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Sammandrag: 

EU ETS är ett system som har inrättats för att minska utsläppen i EU med hjälp av utsläppsrätter 

(EUA), som ger företag rätt till en viss mängd utsläpp av växthusgaser. Avhandlingen syftar 

till att besvara frågan om hur priset på EUA påverkar lönsamhet och solvens i energibranschen 

som helhet och huruvida effekten skiljer sig mellan branschkategorierna. För analysen kommer 
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förklaras av den effektiva kostnadsöverföringen inom elindustrin, som gör det möjligt för 

elproduktion att överföra de kostnader som EU ETS skapar framåt. 
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1 INTRODUCTION TO EU ETS 

As society grows it needs an increasing amount of energy to function. Many of the forms 
of energy production we use today create emissions that build up in our atmosphere, and 
the negative effects of the emissions created are not necessarily visible for decades, which 
creates a problem with deciding how much current actions should be restricted from 
harming future generations. The global average surface temperature has been found to 
increase by 0,85℃ between 1880 to 2012 and the rate has been found to be continually 
increasing (Stocker, 2013). Reductions on a national level are not sufficient to create the 
level of change needed and small national restrictions on pollution can hinder countries 
from being competitive in a global market if counterparts are not implementing the same 
kinds of restrictions. Growing evidence of the detrimental impact emissions have on our 
environment have created a need for agreements on an international level to achieve a 
decrease in emissions without harming trade or market stability. 

To mitigate the harmful effects of increased emissions the EU ETS (European emission 
trading system) was implemented in 2005 (EU, 2015). This system functions through 
EUAs (European carbon allowances) which are either allocated for free or sold to 
companies. These allowances give companies the right to emit a set amount of specified 
GHGs (greenhouse gasses).  

Since its implementation, the EU ETS has prompted much debate concerning the market 
repercussions and the effectiveness of the emission reduction system in achieving its goal 
of emission reduction. This study will explore the EUAs effect on the electricity industry’s 
profitability and solvency from 2008 to 2017. These financials will be studied using firm-
level and country-level data to determine how EUA price effect profitability and solvency 
in the electricity industry and how this effect differs across the industry categories within 
the energy industry. The research will include companies from countries participating in 
the EU ETS which will be analyzed using a mixed linear model with a random intercept. 

1.1 A single European electricity market 

In a liberalized system, the pressure of providing electricity constantly, and at a lower 
cost than competitors, drives companies to produce electricity using non-renewable 
methods with higher profit margins regardless of the impact on the environment. To 
avoid these harmful effects of a liberalized electricity market the EU creates allowances 
for emissions and gives member states the right to impose requirements on electricity 
companies to meet national needs. (Bergman et al., 1999) 
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The European electricity market has slowly been restructured into a common market for 
electricity. The European electricity market excluding the Nordic countries is still 
fragmented, and the creation of a common market could have significant positive effects 
for consumers. The efforts to promote an integrated market of European electricity has 
continued for over two decades, but the process is still not complete. The aim has been 
to increase cross-border trade and create a mechanism where electricity prices are 
determined by competitive mechanisms. This type of a market for electricity is expected 
to reduce electricity prices, equalize marginal costs and increase the social surplus. 
(Amundsen & Tjøtta, 1995) 

While the market is going through a transformation into a common market there has 
been a push towards less carbon-intensive production methods within the market. 
Carbon intensity (also called emission intensity) refers to how much any specific activity 
gives off pollutants into the atmosphere. The less polluting the activity is the lower its 
carbon intensity is (Ang & Su, 2016). International cooperation is needed to achieve any 
substantial changes in emissions and the more integrated the market is, to begin with 
the easier it will be to implement new regulations. For this reason, the Kyoto protocol 
was agreed upon (UNFCCC, 2008) which created a need for the European emission 
trading system (EU ETS), the first international emission trading system in the world 
(EU, 2015).  

