside in the BA level applied at the border (‘BA 
direct only’), which comes as no surprise as direct emissions are the lion’s share when producing 
clinker and cement. Also, testing whether the effect depends on the underlying average unitary 
emissions does not deliver different results. If imports are adjusted based on EU average unitary 
emissions from cement production (‘BA EU average’) - rather than the average from the rest of the 
world – this yields only a slightly better result than the full BA based on the ROW average emissions. 
Compared to OB free allocation, the BA tools reduce overall clinker production in the EU, mainly 
because there is a higher incentive under BA to substitute clinker by low-carbon inputs. 

!

Figure 25 Emission leakage from steel under different border adjustment policies, 2016 

+ !

Note: BA full = both imports and exports are adjusted, BA imports only = no export adjustment, BA direct costs 
only = no compensation for indirect costs, BA EU average emissions = change in calculation basis for importers 
(from ROW average to EU average emissions), BA import direct cost = imports are not adjusted for indirect 
carbon costs. 

Source: based on Monjon and Quirion (2009) 

Steel: The performance of adjustments at the border for the steel sectors is different. First, the 
leakage rate, i.e. the share of the emissions from this sector’s reduction that is offshored, under full 
auctioning is much higher than for clinker/cement or aluminium: it reaches 39%. There is a strong 
reaction of trade flows in this sector in the CASE II model. In fact, also the cost structure (direct and 
indirect) is different from clinker/cement, and accordingly the different BAs affect imports and exports 
differently.60 If only imported steel faces some carbon cost (BA import only), less than 5% of the 
sector’s emission reductions are shifted abroad. Even if only applied to imports and excluding 
compensation for emissions from electricity production (‘BA import direct cost’), BAs still reduce 
leakage to less than ten percent. If BA’s were applied to exports as well (‘BA full’, ‘direct cost’, ‘EU 
average emissions’) there is negative leakage. Negative leakage means that foreign emissions 
decrease due to the actions taken against leakage by the ETS region. In this case the ETS with 

                                                
60 Monjon and Quirion (2009) set up the steel supply by aggregating long and flat products and the two 
production routes (basic oxygen furnace and electric arc furnace). The model includes semi-finished products 
(e.g. slabs), because they feature higher CO2/turnover and CO2/value added ratios than finished products. Hence 
carbon leakage is more likely to happen at this stage of the production process. Flat semi-finished products, for 
which differentiation is a less important issue and where production cost differ widely across countries, may be 
prone to relocation than downstream production activities (see also Hourcade et al., 2007). 
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auctioning and border adjustments increases the costs of imported steel for EU consumers, while 
exporters receive a cost compensation. Two drivers determine the negative leakage:  

First, with carbon pricing the domestic consumption (including imports) goes down and so does 
production in the rest of the world, meaning emissions are reduced abroad. However, the emissions 
that are used to calculate the BA are crucial for the effects – if as laid out under ‘BA full’ steel 
importers need to buy allowances based on the average unitary emissions in the sector in the rest of 
the world, and if this average is higher than the EU average emissions in the sector, this leads to a 
cost disadvantage for imports. And this again means that potentially emissions in the rest of the world 
could decrease if imports to the EU increase. This reaction, however, depends on demand and 
Armington elasticities. Second, if EU exporters receive a rebate at the border (or do not need to 
surrender allowances) they can increase exports. More production under the EU ETS would thus mean 
more emissions at home (caused by exports).  

Aluminium: For the aluminium sector the indirect costs from electricity production are the largest 
part of the carbon cost effect, while direct emissions are small in absolute terms.61 In particular, in the 
CASE II model the contribution of aluminium to leaking emissions stems only from direct emissions, as 
leakage for electricity is zero. While emissions in the EU per MWh (hence per tonne of aluminium) are 
much lower in the EU than in the RoW, the leakage ratio exhibits very high variations across scenarios 
(direct and indirect costs) but this is due to the very low value of the numerator (emissions reduction 
in the EU).  

Accordingly, BAs in the aluminium sector only work, if indirect emissions are taken into account. 
Figure 23 shows that there is no effect on leakage for direct cost adjustments (BA direct cost only,‘BA 
import direct cost). The options ‘BA direct only’ and ‘BA import direct’ are entirely ineffective, the 
leakage rate remains unchanged, since the direct process emission which are compensated for are 
negligible. Instead, higher electricity prices are the driver of carbon leakage in this sector. Since 
aluminium exports from the EU are generally low and much lower than imports (see also the map in 
chapter 2.5), BAs taking into account indirect emissions remain effective, even if exports are not 
compensated for (BA import only). In this sector, the overall result of the three relevant versions of 
BA is a negative leakage rate – the consumption of imported aluminium and would thus result in less 
emissions abroad. 

!

                                                
61 See Hourcade et al. (2007); Graichen et al. (2008); de Bruyn et al. (2008). 
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Figure 26 Absolute leakage from all four sectors in MtCO2 under different BAs in 2016 

!

!

!

Note: Due to model specifications, electricity comprises indirect cost from 
all other sectors, in particular “electricity” covers aluminium production 
effects, and indirect emissions from households and other sectors. 

Source: based on Monjon and Quirion (2009) 

From figure 26, which summarises the absolute emissions which are shifted between the ETS and 
non ETS regions under different border adjustments, one message becomes obvious: in the CASE 
model, the full adjustment of imports and exports would shift emissions into the EU territory instead 
of causing an increase abroad – except for cement. And the leakage of cement emissions (clinker and 
electricity) from full auctioning is reduced considerably. The “negative leakage” is based on the 
market share effects working in favour of domestic steel, aluminium and thus electricity production. 
The magnitude of this increase is about 5% of the reductions achieved under auctioning.62  

Our results present a case for seriously considering border adjustments as tools to address leakage 
from clinker and steel production. Still there are more than pure economic issues to be addressed 
when considering such an adjustment. The legal dimension is important, too, as border adjustments 
must be in line with international trade law (mainly WTO). This is addressed in the following section. 

5.2 The legal dimension: when and how would border adjustment work? 

The relevant legal framework for evaluation of border adjustments are the agreements under the 
World Trade Organization (WTO). The concept of the international trade rules in the General 
Agreement on Tariffs and Trade (GATT) and a number of other Agreements under the WTO is to 
reduce trade barriers like tariffs, quotas, or other non-tariff barriers like standards or regulation. At 
the global level, the WTO overlooks on behalf of its 153 member states that the free trade principles 
are adhered to. Accordingly, in order to evaluate the legal dimension and acceptability of carbon cost 
offsets at the border one needs to consider these rules and principles.63 

From a world trade law perspective, BA for climate policy purposes must fulfil two major criteria. First, 
they must not grant prohibited subsidies for exports. In particular, the requirements of the Agreement 
on Subsidies and Countervailing Measures (in the following referred to as SCM) have to be met. 
Second, they must neither constitute illegal discriminations for imports. Thus, both the obligation of 
national treatment under Article III GATT and of most favoured nation treatment under Article I GATT 

                                                
62 See Monjon and Quirion (2009) 
63 See WTO (2009) for a recent overview. 
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must be obeyed. Otherwise, an exception under Article XX GATT – which allows, amongst others, that 
trade rules could be suspended, if this is necessary for the protection of a global resource – must be 
applicable. 

There are no precedents on an approach to implement carbon cost border adjustment along WTO 
rules. As highlighted by a number of trade lawyers and analysts, the design specifics of a carbon cost 
adjustment is the key issue for a final judgment on the legality. We will come back to the design 
issues below.64 Given the climate policy perspective, the legal dimension needs to consider (a) the 
actual tool chosen for a cost adjustment (a tax or tariff, an allowance rule), (b) the treatment of 
products based on their emission performance, and (c) the direction of adjustment (imports, exports). 
Since, legally, the criteria need not necessarily be the same, refunds for exports and taxes on imports 
need to be analysed separately. Nevertheless, we interpret to the extent possible the requirements for 
exports in line with the requirements for imports.  

5.2.1 A tax on imports 

I. National Treatment 

An emissions trading scheme demands from the actors falling under the scheme that they surrender 
allowances for their produced emissions. If this obligation can be considered as an ‘internal tax’ or 
other similar ‘internal charge’ as mentioned in Article III GATT:2 it would apply to ‘like products’65 
(Article III:2 first sentence GATT) as well as to ‘directly competitive and substitutable products’ 
(Article III:2 second sentence). Article III:2 first sentence GATT stipulates that “products of the 
territory of any contracting party [WTO member] imported into the territory of any other contracting 
party shall not be subject, directly or indirectly, to internal taxes or other internal charges of any kind 
in excess of those applied, directly or indirectly, to like domestic products.” Thus, a traded good (e.g. 
clinker) must not be treated unfavourable based on its production method compared to a domestic 
‘like’ product. This means that a higher tax or charge is not allowed, but the charging of the imported 
good as such is not forbidden. This rule applies only with regard to WTO member states (‘contracting 
parties’). 

A closer evaluation of Article III:2 first Sentence GATT yields the following points (see Ismer 2009a; 
Ismer 2009b): 

• Allowances under an emissions trading scheme constitute an internal charge similar to a tax 
only insofar as they imply a payment to the state. This is the case if and to the extent that the 
allowances are auctioned or otherwise sold.  

• Moreover, such internal charges arguably also would be applied to like domestic products.  

• Two options are available to set the level of adjustments for foreign goods to make sure that 
charges for foreign products are not higher than charges for domestic products: best available 
technology and average technology with possibility of refutation.  

