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Executive Summary

This report summarises the literature on ex-post evaluation of the effectiveness of the
European Union Emissions Trading System (EU ETS) in driving abatement of greenhouse
gases by industrial firms.

A thorough search through the entire literature on the EU ETS was conducted by using online
search engines, targeted emails and specific website searches. A list of 25 terms was defined
in English and subsequently translated into French, German and Spanish. After applying
specific inclusion and quality criteria, 56 papers were retained as the body of evidence for this
review. Most of them were academic papers, both published and unpublished. The two
principal criteria for inclusion in this report were that the research (i) was based on data or
other evidence and (ii) that it focused on the industrial sector. The selection according to the
inclusion and quality criteria revealed that the pertinent evidence was relatively scant. The
identification of causality remained very basic except for a half-dozen more rigorous studies,
which were still unpublished. A very small number of studies analysed the elements of the EU
ETS that were driving abatement.

Research Questions

The available studies provided answers to the following three principal research questions as
summarised below.

1. Has the EU ETS driven industrial abatement?

Given the main policy objective of the EU ETS to achieve emission reductions, it is crucial to
understand whether the first two trading phases have encouraged participating installations to
abate their carbon emissions. In addition, a number of other outcomes could be affected by the
ETS and have implications for its effectiveness, such as innovation, economic performance
(defined broadly to include competitiveness) and abatement outside the EU, promoted through
the flexible mechanisms established under the Kyoto Protocol. The review comprises evidence
on all four outcomes.

A. Emissions

While the EU ETS may have led to abatement in the power sector, the evidence on the impact
of the EU ETS on participating industrial firms’ GHG emissions is not conclusive. Several
studies found that, in the aggregate, emissions across all regulated sectors declined by around
3% in Phase | and during the first two years of Phase Il, relative to estimated business-as-
usual emissions. However, with the exception of Germany, it was not clear how much the
industrial sector contributed to this aggregate figure. What is more, these studies relied on
aggregate estimates of what emissions would have been had the EU ETS not been in place.
The high level of aggregation precluded breaking down the total effect into emission reductions
attributable to individual sectors.

In an effort to improve the precision of the impact estimate, a recent analysis of firm-level data
revealed that the transition from Phase | to Phase Il triggered emission reductions in a few
industrial sectors and that the firm-level allocation of permits influenced this effect. The
robustness of these results will have to be confirmed in future studies with a more
comprehensive coverage of sectors and countries.
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B. Economic performance

There was no conclusive evidence about whether the effectiveness of the EU ETS could be
jeopardized by adverse impacts on the economic performance of the regulated firms. Some
studies found negative effects on employment, profits, or productivity, but these findings were
not confirmed in other studies that relied on different statistical models. One study found
evidence that the EU ETS increased profits as firms priced in the opportunity costs of permits
they had obtained for free. Furthermore, there was no compelling evidence that the EU ETS
adversely affected the competitiveness of regulated firms. Some studies tested whether the
introduction of the EU ETS weakened net exports of goods into non-regulated countries, with
ambiguous findings. There was fairly robust evidence based on price data that a number of
sectors were able to pass through the costs of emission permits on to final product markets.
However, there was no evidence on whether the EU ETS reduced market shares or changed
the composition of supply of regulated firms. Survey evidence showed that EU ETS firms
reported a higher propensity to downsize their operations in response to future carbon pricing
than non-ETS firms, although this effect was not large.

C. Innovation

For the EU ETS to be effective in the long term, it must induce a shift towards low-carbon
technologies, some of which have yet to be invented and commercialized. The literature
reviewed contained no strong evidence that the EU ETS in Phases | and Il had a causal impact
on (new-to-the-market) innovations by directly regulated firms. While clean patent applications
increased rapidly from 2005 onwards, the evidence so far cannot rule out that this was due to
confounding factors such as concurrent increases in the oil price or the implementation of other
climate change policies. Other evidence based on the impact of the post 2012 allocation rules
suggested that the less generous allocation rules in Phase Il might drive clean innovation.

The evidence of a positive impact is somewhat more favourable when it comes to technology
adoption. However, the existing studies are narrowly focused on a limited set of sectors and
countries, and they often lack academic rigour as far as the causal identification strategies are
concerned.

D. Abatement through the Clean Development Mechanism (CDM)

The available evidence on emissions reductions via the CDM was entirely descriptive. The
most successful CDM projects were implemented in Asia and reduced emissions of
greenhouse gases other than carbon dioxide. Although CDM credits traded consistently at
prices below the EU Emissions Allowance (EUA) price, their use only amounted to one third of
the legal limit, and less than one twentieth of total permit allocations. CDMs transferred a small
piece of the European carbon pie to developing countries, but the available estimates of how
much exactly are not certain. There were no estimates of how much the CDM as a whole
lowered the EUA price.

2. Which elements of the EU ETS drive abatement?

Despite being of prime interest for policy design, the evidence on the drivers of abatement was
scarce and anecdotal, based on surveys of a small number of participating firms. It was
therefore not possible to determine how different aspects of the policy — such as the carbon
price, the allocation rules or the signalling effect — differentially impacted on the abatement
choices of industrial firms.
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3. How does the EU ETS interact with other policies designed to achieve abatement, at
the UK, EU and international levels?

The EU ETS overlaps with a range of different policies, both across countries and across policy
domains. While it is important to gain a better understanding of the implications of interactions
with these policies for the further development of the EU ETS and climate policy more broadly,
this report did not find any ex-post analysis of such interactions.

Gap Analysis

In addition to addressing these three research questions, this evidence review also identifies
gaps in the literature and some directions for future research.

Since the EU ETS was not designed with evaluation built in, e.g. as a randomized experiment,
an ex-post evaluation of the EU ETS must employ on non-experimental techniques. It has
become clear in the review that such techniques have not been used to their full potential in the
literature so far. Robust inference on the causal impact of the EU ETS on abatement, innovation
and economic performance necessitates better data. Future research must thus rely on large,
high-quality datasets maintained by national governments, which have not been used thus far to
evaluate the EU ETS. Furthermore, the scope of ex-post analysis will need to be broadened. In
particular, there is very scant evidence on the role of the CDM in abatement, on the interaction
with national policies, and on the mechanisms that drive the observed impacts. A promising way
to shed light on this is to collect data in representative large-scale surveys among the affected
firms, and jointly analyse these data with high-quality performance data on emissions and
performance. Such data are maintained by many governments and an increasing number of
them now grant access to them if the confidentiality is secured.
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Introduction

The European Union has been a central player in the global effort to curb greenhouse gas
(GHG) emissions and mitigate climate change. In 2005, the EU launched the Emissions
Trading System (EU ETS), the first international carbon-trading scheme in the world. Following
a three-year pilot period, Phase 1l of the EU ETS was launched in 2008. Across its 27 Member
States (MS), the EU ETS covers large plants from CO,-emission intensive industrial sectors,
namely power generation, mineral oilfireries, coke ovens, iron and steel and factories
producing cement, glass, lime, brick, ceramics, pulp and paper, and all combustion activities
with a rated thermal input exceeding above 20MWh. During the first two years, this scheme
included approximately 10,600 industrial installations from 25 MS. Bulgaria and Romania
joined the trading scheme in 2007, bringing the total number of installations to 11,300.

The EU ETS is a compliance market and requires that each installation surrenders each year a
number of allowances equal to its verified emissions. During the first two phases, each MS
allocates in its National Allocation Plan (NAP) a certain number of allowances to each
installation. A few MS auctioned a small proportion of total allowances. To balance allocated
allowances and actual emissions, regulated companies can trade on the allowance market with
other EU ETS companies from any MS as well as with third parties (e.g. brokers), so as to
minimise their compliance cost. The common allowance market establishes a uniform carbon
price, inducing all regulated facilities to reduce carbon emissions at minimal cost to the system
as a whole. While the carbon price does not vary between regulated firms, it is likely that firms
react very differently to the same carbon price depending on their carbon intensity, their
abatement potential and cost, or on the amount of international competition they are facing,
among other things.

The importance of the EU ETS was reinforced in 2007 when the EU Council announced its
commitment to abate GHG emissions by 20 percent by 2020 (the so-called 20-20 objective).
Ambitious and well-designed climate and energy policies are needed to reach this goal and to
persuade Europe’s international partners to follow its commitment. While the EU ETS is a
prime candidate for such a policy, a fundamental concern of policymakers pondering the
implementation of binding GHG emissions targets has been with their potential negative
impacts on the competitiveness of domestic businesses and domestic employment. When
assessing such concerns, governments are faced with a fundamental information asymmetry,
in that the regulated firms know best how costly it is for them to meet certain pollution targets
but they have no incentive to reveal this to the regulator. This explains the need for an
independent evaluation of the competitiveness impacts of the EU ETS.

The EU ETS is designed as a dynamic policy that has improved over time. Given its pioneering
role it was clear from the outset that there would be a constant learning process that would
require changes to its design. This was taken into account by defining trading phases allowing
regular opportunities to improve the effectiveness of the system. The next trading phase will
start in 2013. Most of the structure of the ensuing period through to 2020 has already been
agreed. However, there are important elements left open. For example, there is still debate
about the overall reduction target (20 vs. 30%). Further, changes to the methodology for the
allocation of free permits would be considered, in particular if a 30% target was adopted. This
permit allocation process will be reviewed well ahead of 2020. Any such design changes ought
to be based on sound empirical evidence.
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This report summarizes the existing evidence base on the actual effectiveness and functioning
of the EU ETS, with the goal of aiding policy design now and in the future. The review was
commissioned by DECC to help inform the understanding about the achievements and
contribution of the system to DECC objectives, and inform any re-negotiation of the system,
specifically with respect to the review points for Phase Ill and with respect to the design and
implementation of Phase IV.

This report focuses exclusively on the effects of the EU ETS on the industrial sector, meaning
that the power sector is not considered here. This reflects the reality that the regulatory
challenges for the power sector are intrinsically different from those relevant for the industrial
sector, and hence need to be dealt with separately. In the UK, the Electricity Market Reform
has been implemented specifically to achieve a decarbonisation of the power sector at the
speed and scale required to honour the country’s commitments for climate change mitigation.

Based on the existing evidence, three research questions are addressed:
e How effective is the EU ETS in driving industrial abatement in the UK and more widely?

The report reviews how emission reductions due to the EU ETS have been estimated in
the literature. Moreover, we summarize and critically evaluate the evidence on a number of
other outcomes that could be affected by the EU ETS and that have implications for its
effectiveness. These outcomes include innovation — which is relevant for the dynamic
effectiveness of the policy — and economic performance, defined in a broad way that
includes competitiveness. Finally, we collect the evidence on whether the EU ETS drives
emission reductions and transfer of funds in developing countries through the Kyoto
flexibility mechanisms like the Clean Development Mechanism (CDM) and Joint
Implementation (JI).

e Which elements of the EU ETS drive abatement?

This question deals with the channels through which the EU ETS has been driving (or not)
emission reductions and investment into abatement technologies.

e How does the EU ETS interact with other policies designed to achieve abatement?

While the EU ETS is the flagship EU policy to achieve emission reductions, other policies
are in place at the national, regional and international levels. For example, such
overlapping policies include domestic carbon taxes, European investment tax credits, or
the flexibility mechanisms stipulated under the Kyoto Protocol. We review the evidence on
the use and interaction of these policies with the EU ETS.

This report addresses these three questions by critically reviewing the existing empirical
evidence on the causal impacts of the EU ETS on various outcomes. The review focused in
particular on the robustness and quality of different approaches to empirically establish a
counterfactual. An ex-post assessment of the impact of a policy on an outcome critically relies
on two ingredients: First, data on the outcome of interest needs to be collected before and after
the policy is implemented. Second, one must adopt a methodology to determine what the
outcome would have been had the policy not been implemented. This is commonly referred to
as a counterfactual or Business-As-Usual (BAU) scenario. If this counterfactual is well
measured, then comparing actual outcomes with counterfactual ones provides a causal impact
of the policy.
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The report is organised as follows. The next section explains in detail how relevant papers
were selected from the universe of all studies on the EU ETS. Section 3 reports statistical data
on this selection process, such as the distribution of the type of outcomes studied by the
different papers. Section 4 contains a detailed discussion of how and to what extent the papers
included in the review contribute answers the three research questions described above.
Within each subsection, studies with higher quality approaches to establish causality have
been given most weight. Compared to the ex-ante impact literature, the ex-post literature is
rather small. With the EU ETS being in place now for a number of years, and given
improvements in data access, there is a vast potential to improve the current literature. Section
5 highlights the gaps in the current literature, identifying where the evidence base is weak or
non-existent. It also outlines how these gaps might be filled using appropriate methodologies
and data sources.
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Methodology

Summary:

A thorough search through the entire literature on the EU ETS was conducted by
using online search engines, targeted emails and specific website searches. A list of
25 terms was defined in English and subsequently translated into French, German
and Spanish. After applying specific inclusion and quality criteria, 56 papers were
retained as the body of evidence for this review. Most of them were academic
papers; both published and unpublished. The two principal criteria for inclusion in
this report were that the research (i) was based on data or other evidence and (ii)

that it focused on the industrial sector.