The EU ETS was formed to work as a platform for trading European carbon allowances 
(EUAs), which give participants in the EU ETS the right to emit a fixed amount of GHGs. 
These allowances could either be allocated for free or auctioned off to the participants, 
who could then choose to, for example, sell or use the allowances to cover their emissions. 
(EU, 2015) 

1.2 Objectives, previous literature, and research questions  

This research aims to answer how the price of the EUAs affects companies’ profitability 
and solvency in the electricity industry and how this effect differs between industry 
categories within the electricity industry. The uncertainty of the impact of EUAs and a 
fragmented system of accounting of EUAs creates questions concerning the actual 
repercussions of the price of allowances on companies’ financial statements and whether 
there even is any observable impact to analyze. Through an analysis of two profitability 
measures and two solvency measures, this research will give insight into how or whether 
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EUA price changes are visible in financial statements of companies operating in the 
electricity industry in the countries involved in the EU ETS.  

The research will also consider whether and to what extent the effect of EUA price on 
profitability and solvency differs between industry classifications within the energy 
industry.  There are four main categories within the electricity industry, these being; 
production, transmission, distribution, and trade of electricity. Since the electricity 
industry is a very integrated system throughout all the categories EUA price should not 
only have an effect on the companies that are carbon intensive enough to be covered by 
the EU ETS but should have an effect on all the companies in the industry.  

Previous literature concerning EUAs effect on companies’ financials is dated and needs 
to be revisited due to how much the EU ETS has changed. The EU ETS is still a fairly new 
market which means that it is still going through changes which creates new areas of 
study and creates uncertainty of whether the results from previous studies are still true. 
Policy changes such as back-loading have changed the basic dynamics of the allowance 
system and with a new and reformed version on the EU ETS, result from previous studies 
might not be accurate. Studies made on the price of EUAs in the first years of its existence 
have suffered from the scarce amount of data available.  There is more data to analyze 
now which creates different and more accurate results. Both companies in the energy 
industry and regulators need to have full knowledge of the impact EUAs have in order to 
facilitate the change towards less polluting methods of electricity production and those 
kinds of decisions cannot be made based on outdated data. 

Cost-pass through has been studied much relating to the EU ETS and there is still much 
debate concerning who ends up paying the price of the emission allowances. This study 
examines the different categories in the electricity industry separately and focuses on 
finding differences in the impact the EU ETS has based of what category the company is 
in and the underlying theory of cost-pass through has an effect on how the results from 
this research should be viewed. The costs of the EU ETS are supposed to be concentrated 
to carbon intensive companies, which would in the electricity industry be the producers 
of electricity.  This research analyzes the differences in the impact EUA price has on the 
different sectors within the electricity industry to determine how the effect on electricity 
production relates to the other categories of companies in the industry.  
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1.3 Structure 

In chapter 2 the theoretical framework is discussed beginning from how the EU ETS was 
formed, what EUAs are, and what the emission trading system is and how it is structured. 
The price of EUAs will then be discussed followed by the future challenges facing the EU 
ETS.  Emission intensity, methods of electricity production and the different categories 
of electricity companies will be introduced and lastly the current circumstances of the 
accounting practices concerning EUAs will be discussed. In chapter 3 previous literature 
will be introduced. In chapter 4 the description of the data analysis begins, the results of 
which are presented in chapter 5. Concluding remarks are made in chapter 6. 
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2 THEORETICAL APPROACH  

2.1 How the EU ETS was formed 

The electricity market used to be more regulated in some countries, such as in France, 
where the government had a monopoly on the electricity market. In the Nordic countries, 
the electricity market was much more open and competitive due to the need for these 
countries to have a more differentiated, and therefore more stable, energy mix. (Similä, 
2009, pp. 270) 

The right energy mix is important to guarantee a stable flow of electricity. In countries 
such as Norway and Sweden where production is mainly hydro (Fell, 2010) there is a 
need to have an integrated market with a country that has an energy mix with a much 
lower share of hydro. The integrated Nordic market has resulted in cross-border 
transmission links which are much less common in continental Europe (Similä, 2009, 
pp. 270). Depending on hydrological conditions energy is either transferred from 
Finland to Sweden and Norway or vice versa. Though countries have their own energy 
prices they are linked to each other due to the integrated system (Bergman et al., 1999). 
Not all countries are as dependent on one another, though dependence can here be a very 
positive attribute since the larger the scale of one interconnected grid the more stable the 
energy demand will be, and a more stable demand is good when many energy production 
methods are costly to adapt to demand. Especially smaller countries have an incentive to 
have cross-border trade of electricity since achieving a stable energy-mix on a small scale 
is more difficult. 