- Adjustments could be made at the level of best available technology. The adjustments 
would be set at a level equal to the amount payable by a domestic producer 
producing with best available technology. Then the charges borne by any like 
domestic product will not be exceeded, irrespective of how ‘likeness’ is defined: by 
definition, no domestic producer can have emissions lower than best available 
technology. Such adjustment level would underline that the underlying aim was not 
protectionist. Moreover, since best available technology would be the same all over 
the world, there would be no need for verification of actual production methods 
abroad.  

                                                
64 For the design issues see also Cosbey (2008), House and Eliasion (2008), Tarasofsky (2008)  
65 The concept of „likeness“ is not defined under WTO law. There is however a number of rulings and criteria. 
The WTO’s Appellate Body has ruled that likeness “is, fundamentally, a determination about the nature and 
extent of a competitiveness relationship between and among products,” Likeness has been defined as being 
determined by four criteria: i) the (physical) properties, nature and quality of the products; (ii) the end-uses of 
the products; (iii) consumers’ perceptions and behaviour in respect of the products; and (iv) the tariff 
classification of the products. See European Communities – Measures Affecting Asbestos and Asbestos-Containing 
Products, Report of the Appellate Body, (WT/DS135/AB/R) 12 March 2001, para. 99.9 
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- Instead, adjustments could also be made at the level of average technology. It would 
be assumed that the product was manufactured with average technology, either at 
world average or at the average of the region into which the product is imported. The 
adjustments would then be set at a level equal to the amount payable by a domestic 
producer producing with average technology. The foreign producer or the importer 
would be given the right to refute the presumption and to demonstrate that actual 
emissions were lower than average. This approach would be based on the panel 
ruling in the Superfund66 case. Under this approach, border adjustments are applied 
at a rate that is higher than the emission level defined by best available technology. 
Then the definition of a “like product” under WTO law becomes pertinent. Despite 
some dissent in the scholarly literature, WTO case law assesses ‘likeness’ taking into 
account physical properties, the product’s properties, nature and quality, its end-uses 
in a given market, consumers’ tastes and habits, as well as the tariff classification of 
the product.67 Production processes that do not change the physical properties etc., of 
the product are considered to be irrelevant. The question whether carbon emissions 
from the production of the good can be taken into account remains as to yet not fully 
resolved. 

- Where the adjustment is applied at the level of best available technology, the question 
arises whether adjustments may be made for electricity consumed in the course of 
production. If electricity can be generated from renewable sources, this leads to 
9'1&$8..2 zero carbon emissions. Thus, an adjustment at the level of best available 
technology would imply an adjustment of zero. In case an adjustment for emissions 
from electricity is desired, only the quantity of electricity consumed can be assessed 
at the level of best available technology. In contrast, the emissions per unit of 
electricity would have to be evaluated at some refutable average level. 

In contrast, there should be fewer problems with respect to Article III:2, second sentence GATT 
(‘directly competitive and substitutable products’). The provision demands (in conjunction with Article 
III:1 GATT and the Note Ad Article III) that imports should be taxed similarly to directly competitive 
or substitutable domestic products, otherwise this would protect domestic production. A violation of 
the provision thus would hinge on the border adjustments being applied in a manner that promotes 
protection. This could be safely prevented through proper design of the measure. 

II. Most Favoured Nation Treatment 

The Most Favoured Nation Treatment foresees an automatic extension of all import and export 
privileges to all other WTO member states, regardless of whether these privileges have been agreed 
bilaterally or in a sub-coalition of WTO countries. In particular, Article I:1 GATT stipulates that states 
are under the obligation, “With respect to customs duties and charges of any kind imposed on or in 
connection with importation or exportation ... and...  with respect to all matters referred to in 
paragraphs 2 and 4 of Article III, any advantage, favour, privilege or immunity granted by any 
contracting party to any product originating in or destined for any other country shall be accorded 
immediately and unconditionally to the like product originating in or destined for the territories of all 
other contracting parties.”  

A general border adjustment applied to all imports would be in compliance with the clause. In 
contrast, there is a certain tension between the most favoured nation treatment and any 
differentiation according to the carbon policy pursued by the country where the product originates. 
Such distinctions would constitute a breach of the most favoured nation clause, implying the need for 
the exemption of Article XX GATT to apply. 

                                                
66 In the “US – Superfund” case, the US imposed a new tax on “certain imported substances produced or 
manufactured from taxable feedstock chemicals”. According to Pauwlyn (2007: 19), a the 1987 GATT panel on 
the dispute, did permit the United States to impose a domestic tax on certain chemicals also on imports that had 
used the same chemicals “as materialising the manufacture or production” of these imports. See for the panel 
report:  US – Superfund (1987)  , United States – Taxes on Petroleum and Certain Imported Substances, Panel 
Report, adopted 17 June 1987, GATT, BISD 34S/136 (June 17, 1987) 
67 see FN 65. 



TACKLING LEAKAGE IN A WORLD OF UNEQUAL CARBON PRICES, SUSANNE DRÖGE 

 63 

III. Exemptions under Article XX GATT 

In case of a breach of one or both of the WTO principles (national treatment or the most favoured 
nation treatment), the exemptions of Article XX GATT could be invoked. The case law on world trade 
construes a two-tier structure of justification under the article.  

• First, the requirements of any of the eight headings have to be fulfilled, of which Article XX (b) 
(“necessary to protect human, animal or plant life or health”) and (g) (“relating to the 
conservation of exhaustible natural resources if such measures are made effective in 
conjunction with restrictions on domestic production or consumption”) GATT are relevant for 
climate protection. Given the recent developments in WTO case law, this can be achieved 
(Ismer 2009). 

• Second, the chapeau basically demands that the measures must not be applied in a 
discriminatory manner and that it must be applied in a bona fide manner.  

It is sometimes proposed that in order to comply with that requirement, a distinction needs to be 
made with respect to countries that have committed to mitigate under an international agreement and 
those that haven’t, even where the former pursue their reduction aims through a regulatory approach. 
However, this does not appear entirely convincing since under a carbon pricing regime with allowance 
auctioning, producers bear higher costs than under a purely regulatory approach.  

In any event, international coordination of border adjustments seems warranted: this would improve 
the argument that the border adjustments are applied in a bona fide manner. It would make it more 
likely that the exemption under Art. XX can be invoked successfully. Thus, even if the border 
adjustment scheme was considered as a breach of the obligation to grant national treatment or the 
most favoured nation treatment, the measure would still comply with world trade law.  

5.2.2 A rebate for exports 

The border adjustment for exporting firms from an ETS to non-ETS countries, i.e. the refund of 
carbon costs for exports, must comply with the requirements imposed by GATT and the 1994 
Agreement on Subsidies and Countervailing Measures. Annex I to the agreement contains an 
illustrative list of prohibited export subsidies. Litera (h) allows a region to remit taxes in respect of 
prior stages of cumulative taxes on inputs that are consumed in the production of the exported 
product. Since the list is illustrative, it should extend to other similar duties such as auctioned carbon 
allowances.  

Carbon allowances can also be understood as creating a cumulative duty since there is no remit for 
prior-stage charges, e.g. from the indirect cost from electricity or carbon cost born by supplied 
material. Moreover, carbon emissions are directly related to the emissions from the consumption of 
fuel inputs and are therefore captured by the provision. Footnote 61 to Annex II SCM specifies ‘inputs 
consumed’ not only as inputs physically incorporated, but also as energy, fuels and oils used in the 
production process and catalysts, which are consumed in the course of their use to obtain the 
exported product. Thus, an export refund for costs borne under an ETS would not be a prohibited 
subsidy and would therefore comply with the world trade law.  

Practicality requirements imply that the adjustment should be fixed at a level that is independent of 
actual emissions. To avoid over-compensation, again a best available technology approach would 
appear feasible.  
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5.3 The need and the options for a multilateral approach to limit the use of border 

adjustments 

The legality of border adjustments under WTO law rises with the specific design along the lines 
described above, and with the degree of international consultation and cooperation on the tools under 
consideration. While non-discrimination is a matter of legal principle, international cooperation is not 
per se a prerequisite for the BA application (except if a country wants to apply the exemption under 
Article XX). Given the high potential of protectionist use of border adjustment – as they can address 
competitiveness as much as environmental effectiveness – the international understanding on a 
limitation of border adjustments for climate policy purposes is key. Amongst the major reasons are  

• It helps to maintain goodwill for the negotiations of a wider climate deal.  

• It prevents hijacking by unilateral interests, potentially driven by domestic interest groups, 
for protectionist purposes and avoids unnecessary trade wars.  

• Any agreement on trade rule exemptions (Article XX GATT) requires prior negotiations if a 
border adjustment framework refers to the exemptions from free trade made in this Article.  

• Adjustment for carbon emissions from electricity generation needs to be addressed in a 
special regime, which should be created under international cooperation. 

The major concerns about border adjustments relate to a number of conceptional issues in combination 
with political sentiments against any application of trade policy tools for environmenttal purposes. 
Among the conceptual issues the term “climate tariffs” ranks top of the list. The application of an import 
tariff, which is based on the comparable climate action of the country of origin rather than on the actual 
carbon intensity of production, is meant to deter a country’s free-riding on international climate 
protection efforts.68 The other option, a general adjustment for all imports from regions outside a carbon 
pricing zone, based on the carbon footprint, is neither manageable nor useful as final goods often carry 
a large source of inputs for which carbon emission could not be traced back. We discuss related issues in 
section 5.6.  