As depicted in Figure 1, the relevant evidence base was identified in two steps. The first step
consisted of a systematic search of the academic literature relating to the effectiveness of the
EU ETS. A thorough search was performed using Google Scholar, browsing the websites of
specific research institutes and contacting by email 80 experts on the EU ETS in government,
industry and academia, using pre-defined search criteria.

A list of 25 search terms was established (“EU ETS evaluation”, “EU ETS efficiency”, etc.) to be
included in the Google Scholar search. Precise inclusion and quality criteria were applied to
these searches to ensure that relevant material was collected for the analysis. For example,
the research papers needed to be based on data analysis and focus on the industrial sector.
This was essential to base this review on scientifically sound evidence. The details of the
search, inclusion and quality criteria are described in the appendix. At this first stage, inclusion
decisions were based on the abstract or summary of the papers found online.
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Figure 1: Search and Inclusion Process
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At the second stage, a more detailed and careful reading of the 179 papers and applying
inclusion/exclusion and quality criteria identical to the first stage led to exclude 67% of them, as
shown in Figure 2. The main reason at this stage for excluding papers was that they did not
constitute original research. Another important exclusion category was formed by papers giving
a description of the EU ETS rules and of the National Allocation Plans patterns, but not based
on ex-post data or with no analysis at all. Research that has been often cited in this context,
but was excluded from the analysis is described in Box 1. Another rapidly growing area of
research linked to the EU ETS analyses the variation of the EUA price and its determination
using financial market analysis techniques (see chapter 5 of Ellerman et al., 2010). However,
no piece of research links the price analysis to the behaviour of industrial emitters and to their
decisions in terms of investment, emissions or economic performance. This area of research
was thus not included in the analysis.
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Figure 2: Exclusion criteria results
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The resulting body of evidence, composed by the 56 retained papers consisted mainly of
published academic work. There was also a large number of unpublished research papers
retained, as shown in Figure 3, illustrating the fact that this area of research is still dynamically
evolving.

Figure 3: Type of Publications Included and Excluded
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Book
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Opinion piece W Excluded papers

Academic Discussion paper & Included papers

Policy Report

Published Academic paper
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Box 1: Excluded papers that are widely cited

Several papers are often cited as evidence on the impact of the EU ETS but were not included
in this report. This box presents three categories of such papers.

A series of papers use a modelling approach to analyse the impact on competitiveness of the
EU ETS. For example, Demailly and Quirion (2006) studied the cement sector. Based on a
combination of a trade model and a bottom-up model of the cement industry, they simulated
the different impacts of the EU ETS under two potential allocation methods: grandfathering on
the one hand, and output-based allocation on the other hand. The paper was excluded
because the analysis was model based and did not use any ex-post data. In a second paper,
Demailly and Quirion (2008) analysed the impact on competitiveness of the EU ETS in the
iron and steel sector. Although this paper has been widely cited as showing only small
competitiveness losses, it was excluded from this report because it was also based on a
modelling exercise only, and not on an ex-post data analysis. The impact of the EU ETS was
measured by replacing each parameter in the authors’ model by estimated values taken from
the rest of the economic literature.

A second group of papers that are not included in this report are those that compare
allocations and verified emissions without attempting to estimate the counterfactual/BAU level
of emissions that would have occurred in absence of the ETS. For example, Clo (2009),
Kettner et al. (2008 and 2011b) and others showed that over-allocation occurred in the first
phase of the EU ETS. There was great dispersion between countries as well as at the regional
level (Robaina-Alves et al., 2011). At the sector level, there was also a great degree of
variation between companies’ net allocations (see for example Graichen and Graichen, 2007).
Electricity production was in a net short position over Phase | while the other sectors were
long (Trotignon and Delbosc, 2008). Kettner et al. (2008) compares in that dimension larger
and smaller firms with the former displaying less dispersion in excess allocations. Considering
Phase Il, Sandbag (2011, 2012) calculated that there was overall under-allocation in 2008, but
due to increased permit auctioning and the economic downturn, the system was again in a
long position in 2009 and 2010. Ellerman and Buchner (2008) and Anderson and DiMaria
(2011) are among several papers that were included in the analysis because they do not only
analyse over-allocation patterns but also attempt to estimate emission reductions.

Third, a large number of studies on the impact of the EU ETS did not fall in the target category
as they assessed the impact entirely based on ad hoc assumptions. For instance, the impact
assessments of the EU Commission along with a larger number of similar studies (Smale et
al, 2006; Grubb and Neuhoff, 2006; Hourcade et al., 2007; Sato et al., 2007 among others)
assessed the impact on competitiveness not by looking at productivity, profits or other
outcomes of regulated firms. Rather, it is simply assumed that sectors with high trade intensity
and/or carbon intensity would experience substantial negative effects on their
competitiveness. Such studies are certainly useful ex-ante when no direct outcome data is
available. However, given the focus of this review on ex-post evidence, we excluded such
studies.
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Literature Overview

Summary:

The selection according to the inclusion and quality criteria revealed that the
pertinent evidence was relatively scant. The identification of causality remained
very basic except for a half-dozen more rigorous studies, which were still
unpublished. A very small number of studies analysed the elements of the EU ETS
that were driving abatement, e.g. carbon prices, permit allocation and signalling
effects.

The 56 retained papers could be classified according to the different categories presented in
Table 1. Specifically results were grouped by different outcome categories, by which type of
policy aspect of the EU ETS they captured, to which sub-sample they might apply (e.g. which
industry or country) and whether or not they identified causality in a correct way.

Table 1: Classification of papers

Qutcome types Policy aspect

(what has been achieved) (how were outcomes achieved)

Emissions 32.80% Price effect 5.20%

Economic Performance 27.60% Permit Allocation effects 10.30%

Innovation 13.80%  Signalling 0.00%

Behaviour — Management 15.50% Non-specified 84.50%

Multiple outcomes 10.30%

Applicability Identification of causality

(what group/s research focused on) (have outcomes been attributed to ETS?)

Few firms of one sector and one country 8.60% No attempt at causality 22.00%
Subjective or correlation with no control

Few firms of several sectors or countries  27.60%  for confounding factors 49.20%

One entire sector or country 24 10% Correlation with more advanced controls 18.60%

Several sectors or countries 22.40% Advanced causal identification design 6.80%

The entirety of the EU27 17.20% High causal identification design 3.40%

Given the definition of the search criteria, it was no surprise that the main outcome type
analysed in the papers considered was the effect on emissions. Effects on economic
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performance and competitiveness were also studied quite commonly, reflecting the intense
policy debate that has been taking place. The generalisation of the results derived in these
studies needs to be done carefully given that many studies focussed on small subsets of
industrial emitters in the EU ETS.

As will be become clear in the subsequent sections, a salient conclusion of this report is that
the literature on the effectiveness of the EU ETS in industrial sectors is scarce and the quality
of existing evidence is low. In particular, two large gaps in the literature already appear clearly
from the classifications presented in Table 1:

e First, the question of which aspects of the EU ETS (price, allocation, signalling or other) are
driving changes in emissions and other decisions by market participants has barely been
addressed by the literature.

e Second, there have been very limited attempts at identifying a causal relation between the
EU ETS and the industry’s response to this policy.

15
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Research Findings

Based on the group of papers that satisfied the criteria for search, inclusion and quality
described above, this section discuss how and to what extent they answer the three main
research questions reproduced below:

e How effective is the EU ETS in driving industrial abatement in the UK and more widely?

e Which elements of the EU ETS drive abatement?

e How does the EU ETS interact with other policies designed to achieve abatement?
Findings relating to each research question have been summarised in relevant sections below.

The first question pertains to the effectiveness of the EU ETS in driving industrial abatement in
the UK and more widely. The findings and discussion are organised along four main categories
of outcomes: (i) carbon emissions, (ii) innovation, (iii) economic performance and (iv) use of
flexible mechanisms such as CDM and JI. Within each section, most weight is given to the
discussion of those studies that feature the most robust approaches to establishing causality.*

The second question the review sought to answer based on the literature is which elements of
the EU ETS drive abatement. Various dimensions of such a policy could be driving responses
by firms, such as the carbon price itself, the allocation of permits, the fact that the EU ETS
might be perceived as a credible signal of the stringency of future climate policy, etc.

The third and last research question addressed here is how the EU ETS interacts with other
policies designed to achieve abatement at the national, EU and international level.

Effectiveness of the EU ETS in driving industrial abatement
How effective is the EU ETS in driving industrial abatement in the UK and more widely?

Given the main policy objective of the EU ETS is to achieve emission reductions, it is crucial to
understand whether the first two trading phases have encouraged participating installations to
abate. It is sometimes remarked that a cap and trade system like the EU ETS by definition
delivers emission reductions as long as the cap is set tightly enough and regulated emitters are
not in gross violation of the scheme. However, in many industries — and in entire countries such
as the UK, see Figure 5 — emissions have been on a declining trend for some time. Moreover,
macroeconomic fluctuations such as the recent recession affect emissions, sometimes
drastically. Therefore, one would consider an emissions trading scheme to be effective at
driving abatement only if it leads to lower emissions than would have occurred in the absence
of the scheme; i.e. if the emissions would have reduced to the level of the cap without the cap
we can hardly say that the cap delivers emission reductions. This counterfactual level of
emissions is of course not observable. However, there are a number of ways to estimate this
level. Similarly, to understand if a factor is a barrier to emission reductions, one needs to have
an estimate of the firm's (counterfactual) emissions if it was not restricted by that factor.

* The Glossary in Annex B clarifies the concept of causality as well as all technical terms used in the report.
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This section reviews how the current literature estimates emission reductions and what is
assumed about counterfactual emissions.” In addition, we also review the evidence on a
number of other outcomes that could be affected by the EU ETS and that have implications for
its effectiveness, namely innovation and economic performance defined in a broad way that
includes competitiveness. Different outcomes will be discussed in different subsections.

An additional dimension that has been considered is the use by installations of the Kyoto
flexibility mechanisms like the Clean Development Mechanism (CDM) and Joint
Implementation (JI). These allow MSto meet part of their target by financing emission
reduction projects in countries outside the EU, including developing countries in the case of
CDMs. The review will collect evidence on whether the EU ETS drives emission reductions and
transfer of funds in developing countries through these flexible mechanisms.

Figure 4. UK Emissions 1990 — 2010
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of CO,. Source: Gennaioli, Martin and Mul(ls (2012) based on data from DECC.

> Suggestions for improving these estimates will be relegated to the gap analysis below.
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Summary:

While the EU ETS may have led to abatement in the power sector, the evidence on
the effect of the EU ETS on GHG emissions of participating industrial firms is not
conclusive. Several studies find that, in the aggregate, emissions across all
regulated sectors declined by around 3% in Phase | and during the first two years of
Phase II, relative to estimated business-as-usual emissions. However, the relative
contributions to this aggregate figure by the industrial sectors on the one hand and
the power sector on the other are unavailable in all countries but Germany. Also,
these studies rely on aggregate estimates of what emissions would have been, had
the EU ETS not been in place.

In an effort to improve the precision of these estimates, a recent analysis of firm
level data reveals that the transition from Phase | to Phase Il triggered emission
reductions in a few industrial sectors and that the firm-level allocation of permits
influences this effect. The robustness of these results still needs to be established

by increasing sector and country coverage.

Overall, existing evaluations of the effectiveness of the EU ETS remain at a very
aggregate level: there is no robust or precise estimate of the policy’s specific effect

on the industrial sector.

Measuring the impact of the EU ETS on emissions is crucial given the objectives of the policy.
Researchers trying to estimate the impact of the EU ETS on emissions reductions for the
industrial sector have been facing two main problems. First, precise data on emissions prior to
2005 for installations included in the EU ETS were not readily available. Second, a suitable
measure of counterfactual emissions (i.e. emissions had the policy not been in place) is needed.
Several methods to measure pre-2005 emissions and estimate this counterfactual (or BAU)
have been put forward in the literature. Since most of the factors that determine emissions are
known in retrospection (economic activity, prices, etc), ex-post analysis allows for more precise
estimations than ex-ante predictions. Three strands of the literature will be presented in this
section. The EU ETS started with the so-called “trial” Phase I. The first strand of the literature
presented below has been focussing on estimating the impact of this first phase. The EU ETS
was then extended into the “Kyoto” Phase Il, starting in 2008. The second section presents
papers studying Phase II's effectiveness. A third area of work has been providing qualitative
findings on the impact of the policy mainly based on a limited number of interviews and case
studies.
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Phase | evaluation

Although Phase | is generally considered as a trial Phase with little expected impact, the
availability of data for this period has led several researchers to estimate its emissions
reduction effects. Three sources of data were used to estimate both the pre-2005 emissions
and to construct the counterfactual BAU for 2005-2007 period:

NAP: Focussing on the first two years of Phase I, Ellerman and Buchner (2007, 2008)
extrapolated these pre-2005 emissions data by taking into account GDP growth and the
historical trend of decreasing carbon intensity of production. This data suffered from two
problems. First, the data could be biased due to the fact that it was collected under strong
time pressure, with minimal verification by authorities. Installations could have had an
incentive to inflate emissions, anticipating that doing so would give them a more generous
allocation. Second, country level emissions were computed differently, using different
years of data and are therefore not perfectly comparable. Based on the available data,
they found that CO2 emissions were reduced by between 100 and 200 million tonnes
across all EU ETS sectors and countries in the two years under study, corresponding to a
2.4% to 4.7% abatement rate in total. This makes no distinction for the industrial sectors.