A common market for Europe is essential to provide the right energy mix and a stable 
flow of electricity. A common market would also create opportunities to reform the 
market towards less carbon-intensive methods of production and electricity grids that 
would make the implementation of renewable methods possible. The transition towards 
more renewable methods needs to be made through policies since market incentives are 
driving companies towards unsustainable and environmentally damaging methods of 
production due to their relatively low costs (Bergman et al., 1999). Steps towards an 
integrated market in Europe have been taken for decades. In 1987 the Single European 
Act was created to establish a single European market and was the first treaty to 
significantly improve the level of European integration (Somers, 2010). The Single 
European Act removed barriers between free movement within the EU and strengthened 
the powers of the European Parliament. The beginning of EU regulation specifically 
designed for the energy sector began in 1988 by the implementation of the Single Energy 
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Market which aimed to achieve a unified internal energy market (Amundsen & Tjøtta, 
1995). 

To promote cross border transit, transparency and open competition The Transit 
Directive was created in 1996. This included a requirement for all EU countries to carry 
electricity to fellow member states when needed, providing they have the capacity to do 
so. Since these common legal frameworks were not considered sufficient by many EU 
members, many countries signed separate agreements promoting international trade 
that compensated for the lack of effective EU regulation.  (Amundsen & Tjøtta, 1995) 

The directive was a part of what came to be known as the first energy package which 
encompassed the electricity directive in 1996 and the gas directive in 1998. The second 
energy package came into force in 2003 and the third in 2009. (Eikeland, 2011) 

In 1997 the Kyoto protocol was agreed upon, where countries around the globe 
committed to reducing GHG emissions. More detailed requirements to the participants 
were later decided in the Marrakesh accords which specified methods for the estimation 
of GHG emissions. All compiled information on GHGs are subject to review and non-
compliance can lead to, for example, suspension from the Kyoto mechanism or a 
deduction of the assigned amount of allowed GHGs that are given to the participant.  This 
protocol, which entered into force in 2005, facilitated a need in the EU for policy 
instruments that could be used to achieve these commitments. (UN FCCC, 2008) 

Though work had been made towards integrating the market the EU did not have an 
infrastructure in place to handle the commitments that were made in the Kyoto protocol. 
This gave the EU the opportunity to design and implement a system for managing 
emissions on a level that had not previously been done in Europe or anywhere else in the 
world. 

While the EU ETS was being planned, the electricity market continued its integration 
into one common market. The 2003 directive enabled new suppliers to enter the EU 
market and customers to choose their electricity supplier (European Commission, 
2003). The 2003 directive also reduced the risk for market dominance and 
discriminatory transmission and distribution tariffs, which was a subject that had not 
been adequately addressed in the earlier directive. Further liberalization of the market 
was accomplished with the directive that came into force in 2009, which was the third 
energy package. The third energy package focused on an unbundling (separation) of the 
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energy sector (Eikeland, 2011). The new regulations increased transparency in energy 
retail markets and further unbundled the operation of transmission networks from 
energy generation (European Commission, 2009).   

Unbundling is needed since there is an inherent risk of discrimination when 
transmission of electricity and production of electricity are not independent of one 
another. Unbundling was a response to the continued hindrance of fair access for 
competing suppliers and energy consumers and was generally supported by energy-
consuming networks while companies that were vertically integrated were opposed to 
the new regulations. This being a sign that end customers believed unbundling to be 
beneficial for them. Some member states had already implemented unbundling in their 
legislation before the implementation of the third energy package. (Eikeland, 2011) 

In 2005 the EU ETS was implemented as the first international emission trading system 
in the world (EU, 2015). Earlier trading platforms for carbon trading such as the Chicago 
Climate Exchange, that was established in 2003 and was voluntary had been proven to 
reduce emissions. Though the reduction in this specific case was found to be due to a 
decrease in output and not a decrease in carbon intensity (Gans, 2013). Another example 
of a similar system was the national carbon trading programme in the U.S. which was 
created as a result of The Clean Air Act in 1995 (Ellerman, 2000). These and other 
previous programmes created a base for how the EU ETS was formed. 