The option of cost compensation for basic homogeneous, energy-intensive products, already poses a 
number of practical challenges69, and thus is also contestable with respect to accountability and 
transparency. Trade policy tools for carbon cost compensation would be applied in a manner, which 
potentially could contradict basic world trade principles, making them seemingly similar to the carbon 
tariffs. Only by careful consultation and negotiations with trade partners, such misconceptions can be 
eliminated. 

An application of BA without risking both trade conflicts and a global climate deal could only be achieved 
in a multilateral process of clarification and finding common ground. If there is a political will to move in 
this direction, this needs to be established under one of the existing regimes. Basically, the options 
include the WTO trade regime and the climate regime under the UNFCCC. 

Neuhoff and Ismer (2009) suggest an international convention providing a framework for border 
adjustments that limits their use. Such a convention would need a number of specific regulations that 
help to fulfill the characteristics of multilateralism and non-discrimination, including: 

1. Distinctions have to be made between imports and exports, particularly with respect 
to adjustments for electricity-related emissions. The implementation of BA’s should therefore be 
built on a framework convention that leaves the choice of instruments, e.g. taxes or obligations 
to purchase allowances, to the discretion of each state. As far as the EU is concerned, however, 
a harmonised approach should be implemented through appropriate regulation. 

2. Limitation of BA’s should be implemented by a positive list of goods (Annex I) that 
can be subject to BA’s. A Technical Advisory Body would have to be set up to add or drop 
goods with respect to clearly defined criteria. Furthermore, the level of BA’s should not be 
allowed to surpass the threshold defined by best available technology (BAT). The extent to 
which states apply BAs within these limits should be left to their descretion. 

                                                
68 For a discussion see e.g. Dröge (2008). 
69 See Monjon and Quirion (forthcoming). 
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3. BAs for goods should be based on the minimum carbon content. A weight-based 
adjustment should be used due to a stronger correlation of carbon content with weight than 
with rather volatile prices. The minimum carbon content should be calculated as the sum of 
direct emissions (process related, including direct emissions of inputs) and emissions from 
electricity inputs (indirect emissions). Direct emissions will be fixed by the Technical Advisory 
Body and have to be approved by the Conference of the Parties (COP). Emissions from 
electricity should be calculated on the basis of BAT regarding the quantity of electricity. Here 
BAT should be defined as marginal generation technology. However, there has to be a 
possibility to prove that additional renewables were employed. 

4. Exports should only be adjusted for direct emissions. No adjustments should be made 
for electricity, since that would amount to adjustments for regulation. In other words, an 
adjustment for indirect emissions has to be based on Article XX GATT, thus has to prove its 
environmentally positive effect that is not given for export adjustments. 

Such an initiative would also imply that any unilateral attempt at bringing border adjustment to the 
fore should consider international ramifications. In order to explain this in more detail we turn to the 
regulation under the EU ETS directive on the inclusion of importers. 

5.4 Implications for the EU ETS inclusion of importers (Art. 10b) 

The EU ETS Directive foresees inclusion of importers as a means to address leakage (see section 3.3). 
This unilateral action contrasts the idea we have elaborated in this chapter, namely that there should 
be international agreement on how border adjustments shall be applied. With respect to such an 
import adjustment under an ETS, there are, thus, not only technical choices to be made, but also 
matters of principle arise. 

Technically, inclusion of importers could imply that importers have to buy allowances under EU ETS 
from the market, or that EU governments buy allowances on behalf of the importers. In the second 
case, importers could pay corresponding to current carbon price, as determined e.g. in one of the 
trading hubs (EEX, ECX etc.). 

The principle concerns are fourfold: 

(i) Would a sector from which importers are included into the scheme seize to receive any allowances, 
or would importers only be responsible to cover emissions corresponding to the share of emissions not 
granted for free to domestic producers? 

(ii) Would the adjustment be pursued assuming the importer produces with best available technology 
(BAT), thus ensuring non-discrimination, or would it be pursued assuming average carbon intensity of 
EU or global production? To ensure non-discrimination, importers could demonstrate that they have 
used a more efficient production method. Such an approach is often meant to create incentives for 
foreign producers to use more efficient production processes. This has however not yet been 
demonstrated, and might be unlikely: The result could equally be, that importers would chose the 
product from modern and efficient plants, and the other plants would continue to operate to satisfy 
demand in other markets (at home or in third countries). 

(iii) Would the adjustment be applied to all trade partners, or only to trade with countries that are not 
part of a 'global deal' or do not pursue emission reductions with similar levels of ambition? While such 
approaches have the political objective to encourage other countries to also implement climate policy, 
they are unlikely to succeed. Politically it will be difficult for other countries to pursue effective climate 
policy in response to outside pressure. It might well be, that such outside pressure creates the 
opposite from the desired effect, and alienates population in third countries. Economically, the 
approach is unlikely to tackle leakage concerns. After all, countries might wish to choose different 
climate policy instruments, e.g. carbon taxes and other regulatory instruments. However, leakage 
concerns are mainly linked to the direct costs imposed through carbon taxes, and would equally apply 
towards a country that requires stringent efficiency standards but does not implement a stringent 
carbon price. This shows that border adjustment cannot be applied in a differentiated manner if it is 
to be economically effective. 

(iv) The Directive creates the option for the EU Commission to explore the inclusion of importers into 
EU ETS as a means to tackle leakage. All statements of the EU Commission and most EU member 
states emphasise the importance of international cooperation on climate policy. This suggests, that 
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the Commission will only follow up on the inclusion of importers, if this is not contrary to the 
international cooperation on climate policy - e.g. as part of some formal or informal international 
cooperation. For this there is a clear motivation, because spreading the ETS concept to other OECD 
countries, will increase auction revenue in EU ETS and other domestic emission trading schemes, and 
thus make more resources available that can be used to support developing countries in the 
implementation of climate policies (adaptation and mitigation). Moreover, this would step-by-step 
reduce the level of free allowance allocation as leakage concerns decrease, and the distortions this 
creates to (i) eliminate the non-tariff trade barriers it creates; (ii) eliminate the distortions for low 
carbon innovation and investment and thus accelerate the de-carbonisation of industry in developed 
countries. This example can also be followed more easily by developing countries, thus further 
accelerating global emission reductions. 

However, developing countries do have other options from the set of border adjustments, one major 
being the adjustment of their export prices at their own borders. This is a common approach in China 
for a set of energy-intensive industries. 

5.5 Export taxes as an alternative option for imposing carbon costs on imports  

When levelling carbon costs, the price of traded goods can be adjusted to carbon costs in export 
markets by an export tax. Export taxes are a trade policy tool with a set of economic advantages if 
applied by a large country. Under WTO law export taxes are not prohibited. While the list of policy 
arguments is long, including terms of trade effects, infant industry or inflation stabilisation arguments 
(see Voituriéz and Wang 2009), environmental aspects have not played a major role so far.  

Müller and Sharma (2005) point out that the use of export duty on carbon-intensive products may be 
a key element settling the deadlock of developing countries’ participation in post-2012 climate 
negotiations. This obviously holds for China: the Circular Fa Gai Jing Mao (2005) No.2595 clearly 
states that one major use of such taxes was to further curb the export of highly polluting and energy-
intensive products, should the withdrawal of the export VAT refund already in place for these 
purposes fail. Sectors and sub-sectors of iron/steel, aluminium, copper and several other non-ferrous 
metals were hit by an export tax rate set between 5 and 25%. The export tax was also used to 
increase domestic supply on sectors facing protracted deficit. For example, the export tax rate of coal 
and coke increased from 25% in 2008 to 40% in 2009 and the export rate of fertilizers ranged, across 
products, between 100 and 150% in 2008.  

From the point of view of levelling the carbon cost playing field, export taxes increase the price at 
which energy-intensive products like steel or aluminium are traded in world markets. For EU 
producers, an export tax imposed by a major trade partner for these sectors, takes out part of the 
competitive pressure that are at the heart of the carbon leakage debate.  

5.5.1 Chinese export taxes and VAT rebates 

Carbon costs for producers who export to an ETS region can be created by application of export 
taxes. They are imposed in particular by China, although China has no climate policy with carbon 
pricing in place. Export taxes on energy-intensive products can be translated into carbon pricing along 
their impact on energy consumption, overall energy efficiency, hence contributing at least indirectly to 
GHG emission reduction. The analysis presented here comes up with considerable indirect carbon 
pricing for China’s energy-intensive exports.70 

At the beginning of the 1990s, taxes were raised in China to prevent the export of important 
resources, while export repayments for value added tax (VAT) were reduced or abolished for certain 
polluting products. In 2007, export taxes were imposed on metals, chemical products, fertilizer, etc. 
most of which were already subject to reduced or cancelled export VAT reimbursement. Export taxes 
for coal and steel have increased massively in 2008 from 5-25% and 10-25% respectively. Aluminium 
products are taxed at the border to varying degrees (0-15%), while no export tax on cement exists. 

The impact of these taxes and especially their potential effect on exports differ by sector. In the first 
three quarters of 2008 compared to the same period in 2007, steel exports decreased by 19.3% while 
aluminium exports increased by 9.9%. Especially, the steel exports to the EU and the US declined by 
46.4% and 27.3%. After the cancellation of the export VAT repayment for cement, exports in this 

                                                
70 Voituriéz and Wang (2009). 
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sector have decreased by 17.9% in the second half of 2007. Cement exports to the EU and the US 
have been reduced by 37.8% and 29.6% (first trimester of 2008 compared to the same period in 
2007).  