UNFCCC common reporting format (CRF): An extensive comparison between the CRF
and the verified EU ETS emissions data for 2005 by Herold (2007) had confirmed that CRF
data could be used with some adjustment as a proxy of historical EU ETS sectors’
emissions. Ellerman, Convery and de Perthuis (2010) therefore improve on the
deficiencies of the NAP data and estimate carbon emissions reductions close to 210 million
tonnes (or 3%) over the whole three years of Phase I, as illustrated in Figure 2.

Figure 5: Emissions and abatement
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e Eurostat: Anderson and DiMaria (2011) used these emissions data for a subset of NACE®
sectors, matched to the corresponding EU ETS sectors. The authors also improved the
calculation of the BAU emissions scenario for each country by applying dynamic panel
data techniques and including industrial production data, energy production and energy
prices as well as information on historical temperature (which affects heating and cooling)
and precipitation (which affects hydro-power production). In comparison to the results
using the two other sources of data, this leads to abatement of 2.8% during Phase I. This
result varied at the country level, with some countries displaying over-allocations and
others emitting more than BAU. This latter finding could be due to installations emitting
more in 2007 when carbon prices were low in order to secure a more favourable allocation
in the future (based on past emissions), once the market becomes tighter.

Based on these three papers, emission reductions over Phase | across all sectors and
countries can be estimated as being close to 3%, as shown in Table 1. However, there is no
evidence as to what share of this can be attributed to the industrial sector.

Table 2: Estimates of abatement

Authors Estimated abatement Country Time period Sector Data source
Ellerman and Buchner 50 to 100 Mt per year EU 2005-2006 Al NAP

(2008) (=2.4% to -4.7%)

Ellerman, Convery and 70 Mt per year EU 2005-2007 Al CRF (UNFCCC)
de Perthuis (2010) (-3.3%)

Anderson and Di Maria 58 Mt per year EU 2005-2007 Al Eurostat

(2011) (- 2.8%)

Ellerman and Feilhauer 28.5 Mt per year Germany 2005-2007  All CRF (UNFCCCQC)
(2008) (- 5.7%)

Ellerman and Feilhauer 11.7 Mt per year Germany 2005-2007 Industry CRF (UNFCCC)
(2008) (- 6.3%)

Interestingly, both Anderson and Di Maria (2011) and Ellerman et al. (2010) showed that this
inferred abatement varied strongly across countries. Most of the abatement occurred in the
EU15 rather than in Eastern European countries. This confirmed the result of Ellerman and
Feilhauer (2008) who applied the same method to Germany alone and found that abatement
per year due to the EU ETS was close to 5% for all EU ETS sectors over Phase I. Given the
data availability for Germany, the authors were also able to estimate specifically that German
industrial abatement over the same period amounted to 6.3% vs. 4.1% for the power sector.

Given all three datasets contain aggregate figures, the results presented above are aggregate
estimates. Apart from Germany, it is therefore not possible to separate the effects of the EU
ETS on the different sectors’ emissions, in particular for the industrial sector.

6 ;g . , . . .
NACE stands for “Nomenclature générale des activités économiques dans les Communautés Européennes” or “General
Industrial Classification of Economic Activities within the European Communities”
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Phase Il evaluation
Evaluation based on firm-level data:

The change from Phase | to Phase Il offered a good setting to analyse the impact of the policy
on emissions. Given the limitations of aggregate analysis and the uncertainties attached to
evaluating a BAU counterfactual, Abrell, Ndoye and Zachmann (2011) took a new research
approach by estimating, at the firm level, reductions in CO2 emissions around the transition
from the first to the second phase. This study can be regarded as the most advanced research
on the impact of the EU ETS on emissions because of the way it identified the causal effect of
the transition to the Phase Il. We therefore present it in more detail. The thought experiment
underlying their estimation is: How different was EU ETS firms’ emissions reduction strategies
in 2005-2006 compared to 2007-2008? They obtained their dataset by an ambitious firm-to-firm
matching of the CITL’ to the AMADEUS? database containing performance data for the years
from 2003-2008. The final data set included 2,101 firms (3,608 installations), which accounted
for 59% of total verified emissions. 31% of these firms belonged to the electricity and heat
generation sector. The very precise data available in AMADEUS enabled the authors to control
for turnover, employment and profits. AMADEUS also has a much more precise sectoral
classification than the CITL, with each firm being assigned a NACE sector. This meant that on
top of controlling for country level trends, precise industry trends were also included.

The results showed that emission reductions between 2007 and 2008 were 3.6% larger than
between 2005 and 2006. This difference was statistically significant and robust to the presence
of outliers. The controls included in the estimation implied that this shift was likely to be due to
the change from Phase | to Phase II, and that it was not implied by a proportionate decrease in
production: emissions reductions were not caused only by economic conditions or reductions in
the economic activity of firms. Based on the CITL data, it was also possible to differentiate this
effect according to the net allocation position of the firm in 2005. Firms whose net allocation
was below the median, i.e. firms that were short in 2005, abated the most between 2007 and
2008. Also, firms whose allocation had decreased most between the two periods reduced their
emissions more than those whose allocation remained loose.

While the overall aggregate cap determines the equilibrium price on the market, theory predicts
that firm-specific caps have no effect on a firm’s abatement choices. That is because — in the
absence of transaction costs, market power or other market imperfections — the firm curbs CO:
emissions until the marginal cost of abatement equals the permit price. At this point it becomes
cheaper for the firm to buy permits for any emissions beyond its target rather than abating
those excess emissions internally. Consequently, neither over- nor under-allocation at the firm-
level — while determining the distribution of rents that emerge from imposing scarcity on a
formerly free good (GHG pollution) — should have any consequences for firm-level abatement.
The only thing that should matter for an individual firm’s mitigation and investment decisions is
the (expected) emissions price. The notion that allocation decisions are independent of the
distribution of allowances is referred to as the “independence property” of emissions trading
and due to Montgomery (1972).

” The CITL is the EU's Community Independent Transaction Log that provides emission trading data as well as data on
participating installations details, their allowances and verified emissions for each of the years they participate in the EU ETS.

® AMADEUS is a commercial dataset distributed by Bureau Van Dijk that makes available financial and balance sheet data for
most European firms.
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The results presented by Abrell et al. (2011) challenged the fact that this property also held for
the EU ETS in its first two phases. Several potential explanations could explain this link
between allocation and abatement, which defies conventional economic thinking. First, it could
be that the sectors where mitigation cost was lowest received less permits. However, by
including sector dummies in the regression analysis, the estimated effect of Phase Il would
control for such a possibility. Second, installations that announced that they would reduce
production between 2007 and 2008 could have been allocated fewer permits and emitted less
in 2008. However, only firms present in both years were included in the regression and
turnover was controlled for, so again that effect would not have been included in the estimate.
The only remaining explanation was that some of the inefficiencies of the EU ETS, such as
limited liquidity or the conditionality of future allocation on past emissions, made companies'
abatement dependent of their initial allocation.

Taking a closer look at some sectors, it also appeared that basic metals and non-metallic
minerals significantly increased their reduction efforts between 2005-06 and 2007-08 whilst
other sectors, such as electricity and heat, showed no change. These sectoral variations could
be explained by different shapes of the abatement cost curves for different sectors. This would
make abatement economically viable at different prices of COz2: it could either mean that
abatement has already occurred during Phase | or that it would occur only if the price of carbon
was higher. Alternatively, as free permit allocations were made differentially at the sector level,
the differential response of sectors could reflect allocation effects.

While this is an interesting contribution to the evidence on the EU ETS, it would strongly benefit
from extending the data sample to allow an even better coverage of sectors and countries.

Evaluation based on aggregate data:

The paper by Abrell et al. (2011) presented the most detailed analysis of the impact of the
transition to Phase Il on emissions. But, it is worth noting that at the more aggregate level,
Egenhofer, Alessi, Georgiev and Fujiwara (2011) extended the analysis by Ellerman et al.
(2010) by estimating the abatement that had occurred during the first two years of Phase II.
The emission intensity improvements attributed to the EU ETS were 3.35% on average, or
0.45% when focussing on the industrial sectors alone. In an even more aggregate setting,
Cooper (2010) compared the 3% decline in total emissions between 2007 and 2008 to the 2%
decline in industrial production over the same period, due to the recession. He concluded that
in 2008, emissions were not much reduced by the EU ETS. Kettner, Kletzan-Slamanig and
Koppl (2011a) arrived at a similar conclusion in an analysis of the 2005-2009 period which
showed a decline in aggregate energy intensity. A closer look revealed a decline in intensity for
the pulp and paper industry but not for cement. This could not be attributed to the EU ETS in a
causal fashion. The reduction in production due to the economic crisis was presented as the
main driver of the concurrent fall in emissions.

On balance, these results confirm how difficult it is to give robust and precise estimates of EU
ETS induced emissions reductions based on aggregate data.

Qualitative findings
In addition to the findings above, a third strand of the literature also uses more qualitative

methods to assess the impact of the EU ETS on emissions, by surveying a small number of
market participants. Although no generality can be claimed for such studies, the results give an
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insight into the potential underlying mechanisms driving emissions abatement. (See Box 2 for a
discussion of other reports on behaviour by market participants)

Of the 120 German firms surveyed by Loschel et al. (2010), a mere 6% stated that the key
driver of emissions reductions was the explicit goal to abate emissions. In contrast, close to
90% of the firms, emission reductions were a co-benefit of investments motivated by other
factors, such as general efficiency improvements. In line with this, 94% of Swedish EU ETS
firms surveyed by Sandoff and Schaad (2009) declined that they would reduce their production
volume in order to achieve internal abatement, thus placing greater weight on efficiency
improvements to reduce emissions. Ikkatai et al. (2008, 2011) reported results from interviews
with five industrial firms in Poland and Belgium. The companies that were interviewed claimed
that emission reductions that had occurred during the EU ETS were due to economic
conditions and not to the existence of the EU ETS. They also suggested that the over-
allocation they benefited from did not incentivise them to abate. Fazekas (2008) interviewed
two industrial Hungarian installations and came to the same conclusion. Cost minimization and
focus on compliance prevailed.

Other anecdotal evidence was provided by Walker et al. (2009), showing that four cement
plants in Ireland did not substitute forest-derived biomass for fossil-fuel as a result of the EU
ETS. Technical and logistical concerns, as well as a pulpwood supply risk, appeared to be the
major barriers to adoption. Engels (2009) reported that a large share of the more than 300
firms he had interviewed did not appear to know their own abatement costs. Ellerman et al
(2010) also reported that SAB Miller, a world-leading brewer, improved carbon intensity by 12%
mid-2007. It appears more than questionable to attribute such reductions to CO, prices only.
More generally, based on evidence from very small subsets of the large number of market
participants, it is impossible to draw robust conclusions from these studies.
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Summary:

There is no conclusive evidence on how the EU ETS affected the economic
performance of regulated firms. Some studies found negative effects on
employment, profits, or productivity, but these findings were not confirmed in
other studies that relied on different statistical models. One study found
evidence that the EU ETS increased profits as firms priced in the opportunity
costs of permits they had obtained for free. Furthermore, the review did not
identify any convincing evidence that the EU ETS adversely affected the
competitiveness of regulated firms. Some studies tested whether the
introduction of the EU ETS weakened net exports of goods into non-regulated
countries, with ambiguous findings. There is fairly robust evidence based on
price data that a number of sectors were able to pass through the costs of
emission permits on to final product markets. However, there is no evidence on
whether the EU ETS reduced market shares or changed the composition of
supply of regulated firms. Survey evidence showed that EU ETS firms reported a
higher propensity to downsize their operations in response to future carbon
pricing than non-ETS firms, although this effect was not large.

In order to comply with the EU ETS, regulated firms must undertake costly abatement and/or
buy permits which lowers their profits. As a way of compensating firms for this profit loss,
emission allowances were allocated to firms for free in the early stages of the EU ETS. In
addition to having a direct cost impact, however, the EU ETS might worsen the competitive
position of regulated firms relative to rival firms outside the EU ETS. In the case of power
generation, this effect is limited by institutional and technical aspects of European electricity
markets, but it might be a real concern for industrial emitters who are competing in international
product markets. Such firms might not always be able to pass the cost of carbon on to their
final customers without losing market share, which in turn might lead them to curb production
and shed jobs. In the worst case, firms might even choose to relocate in order to avoid the
policy, thus taking jobs and carbon emissions to unregulated countries. Policymakers are thus
concerned that the EU ETS might have too high a price in terms of job losses while achieving
too little in terms of reducing carbon emission globally.