According to the ICAP (International Carbon Action Partnership) report (ICAP, 2018), 
there were at the beginning of 2018, 21 different emission trading systems in operation, 
that covered almost 15% of global emissions. These 21 countries which have been 
estimated to produce 15% of emissions produce more than half of global GDP, which 
would indicate that ETSs are more prevalent in more economically developed countries. 
This could be explained by a lack of proper ability and sufficient capital to create emission 
trading platforms in less developed countries. 

2.2 EUAs 

The EU ETS works on the “cap and trade” principle. This means that an EU wide cap is 
set on the total amount of certain GHGs that can be emitted within the participating 
countries. Within this cap, EUAs can either be bought or allocated for free and can also 
be traded with amongst companies. Each allowance is equivalent to 1 tonne of CO2 
emissions. The other GHGs in addition to CO2, which are included in the EU ETS, are 
converted into CO2 equivalents. (EU, 2015) 
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EUAs are not consumed when GHGs are emitted, but a number of allowances equal to 
the amount emitted within the previous year are surrendered by the companies back to 
the EU ETS. The amount of annual emissions needs to be reported a few months before 
the allowances need to be surrendered. Allowances can also be deleted, which means that 
they are withdrawn from circulation by participants. Deletion decreases available 
allowances and thus increases the price. This is generally done as an environmental 
measure. (EU, 2015) 

How companies decide to use their emissions is up to the companies themselves. They 
can be bought for the purpose of trading or they can be used to cover emissions. 
Allowances can also be “banked”, which means that they are transferred into the next 
year (EU, 2015). Banking means that companies can hold on to allowances and this gives 
them more room to time the acquisition of allowances. The side-effect of banking is less 
trade, but this is partially counteracted by the possibility of trading emissions without 
having to use them since it creates a more active market price for the emissions. Free 
allocation of allowances is planned to continue for the foreseeable future of the EU ETS 
and is designed to discourage companies that use energy-intensive methods by focusing 
the free allocations to companies with comparatively low emission intensities (EU, 
2015).  

The companies that have been allocated allowances will have higher profit margins due 
to the special price setting mechanism used in the energy sector that enables 
technologies with lower marginal costs to charge the same price as technologies with 
higher marginal costs. Regardless of whether the allowances are allocated or bought the 
low-carbon technologies should still be able to benefit from the EU ETS, while the high-
carbon producers should lose since the resulting increase in the price of electricity should 
not be high enough to compensate for the increase in cost. (Keppler & Crusiani, 2010) 

The rules around EUAs are created with the intention to level the playing field in the 
electricity production industry for the benefit of the renewable electricity production 
methods. Though the price of EUAs and the amount of emissions one allowance covers 
is the same for all the market players the need for them differs greatly between the 
companies.  

2.3 EU ETS structure and phases 

Though the EU ETS worked as the infrastructure needed to achieve the commitments in 
the Kyoto protocol, the EU ETS has ended up being stricter than the Kyoto protocol.  The 
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EU ETSs ability to act on non-compliance is greater than that of the Kyoto mechanism 
in the sense that the Kyoto mechanism does not impose penalties. This lack of penalties 
is an inherent weakness in the Kyoto mechanism since the repercussions of non-
compliance are much less severe than the repercussions of non-compliance in the EU 
ETS.  Reaching such wide participation as the Kyoto mechanism did might not have been 
possible with more stringent policies, but the lack of repercussions does create a need for 
additional structures that are stringent enough to effectively reduce carbon emissions. 
The enforcement structure in the EU ETS allows significant penalties for every tonne of 
CO2 that exceeds the allowed amount (EU, 2015). This allows the EU ETS to maintain 
the desired environmental emission reduction target. 

The development of the EU ETS is divided into four phases. The first phase, which only 
covered carbon dioxide (CO2), of all the possible GHGs and spanned from 2005 to 2007, 
was a learning phase where the number of allowances turned out to be excessive and the 
EUA price fell to zero by the end of the phase (EU, 2015). Many of the difficulties faced 
by in the first phase were due to the limited amount of time that was given to develop the 
scheme. Since there had been no previous attempt to create any ETS with a scope as 
broad there was a lack of data reliable enough to correctly estimate the needed amount 
of allowances. (Betz & Sato, 2006). The number of available allowances was too high in 
relation to the demand for the allowances, and since the EU ETS at that point had no way 
of correcting the imbalance, the result was that the price crashed. Constant supply 
combined with a fluctuating demand will inevitably result in fluctuating prices. The 
trading system has from the beginning only covered emissions from the most GHG-
intensive sectors, since calculating all emissions from all industries would not be cost-
effective (EU, 2015). The electricity industry is very GHG-intensive and has for this 
reason been included in the EU ETS from the beginning.  