Converting these border adjustment measures into CO2-based rates yields that applied export tariffs in 
2006-2008 are equivalent to a tax on embedded CO2 ranging between 30 and 43 ! per ton of CO2 for 
steel, 18 and 26 !/t CO2 for aluminium, and between 2.5 and 3.5 !/t CO2 for cement. Estimates of the 
CO2 price embedded in Chinese export taxes on aluminium and steel (after correcting roughly for CO2 
process-related emissions) lie hence in the same range as EU-ETS average expected price (20-30 ! 
per ton). However, this is not the case for cement, which is underpriced in CO2 terms if the export tax 
effects on CO2 pricing are calculated. The energy saving objective of China and the emissions 
reduction of the EU can only align if export taxes on a low value product such as clinker reach several 
hundred percentage points. Setting VAT refund to 0 on cement export might suffice to reach domestic 
objectives (reduce profit margins, propel modernisation toward energy efficient plants) but according 
to our estimates, the negative externality associated with exports are far from being priced at their EU 
CO2 price equivalent level.  

5.5.2 The reliability of Chinese export taxes as a climate policy tool 

The motivation behind export taxes for energy-intensive goods and resources from Chinese origin are 
adverse effects on economic growth, if there is shortage of commodities such as steel or primary 
energy carriers like coal. Given the overarching policy goal of keeping an average growth rate of 10% 
per year, and given the economic downturn in 2009, it is unlikely that China will extend export taxes 
to major wealth-creating export sectors. However, this would be needed to make an export tax 
approach credible and consistent for indirect carbon pricing and for levelling carbon costs vis-à-vis 
trade partners with a direct CO2 pricing scheme.  

Nevertheless, as a first step to find agreements on carbon constraints with major EU trade partners 
from emerging economies, an export tax could be part of an emerging picture. From a political point 
of view, the benefit of this approach is its positive effect on the exporters’ budget, making it a 
potential way to finance carbon policies in developing and emerging countries. However, in order to 
transform it into a reliable tool from a climate policy point of view, not only the magnitude of the price 
impact needs to be considered, but also the character of the Chinese commitment to address climate 
issues with this tool and to commit for a long-term period to keep up the price signal. The latter is a 
crucial issue in times of economic bust. 

As long as China acts in world markets as a “production capacity reservoir”, bridging the world supply-
demand gap, China can shut down energy-inefficient factories for products for which China did not set 
any export-led growth strategy. Thus, export taxes enable China to first, manipulate the terms of 
trade and reap off trade benefits through an export price increase. Second, the energy savings from 
inefficient plants could be added to the rents from terms of trade changes. If export taxes have 
induced modernisation of domestic production, this approach yields three benefits for the Chinese 
economy altogether. While there are considerable climate policy benefits to be expected from such a 
strategy, it is worth recalling that closing down plants to reach formal emission targets can leave the 
marginal production cost unchanged (e.g. the case of clinker in China, with excess energy-intensive 
and energy inefficient capacities) and hence be of limited help to internalize CO2 costs. Conversely, 
taxing exports without emission reduction targets can lead to energy efficiency increase, and in turn 
climate change mitigation, even though it does not appear as formal commitment to cut GHG 
emissions. 

5.5.3 Will China’s commitment level the carbon pricing signal vis-à-vis EU producers? 

China is price setter in world aluminium, cement, iron and steel markets, with a significant effect of its 
export policies on world prices and hence also on EU competitiveness. Indeed, opportunities for 
newcomers in world markets to offset China’s export reductions and supply the EU seem rather 
limited. This confers a particular position to China, whose unwillingness to expand its GDP through 
exports of energy-intensive products could possibly satisfy EU competitiveness concerns and EU 
demand to limit imports growth on ETS products. However, export taxes are more temporary device 
than VAT refund cuts. VAT refunds are coupled to long term energy efficiency objectives and to the 
upgrading of Chinese exports. An export tax will be adjusted in times of decreasing world demand – 
as experienced since the major economic crisis 2008-2009 – in order to increase competitiveness. 
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Thus without a commitment or fall-back mechanism (like an import border adjusment), export taxes 
cannot be regarded as an equivalent tool to the long-term EU carbon pricing. 

Whether or not remaining imports to the EU should still be charged the EU-ETS CO2 price depends on 
the definition of “leakage” agreed upon by both China and the EU. Should we consider leakage as 
emission reductions not passed on to the EU-ETS CO2 price, then the purchase of emission credits by 
European importers would remain a necessary condition for the CO2 price to signal the scarcity inside 
EU, even in the case where China would maintain its export restraint mechanism. Such export 
restraints hence would not solve by themselves carbon leakage once defined in this narrow – and 
controversial – sense. 

Many developing countries claim that the carbon footprint should be taken into account, e.g. that 
consumers have to take responsibility of the carbon they cause outside of Europe. In order to develop 
more the conceptions behind the controversial debate between China and industrialised countries on 
the responsibility for current carbon emissions and the role of traded goods for their accounting, the 
next section investigates the issue of carbon added regulatory approaches.  

5.6 Carbon Added Regulation: a solution to consumption-based vs. production-based 
approaches? 

The discussion on the role of export taxes in levelling the cost playing field with China, relates to the 
basic understanding of the role of traded goods for the leakage problem. Moreover, the inclusion of 
carbon cost at the point of export instead of import has implications also for the understanding of the 
carbon accounting methodology. For the current export tax application in China the goal is to reduce 
domestic production at the lower end of the value chain based on development targets. However, 
given the rising interest in this approach and its bearings for the issue of carbon leakage, we seek to 
combine the perspective from both importers and exporters of carbon-intensive products. In so doing, 
we also draw upon a wider debate about the carbon embodied in traded products, and the business 
literature on carbon footprinting and consumption-based accounting.  

The international accounting system for measuring and attributing emissions has since its inception 
been founded upon emissions at point of production. National inventories reported to UNFCCC 
measure emissions from activities on the sovereign territory of each country. There are no 
internationally agreed systems seeking to regulate or even formally attribute carbon embodied in 
products that were manufactured elsewhere. This is for good reason. In contrast to the clear 
boundaries defined by direct emissions accounting, indirect attribution raises a host of complex and 
potentially divisive issues about how to define boundaries and trace carbon flows.  Also, focusing 
regulation on direct emissions ensures it engages those entities around the emissions that, in 
principle, they directly control.   

5.6.1 The new drivers for ‘carbon embodied’ accounting  

Despite this, the issue of indirect attribution – or elements of consumer-based accounting which puts 
the focus on the carbon ‘footprint’ of goods or of whole countries, or carbon ‘embodied’ in goods 
consumed71 - has repeatedly surfaced, and in many different guises. 

In terms of regulatory structures, there are clear deviations from the point-of-emissions principle in 
some domestic legislation.  The UK’s Climate Change Agreements (2000) set targets for industrial 
consumers that include the carbon embodied in the electricity they consume. This principle has now 
been codified in the UK’s Carbon Reduction Commitment, an instrument designed to tackle emissions 
associated with large but less energy-intensive organisations. The CRC enters into operation in 2010 
and requires around 5000 organisations to purchase emission allowances to cover not only their direct 
emissions, but also – and dominantly – emissions from the electricity they consume.  Even the EU 
ETS, in the Package adopted in December 2008 for Phase III, concedes the need for some financial 
assistance to be transferred downstream to electricity-intensive industries, funded from the fact that 
electricity producers will have to purchase all their allowances; financially, this is broadly equivalent to 
allocating some of the allowances ‘downstream’ to the consuming industries.  

These are relatively modest adjustments and confined to the case of electricity as a very special kind 
of downstream product with ‘embodied carbon.’  The UK examples are concerned with trying to get 

                                                
71 See e.g. proposals by Peters and Hertwich (2008a, 2008b). 
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users to respond to embodied carbon only across energy carriers; the EU ETS is more about 
alleviating downstream costs, and is subject to State Aid scrutiny.  

However, these do at a micro level reflect larger concerns that have found longer and deeper political 
expression. There were already examples during the 1990s of countries emphasising such indirect 
emissions, e.g. in Denmark about electricity imports, or Canada which sought credit for the emissions 
saved ‘downstream’ as a result of its export of clean power – hydro and nuclear – to the US.  These 
have now been joined by the Chinese concern that it is being blamed for rising emissions which are to 
a significant degree occur in producing goods that are then exported to industrialised countries.  

These ‘cracks in the dam’ around the principle of point-of-emissions accounting point to serious issues 
and suggest a need to look afresh at whether and if so when, and in what circumstances, there is a 
case for some ‘downstream’ attribution of emissions (i.e. to products or consumption). 

In addition, there are four specific trends, which amplify the case for considering this issue and 
suggest that it simply cannot be ignored in the intergovernmental debates:  

• The business drivers and product labeling. There are increasingly active business efforts to 
measure full ‘supply chain’ carbon emissions around corporate activities and products, so as to 
provide a ‘carbon label’ to consumers on the carbon embodied in different products. Building 
upon experience of its UK subsidiary Walkers, the most high-profile case internationally now is 
the involvement by PepsiCo in efforts to develop carbon labelling for a range of its products.  
In 2008 the British Standards Institute finalised a standard for measurement (PAS 2050) and 
the International Standards Organisation is now developing a global standard for carbon 
footprinting methodology. 