This explains why a considerable part of the literature on the EU ETS has been dedicated to
the possible impacts on economic performance (broadly defined), which includes indicators
such as profits, revenue, output, and employment. The greater part of this strand of the
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literature consists of ex-ante assessments and is therefore not considered here. Recently, a
few ex-post evaluations have been conducted using data on economic performance from the
first two trading periods. This evaluation task proves easier than the estimation of the
abatement and innovation impacts of the EU ETS discussed above, in the sense that firm-level
data on economic performance is relatively easy to obtain, both for the pre- and post-2005
period. Nevertheless, the challenge remains to establish that any measured changes in
performance at EU ETS firms can be ascribed to the policy itself, and not to a third factor that
also affects all treated firms. The credibility of a given study thus depends on whether the
authors can establish that a correlation reflects in fact a causal relationship. If firms had been
assigned completely at random to either a “treatment group” (i.e. firms in the EU ETS) or a
“control group” (i.e. firms not in the EU ETS), the difference in the average firm-level
performance between these groups could be interpreted as the causal impact of the EU ETS.
In practice, however, this was hardly the case® and any serious evaluation attempt must
acknowledge the possibility that treated firms might have been selected according to some
criterion that is not unrelated to the outcome and thus induces a bias in the impact estimate.

Evidence on employment, output, and profits

One of the most ambitious studies in this sense is by Abrell et al (2011), and was mentioned
above already in the review of emission reductions. In addition to their analysis of emissions,
Abrell et al. estimated the economic performance impact of the policy after matching each EU
ETS firm with only one firm in a non-EU ETS sector. This control firm was chosen to be the
most similar one based on observable firm characteristics.’® Abrell et al. found that
participation in the EU ETS had no statistically significant impact on a company’s added value
and profit margins. However, in the period between 2004 and 2008, they found a statistically
significant, slight decrease in employment at EU ETS firms of 0.9%. Further analysis revealed
that this was driven by a particular sector, non-metallic minerals. Splitting the sample into over-
and underallocated firms*! did not yield a clear pattern. The authors acknowledged that their
practice of taking control firms only from non-regulated sectors was problematic because of the
possible non-random selection of which sectors were regulated under the EU ETS. Due to this
matching problem, their study is likely to suffer from selection bias at the sector level.
Moreover, their analysis could not estimate possible indirect impacts on industries not directly
regulated under the EU ETS, as these were part of the group of control firms.*2

Commins, Lyon, Schiffbauer and Tol (2011) also used the AMADEUS database to study the
impact of energy taxes and the EU ETS on about 200,000 firms in Europe between 1996 and
2007. Their regression analysis gave rise to a negative effect of the EU ETS on productivity
and profits in the order of 6%. The effects on employment and investment were not statistically
significant. The main caveat of this study is that the treatment status of a firm was determined
at the sector level, i.e. firms with small installations were incorrectly labelled as treated

° For example, some sectors such as the chemical or aluminium industries successfully lobbied for an exemption of their
process emissions during the first two trading phases of the EU ETS.

%n practice, they use the propensity score to determine the similarity.

! Firms were considered over-allocated if their allocation factor — defined as the ratio of freely allocated allowances to
verified emissions — exceeded 1.15 (the median allocation factor in 2005), and vice versa.

2 This caveat is shared by other studies that derive causal impact estimates from a comparison of firms in the EU ETS with
firms not in the EU ETS. The challenge with estimating indirect effects is to identify a control group of firms that, for reasons
unrelated to their economic performance, are not affected by electricity price increases or other indirect effects of the EU
ETS.
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although only large installations in the sector were subject to regulation. It is unclear how
severe a bias this causes, as the thresholds were very low in many sectors. The estimated EU
ETS effects therefore included the impact of sector level shocks to the outcome variables
which were unrelated to the EU ETS. Moreover, this paper did not address the above-
mentioned issue of selection at the sector level. Differences in the sample composition aside,
these two studies demonstrate that different assumptions and modelling priorities give rise to
rather different results.*?

In one of the first ex-post analysis of the EU ETS, Anger and Oberndorfer (2008) proposed to
use a control group from within the set of EU ETS firms. Using AMADEUS data on 419 EU
ETS firms based in Germany, they regressed the change in revenues or employment between
2005 and 2004 on the allocation factor — defined as the ratio of allowances allocated for free
to verified emissions — which was taken as an indicator of whether the firm’s permit allocation
was binding or not. The regression results provided no evidence for a significant impact of the
allocation of EU emissions allowances on firm revenue or employment changes in 2005. A
caveat of the study is that verified emissions were likely simultaneously determined with
revenue or employment in 2005. This means that emissions were an outcome rather than an
explanatory variable, and would invalidate the results. The authors tried to address this
problem using instrumental variables techniques and also obtained insignificant results.
However, little effort was made to convince the reader that the instrumental variables were
credible.

Evidence from stock market data

A single study examined stock-market prices as a measure of economic performance in an
event-study framework. The event-study method exploits high-frequency data from a very short
time window before and after the treatment (the “event”) to estimate the effect of the event on
an outcome. This effect can be given a causal interpretation under the assumption that any
confounding factors between the treatment and control groups remain unchanged during the
event window. In a sample of 548 firms (including power generators) included in the
EUROSTOXX, Bushnell, Chong and Mansur (2011) found that stock prices fell in response to
the precipitous fall of the allowance price in April 2006. This response was found for firms in
both carbon- and electricity-intensive industries, and particularly for firms selling primarily within
the EU. They interpreted their findings as evidence that investors focused on the positive
impact of emissions trading on product prices (as firms passed-through the opportunity costs of
EUAs obtained for free), rather than just on negative compliance costs. Moreover, Bushnell et
al. found evidence that firms' net allowance positions also influenced how share prices
responded to allowance prices. While the event-study method offers a high-degree of internal
validity, it is unclear that the results from a particular study can be generalized to the EU ETS in
its entirety. For one, the sample was not representative, as it included only publicly-traded
firms, and only 124 of them participated in the EU ETS. Furthermore, current economic
conditions have led to an increased volatility in stock prices which could make it difficult to
corroborate these results for a larger set of firms in future event studies.

B Abrell et al. (2011) place greater emphasis on not coding untreated plants as treated whereas Commins et al. (2011) prefer
not to code treated plants as not treated. Furthermore, Abrell et al. compare treated firms to their most similar non-treated
counterpart only, wheras Commins et al. compare treated firms to all non-treated firms. Both modeling choices lead to a
smaller sample size in the former study.
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Evidence from trade data

The economic performance of firms subject to the EU ETS is intimately linked to the
competitiveness impact of this policy. Constantini and Mazzanti (2012) tested the impact of
Phase | on net imports from EU15 countries into more than 100 destination countries and for a
broad range of industries. The results indicated that the EU ETS had a negative impact in all
industries except in medium-low technology industries, where the effect becomes positive in
some specifications. The authors themselves cautioned that their results were not conclusive,
and that further disaggregation and longer time series were needed to obtain reliable impact
estimates. A general drawback of their empirical strategy was that the variable of interest was
defined in a way that would make it impossible to distinguish the EU ETS impact from other
macro level shocks.

Reinaud (2008) took a similar approach in a study of the aluminium industry. She regressed
net imports of aluminium into the EU27 on the year-ahead EUA price and other control
variables, using quarterly data from 1/1999 through 2/2007. She found a negative relationship,
which runs counter to the economic intuition that a higher carbon price would increase net
imports of electricity intensive aluminium from unregulated countries. However, this negative
effect is not necessarily causal, because the research design did not discriminate between the
impact of the EU ETS and a secular, upward trend in net imports. Reinaud also found no
evidence of a structural break in net imports following the introduction of the EU ETS.

Evidence from price data

Apart from the quantities, the prices at which goods are traded also carry information about the
competitiveness impact of the EU ETS. As was explained in the introduction to this subsection,
if the regulated sectors pass the cost of carbon through to product prices, this can be taken as
an indication that their competitiveness is not affected by the EU ETS in major ways — and vice
versa. De Bruyn, Markowska, de Jong and Bles (2008) examined the stochastic relationship
between industry-specific price indices in the EU vs. the US, and the carbon price. Using
monthly price data from 2001 until 2009, they found that energy-intensive industries such as
iron and steel and refining actually passed through a large fraction of the EUA price to the
respective product markets. In a similar analysis, Alexeeva-Talebi (2011) found that European
refineries fully passed through the price of EUAs on petrol retail prices between 2005 and
2007. Oberndorfer, Alexeeva-Talebi and Léschel (2010) used the same method to study cost-
pass through in several UK industries. They found EUA pass-through rates of 50-75% using
weekly data on gasoline and diesel prices for 2005 and 2006. For glass and ceramics products,
they use monthly data and use cost shocks other than EUA prices to identify pass-through.
They found evidence of pass-through of varying degrees and robustness. Further evidence of
pass-through of input price shocks was presented using EU-wide monthly prices of chemical
products between 2001 and 2007, although this was limited by the low number of observations
(75).

In sum, there is robust evidence that the EU ETS has not impeded the competitiveness of firms
and sectors that can simply pass-through the EUA cost. This evidence is based on price data
that are available at a higher frequency than performance indicators and on high-powered but
also data-hungry econometric methodology (co-integration analysis) that in principle allows the
researcher to establish causality. The principal caveats of these studies are that (i) the fact that
the EU ETS is a relatively recent policy limits the amount of time series data that can be used
for these data-hungry techniques, and (ii) the level of aggregation of available price data is too
high to allow meaningful estimation. While these studies found fairly high pass-through rates,
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there is little in the way of direct evidence on whether the EU ETS reduced market shares or
changed the composition of supply of regulated firms.

Evidence from survey data

The competitiveness impacts of the EU ETS have been at the heart of sizable amount of ex-
ante studies which relied in part on economic modelling and calibration exercises, in part on
data collected in surveys. Some surveys were conducted after the EU ETS was
implemented and hence should provide ex-post evidence relevant for this review. Although
there is a fundamental problem with establishing causality, the survey results pertaining to
economic performance can briefly summarized as follows: Based on interviews with senior
managers at six large manufacturing firms in the EU ETS, Kenber, Haugen and Cobb (2009)
found that the scheme neither resulted in significant costs, nor induced a fundamental shift in
strategy such as relocation or reduction of the workforce. Lacombe (2008) interviewed
managers at five European refining companies and found very limited economic impact on
firms. He attributed this to organizational inertia, weak incentives linked to the low emission
permit price that prevailed during the second part of Phase I, and to both industrial and
regulatory constraints. Given the small sample size, these studies hardly provided
representative evidence, however.

Of course for policy makers the central concern regarding competitiveness is not so much
impact on profits or costs as such but whether such impacts trigger the closure or downsizing
of business operations in Europe with resulting job losses. Martin, Mudls, de Preux and
Wagner (2012b) examine this directly using data collected in 761 interviews with managers in
six European countries. Managers were asked whether the company had plans to downsize
operations or re-locate abroad in response to carbon pricing over a time horizon until 2020. For
EU ETS firms, it was further asked how this re-location risk depended on whether or not the
company would continue to receive free allowances after 2012. The answers to these
guestions allowed for the construction of downsizing risk scores capturing subjective risk with
and without free allocation. The authors therefore used both interview data and estimates of
how sensitively firms responded to energy price changes, based on hard economic data from
25 countries, to establish the internal and external validity of the risk scores. They found that
downsizing risk was generally low, with most firms reporting no impact of future carbon pricing
on decisions where to locate business activity. The downsizing risk score was significantly
higher for the average firm in the EU ETS compared to non-EU ETS firms, although it did not
attain 10% reduction in production or employment.** Importantly, within the group of EU ETS
firms, there was substantial variation in both the level of downsizing risk as well the degree to
which such risk could be mitigated by giving free permits to firms. Martin et al. (2012b) further
showed that the rules drawn up by the EU Commission for free permit allocation in Phase llI
are very ill-suited to address these varying risks.™ In particular, they showed that the risk to
jobs could be reduced dramatically not only without increasing the amount of permits handed
out for free, but even when reducing it. This could be achieved by allocating free permits on the
basis of a simple index based on both the emissions and employment intensity of a business.

" This comparison was based on raw scores and did not control for other factors.

> These conclusions emerged after controlling for "noise" due to interviewer characteristics (by including fixed effects), due
to manager characteristics (by including the tenure in the company, dummies for gender and professional background) and
due to the time of the interview (by including dummies for month, day of week and time of day).
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Summary:

This review did not find strong evidence in the literature that the EU ETS in Phases |
and Il had any causal impact on (new-to-the-market) innovations by directly regulated
firms. While clean patent applications increased rapidly from 2005 onwards, the
evidence so far suggests that this was due to confounding factors such as concurrent
oil price increases or the implementation of other climate change policies. Other
evidence based on the impact of the post 2012 allocation rules suggested that the less

generous allocation rules in Phase Ill might drive clean innovation.

