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a b s t r a c t

The electricity sector is the largest participant in the European Union Emissions Trading Scheme (EU-
ETS). This paper studies how the European Union Allowance (EUA) market e the carbon market in the
European Union (EU) e has impacted the magnitude and volatility of stock returns of electricity com-
panies in the EU-ETS. The investigation is undertaken for both Phases I and II of the EU-ETS based on
simple OLS, panel data and time-series analysis. The results indicate that the relationship between the
EUA market and stock returns of electricity companies was largely driven by strong market shocks
recorded in both periods. If the market shock impact is controlled, this relationship depends on the
carbon intensity of the electricity generators. The stock returns of carbon-intensive companies are
negatively affected by the EUA returns, while the opposite is true for less carbon-intensive producers. The
volatility of stock returns of electricity companies is significantly driven in the same direction by the
volatility of the EUA market.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

The European Union Emissions Trading Scheme (EU-ETS) is the
largest international greenhouse gas (GHG) emission allowance
market and represents 84 percent of the global carbon market
value (Linacre et al., 2011). Its aim is to reduce greenhouse gas
emissions in Europe through themarket mechanism and is a part of
the EU's commitments under the Kyoto Protocol. The scheme has
been rolled out in phases. Phase I (a pilot stage) commenced in
2005 and ended in 2007. Phase II ran from 2008 to 2012. By the year
2012, the member states of the European Union (EU), as ‘regional
integration organisation’ parties to the Kyoto Protocol, have
collectively committed themselves to reducing CO2 emissions by
eight percent of the 1990 amount.

The electricity sector is the largest participant in the EU-ETS.
With the inception of emissions trading, power generators were
led to integrate emission prices (i.e., European Union Allowance

(EUA) prices) as an additional cost component into their production
process. To reduce exposure to the EUA market, power generators
have increasingly invested in building low-carbon technologies and
switching to using cleaner energies (Kossoy and Ambrosi, 2010).

Given the great significance of power generators to the EU
economy, the public has been concerned about whether the power
supply could be secured and whether there would be a significant
negative impact on the retail price due to the new environmental
regulations. Kossoy and Ambrosi (2010) has pointed out that issues
still exist relating to the impacts of high price volatility in carbon
assets and windfall profits gained due to the ‘grandfathering’
allocation approach.1 These issues have direct implications for the
electricity generators' performance in capital markets and their
investments in low-carbon technologies.

Research on the EUA market becomes increasingly significant
with the steady rise in the number of participants.2 However, the
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1 The grandfathering allowance approach is defined in Weishaar (2009) as a free
allocation approach that is based on historical input, output or emission data. It is
argued that this approach gives rise to strategic firm behaviour. That is, a firm can
increase their grandfathered amount by choosing higher production or emission
levels before the benchmark year.

2 As of 2011, there were approximately 356 participants involved in EUA trading
including governments, regulated companies and private investors; of these,
approximately 57 participants are financial institutions (BlueNext, 2011; EEX, 2011;
ICE, 2011; NASDAQ OMX Commodities, 2011).
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academic literature still remains thin on the impact of the EUA
market on capital markets. Notable studies contributing to this
topic include Oberndorfer (2009a) and Veith et al. (2009). Finance
theory predicts that the EUA price should negatively correlate with
stock prices as the emission prices introduce additional volatility to
power generators' cash flows (i.e., increasing the possibility for
loss) (Busch and Hoffmann, 2007; Kolk and Pinkse, 2004). However,
these two studies found a positive relationship between the two
variables. To explain these somewhat counterintuitive findings,
Oberndorfer (2009a) and Veith et al. (2009) suggested that elec-
tricity generating companies were not only able to pass on EUA
prices to consumers but also gained windfall profits due to over-
allocation of free EUAs in Phase I (i.e., 2005e2007), which overly
compensated the companies for their regulatory burden.

The allocation of EUAs to energy producers was fully free of
charge and subject to government policies in Phase I. The govern-
ments controlled the supply of EUAs based on the expected emis-
sion volumes of individual regulated parties. Accordingly, the
findings of the said studies could be distorted from theoretical
expectation and might be driven primarily by the difference be-
tween the volume of free EUAs allocated by EU governments and
the expected emission volume of individual participants. The pilot
phase only extended over three years. Consequently, the results of
these studies do not allow the authors to make longer-term con-
clusions particularly as the governments changed their policies in
the subsequent phase. One motivation of our paper is to challenge
these counterintuitive findings by disaggregating all electricity
companies into carbon intensive and non-carbon-intensive as well
as extending the study beyond the trial phase.