• Macroeconomic trends. The increasing degree of trade liberalisation and industrial 
consolidation over the past couple of decades has driven a big increase in the carbon 
embodied in international traded products.  The UK example is shown in figure 27.  On these 
estimates, the carbon embodied in UK imported products has more than doubled in barely a 
decade. Of high symbolic importance, UK direct emissions have declined, but the UK’s ‘carbon 
footprint’ has grown.  Thus without some element of accounting for embodied emissions, 
national claims about emission savings will increasingly be challenged as simply ‘offshoring’ 
emissions.  

Figure 27 UK emissions from different sources 
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Source: Wiedmann  et al. (2008)72 

 

• The developing countries’ “carbon export burden” and consumption perspectives.  The direct 
corollary of this is that some of the growth of carbon emissions from developing countries is 
due to growth in exports of carbon-intensive products.  The data in figure 28 point to an 
explosive growth in the case of China, to a point where more than 20% of its emissions are 
associated with exports.  Not surprisingly, this leads China to contest the view that it is now 
really the world’s biggest emitter, in terms of who is responsible: consumer-oriented 
accounting would radically change the picture.  And whilst China is the main country to have 
put this issue on the table in this formal way, there is a strong and consistent emphasis from 
developing countries that climate change to a large degree remains a problem driven by 
unsustainable levels of consumption in the rich world, and that solutions must address the 
growth of carbon-intensive consumption.  

• Competitiveness and carbon leakage.  The final factor is the renewed emphasis upon concerns 
about competitiveness and carbon leakage. This has surfaced both in the EU ETS and the US 
cap-and-trade bills as a core concern. The ‘default’ solution of free allocation however has 
numerous drawbacks, discussed elsewhere in this report.  Another option considered – and 
potentially still relevant under the Article 10b of the Package agreement – is ‘inclusion in the 
Community scheme of importers of products produced …’.   

                                                
72 Other adjustments consist of: LULUCF, CO2 biomass, crown dependencies and other extra-territorial 
adjustments 
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Figure 28 China’s CO2 emissions 

 

Source: Weber et al.  (2008) 

 

Figure 29 the contribution of China’s exports to Chinese emissions 

 

Source: Weber et al.  (2008) 

The potential inclusion of ‘importers’ is essentially the flip-side of the Chinese concern about 
attribution of their emissions: they are both pointing to the same thing.  Before exploring this 
however, it is useful to make some key observations about ‘consumer-based’ accounting.  

 

5.6.2 Consumer-based accounting: the need for (and reality of) an incremental approach 

The wholesale consumer-based accounting is impossible, for the present and probably for the 
foreseeable future, for many reasons:  

• There are millions of products, most of which have very complex supply chains. Experience 
with ‘product labeling’ has shown the considerable complexity in trying to establish carbon 
footprints even in a few discrete cases 
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• There is much missing data.  Attributing emissions to consumers involves tracking not only 
emissions, but the flows of numerous intermediate products, and for some of these flows data 
may simply not be available at all 

• Reflecting this, national data systems are just not aligned to the needs of consumer-based 
attribution.  With the exception of electricity, coverage based on ‘consumer expenditure 
surveys’ is likely to be very patchy 

• There are complex methodological problems of attribution particularly concerning 
- boundary definitions, given the complexity of supply chains and their multiple inputs, 

stretching right back to the machinery used in primary mining, for example  
- intermediate vectors (like electricity, but also for example aluminium and steel) which 

can be produced from a wide diversity of different sources with differing carbon 
intensity 

There are probably many other obstacles to wholesale adoption of consumer based accounting. And 
yet, incremental moves in this direction are already happening.  These include the four trends noted 
above.  

• the growing involvement of business, consumers and standards organisations around supply 
chain emissions;  

• the growing disparity between national direct and footprint emissions, with international 
studies (like the IEA and the World Bank) also beginning to report on embodied carbon flows; 

• the intensifying pressure on developing countries to tackle emissions and their inevitable 
response in terms of pointing to consumption as the ultimate driver; 

• growing pressure in both the EU and US to address competitiveness concerns as their 
domestic cap-and-trade systems develop.  

Additional trends will add further pressures by internationalising related debates. The desire to 
‘benchmark’ production performance will start to assume a transboundary characteristic, as 
benchmarks between different parts of the world are compared.  And the need for a much stronger 
regime for ‘monitoring, reporting and verification’ of emissions in developing countries as part of the 
Copenhagen package will start to fill in some of the basic missing pieces of data.   

 

5.6.3 ‘Carbon added’ regulation and its potential contribution  

Consumer-based accounting is not an alternative to production accounting: it is an extension of it, 
which relies first and foremost upon tracking carbon in production, but then tracing the product 
through subsequent use.  

To date, most such information has been pursued on a voluntary basis, for researchers on the topic, 
or for businesses seeking to understand the carbon footprint of their operations or products.  
Regulation has mostly been confined to specifying assumptions, such as average power generation 
carbon intensity, for use in instruments such as the UK’s CCAs and CRC indicated above.  

However, requirements could more formally track the ‘carbon added’ at each stage of a production 
process, and potentially regulatory incentives could be applied on this basis. This would start to 
operate like the calculation of Value Added, which is a basic tool in analysing the operation of our 
economies. The key challenge is then cumulating this along a supply chain.  For Value Added 
Taxation, this requires tracking and cumulating up the value added at each stage.  For emissions, it 
would require tracking and cumulating up the carbon added at each stage.  

The key principle is then that the regulatory instrument should ultimately apply to the total value.73 In 
a carbon added system consumers should see the end-product of a string of steps in which 
intermediaries are held accountable for the carbon they add to the product. 

From this domestic perspective the essential idea translates to the international stage.  At present, 
developing countries concerned about being blamed for emissions embodied in exports, and 
industrialised countries concerned about loss of competitiveness arising from their carbon controls, are 
in practice in vigorous agreement about the core issue: indirect carbon matters.  Viewed from the 

                                                
73 Note: value added taxation does not actually apply to value added, VAT is charged on the basis of total sales 
value – reflecting the cumulative cost of all earlier production stages - but companies can then offset this against 
the tax paid by others on the inputs to their production process. 
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Chinese perspective, carbon is being attributed to their inventory that they would like to see attributed 
downstream, to Western consumption.  Viewed from the importer’s perspective, carbon controls in 
one region risk driving production of carbon-intensive goods offshore, if offshore emissions are 
exempt from regulatory costs that are applied domestically.  Their concerns are actually mirror images 
of each other.  

5.6.4 Relationship to tackling embodied carbon at the border 

The importers perspective:  

The main response from the industrialised countries to competitiveness concerns appears to be to 
take the carbon price back out of internationally traded products, particularly through free allocation 
of allowances. However the climate problem can only realistically be solved by the opposite approach: 
to try and ‘level up’ the carbon incentive, by expanding its geographical reach.  

In this regard, the EU ETS Directive for Phase III left one option open for further consideration, 
namely as hinted in Article 10b of the ETS Directive, ‘inclusion in the Community scheme of importers 
of products produced …’. We have discussed the implications of such an option in chapter 5.4. 

More generally and from a conceptual point of view, such an option would require: 

i) Some estimate of or proxy for the carbon emitted in manufacturing the good in question.  
Ideally, importers would have a trail of data on emissions that ‘monitored, reported and verified’, 
of a standard equivalent to that applied in the domestic scheme.  However without this, 
importers might choose to make an estimate, for example based on a standardised benchmarked 
performance. 

ii) Aligning attribution with regulation as laid out in chapter 5.4 for the EU ETS. A WTO-
compatible border adjustment would imply that emissions associated with these imports have to 
be considered in a consistent way either as directly ‘within scope’ of the domestic system, or at 
least with ‘mutual recognition’ that satisfies importers that the exports have faced comparable 
regulatory costs.   Along with this would come a commitment to treat embodied carbon in an 
entirely non-discriminatory way.   

In terms of ‘carbon added’ regulation, this would imply that if the exporting country does not apply 
any regulation to its emissions, then the importer will apply regulation to the embodied carbon as 
equivalent as possible to its domestic legislation – and, assuming application of an economic 
instrument, will collect the associated revenues.  

The exporters perspective: 

The broad question from developing countries about the attribution of emissions associated with their 
exports implies a parallel set of issues.  They wish to draw a distinction between domestic production 
for domestic consumption, and that for export.  Again, to have any practical application, this implies: 

i) Adequate Monitoring Reporting and Verification.  To enter a serious debate about attribution 
of their ‘exported’ emissions, countries would need to provide a rigorous ‘MRV’ trail of emissions 
data that can credibly be attributed to exported products – or to accept proxies, based upon 
those regions that have established such systems for like products. 

ii) Aligning attribution with regulation.  If exporting countries want emissions associated with 
energy-intensive exports to be attributed to the consumers of those products, then there is a 
case for those emissions to be treated according to the regulatory structures of the importing 
countries – or at least, to face similar costs.  So, for example, if China wants emissions from steel 
exported to Europe to be considered as European rather than Chinese emissions, then those 
emissions should be treated in a similar way to those falling directly within the scope of the 
European Emissions Trading Scheme.   

As a consequence, there is no fudge possible on this core issue: attributing emissions to consuming 
countries should mean either that producers enter the regulatory structures of consuming countries, 
or that there is a formal agreement of ‘mutual recognition’ of some kind of regulatory equivalence. 
Continuing the example of China, in its simplest form, this would require China to seek agreement on 
a specific form of border adjustment, in which those emissions were accounted for in the EU or US 
ETS in exactly the same way as they would if produced on European or American soil.   
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The alternative would be for China itself to impose regulation, either directly covering all domestic 
production of such products, or upon export, and to reach agreement on mutual recognition with 
importers that this would be recognised as equivalent action – as we have illustrated in chapter 5.5.  
This would enable China to keep the revenues associated with any such regulation.  In its most logical 
form, this last step is exactly equivalent the mutual recognition systems around Value Added Taxation: 
any VAT levied in the exporting country is deducted from that payable in the consuming country.  