The evidence of a positive impact is somewhat more favourable when it comes to
technology adoption. However, the existing studies are narrowly focused on a limited
set of sectors and countries, and they lack rigour as far as the causal identification

strategies are concerned.

The impact of the EU ETS on innovation is of interest from a number of perspectives.

1. Investment in new R&D and new technologies will make it easier and cheaper to
achieve a given reduction target.

2. Innovations have the potential to spill over to other businesses that may or may not be
regulated. Such spillovers would improve the effectiveness of the EU ETS and of
climate policy in Europe more generally. On the one hand, they help to reduce the
cost of emission abatement in the non-regulated sectors within the EU, where
regulation is necessary to meet the Kyoto targets but not necessarily cost effective for
lack of emissions trading. On the other hand, if innovations spill-over across EU
borders, they lower the cost of emission reductions in countries with no or less
stringent climate policies in place.

3. Understanding the impact of the EU ETS on innovation is a central element of the
recent debate on “Green Growth”. For climate change to have a positive impact on
disposable income in the short run, innovations induced by climate policy need to spill-
over more easily than the kind of innovations that would have occurred in absence of
the policy.*®

Note that the existence of innovation spillovers aggravates the problem of market failure
created by the global environmental externality. Businesses undertaking privately-funded R&D

'® There is a wide range of definitions of green growth (Jacobs, 2012). A positive impact of climate policies on short-run
economic growth is only one possible definition.
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have no incentive to take into account the positive effects of their investment on other firms.*’
This might explain why businesses are not reacting optimally to climate policies.

A recurrent difficulty with discussing the literature on innovation is that different authors use the
term innovation for a wide range of very different things. The following table suggests a
distinction between different types.*®

Table 3: Classifying Innovation

Category Innovation type Description
Innovation Product innovation Helps the innovating firms' customers to
impact/purpose reduce emissions
Process innovation Helps the innovating firm to reduce
emissions.
Degree of New to the The firm is inventing a new technology or
innovativeness market/economy practice rather than merely adopting an
New to the firm Adoption of an existing technology or
practice
Impact on climate Clean innovation Innovation leads to GHG emission
change reductions.
Dirty (non clean) Innovation does not lead to GHG emission
innovation reductions.
Stage of the Innovation input Resources that are devoted to research and
innovation process development
Innovation output A successful innovation. Typically measured
by patent counts; also sales from new
products.

Innovations can then be characterised according to all possible combinations of the four
categories. An example would be a process innovation that is new to the market and helps the
innovating firm to reduce its GHG emissions.

Note that these different types are likely to have different implications as far as spillovers are
concerned. For instance, one might expect that innovations that are new to the market are
more likely to lead to spillovers than the mere adoption of existing technologies and practices.
Having said that, adoption of a new technology could have relevant “external effects”, for
instance by alerting other firms to the feasibility of doing something in a new way.

Y See Jaffe, Newell and Stavins (2005) for more discussion on this.
® Thisis a synthesis of innovation classifications used in surveys such as the CIS (a dataset used e.g. in Borghesisi et al, 2012 or
Martin et al, 2011)
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The distinction between the direct and indirect effects of innovation is an important one. Direct
effects occur when firms regulated by the EU ETS show an innovation response. An example
of an indirect effect is increased innovation by the technology suppliers of a regulated industry.
It is important not to confound indirect effects with spillovers, even though it is sometimes hard
to distinguish between the two in practice. For example, suppose that a regulated firm
purchases new energy-saving equipment ,say solar panels, in response to being regulated. In
order to meet this demand, the equipment supplier embarks on more R&D to improve the
energy efficiency of her equipment. In this scenario, no spillover has occurred. Suppose now
that, because of a new insight obtained from research on improving solar panels, an unrelated
manufacturer of semiconductors can improve the performance of her products. If the
semiconductor manufacturer does not compensate the solar panel manufacturer by means of
licence payments or the like, then a spillover has occurred. This is illustrated in Figure 7.

Figure 6: Spillovers versus indirect innovation effects
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Based on these inclusion criteria, we identified 8 papers on the link between the EU ETS and
innovation outcomes. All of them are based on firm-level data and, with the exception of
Hagberg and Roth (2010), Calel and Dechezleprétre (2012) and Borghesi, Cainelli and
Mazzanti (2012), they rely on cross sectional survey or interview data gathered by the
researchers. The papers vary widely in the representativeness of the evidence, the breadth of
sector and country coverage as well as in the efforts and possibilities to establish a robust
causal inference. Further, the studies use different types of innovation outcomes and consider
different EU ETS trading phases.
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Large sample evidence for multiple countries and sectors

Figure 8 which is reproduced from Calel and Dechezleprétre (2012) provides a first glance at
the evidence. The top panel of the figure reports the share of low-carbon and pollution-control
patents in total patent applications submitted to the European Patent Office (EPO) between
1978 and 2009. In terms of the classification scheme presented above, these represent
innovation outputs that are clean, new to the market, and could represent product or process
innovations. The introduction of the EU ETS in 2005 coincided with a dramatic acceleration of
the share of low-carbon patents but not pollution-control patents. To the casual observer, this
might indicate a strong impact of the EU ETS on innovation as the EU ETS is distinctly about
carbon emissions, and not about local air pollutants that are abated with pollution control
technologies. However, the bottom panel of Figure 8 suggests that this might not be the only
explanation: the increase in patent applications followed a similar increase in oil prices, which
might have incentivized energy efficiency improvements and, hence, low carbon patents. Note
that the increase after 2005 is markedly stronger than the spike in patenting during the oil price
shocks of the late seventies and early eighties. Moreover a number of other climate policy
instruments have been implemented across the EU in recent years that might have had a
positive effect on clean innovation.

Figure 7: The share of low-carbon patents and oil prices (1978-2009)
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Source: Calel and Dechezleprétre (2012)
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Calel and Dechezleprétre examined this further by adopting a firm-level perspective. They
compared the patenting across firms regulated and not regulated by the EU ETS. The study is
particularly impressive in that they managed to match almost all EU ETS firms to the set of
firms that are recorded in the patent data. The comparison of innovating EU ETS firms with
innovating firms not in the EU ETS yielded the result that the former group had a larger
increase in patenting after 2005. The increase was particularly pronounced from 2008
onwards, i.e. in Phase Il of the EU ETS (see Figure 9). This effect vanished, however, once the
authors compared EU ETS firms with non-EU ETS firms that were more similar. This was
necessary because the typical EU ETS firm was found to be very different from a typical non-
EU ETS firm. Similarity was defined within sector'®-country cells on the basis of variables such
as employment size and amount of patenting pre-ETS. The authors excluded a number of
observations because no adequate match could be found.

Hence the evidence so far could not reject the hypothesis that the EU ETS had no effect on
innovation as proxied by patents. Several caveats remain however. Firstly, it might be the case
that innovation effects occurred in regulated firms that had to be excluded because no match
could be found. The authors addressed this by adopting less stringent criteria for finding
matched firms thereby more than tripling the number of EUETS firms that are included in the
analysis. Again they could not find a statistically significant effect, however.

Secondly, it might be the case that innovation effects occurred indirectly; i.e. in firms that were
not directly regulated by the EU ETS. This is a key question that needs to be addressed in
future research and will be discussed in the gap analysis below.

Figure 8: The share of low-carbon patents in EU ETS vs non EU ETS firms (1978-2009)
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Source: Calel and Dechezleprétre (2012)

Martin, Mudls and Wagner (2011) pursued a different approach (see also the above discussion
of Martin et al., 2012b). Based on interviews conducted in 2009 with managers at 761
manufacturing firms in 6 European countries, they constructed scores (on a scale from 1 to 5)
for clean innovation in processes and products, respectively. The scores captured the
company's clean R&D activities in the widest sense, i.e. innovation inputs. Like Calel and
Dechezleprétre, Martin et al. (2011) found no significant difference in innovativeness between
EU ETS and non-EU ETS firms. This confirmed the results from an earlier 2008 wave of

® Economic sectors were defined at the 3-digit level for the NACE Rev. 2 industry classification.
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interviews with managers at almost 200 medium-sized manufacturing firms in the UK, where no
significant differences emerged in similarly constructed innovation measures (Martin, Mudls, de
Preux and Wagner, 2012a).

As was mentioned earlier, comparisons in the cross section are, however, prone to omitted
variables bias. To circumvent this problem, Martin et al. (2011) also examined the innovation
impact of changes in innovativeness around the thresholds set by the EU for continued
grandfathering of emission permits after 2012. As is displayed in Figure 10, these thresholds
are defined in terms of sectoral trade and carbon intensity; i.e. firms in sectors with high carbon
and/or trade intensity will continue to receive free permits after 2012. Firms that were just
below the thresholds required for free allocation conducted significantly more innovation than
others. This discontinuity in innovation activity around the cut-off threshold remained strong in a
number of robustness checks.

Figure 9: A regression discontinuity design for allocation effects
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This result has a number of implications. First, it suggests that there might be some tangible
innovation effect in Phase Ill. Second, the impact on innovation depends on the detailed EU
ETS policy design; i.e. the requirement to pay for permits, rather than getting them for free
might have an important signalling effect. Clearly, this contradicts the so-called independence
hypothesis of cap and trade systems (Hahn and Stavins, 2010).

Large sample evidence for specific countries

Hagberg and Roth (2010) analyzed technology adoption using a unique panel dataset of
around 600 Swedish firms in a number of energy intensive manufacturing sectors as well as in
the energy sector. The dataset provided information on carbon abatement investment for the
years 2002 to 2008. The authors found a significant increase in such investments after 2004.
Unfortunately, they seemed unable to identify EU ETS firms explicitly in their dataset. To
address time-varying confounding factors, they resorted to comparing the whole sample with
firms in the chemical industry which were small and therefore unlikely to be part of the EU ETS.
This revealed a gap in abatement investments after 2004, as shown in Figure 11. The authors
performed a number of robustness checks and concluded that the EU ETS had indeed a
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causal effect on such investments. While this is a plausible story, it relies on the assumption
that innovation by EU ETS firms would have evolved in the exact same fashion as innovation
by small chemical firms, had it not been for the introduction of emissions trading. Yet Calel and
Dechezlepretre (2012) demonstrated that it is important to compare EU ETS firms to non-
treated firms that are similar in all other characteristics. As this requires making comparisons
within sectors and size classes, comparing small chemical firms with all other firms might be
too much of a stretch.

Figure 10: Carbon Abatement Investments for different subsectors of the Swedish
Economy (2002-2008)
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Borghesi et al (2012) worked with data on about 1,000 firms in the 2008 Italian Community
Innovation Survey (CIS) which is part of an official European effort to gather data on innovation
at the firm level. They found that EU ETS firms were more likely to be involved with
environmental innovation, defined in a broad way. This is merely a correlation, however, not
necessarily the causal impact. They also examined the effect of a sectoral EU ETS stringency
measure, defined as sectoral emissions divided by sectoral allocations. This measure was
negatively correlated with innovation. When taken at face value, this contradicts the result by
Martin et al. (2011) that firms in sectors with less stringency (i.e. more free permits) innovate
less. However, the study design adopted by Martin et al. (regression discontinuity) controls for
confounding unobserved factors; for instance, more energy intensive sectors could be less
innovative. Additional results in Martin et al. (2011) indicated that the relationship between
innovation and energy intensity was hump-shaped indeed, irrespective of the EU ETS or the
generosity of allocations.

Small sample evidence and case studies

The remaining studies reviewed in this section relied on much smaller datasets and often were
akin to case studies. Causality in these studies is typically based on the subjective assessment
of survey or interview participants. For instance, on the basis of interviews with 27 EU ETS
firms in Ireland, Anderson, Convery and di Maria (2011) found that the first phase of the EU
ETS was effective at stimulating moderately clean technological change and also raised
awareness about emissions reduction possibilities.
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Rogge, Schleich, Haussmann, Roser and Reitze (2011) conducted face-to-face interviews with
interviewees at three paper producers and four technology providers, between June 2008 and
September 2009. In the medium term (between 2013 and 2020), the majority of paper
producers felt that they would be negatively affected by all climate policy elements, primarily by
long-term targets. The majority of technology providers felt currently unaffected by climate
policies. The share of technology providers feeling unaffected reduced somewhat when
considering the medium run up to 2020. Also, the share of technology providers feeling
positively impacted by climate policies was larger than the share feeling negatively impacted
(18% vs. 12%). The EU ETS was ranked only seventh among several determinants of R&D
activities among paper producers, only 21% of which thought it was very relevant. Factors that
rank higher include market forces (e.g. the price of raw materials) and technology specific
regulation, which are all not too surprising. A somewhat less expected result is that public
opinion seems to be a more important driver than the EU ETS. Among technology providers,
8% thought that the EU ETS was very relevant whereas 61% thought it was not relevant at all.
None of the respondents expected near-term changes, but two thirds of both groups expected
that, by 2020, the relevance of R&D would rise due to climate policy.