EUA allocation policies imposed in Phase II were tighter. The
expectation is that the EUA market in Phase II functioned more
‘normally’. Thus, further testing of the link between the perfor-
mance of the stocks of electricity generating companies and the
EUA market with the inclusion of this Phase could provide more
recent and robust results that could be useful to governments,
electricity generating companies and investors in the energy sector.
However, Phase II coincided with the worst periods of the global
financial crisis (GFC). The potential effects of the GFC on the rela-
tionship between the EUA market and the stock returns of elec-
tricity companies therefore warrant further investigation.

This paper contributes to the literature in the following respects.
First, we extend Oberndorfer's (2009a) analysis of the link between
electricity stock returns and EUA returns to Phase II of EU-ETS.
Second, we decompose the impact of EUA returns on individual
electricity stock returns using a panel data analysis and link it to the
carbon intensity of their electricity generating portfolios. Finally,
we examine volatility (risk) spillover effects between the EUA
market and electricity stock returns using advanced time-series
analysis techniques. We expect that the first two points will assist
in understanding the drivers of electricity stock market returns and
whether there is a link with the EUA market. This could be useful
both to policymakers in examining the effectiveness of their pol-
icies and to investors. The third point will be useful to investors and
traders for their asset-allocation and hedging decisions.

The paper is structured as follows. Section 2 introduces the
theory, a review of empirical evidence on the EU carbon market,
and the hypotheses. Section 3 outlines the methodology and esti-
mation techniques. In Section 4, a description of the data is pre-
sented. The estimation results are presented and discussed in
Section 5. Section 6 presents the paper's conclusions.

2. Theory, empirical evidence, and hypotheses

The EU introduced the ETS to fulfil its emission reduction
commitments under the Kyoto Protocol. Under this scheme,

electricity generating companies must incorporate the EUA price
into their production cost mix, which puts constraints on the way
the generators conduct their business. That is, power producers
could become exposed to developments in the EUA market due to
the additional carbon constraints in the cost mix. In effect, the
additional carbon constraints introduce an additional risk of non-
compliance with the Kyoto Protocol (Busch and Hoffmann, 2007;
Kolk and Pinkse, 2004).

The stated goal of the managers of private firms is to maximise
their firms' shareholders' wealth which is typically reflected in
increasing value of their firms' equity. In theory, the performance of
individual firms depends on the interaction of allocated emissions
with actual emissions, the relative costs of purchasing/selling EUA,
and the abatement costs. If a particular company is short in EUAs
(i.e., it received less free EUAs than it expects to use in its produc-
tion process), it has to choose either to implement emissions
abatement measures or purchase EUAs at the market. Not only
must the relative costs of the two strategies be taken into consid-
eration but also the fact that purchasing EUAs is potentially a more
risky strategy due to the volatility of the market. Firms that are
short in EUAs are expected to face the burden of higher costs and/or
greater business risks, which would affect its stock performance
negatively.

In contrast, if a firm is long in EUA allowances (i.e., it received
more free permits than it expects to use), it can choose to sell the
EUAs and generate additional cash flow. In this case, a firm with a
long position in EUAs is expected to benefit from the EUA market.
Alternatively, if prices of EUAs are very low, firms that earlier spent
heavily to reduce carbon emissions might be penalised by the in-
vestors. Moreover, expectations of cash flows from the sale of car-
bon emissions at higher prices may not materialise. As a result, we
would expect positive relationships between EUA market prices
and electricity stock returns.

In practice, the data show that the stated goal of the EU-ETS to
reduce emissions has so far been successful3 (Kossoy and Ambrosi,
2010). The producers have begun activities such as building low
carbon emission power plants that allow them to avoid being
exposed to emissions reduction regulations and thus reduce their
exposure to EUA market volatility. As a result, we expect to see a
positive relationship between the stock performances of companies
with a large share of low carbon emission production capacity and
EUA price increases. In contrast, we expect stocks of carbon
intensive generators to be negatively affected by higher carbon
prices.

The efficient market hypothesis predicts that stock prices
quickly reflect news as it comes to market (Sharpe, 1963). As a
result, when significant news arrives in the EUA carbon market, the
EUA price should become more volatile. This was evident and well-
documented after the announcement of the overallocation of credit
in Phase I (Oberndorfer, 2009a; Alberola et al., 2008). The volatility
of EUA prices should be directly transmitted to the volatility of the
producers' future cash flows, which results in greater volatility of
the stock price. We expect a volatility spillover in the same direc-
tion between the EUA market and electricity stock returns.

3. Methodology

This study applies a multifactor model incorporating variables
constructed to address the impact of the EU-ETS, referred to as EUA
variables, on the stocks of electricity companies. In order to avoid

3 The World Bank (2010) reported a 2% to 5 % annual decline during Phase I. The
decline is continuing and has become even greater since 2008 when Phase II was
introduced.
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