The logical corollary is that any two regions should be allowed to adopt such arrangements, with the 
possibility that such ‘embodied emissions’ could, for some purposes, be considered ‘transferred’ from 
domestic to embodied carbon accounts. In the event that countries had national emission caps, this 
could be structured to imply an equivalent transfer between national inventories through satellite 
‘carbon embodied’ accounts.  The idea is radical, and yet conceptually, quite straightforward. 

 
5.6.5 Summary of the carbon added proposal 

Stripped from the specific political and legal issues, the essential fact is that both China and the 
industrialised countries are saying the same thing, providing that first, technical issues (broadly 
monitoring, reporting and verification) can be managed to mutual satisfaction, and second, there is a 
coherent understanding that carbon attribution needs to be aligned with levelisation of carbon costs 

The ingredients for such proposals are as follows: 

• Adequate MRV systems would need to be established at the level of primary production  

• The information on emissions would be carried with the product when sold (or transferred 
across national boundaries) 

• The carbon emitted at subsequent steps in the production chain would be recorded and added 
to the carbon input data  

• The regulatory constraint (tax, allowance, standard) could be applied to the total MRVd 
carbon embodied in the product to that stage, less any equivalent constraint applied earlier in 
the supply chain 

• Thus, policy measures could apply to carbon added throughout the supply chain  

In this, both principles and structure would be very similar to Value Added Taxation, and could borrow 
much of the legal infrastructure (eg. concerning cross-border flows) from this. It is certainly most 
easily envisaged as a price instrument (tax, allowance), though in principle a more traditional 
regulatory standard could be applied at certain points (eg. setting a threshold for allowed levels of 
embodied carbon in a commodity or product). 

It is crucial to emphasise that development of such systems could be incremental.  One can start with 
a relatively simple, carbon intensive and bulky product, with just a few steps in the supply chain, and 
expand such a system, building on the initial experience.   It is, without doubt, an option that 
deserves more serious consideration. 

For the various reasons outlined, more attention is justified to the issue of ‘embodied carbon’ from 
first principles.  A proper reflection on these issues leads to consideration of ‘carbon added regulation’ 
as a preferred goal for regulatory policy.  Its application internationally could simultaneously address 
the concerns of some exporter governments (about attribution of their embodied emissions), and 
importer governments (about unfair competition and carbon leakage).   

 
5.7 Flexible carbon cost adjustments – the trade-offs 

The adjustment of carbon costs for energy-intensive sectors at the border is for some industries the 
most effective response to the challenge of carbon leakage from unilateral carbon pricing. We have 
demonstrated this in particular for cement and steel by modelling the factors that add to the leakage 
problem (market structures, trade costs) along with the EU’s trade structures. However, the 
adjustment is not necessarily the best solution for all energy-intensive sectors which can contribute to 
leakage, like e.g. chemicals which have integrated production processes and a large variety of 
different products. This becomes clear from the screening suggested in chapter 3, figure 17. 
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Moreover, our results show that a sector like aluminium which faces mainly indirect costs, raises a set 
of different issues when such an adjustment would be applied. First, the trade volumes and direction 
of trade need to be considered carefully together with the emissions from power production in 
different parts of the world. Second, for the EU, the role of emissions from this sector is not as high as 
the emissions in clinker and steel and a direct compensation for the carbon costs could be more 
useful. Last but not least, the legality of border adjustments for energy differs from the adjustment for 
direct carbon costs and could be more challenging. 

If there is agreement on border adjustment for selected sectors, the application is still challenging in 
political terms. As pointed out by many authors in the debates around trade and climate policies, the 
misperception of the role of border measures is a key issue for both the climate negotiations and the 
world trade regime. Our suggestions relate to a cost adjustment for a few homogeneous products 
strictly along their emissions. The political debate – and this was raised in the US cap and bill process 
we discuss in chapter 6 – highlights the role of border adjustments in deterring free riding countries. 
And despite an increasing awareness on both sides of the debate about the linkages between trade 
and climate issues, the free rider argument will continue. Therefore, our suggestion is that any 
attempt needs a multilateral consultation process in order to set out clear understanding on the 
purpose and scope of border adjustments. 

This implies not necessarily that importers face exactly the same carbon cost impact like domestic 
producers as the actual degree of an import adjustment depends on the design of the tool. Rather the 
trade-off for policymakers is, whether WTO rules should be met to the best of knowledge (as there 
has been no case law on such a measure yet), and, thus, the major challenge for implementation is to 
guarantee non-discrimination for the trade partners’ like products when entering the ETS. From the 
WTO point of view, a clearcut single rule would maximise the non-discrimination condition. This is why 
Neuhoff and Ismer (2007) suggest to include importers to an ETS based on carbon intensity of 
production, and qualifying all imports as if they use the best available technology. From a climate 
policy point of view, this the actual amount of emissions released in the country of origin should 
matter. If a non-discrimination BAT benchmark is used (e.g. a certain CO2 emission amount per ton of 
output for which certificates are needed), this amount could be both, higher or lower than the actual 
emissions. If the adjustment is lower than within the ETS, that is if importers still have a cost 
advantage, there is still a risk of leakage. If the importers have a lower actual emission rate, they are 
treated in a protectionist manner, which should be avoided in order not to risk the credibility of the 
tool.  

A solution which also builds a link to the overall global cooperation on climate policies is the gradual 
integration with upcoming sectoral agreements. If import adjustment is based on an  internationally 
agreed emission standard, this standard is acceptable also under WTO agreements (on technical barriers 
to trade). Common standards are part of sectoral agreements with technological components that 
should level up carbon costs around the globe. If such an internationally agreed industry emission rate 
existed and would be implemented over time, this would also determine a phase-out of adjustments at 
the border.  

Only if border adjustment design and implementation reconciles the need for global climate 
cooperation and for WTO compatibility they can deliver a useful tool against the short to mid-term 
challenge of carbon leakage. In particular, the cement and steel industry are both subject to debates 
on sectoral approaches which aim at common emission standards and technology. Border adjustments 
could become irrelevant if such approaches lead to a levelling up of carbon costs while in the 
meantime exerting some pressure to pursue sectoral agreements faster and with ambitious climate 
goals.  

Moreover, the debates become increasingly interlinked between the communities and latest analyses 
suggest a willingness to proceed in a mutually supportive manner. The suggestions by Hufbauer et al. 
2009 for the introduction of a ‘green space’ under WTO law point into the same direction.74 

Table 12 summarises the findings for different types of border adjustments and it includes also the 
levelling down options discussed in chapter 4. 

                                                
74 This could be established under a Code of Good Practice on Greenhouse Gas Emissions Controls and should 
apply to climate measures that are imposed in a manner broadly consistent with core WTO priniples even if a 
technical violation of WTO lwa could occur according to Hufbauer et al.(2009). 
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Table 12 Climate and trade policy aspects of border adjustments 

*MFN= most favoured nation 
**VAT = Value Added Tax 
***SCM = Agreement on Subsidies and Countervailing Measures (WTO) 

Policy Instrument Climate Policy Aspects Trade Policy Aspects 

I: Taxes/Tariffs 

Tax/Tariff on 
carbon-intensive 
imports 

Levelling upwards; Basis for 
carbon intensity needed; A stick 
for engaging free riders 

Rebates for 
carbon-taxed 
exports 

Levelling downwards; No 
carbon price effect for 
consumers abroad 

Levelling of carbon costs vis-a-vis 
third parties should be based on 
national treatment and MFN* 
principles; Similar to VAT** 
destination principle; Revenues 
remain with importer 

Export taxes Levelling upwards; Price signal 
abroad; Address financial needs 
of major exporters from 
emerging and developing 
countries 

Export taxes not prohibited under 
WTO law; Revenues remain with 
exporter 

II: Allowances 

Importers need to 
buy and surrender 
allowances  

Levelling upwards; Basis for 
carbon intensity needed; Type 
of allowances needs clarification 
(International offsets, from 
other ETS, domestic only);  

Extraterritorial application of 
national/regional climate policy; 
national treatment and MFN* 
principle need to be met 

Exporters are 
exempt from 
surrendering 
allowances 

Levelling downwards; No 
carbon price effect for 
consumers abroad 

 
Needs to meet SCM*** requirements 

III: Cost compensation for trade-exposed producers 

Direct 
compensation  

Free allocation  

 
Levelling downwards without 
targeting actual trade activity 

 
Needs to meet SCM*** requirements 
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6. Border adjustment in ETS policies in the US and Japan  

6.1 Border adjustments in United States’ cap and trade plans 

Although competitiveness concerns and the lack of mitigation efforts by developing countries have 
played a role in the US climate policy debate for a long time, border adjustments came to the 
forefront in the US in 2007 under cap and bill plans. The company American Electric Power (AEP), 
supported by one of the largest labour unions, the International Brotherhood of Electric Workers 
(IBEW), raised the idea of including border measures. Various bills proposed in the US Congress have 
included the option, although with different design details. While the 2008 Climate Security Act (see 
table 13) by Senators Boxer, Lieberman and Warner contained detailed provisions for BAs, the latest 
bill proposed by Representatives Waxman and Markey was introduced with a rather vague version of 
this tool (to be considered by 2025 by the President). However, prior to passage in the House of 
Representatives in late June 2009, the W/M bill was amended last minute by a requirement that the 
President adopts border adjustments by 2020 in addition to the output-based rebates if the latter does 
not address competitiveness concerns, unless the President and Congress both agree such a measure 
is not in the national interest. 