Pontoglio (2011), based on a survey of 38 Italian paper manufacturers in 2006, reported that
most firms (66%) were short of allowances and met this shortage by borrowing (72%). One half
of the firms (52%) had not undertaken efforts to reduce emissions, e.g. by investments in new
technologies, and the other half (48%) had undertaken such efforts or was planning to do so.
Further interviews with equipment suppliers revealed that none of them had the intention of
making energy or CO, efficiency a selling point for their products or company.

Petsonk and Cozijnsen (2007) described a small number of new technological approaches that
were adopted by companies regulated under the EU ETS. For instance they give the example
of a Dutch oil refinery that recycled waste CO, as fertiliser in adjacent greenhouses. However,
no attempt was made to establish a causal relationship.
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Summary:

The available evidence on emissions reductions via the CDM is entirely descriptive.
The most successful CDM projects were implemented in Asia and reduced GHG
emissions other than CO,. Although CDM credits traded consistently at prices below
the EUA price, their use only amounted to one third of the legal limit, and less than one
twentieth of total permit allocations. CDMs transferred a small piece of the European
carbon pie to developing countries, but the available estimates of exactly how much
remain highly uncertain. There are no estimates of how much the CDM as a whole

lowered the EUA price.

The Clean Development Mechanism (CDM) and Joint Implementation (J1) allow the parties to
the Kyoto Protocol to meet part of their emission target by financing emission reduction
projects in countries outside the EU, including developing countries in the case of CDMs. The
EU “Linking Directive” 2004/101/EC allows for the inclusion of abatement credits from CDM
and JI in the EU ETS. The former are called certified emission reductions (CERSs), and the
latter Emission Reduction Units (ERUs). The primary goal of these emission offsets is to
reduce the total compliance cost. As low-cost abatement opportunities outside of the EU ETS
are included in the scheme, the supply of cheaper permits will drive down the EUA price. At the
same time, if emission reductions are properly accounted for and monitored, the environmental
effectiveness of abatement in third countries is the same as that of internal abatement at EU
ETS firms. A secondary goal can be seen in the transfer of funds and technology to non-Annex
B countries, and to engage these countries in the process of climate change (Wara and Victor,
2008).

Imports of CERs and ERUs into the EU ETS are subject to limits that are formulated in terms of
a maximum proportion of the installation level allocation of EUAs. These offset limits vary
between 0 and 20%, depending on the country, and average at 13.5% (Trotignon 2011). CERs
can either be imported directly, e.g. when an EU ETS firm or a third party sets up a CDM
project, or bought in secondary markets.

By some estimates, CERs could account for up to ten times the actual emission abatement
within the EU ETS (Wara and Victor, 2008), but there is little ex-post evidence on the share of
CER credits in total abatement. Trotignon (2011) provided a descriptive analysis of CER use
by EU ETS installations during 2008 and 2009. In the two years, 170 million CERs were
surrendered, amounting to 4% of allocations and one third of the average annual import limit.

Most CERs were coming from HFC and NOXx projects in China (about half), India, Brazil and
South Korea. CER use was highly concentrated, in that 70% of CERs were surrendered by
10% of installations that surrendered CERs (1.5% of all installations). Overall, only 9% of
installations imported CERs, i.e. CER use fell way short of the allowable maximum. CERs were
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coming mainly from the largest and oldest projects. According to Braun (2011), about 900
installations were at their offset limits, which corresponds to 25% of installations that used
CERs or ERUs .

CDM projects that reduce CO, emissions are still a minor provider of CDM credits. Based on a
survey of ten wind energy developers with projects in developing countries, Blanco and
Rodrigues (2008) found that CDM and JI project-based schemes played a role in the
development of wind energy projects in third countries, but the decisive element for a company
considering to invest there was to be seen in the local institutional framework and the long-term
stability of CO, markets. Both the small sample size and the ex-ante nature of this survey (it
was carried out before CERs could actually be traded in the EU ETS) would call for this topic to
be revisited in future research.

Apart from encouraging abatement in developing countries, trading in CERs diverted some of
the rents created by the EU ETS to developing countries. The magnitude of these transfers
could be proxied by multiplying the volume of CER imports by the CER price. However, this
would likely overstate the financial flows to developing countries because the marginal cost
of directly imported CER credits might have been lower than the CER price in secondary
markets.

With regard to the demand side of the CER market, Trotignon estimated the benefits of offsets
to EU ETS participants by multiplying the volume of trades with the average annual EUA/CER
price spread. This yielded a mid-estimate of 283 million Euros for the two years, which can be
interpreted as an arbitrage profit of firms that sell EUAs and buy CERs (Vasa, 2011). However,
this could overstate the benefits because the price spread might simply account for higher
transaction costs, information costs or risk discounts applicable to CER credits (Braun, 2011;
Vasa, 2011). The fact that the offset limits were far from being fully exhausted suggests that
such factors may have played a role.

Drivers of Abatement

There is no robust evidence as to the channels through which the EU ETS has been driving (or
not) emission reductions in the industry sector, apart from the few results from interviews with
EU ETS firms reported in the previous section. Also, Abrell et al. (2011) and Martin et al. (2011)
pointed to the fact that the independence property should hold on the carbon market, implying
that only the price affects emission reductions. However, their results seemed to suggest
otherwise, with allocations driving abatement differentially.

Besides, an important literature has analysed the financial characteristics of the carbon market
(see for example Ellerman et al (2011), chapter 5). Yet, this literature has not established any
link between the market’s characteristics (such as its liquidity) and the abatement decisions of
firms. There is also no evidence on how important the signalling effect of the EU ETS has
been: despite low prices and unbinding allocations, it could also be the case that the mere
existence of the system signals more stringent days to come in the medium term.
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Box 2: Mechanisms behind the EU ETS impact: Evidence on behaviour and
management

In addition to a mere quantification of the impact of the EU ETS in terms of abatement,
clean innovation or economic performance, it is interesting to study the mechanisms
behind such impacts. So far, there is no direct evidence on the mechanisms driving
specific impacts. However, some studies provided a closer examination of behavioural
and managerial aspects of the EU ETS.

Trading

The bulk of this strand of the literature has focused on various aspects of how firms
behave on the permit market. To the extent that this was investigated using data from
CITL, this has been discussed above. Other studies used survey data to shed light on
this question. Economists often take for granted that firms make rational decisions based
on a comparison of the allowance price and their marginal abatement cost. In contrast,
the empirical evidence shows that firms were trading mostly to buy the permits they
needed to be in compliance. This finding appeared to be fairly robust as it emerged in a
number of different studies, including a survey of 120 German EU ETS firms (Loschel,
Heindl, Alexeeva-Talebi, Lo, and Detken, 2010), interviews with managers of 432 EU
ETS firms (Anderson et al., 2011), a survey of all Swedish EU ETS firms (Sandoff and
Schaad, 2009), and in the Carbon Disclosure Project (Pinkse and Kolk, 2007). This could
have raised the overall compliance cost, as firms with excess amounts of permits did not
make them available to other market participants. Anderson et al. (2011) showed that the
reluctance to trade prevailed among firms with less than 5,000 permits, whose aggregate
impact on the permit price was limited.

Management

Judging from the number of firms where emissions trading decisions are a responsibility
of management, the EU ETS carries considerable weight and status within the
organization (Sandoff and Schaad, 2009; Anderson et al., 2011; Lappalainen, 2006). A
survey of 50 EU ETS companies in 2006 demonstrated that the majority had established
an own EU ETS risk management strategy rather than using their general risk
management strategy (Lappalainen, 2006). Half of these companies supported their risk
management by using portfolio analysis, or by constructing price or market models. The
use of financial instruments was generally more extensive in large companies. These risk
management strategies followed a few basic compliance strategies — EUA trading,
internal abatement, and investments in emission reduction projects or carbon funds.
Faure, Hildebrandt, Rogge, and Schleich (2008) tried to shed light on what criteria firms
use to rank different compliance strategies. Based on a survey of 50 German EU ETS
firms, they found that abatement costs were deemed most important and reputation
effects the least important.

While these studies based their conclusions on EU ETS firms only, others related
management practices and EU ETS participation. Jeswani, Wehrmeyer, and Mulugetta
(2008) compared UK and Pakistani firms and found that the environmental friendliness of
a company's management strategy is lower in companies that are not in the EU ETS,
such as small chemical firms. It was not clear, however, if this was a statistically
significant difference, and how the influence of confounding factors was mitigated.
Okereke (2007) documented that many FTSE100 companies were engaging in some
form of action regarding climate change and attributed this to the EU ETS and other
government policies.
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Interaction of policies

The EU ETS naturally interacts with a range of different policies, both across countries and
across policy domains. While it is important to gain a better understanding of the implications of
such interactions for the further development of the EU ETS and climate policy more broadly,
the review did not find any ex-post analysis of such interactions.

While the EU ETS is the main EU policy to achieve emission reductions, other policies are in
place at the national, EU and international levels. Their interactions with the EU ETS are
important elements to be understood for future negotiations over the design of future EU ETS
trading phases as well as over a global climate policy architecture that involves non-EU
countries.

Following Sorrell and Sijm (2005), one can distinguish between three types of interactions.

1. Direct interactions arise if, for example, some participants in the EU ETS are also
subject to CO2 emission limits or to a carbon tax.

2. Indirect interaction occurs if, for example, a non-EU ETS firm is indirectly affected by
the EU ETS due to higher electricity prices and directly affected by a carbon tax.

3. The linkage of two emissions trading schemes gives rise to trading interactions, as
was the case when the linking directive allowed CERs to be traded on the European
carbon market.

At the national level, energy and carbon taxes that pre-dated the introduction of the EU ETS
played an important role for the total amount of emission abatement. For the UK, Martin, de
Preux and Wagner (2011) found that the Climate Change Levy caused manufacturing firms to
improve their energy intensity by a substantive margin, relative to firms that were in the Climate
Change Agreements, during the four years preceding the introduction of the EU ETS. On the
one hand, given that EU countries face binding targets on carbon emissions under the Kyoto
Protocol, carbon taxes are bound to remain the economically preferable policy instrument for
as long as the EU ETS does not cover all carbon emissions. This is because a carbon tax in
the non-trading sector would induce firms to equate their marginal abatement cost to the tax
rate, so that overall abatement costs are minimized. On the other hand, many EU countries
have seen initiatives to reduce or eliminate such taxes for firms that are regulated under the EU
ETS, especially with regard to Phase Il when grandfathering of permits will be replaced by
benchmarking and partial auctioning of permits. The net effect of making permits more
expensive while reducing the tax burden is unclear a priori and has yet to be studied.

At the EU level, other policies such as the 2020 target of 20% of renewable energy or the
Energy Efficiency plan seek to achieve emissions reductions. While there are some qualitative
analyses of the interactions of such policies in the power sector (Del Rio, 2009; Del Rio,
Labandeira, and Linares, 2009), there is no ex-post analysis for the industrial sector.

Finally, the EU ETS interacts directly - by virtue of the Linking Directive - with the Kyoto
flexibility mechanisms CDM and JI, which have been discussed above. In addition, the future
could see linking of this to other national or regional carbon trading schemes in North America,
Australia or Asia. As of the writing of this report, there is no ex-post evidence on such
interactions.
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Synthesis/Policy implications

A central challenge for the EU ETS, as it continues to develop into a mature cap-and-trade
system, is to establish a more meaningful carbon price. The key questions for the regulator
therefore are (i) how high a price should this be or, alternatively, how tight a cap should be set
in going forward to deliver the desired level of emission abatement, and (ii) what consequences
does this cap have for economic growth and competitiveness. Unfortunately, none of the
studies reviewed here provided any guidance on the required price level on the basis of ex post
evidence.?® If anything, Martin et al. (2011) found that managers expected an average price
level in the range of €40 by 2020. This price level should be seen in conjunction with their
result that only a small fraction of businesses expected downsizing or relocation due to climate
policies.

On the one hand, the lack of an impact on innovation is consistent with the view that the carbon
market established an insufficient price signal for induced innovation. On the other hand, on the
basis of the currently available ex-post evidence, it is impossible to rule out alternative
explanations for this phenomenon.

Another important policy parameter concerns the practice of free allocation. Several studies
concluded that free allocation can have a negative effect on both the environmental and cost
effectiveness of the EU ETS (Abrell et al, 2011; Martin et al. 2011; and Anger and Oberndorfer,
2008). Reducing free allocation would therefore appear to be a good policy objective in going
forward, without losing sight of the key objective of free allocation to mitigate the risk of carbon
leakage and job losses. The index for free allocation proposed in Martin et al. (2012b) provided
a starting point for this kind of initiative.

20 1t may seem that ex-post analysis is the opposite of the analysis of counterfactual scenarios, usually done via simulation.
However, the truth is that ex-post evaluation can lend the necessary credibility to a fitted econometric model used to
simulate counterfactual policies. For instance, Aghion, Dechezlepretre, Hemous, Martin and van Reenen (2012) calculate the
counterfactual fuel price increases required to incentivise radical clean innovation in the automotive industry.

41



An Evidence Review of the EU ETS

Gap Analysis
Summary:

Since the EU ETS was not designed as a randomized experiment, an ex-post evaluation
of the EU ETS must necessarily rely on non-experimental techniques. It has become
clear in the review that such techniques have not been used to their full potential in the
literature so far. Robust inference on the causal impact of the EU ETS on abatement,
innovation and economic performance necessitates better data. Future research must
thus rely on large, high-quality datasets maintained by national governments, which
have not been used thus far to evaluate the EU ETS. Furthermore, the scope of ex-post
analysis will need to be broadened. In particular, there is very scant evidence on the
role of CDMs in abatement, on the interaction with national policies, and on the
mechanisms that drive the observed impacts. A promising way to shed light on this is
to collect data in representative large-scale surveys among the affected firms, and
jointly analyse these data with “hard” performance data on emissions and

performance, available from official sources.

The identification problem and the ideal solution

The principal challenge in policy evaluation research — known as the identification problem — is
to attribute only the part of the observed behavioural change to the policy that was actually
caused by the policy — no more and no less. This is difficult because many factors might impact
on behaviour at the same time. For various reasons, such factors could be correlated with the
policy and hence confound the impact estimate.

The state-of-the-art solution to the identification problem is to conduct a randomized-control
trial (RCT), or field experiment. For example, in an RCT of emissions trading, a group of
randomly selected firms would be regulated in a cap-and-trade program whereas another
group of firms would not be regulated at all. The impact of emissions trading could then be
consistently estimated as the average difference in the outcome between the two groups. This
is because, thanks to the randomness of the assignment, any idiosyncratic differences in how
firms respond to the treatment are distributed identically across treatment and control group,
and hence average out.

Blueprint for a non-experimental evaluation study

In many real-world settings, randomization is neither feasible nor desirable. Therefore,
programme evaluation must resort to non-experimental techniques. Given this constraint, an
ideal evaluation study of the EU ETS would marry a representative firm or plant-level dataset of
suitable quality with a research design that establishes the causal impact of the policy on the
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outcome considered, as opposed to a mere correlation. These conditions are detailed in what

follows.

The data should be a large and representative sample of the industrial sector. Other
sectors, such as power or services, should not be included given the focus on
industrial emissions.

The data should cover several years before and after the introduction of the EU ETS.
The frequency should be at least annual.

As a rule, data should be available at the level of the firm or plant, because this
minimizes the chance that aggregation affects the evaluation results. For example, if
the impact of the EU ETS on output was estimated using sector aggregates, the
researcher would be comparing treated sectors to control sectors. Since treated
sectors are energy-intensive, the effect of confounding factors that affect energy-
intensive industries (for instance, think of an energy price shock that coincided with
the introduction of the EU ETS), would be erroneously ascribed to the EU ETS. An
analysis at the firm level, on the contrary, would be comparing treated and non-treated
firms within energy-intensive industries. To the extent that energy-intensive firms
respond to an energy price shock regardless of their EU ETS participation status, the
firm-level comparison purges the impact estimate of this confounding factor.

The data should contain accurate measures of the outcome of interest. For example,
direct carbon emissions should be calculated based on the consumption of various
fossil fuels, multiplied by their respective carbon coefficients. Monetary outcome
variables (output, value added, prices, profits, cost, etc.) should be converted to real
terms using appropriate deflators, innovation variables should be differentiated by
innovation type (clean/dirty).

The matching of CITL data (the relevant database on the treatment status) to other
data sources should be as complete and as reliable as possible in order to avoid that
EU ETS firms are treated as non-EU ETS firms, and vice versa.

Administrative datasets on plants and firms in the industrial sector are maintained by many
governments and constitute a rich source of high-quality data suitable for impact analysis.
These data have not been used to date in the evaluation of the EU ETS, mostly because
governments have restricted access to them. As some ongoing research projects show, these
access restrictions are no longer prohibitive, and one can expect that research on the EU ETS
will progress to use only such high-quality data.

Various techniques are available to address the identification problem.
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Matching: The idea is to compare each ETS firm only to observationally identical firms
that are not in the EU ETS, rather than to all firms not in the EU ETS. This technique is
more credible, the larger the number of observable variables that are used to single
out observationally equivalent firms. On the flip side, if the match is based on few
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variables, there is a chance that the firms are dissimilar along some unobserved
dimension, and this would invalidate the comparison.

e Regression-discontinuity design (RDD): Size thresholds are defined for each EU ETS
sector, and firms that fall below the threshold are not included in the EU ETS. The
threshold induces a discontinuous change in the propensity of treatment. RDD takes
advantage of this discontinuity and compares treated firms just above the threshold
with not-treated firms just below the threshold. The proximity to the threshold is meant
to ensure that treated and control firms are otherwise very similar in there
characteristics, so that the assignment can be regarded as random.

e Instrumental variable estimation: The identification problem can also be solved if one
or more variables are available that are correlated with EU ETS patrticipation but do
not have a direct impact on the outcome. The following hypothetical example
illustrates this method. Suppose that participation in the EU ETS was mandatory only
for firms whose VAT number (or the last digit thereof) is an even number. Then an
indicator variable for even VAT numbers would be a valid instrument as it would be
correlated with treatment status, but not with the outcome variable.

How this relates to the research reviewed above

Based on the ideal evaluation study defined above, the remainder of this section highlights the
gaps in the existing literature and suggests directions for future research. For a given outcome
variable of interest, a gap is defined either if there is a lack of evidence or if existing evidence
lacks a causal or representative estimate of the impact of the EU ETS. That is, there is a gap if
for a specific policy-outcome combination there is only correlation but no sound identification of
a causal relationship.
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No experimental evaluation of carbon trading has been undertaken thus far.

Although the EU ETS is sometimes referred to as the grand carbon trading experiment, its
implementation cannot be described as an experience in scientific terms, in that treatment
and control groups were not selected at random. Clearly, nothing can be done about this at
the current state of affairs. Nevertheless, from a conceptual point-of-view, it is worthwhile
pointing out that the first evaluation gap already opened up at the stage of implementation.

Non-experimental evaluation methods have not been used to their full potential.

There is currently a single study using matching techniques (Abrell et al. 2011) and another
one using the regression discontinuity design (Martin, Mudls and Wagner, 2011). No study
thus far has exploited the size thresholds for an RDD analysis.

The analysis of the effectiveness of the EU ETS in driving abatement is incomplete in a
number of ways.

o Existing studies have not been consequent at distinguishing between the power sector
and industrial emitters. This is mostly due to data limitations that prevent the
construction of counterfactuals for more narrow sectors of the economy. Neither have
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the results been differentiated by country. For example, there is no study that focuses
on the UK despite the fact that it represents a large share of EU ETS emissions.

o Existing work at the firm-level has relied on emission data from CITL. This meant that
no emission data were available prior to 2005 neither for a control group of firms not in
the EU ETS. There is a clear opportunity for improvement by using firm-level data from
official sources, which comprise carbon emissions or a large representative sample of
industrial emitters.

o0 The match of firm-level data to the CITL could be improved to refine existing studies.

o Very little is known about the mechanisms that encourage or discourage firms to
respond to a positive carbon price, and about the effects of permit allocation on firm
behavior.

0 The causality of emissions impact estimates in the literature reviewed here is not well
established. Improved methodological approaches that could disentangle the directions
of causality between participation in the EU ETS and emissions reductions require
better data, as explained above.

e The evaluation of the impact of the EU ETS on economic performance is incomplete.

o0 Typical data constraints include the limitation to a specific country, to a specific sector,
and/or incomplete matching of CITL data to economic performance data.

o Furthermore, many studies do not distinguish the results between the energy sector
and energy-intensive industries.

o Even the more technically advanced studies did not convincingly establish the causality
of their impact estimates. Identification challenges arise from the non-random selection
of sector coverage, and from exemption rules within the sectors if the impacts are
heterogeneous (vary with size). Progress on these issues will likely go in lockstep with
overcoming the data constraints.

e The evaluation of the innovation impact of the EU ETS is incomplete.

o0 New-to-market, clean innovations by regulated firms (i.e. direct innovations) are not
necessarily the most likely way in which the EU ETS might induce such innovations. A
more plausible scenario is that it might lead to innovations by the technology providers.
Some of the case studies discussed above looked at this. However, this evidence
should be corroborated and put on a broader and more robust basis.

o The work on technology adoption should be widened to more countries and sectors.

0 No study so far has dealt with the issue of potential impacts on non-clean innovation
areas. The key question here is the extent to which clean innovation replaces other
innovation, and to which extent it is additional. This is particular relevant for the debate
on green growth. In other words, finding that the EU ETS has a positive impact on clean
innovation does not necessarily imply that there is a positive impact on economic
growth in the short to medium run if R&D investments in clean technologies come at the
expense of other R&D investments in non-clean areas. Clearly, as long as there is no
sound evidence on the impact on clean innovation, there is no need to investigate other
areas. However, looking at non-clean innovations could also be revealing of errors in
how clean innovation is measured.

e Lack of research on the Clean Development Mechanism

0 Are emission offsets really additional? The question of how much the EU ETS
contributes to emission reductions in the rest of the world is closely linked to the main
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issue surrounding the use of offsets, which relates to the additionality of those
emissions. Wara and Victor (2008) gave a dire account of CDM credits that did not
represent real emissions reductions. They concluded that future offsets on a scale
sufficient to provide substantial cost-control for a cap-and-trade program would likely
exacerbate this problem. The question about additionality of offsets, while beyond the
scope of this review, is very timely and relevant, and hence will deserve more scrutiny
in empirical research.

0 The potential cost savings that accrue to EU ETS participants have not been estimated
in the literature. On the one hand, this would require a reliable estimate of the true cost
of CERs arising to a trading partner. On the other hand, there is a gap regarding the
even more important question of how much the supply of cheap CER credits has
reduced the market price for EUAs. As such a reduction would benefit all market
participants on the demand side. The potential benefits are large but to date they have
not yet been quantified.

Lack of empirical research on policy interactions

This gap goes beyond the above-mentioned lack of evidence for specific countries. Filling it
requires the analysis to explicitly account for pre-existing national policies with which the
EU ETS might interact.

Lack of research on the mechanisms behind the estimated impacts

There is no evidence so far that links the observed impact to specific mechanisms. For
example, is abatement achieved by switching fuels or by instaling a more efficient
technology? A promising way to shed light on this is to collect data on mechanisms in
representative, large-scale surveys among the affected firms. Subsequently, these data
can be matched to and jointly analysed with “hard” performance data from official sources,
which is informative of the impact on emissions, performance and other outcomes.

Closing these gaps is important for a number of reasons.
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To justify a large and costly policy such as the EU ETS a serious effort needs to be made
to understand its causal impact.

Both, the costs and benefits of the EU ETS are likely to differ across sectors. A better
understanding of these variations will help design more effective and equitable regulation
across firms and sectors, e.g. when it comes to compensation schemes via free permit
allocation.

Causal effects might also depend on auxiliary policies or on the interactions between
different elements of the EU ETS policy package. For example, if the permit allocation
process is not neutral with respect to the overall efficiency of the trading scheme, policy
makers need to be aware of this in order to reap the full benefits of the policy.

With the EU ETS as well as other climate policies the countries of the EU are currently
applying more stringent measures than most other countries globally. This entails the risk
of carbon leakage and relocation of economic activity. At the same time, fears of such
risks can be exploited by lobby interests to extract rents from governments. Improving the
evidence base on these issues is therefore essential for reducing the negative impact the
EU ETS may have on public spending. This concerns the issue of auctioning vs. free
allocation of emission permits, among others.

Finally, because regulating European emissions alone is insufficient to successfully
mitigate climate change, clean innovation effects are arguably more important than direct
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emission effects. To the extent that such innovation spills over to non-regulated emitters,
particularly the large emerging emitters such as China and India, this allows Europe to
punch above its carbon weight. Innovation effects also entail the possibility of “green
growth” in the short to medium run if they lead to spillovers within the EU that are larger
than would have been the case otherwise. Hence, to understand better if there are
innovation effects and under which conditions they arise should be a priority for future
investigations.
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Conclusion

This review examined the available ex-post evidence on the impact of the EU Emissions
Trading System on emissions of the industrial sector and related outcomes. Ideally, an ex-post
evaluation of the EU ETS recovers an estimate of the causal impact, defined as the difference
between the average outcome that is observed and the average outcome that would have
been observed had the EU ETS not been implemented. The bulk of the research reviewed
here failed to meet this ideal standard. The available evidence suggested that the impact on
emissions was on the order of 3% in the first Phase, averaged across all sectors and countries.
Specific results for industrial sectors were scarce and difficult to generalise. Regarding Phase
I, early results are mixed, with some evidence that it induced stronger emission reductions in
its first year, but other signs that the economic recession could have been the driver of later
abatement.