While it is difficult to predict whether a border adjustment provision will be applied in the future, the 
chairman of the Foreign Relations Committee announced that he will try to amend the trade 
provisions, which could deliver a version that resembles the original Insley-Doyle proposal and 
disappeared during the 2009 procedures under the Waxman-Markey bill.. Thus, we point to a number 
of domestic and international factors that might determine the chances of such a provision being 
adopted in the Senate. 
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Table 13 Overview of key questions related to border adjustment measures, applied to the 

Climate Security Act 

GATT  
provisions 

Key questions Response 

Art. II:1(b); 
Art. XI:1 

Is the measure a border-enforced internal measure or only 
applied to imports? 

Likely a border-enforced 
internal measure 

Art. III:2  
(and Art. 
II:2(a)) 

Can a US cap-and-trade system be viewed as an ‘internal 
tax or charge’? 
 

Unclear 

Art. III:4 Can a US cap-and-trade system be viewed as an internal 
regulation? 

Unclear 

Art. I:1 Is the measure applied to all foreign countries equally? Unlikely 
Art. XX(b) - Is the objective of the measure ‘to protect human, 

animal or plant life or health’? 
- Is the measure considered ‘necessary’? 

- Likely 
 
- Likely, but not 
completely clear 

Art. XX(g) - Are the resources protected by the measure 
‘exhaustible’? 
- Is the measure ‘relating to’ the conservation of the 
resources protected? 
- Is the measure ‘made effective in conjunction with 
restrictions on domestic production or consumption’? 

- Likely 
 
- Likely 
 
- Likely 

Art. XX 
chapeau 

- Does the measure take into account conditions in other 
countries? 
- Does the measure satisfy the international negotiation 
requirements? 
- Does the measure respect basic fairness and due 
process? 
- Does the measure discriminate in ways that run counter 
to its objective? 

- Possibly 
 
- Likely 
 
- Possibly 
 
- Possibly 

Source: van Asselt, Brewer, Mehling (2009) 

 

6.1.1 Domestic Factors 

At the domestic level, an important group are policy-makers in the Senate. Right after the vote on the 
Climate Security Act in June 2008, 10 moderate Democrat Senators expressed their concerns about, 
inter alia, the international competitiveness of American industries.  This group of 10 has now become 
a ‘gang of 16’, which include potentially influential Senators  

The AEP-IBEW proposal has gained the support of the steel industry and the large umbrella labour 
organization, the AFL-CIO. Furthermore, the use of border adjustments is favoured by some labour 
unions.  Some NGOs also see the measure as a possible ‘backstop’ option if efforts to broaden 
participation in an international climate change agreement to include major emitting countries fail, and 
only if the measure is not implemented too quickly.  Having said that, it should be noted that not all 
business actors, labour unions and NGOs agree on the desirability of border adjustments. Some 
companies fear retaliatory measures if these measures are adopted, while other companies are afraid 
that they will be affected because they depend on the import of covered goods.   

Alternatives have been discussed, but none has received as much attention as the import requirement 
included in the various bills. For example, none of the bills raises the option of adopting border tax 
adjustments. Mandatory carbon intensity performance standards, discussed in the House, are 
advocated by the steel industry, which opposes the border adjustment provision.  Another option that 
has been raised in the policy discussion is the use of output-based export rebates. Finally, one existing 
alternative, the use of transitional assistance to energy-intensive industries in the form of free 
allocation has been used as a complementary protection measure in almost all the bills proposing 
border adjustments. However, free allocation may become more important in comparison to border 
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ad-justment measures because of: 1) the latter’s effect on exporters; 2) the difficulty to cover finished 
products; 3) the uncertainty that implementation would be effective; and 4) issues related to WTO 
compliance.  Still, this does not necessarily mean that free allocation will be considered as an 
alternative.  

One procedural factor influencing the likelihood of adoption concerns the Committees (in either parts 
of Congress) that are involved in designing cap-and-trade legislation. The Boxer-Lieberman-Warner 
bill was very much the product of just one Senate Committee, Environment and Public Works (EPW). 
However, the exclusion of other committees, which felt that climate change legislation also fell under 
their jurisdiction, caused some anxiety. In the procedures around the Waxman-Markey bill finally nine 
out of twenty standing Committees were involved in the House passage. The inclusion of other 
Committees, such as the Finance and Foreign Relations Committees, may have caused the initial 
change of direction in the thinking about border adjustment measures, as these Committees may 
have put more emphasis on the real competitiveness and leakage effects of such measures.   

Finally, one factor of undisputed importance will be the actions taken by President Obama. Various 
people within the Administration have explicitly raised the option of introducing border adjustments. 
On the other hand, Vice-President Biden has indicated that he does not expect countries to take on 
the same kind of commitments as the United States, as can be observed in the Lugar-Biden 
Resolution.  Probably the best available evidence on this question is what Obama has said about trade 
issues, including especially their environmental and labour aspects. Although he sounded less 
protectionist as the presidential election campaign progressed to its conclusion and although he has 
appointed a free trade advocate and NAFTA supporter, Ron Kirk, as the US Trade Representative, he 
has also consistently said that trade agreements should be more sensitive to their environmental and 
labour implications. It therefore seems likely that the Administration will not oppose offsetting border 
measures in US cap-and-trade legislation, especially if such measures continue to be supported by key 
labour unions and at least some key environmental NGOs. In any case, since the inclusion of such 
measures seems necessary to obtain a sufficient number of votes, especially in the Senate, to obtain 
passage of cap-and-trade legislation, the Administration is not likely to take on the prospect of a 
losing fight over that issue. On the other hand, the Administration’s determination to re-engage more 
constructively and cooperatively with the international community is likely to make it sensitive to the 
international reactions to unilaterally adopted provisions for offsetting border measures. Thus, the 
Administration is likely to try to soften the details and language of any offsetting border measure 
legislation to make it less offensive to US trade partners and to signal a more cooperative approach to 
international climate change issues. Furthermore, given its multilateralist tendencies, the 
Administration might well support provisions in a multilateral climate change agreement concerning 
the use of offsetting border measures to address the free rider issues at that level. 

6.1.2 International Factors 

In addition to the factors related to domestic politics, progress (or lack thereof) in the UNFCCC 
negotiations might influence the adoption of border adjustment measures. If countries like China and 
India take a positive stance in the negotiations and/or agree to taking on some kind of commitment 
(especially if quantified), one of the main rationales of border adjustments would be (partially) 
removed. Especially if the President considers that the adoption of a unilateral trade measures is a 
deal-breaker in the UNFCCC negotiations, Congress may reconsider such a measure.  

Threats by potentially affected countries to take this case to the WTO may also be an important factor. 
WTO compatibility has featured prominently in the US debate, and some US policy-makers have indeed 
expressed their concern that a border adjustment should be WTO compliant, or at the very least 
maximise chances thereof.  This includes the 10 Democrat Senators who expressed their concerns about 
the competitiveness of American industries.  Still, the question of WTO compatibility is not likely to be 
the decisive factor for the adoption of border adjustment measures.  

6.1.3 Likelihood of Adoption 

Even if border adjustment provisions would be included in cap-and-trade legislation, the question 
remains what its level of detail would be. Ever since the AEP/IBEW proposal, legislative proposals on 
border adjustments in Congress have become increasingly detailed and complex. However, it was 
exactly the complexity and length of the Boxer-Lieberman-Warner bill as a whole that proved to be 
one of its main weaknesses.  In addition, as noted above, political compromises might be necessary. 
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It might thus be possible that an eventual provision is less detailed than, for example, the provision in 
the Climate Security Act, and is more structured along the lines of the Waxman-Markey proposal. 
However, at the same time, to remain credible, proponents will likely argue for a reasonable level of 
detail in the provision. One option could be to provide sufficient detail on some aspects of the 
provision (e.g. coverage of goods; entry into effect), while leaving discretion on important decisions 
(e.g. on comparable action). Furthermore, if the effective date were set some years after the bill is 
enacted, it would buy time for the US Administration to conclude negotiations with major emitters. 

6.2 Border Adjustments in the Japanese carbon pricing debates 

Japanese climate policy is almost exclusively based on voluntary measures. The Keidanren voluntary 
action plan (1997) is one of the core commitments of the Japanese industry sector to reduce its GHG 
emissions. 

The Japanese Emissions Trading Scheme (JETS) which was launched as trial in October 2008 would 
build a basis for a mandatory carbon pricing although it is still a voluntary basis in terms of 
participation and target setting. The competitiveness concerns in the Japanese debate were raised in 
the context of a carbon tax, rather than emissions trading. A carbon tax has been under discussion in 
2004 and 2005 as a means to reach Japan’s Kyoto target, but no such tax has since been 
implemented. The impact assessment conducted by the relevant authorities fuelled fears of negative 
impacts on the competitiveness of Japanese industries.  

According to the estimates presented in the subcommittee on general planning of policies and 
measures, Council of Environment, by the MOE in 200475, in particular, the Japanese steel and 
ceramics industries would incur the highest financial burden amounting to 1.9% and 0.7% of total 
production cost for a tax of 3.400 JPY /t C (about 30 EUR /t C). The Japanese steel sector as well as 
the cement industry rank third and fourth in terms of total emissions compared to the same sectors in 
other countries. Other sectors facing similar production cost increases include pulp and paper 
producers (0.7%) as well as producers of oil and coal products (0.5%). However, the latter two 
sectors are not traded as intensively as the former ones, thus, facing less competition from companies 
not paying a price on carbon. Some energy-intensive products, such as aluminium, are not even 
produced in Japan and the competitiveness of power production is not an issue as Japan is an 
archipelago. 