For the EU ETS to be dynamically efficient, it must provide incentives not only for emission
abatement in the short run but also for innovation in clean technologies. This is all the more
important as climate change is a long-run problem that will require formidable efforts to curb
GHG emissions over a prolonged time period. There is no doubt that clean innovation
experienced a steep increase since the start of the EU ETS, but there was no convincing
evidence that this increase was caused by the EU ETS and not other factors that impact
patenting. There was some evidence of technology adoption which was more compelling than
evidence on genuine innovation of new technologies or methods. Other evidence suggested
that clean innovation might pick up speed in the next trading Phase.

Any desired effects on emissions or innovation have to be balanced with potentially negative
effects on economic performance. The evidence here was not robust to modelling choices.
When negative effects were found, they were rather small and/or concentrated in a few
industries. While the evidence is not conclusive, an encouraging result is that there was no
evidence of strong negative effects on economic performance — even in going forward into
Phase Ill. Furthermore, the research reviewed here documented ample scope for improving the
efficiency of current policies designed to compensate those industries for negative impacts.

Finally, future research will have to fill important gaps in the literature to provide robust causal
impact estimates. Doing so will be challenging both methodologically and in terms of data
requirements. One should be optimistic, however, that these challenges can be overcome in
the future, particularly by using administrative panel datasets at the firm or plant level. Such
datasets are maintained by many national governments and constitute a rich source of high-
quality data that has been largely untapped so far.
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Annex A:. Search,
Quality criteria

Inclusion

and

Relevant literature was searched for using Google Scholar®’. Besides, close to eighty
individuals working in government, the EU Commission, think tanks, lobby groups and

academia were contacted personally as a further search step.

This ensured the collection of information on both published and unpublished research in
economics as well as wider evidence published as policy papers or industry studies. These are

search terms that were included.

EU ETS ex-post

EU ETS industry

EU ETS ex-post industry

EU ETS impact

EU ETS effectiveness

EU ETS impact emissions

EU ETS competitiveness

EU ETS CDM

EU ETS JI

EU ETS Cement

EU ETS Chemicals

EU ETS Paper

EU ETS Behavior/Behaviour

EU ETS management

EU ETS evaluation

EU ETS effects

EU ETS lessons

EU ETS low carbon technology

EU ETS abatement

EU ETS minerals

EU ETS aluminium

EU ETS steel

EU ETS ceramic

EU ETS combined heat and power

2 Using alternative engines such as JStore, IDEAS, and Social Science Research Network proved to yield similar results for the

first three search terms, and Google Scholar was chosen as the most comprehensive.
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For each term the search was constrained to publications dating from 2005 or later and to the
first 200 records resulting from the search engine. In addition, equivalent searches were made
in German, French and Spanish.

The websites of research institutes that appear to host a research team on the EU ETS were
also searched for specifically. They are the following:

CEPS Brussels
IDDRI

Wuppertal Institut
CEPS Brussels
Oko-Institut

EU Commission
CE Delft
Climate Strategies

To narrow down the initial the following inclusion criteria were applied:

Analyses of the impact of the EU ETS on emissions

Impact on use of CDM/JI

Impact on competitiveness

Impact on innovation/investment

Policy interaction of EU ETS with other policy

Mechanism of change in behaviour

Not solely analysing energy industry

Not modelling based

Not analysis of EUA price formation and patterns

Not policy design — or theoretical analysis or description of the rules
Not prior to 2005

Lessons for phase lll impact /effectiveness (if based on evidence from
phase I /1)

Indirect impact / outside EU — e.g. where it has led by example to the

Moreover we apply the following more quality based criteria (for inclusion):

Data/ evidence driven

Academic papers

Reports

Discussion papers

Not opinion piece
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Once the 56 papers were included according to the criteria set out above, a secondary quality
analysis was performed to answer the research questions set out in the introduction. When
valuing and discussing the evidence provided in each paper to perform the analysis the
following quality criteria will have been applied. None of the papers would be excluded on the
grounds of these secondary quality criteria.

Data reliability

Reported behaviour (derived from survey data):
e Sampling frame representative yes/no

o Sample size sufficient for inference yes/no

e Response rate sufficiently high to mitigate selection bias yes/no

e Survey method (questionnaire online or paper&pencil, telephone interview, interview
in person)

e Timing (ex ante/ex post/both); recalled or actual changes

Revealed behaviour (derived from performance data):
¢ Sampling frame representative yes/no
o Official data from administrative sources yes/no
e Sample size sufficient for inference yes/no
e Possible issues:
0 Quantities vs. total values (e.g. physical output vs revenue, energy
expenditures vs. energy usage in kWh)
o Appropriate deflators available yes/no

Data pertinence for the research question: Is it data on the variables of interest to the
literature review that are being considered?

Industry vs firm-level data analysis
Firm level data typically facilitates more robust identification designs and as well as
addressing heterogeneity.

Geographical scope of the analysis: Focus on a single country or relevant for the EU as a
whole?
How general are the results of the analysis for other countries and firms?

Correlation or causal identification strategy

For example, the following would be a ranking of causal identification strategies in order of
increasing credibility:

e Low: Correlation between ETS participation and levels of outcome variables

e Medium: Correlation between change in ETS participation status and change in
outcome variables (differences-in-differences)

e High: Correlation between change in outcome variables and change in variables that
drive ETS participation but have no direct impact on the outcome variables
(differences-in-differences with instrumental variables). Assessment of the quality of
the instrumental variable, i.e. of the credibility of the assertion that it does not affect
outcome variables directly but only through its effect on ETS participation. e.g. is
there a plausible counter example?

Other techniques such as matching estimators or regression-discontinuity design would fit
the medium and high categories, depending on how well the application at hand satisfies
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| the assumptions upon which they are based. |

These criteria are equivalent to those that would be used when peer-reviewing papers for an
academic journal. In other words, rigorous academic standards were applied to assess each
piece of evidence, by comparing it to the state-of-the-art in current research methods. In
particular, these standards applied to the suitability and quality of the data used, as well as the
methodology employed to identify the effect of the EU ETS.

As an example of the question of correlation vs. causality, much of the existing empirical - i.e.
not simulation-based - literature examines the impact of climate policies in terms of time series
variation only but does not clearly establish causality. For instance, early studies on
the Climate Change Levy, which was introduced in 2001, looked at energy consumption for the
UK industry as a whole or at the sectoral level and examined if, relative to pre-2001 trends,
there was a change after 2001. The issue with such an approach is that it confounds the
effects of the policy with all other factors that might have changed in a non-linear way after
2001. This could include other policies - for instance 2001 also saw the introduction of the UK
Carbon Trust - or other time-varying shocks to the economy.

While papers applying a sector-level analysis in this literature review were included, more

credibility was given to papers that could control for these issues, for example by using firm-
level data to evaluate the EU ETS.
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Annex B: Glossary

Technical terms that have been used in this report are explained below.

Term

Description

Causality, Reverse
Causality

Direction of causation between different events, for example, the
events “reduction of CO2 emissions of a firm” and “firm is subject to a
policy”. We typically would think that the causality runs from policy to
emission reductions. However, when looking at data we also need to
consider the possibility that the causality runs the other way round; i.e.
that firms who reduced emissions are more likely to be affected by the
policy. This could be because the policy is discretionary or voluntary
(e.g. like the Climate Change Agreements). Alternatively, the reverse
causality could be driven by other factors that are not observed. For
example, if we were to compare the level of emissions in ETS and non-
ETS firms we would always find that ETS firms have higher emissions
than non ETS firms. A naive observer might conclude that ETS
regulation causes this higher level. However, in reality the causation is
in reverse: because larger and more energy intensive firms are the
target of the ETS regulation we find the observed pattern in the data.

Co-integration

Co-integration is a property of certain kinds of times series data. If two
variables are found to be co-integrated there is likely to be a causal
relationship between them (although it is not clear in which direction).
The term co-integration was coined to differentiate stable relationships
from spurious correlation of trending time series. A naive correlation
test of many time series would not be rejected simply because they
share the common feature of trending upwards (or downwards). For
example, consider the time series of the height of a child from birth until
its 18th birthday and the time series of GDP at the same time.
Because both are trending upwards they are likely to be highly
correlated if no further transformation of the data is undertaken.

Control Group,
Treatment group

To establish the causal impact of a policy on an outcome for “treated”
units or the “Treatment Group” (e.g. firms, we think of them like
patients in a drug trial) we need to estimate what the outcome would
have been had they not been treated. We typically do this by
comparing them to a group of units that are similar to the treated units.
This is the Control Group. Often it is difficult to find units that are
exactly similar. However, if we have a large number of units it is
enough that they are not systematically different on average
concerning the outcome variable. Sometimes (i.e. in a difference in
differences design) researchers make the assumption that treatment
and control group are systematically different but that the difference is
constant over time were it not for the policy intervention.

Dummy Variable

Variable that captures a binary qualitative state rather than a
continuous quantitative outcome. Typically these variables take on a
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Term

Description

value of either one — indicating that the state is true — or zero —
indicating that the state is not true. For example, a dummy variable
could be defined to capture whether or not a firm was regulated by the
ETS.

Elasticity

A unit free way to express how one variable responds to changes in
another. An elasticity reports the response as a percent change of one
variable after a one percent change in another. For instance the carbon
price elasticity of carbon emissions indicates by how many percent
carbon emissions change if the carbon price goes up by 1 percent.

Endogeneity
Problem

In an econometric model, endogeneity arises when an explanatory
variable is correlated with the error term. This violates the fundamental
necessity to distinguish between dependent and independent variables
in an econometric model. It is often the result of reverse causality or
omitted variable bias.

Event study

The event-study method exploits high-frequency data from a very short
time window before and after the treatment (the “event”) to estimate the
effect of the event on an outcome. This effect can be given a causal
interpretation under the assumption that any confounding factors
between the treatment and control groups remain unchanged during
the event window.

Gravity Equation

A popular model in trade theory inspired by Newton’s research on
gravity. Gravity equation studies typically look at trade between two
countries and try to explain it by various characteristics of the country
respective countries (e.g. their GDPs) as well as a term that allows
distance to decay geometrically. Thus, what would be the force of
gravity in Newton’s case becomes the trade flow between the two
countries.

Identification

The procedure of assigning a concrete value to a theoretical
parameter. For example, if we think that two variables Y and X can be
linked by a line, then the procedure how we go about to find the slope
of the line would be the identification. Sometimes it is not possible to
identify certain parameters. For instance, with a dataset that only
reports on firms in the ETS (e.g. like the CITL) we cannot identify an
ETS effect.
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Term Description
Instrumental The Instrumental Variable approach is an econometric strategy
Variable designed to address reverse causality/endogeneity issues. Suppose

we have a policy treatment which we want to assess, but think it is
endogenous. This could arise because the treatment is voluntary and
treated units (e.g. firms) with a certain type of outcome tend to
participate in the programme. An instrumental variable would be a
factor that impacts on a firms decision to participate without having any
other systematic relation to the outcome. Identification of the causal
impact can then be achieved using this instrumental variable.

For instance, suppose we want to evaluate the impact of free energy
audits as undertaken by the Carbon Trust. We might be concerned that
firms that are already more energy efficient might be more likely to
participate in the audit so that comparing the energy efficiency of
audited firms with that of non-audited firms would lead to an
overestimate of the effect of the Carbon Trust.

Suppose the Carbon Trust undertakes a telephone marketing
campaign of its auditing service where contacted businesses are
selected at random. Because of the random selection of businesses
there should be no systematic relation between which businesses are
contacted and their energy usage. However, if the marketing campaign
is successful it should lead to increased audit participation of some of
the contacted businesses. We can then identify the impact of Carbon
Trust auditing by comparing the energy efficiency of contacted with non
contacted firms (taking into account how many actually ended up
participating)

OLS(Ordinary
Least Squares)

A basic econometric method to identify an econometric model.
Suppose a model is a line linking two variables Y and X, then OLS
would require that we find the slope of the line by minimizing the
squared deviation of Y from the line.

Omitted variable
bias

An issue closely related to endogeneity and reverse causality. There is
an (omitted variable) bias in an estimate of policy impact if we fail to
control for an important heterogeneity between units treated and non
treated by the policy.

Panel data

Type of data which provides time series information, typically for a
large number of observational units over time. This is different from
pure time series data; i.e. data for just one observational unit over time
(e.g. just UK GDP per quarter) or cross sectional data; i.e. one
observation per unit.

Regression
discontinuity design

An approach to identify the causal impact of a policy that can be
applied if the policy can be expected to create sudden jumps in the
outcome when moving from one observation to another, which are
unlikely to occur otherwise. This typically applies if policy treatment
depends on exceeding or not exceeding certain thresholds of some
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Term

Description

variable.

Selection bias

A bias in the estimate of the treatment impact because units with
certain type of outcome systematically select themselves (or are
selected) into the treatment.
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