Border adjustments (BA) have been under discussion as a means to alleviate competitiveness 
concerns and allow for the implementation of a carbon tax by levelling the playing field among 
domestic and foreign producers. However, a number of problems linked to BA’s have been identified 
in a report of the subcommittee on general planning of policies and measures in 2004. First, the 
report suggest that the mitigation effect of a carbon tax would be reduced by BA’s as the incentive to 
abate emissions during production would partly be lost if exports were compensated for the carbon 
tax. Moreover, there were doubts as to the compatibility of BA’s with WTO rules. Finally, the technical 
feasibility to apply BA’s was considered to be a source of major difficulties. Other measures were 
therefore considered necessary in order to effectively address the competitiveness concerns linked to 
a carbon tax. 

Discussions of BA’s have more or less ceased, as there is no competitive impact from current climate 
policies such as the JETS. If, however, more effective mitigation policies were to be implemented in 
Japan, the strong position of certain energy-intensive industry sectors, particularly steel, certainly 
required appropriate measures to deal with competitiveness concerns of these industries.76 

!

                                                
75 “Impact of global warming tax on industries’ international competitiveness”, document presented in the 
subcommittee on general planning of policies and measures, Council of Environment, 29 July 2004. 
http://www.env.go.jp/council/16pol-ear/y162-09/mat02_1.pdf (in Japanese). Thereafter, the estimates have 
been repeatedly referred to for the similar discussion in the Council of Environment. 
76 Takamura, Y.; Kameyama, Y. (2009).  
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7. Conclusions  

The environmental effectiveness of the EU Emissions Trading Scheme after 2013 depends on a 
number of factors. The unilateral carbon pricing approach faces an inherent challenge because it 
addresses a global problem with a national (regional) policy approach in an integrated world economy. 
Thus, economic agents who operate internationally have options to avoid the carbon costs, i.e. to free 
ride and take advantage of cost differentials, as long as carbon costs differ significantly.  

International economic interactions on commodity and capital markets are the main driver of 
industries’ concerns about their competitiveness. Their reactions to changes in competitiveness that 
occur in a world of unequal carbon prices can cause carbon leakage. Therefore, unilateral emissions 
trading schemes consider compensation of those industries that suffer competitiveness effects from 
carbon pricing. The EU has decided to use free allocation with benchmarks and regular reviews, and 
also foresees the possibility of import adjustments and sectoral agreements.  The US debate centred 
around border adjustments in 2008 to safeguard domestic competitiveness, and in 2009 shifted to use 
output-based rebates under the Waxman-Markey bill. 

When it comes to addressing the actual potential from different carbon leakage channels – trade and 
capital flows –, however, the approach by the EU is not fully developed. The tool box includes a whole 
set of measures, while the EU relies at the current point in time on free allocation with benchmarking. 
There are a number of further challenges for the identification of the leakage potential from the EU 
ETS: the climate negotiations outcomes, the recovery path from economic crisis, and not least the 
effects from and reactions to benchmarks. It is conceivable that those industries, which do not meet 
the benchmark, will again threaten that they will close down and move to non-EU countries. 

In this report we have looked into the potential for carbon leakage from those energy-intensive 
sectors that contribute most to the emissions under the EU ETS, namely cement, steel and aluminium. 
We have also analysed the cost structures for some basic unorganic chemicals, fertilizers, pulp and 
paper. The leakage potential was estimated based on a sectoral model with international trade, 
applying the EU climate goals under the EU ETS and assuming auctioning as the preferred allocation 
method.  

The model not only allowed to estimate the carbon leakage but also delivered results for levelling 
down of carbon costs with output-based free allocation and for flexible carbon cost adjustment at the 
border. In order to asign to each sector the tool that can avoid leakage most effectively, we have 
suggested a screening process which incorporates the type of cost impact, the specifications of 
production and the products’ characteristics. As steel, cement and aluminium stick out when it comes 
to the potential of carbon leakage, they should be subject to such a screening process as they differ 
largely in the cost impact differentiation Thus, if policy makers choose to handle leakage along a 
sectors’ characteristics as opposed to a “one-size-fits-all” approach they can apply this method to find 
the most effective tool amongst free allocation and border adjustments.  

For the performance of the different options to level the carbon costs the report finds: 

• All instruments that address the leakage potential of an industry come with a number of 
trade-offs. Carbon leakage from industrial activities cannot be addressed by one single 
approach. The ability to pass through the costs of carbon incurred by an ETS differs along a 
set of sector characteristics, including direct and indirect costs, impacts on operational costs, 
capacity utilization or vertical integration.  For these we suggest a screening approach. 
Ignoring these characteristics when implementing remedies against carbon leakage will, at 
worst, neither deliver the carbon price signal for low carbon production in the ETS territory, 
nor tackle carbon leakage from energy-intensive sectors. 

• To level carbon costs downwards, policymakers can use free allocation of certificates, or 
output-based rebates, which are a refund to producers. There is a fundamental trade-off 
when using this tool as policy-makers have only limited control over the reaction of industry to 
carbon price differentials between countries. Thus, if free allocation of allowances is used to 
address carbon leakage under a cap and trade system, it has to be linked to the existence, 
availability or production of the installation. If it is designed in this way it reduces leakage but 
the carbon price will be distorted, thus reducing any incentive to become more efficient or to 
invest in low-carbon technology, especially in those sectors that receive the free allocation. As 
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free allowances create a subsidy to producers, there is potential for conflict if major 
economies apply this tool in a race to support their industries in international markets.  

• Levelling carbon costs at the border in a flexible way is a solution to the leakage problem, 
because it addresses the mechanisms that lead to leakage, namely trade and international 
competitiveness. Tariffs or allowance rules to imports goods from sectors capped by the EU ETS 
could be implemented unilaterally. While this is not prohibited by WTO law, if designed along 
basic principles of trade law, we consider it as crucial to proceed in a multilateral way. The 
motivation of using border adjustments need to be clear to all WTO members and non-members 
and common ground is needed on the limited role border measures should play. Any unilateral 
action or coordinated action of major industrial countries would risk both trade conflicts and the 
global climate deal that is envisaged in Copenhagen in December 2009. Although it would need 
an extraordinary effort to built up the political trust that application of tariffs or allowance as a 
cost compensation is strictly limited to pursue an effective global emission reduction for a few 
sectors, still this is the way forward if climate and trade policies should be aligned over time.  

• The report also touched upon the challenges that relate to the carbon-embedded in trade 
debate. At present, developing countries concerned about being blamed for emissions embodied 
in exports, and industrialised countries concerned about loss of competitiveness arising from 
their carbon controls, in practice do not disagree about the core issue: indirect carbon matters.  
Viewed from the Chinese perspective, carbon is being attributed to their inventory that they 
would like to see attributed downstream, to Western consumption.  Viewed from the importer’s 
perspective, carbon controls in one region risk driving production of carbon-intensive goods 
offshore, if offshore emissions are exempt from regulatory costs that are applied domestically. 
Thus, an approach that introduces a carbon added regulation (similar to the VAT procedure) 
could be a solution that pays attention to both, the production and the consumption as drivers 
for emissions. 

• The international debates on emissions trading as a major climate policy tools are just getting 
off the ground due to the United States policy process. Discussions have focused at 
competitiveness impacts at an early stage, but have not moved on to include the environmental 
effectiveness aspect. While in the U.S. border adjustment has ranked high in 2008, the 2009 
debate switched to the use of output-based rebates as a solution to industries’ concerns.  

• The plans on ETS in Japan center around a voluntary scheme. Nevertheless, Japan closely 
observes actions taken in the EU and the US and will probably not stand back for much longer, 
if (a) the US establishes a large carbon market and (b) the EU manages to signal that it takes 
detrimental effects on competitiveness and leakage seriously while maintaining major 
environmental effectiveness. 

The analyses of different carbon pricing impacts are not yet definitive for all industries in the EU, and 
less so for other countries which are considering the introduction of cap and trade. Results of this 
report could inform the deliberation in other countries, for it underlines the temporary, but serious 
concern about ineffective climate policy, on the one hand, and the potentials of different policy tools 
on the other hand. Dealing with the concerns about different carbon prices and uncoordinated action 
needs flexible policy tools, while at the same time companies need to see a firm commitment by 
policymakers that the risk of carbon leakage is taken seriously. 
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Annex - Glossary of terms 

Carbon added 
regulation 

regulatory instrument which tracks the ‘carbon added’ at each stage of a 
production process until the point of consumption 

Carbon leakage a reduction of a country’s greenhouse gases that occurs by a shift of emitting 
activities to other territories 

Leakage rate the share of emission reductions under the ETS that is caused by a relocation of 
emissions through imports substituting domestic production and through 
relocation of production to non-ETS regions 

Output-based 
allocation 

volume of emission rights allocated for free is based on the production volume 
multiplied by an allocation rate (e.g. depending on a benchmark) 

Output-based 
rebates 

the value of the allowances auctioned is rebated to the manufacturers who qualify 
for cost compensation based on their output and the allowances price 

Trade-intensity 
of an industry 

The share of all exports and imports in the region’s total sales (domestic and 
imported products) 
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