In the second phase from 2008 to 2012, the number of allowances was reduced but the 
declining economic activity caused by the financial crisis held the EUA price down. 
Naturally, a decline in economic activity leads to less production and fewer emissions. 
This reduction in price did show that the EU ETS does need to consider the possibility of 
larger changes in market conditions and how the allowance system can continue despite 
the occurrence of market disruptions.  In the second phase, nitrous oxide (N2O) 
emissions were also included. Participation in the EU ETS is mandatory for EU states, 
but other countries can be, and have been, included as well. All 28 EU members have 
been a part of the EU ETS from the beginning, but Norway, Iceland, and Lichtenstein 
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were added in phase 2 and are continuing as a part of the ETS for the foreseeable future. 
(EU, 2015)  

In the third phase, from 2012 to 2020, perfluorocarbons (PFCs) were included but only 
for aluminum production. The aviation sector was included in the third phase. Croatia 
has been the only new country to be added to the ETS so far during the third phase, 
though this country is not included in this research since it has not been present in the 
EU ETS during the entire period this research is covering. The fourth phase spans from 
2021 forwards. (EU, 2015) 

Free allocations were at the beginning given to all sectors within the scope of the ETS, 
but ever since 2013 electricity production is in principle not allocated any allowances 
except in certain member states to support the modernization of the power sector. The 
change was made due to evidence from the first two trading periods showing that 
companies in the power sector were able to pass on the cost of allowances to customers, 
even when they received them free of charge (Smale, Hepburn, Ward, & Grupp, 2006). 
This meant that electricity companies were given an unfair advantage from the 
allowances. The few free allocations to the power sector are meant to increase diversity 
in the energy mix through new investments (EU, 2015). A more diversified energy mix is 
important to secure supply since different energy production methods have different 
qualities (Bergman et al., 1999). 

The actual repercussions of the implementation of carbon allowances are still debated. 
Sceptics state that emission trading brings an additional price risk to energy companies 
and reduces capital that could potentially be used for investments in new technology. 
The system is also criticized for promoting nuclear energy which does not emit GHGs but 
is harmful to the environment in other ways. (Banks, 2012) 

Structures like the EU ETS are strengthened by carbon taxes which are primarily 
implemented on a national level. Though completely separate from the EU ETS, they do 
have the same objective of reducing pollution. When calculated by price per tonne of CO2 
emissions the highest carbon taxes in the world can all be found in Europe. The seven 
highest carbon taxes implemented can be found in Sweden, Switzerland, Liechtenstein, 
Finland, Norway, and France. The revenue collected through carbon taxes is, due to 
usually being implemented only nationally, quite small in comparison to the EU ETS, 
which remains the largest source of emission pricing revenues. (World Bank Group, 
2018)  
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2.3.1 EUA price balance 

Creating a structure that artificially makes renewable technologies more profitable at the 
cost of non-renewable technologies changes how the electricity market functions. Since 
there is still a need for non-renewable methods in order to provide a secure and stable 
supply of electricity, then the price of the EU ETS cannot be too high. In turn, a price that 
is too low would not be sufficient to provide an advantage to renewable technologies. The 
risk of price volatility also needs to be mitigated since it can have an adverse effect on the 
market through the increase of uncertainty within the market. According to the OECD 
(2016), the price of EUAs has so far been too low to be effective, though determining 
whether the EU ETS actually accomplishes its objectives is difficult partially due to the 
energy industry being slow at adapting to changes. Even changes that are small when 
comparing to the energy industry as a whole require large amount of capital due to the 
sheer size off the industry. 

The EU ETS allows the market to determine the price of The EUAs. The total amount of 
allowances available on the market, the ones that are allocated for free and the ones 
auctioned off, in combination with the demand for allowances result in the market price. 
The number of issued allowances is a key driver for the price of EUAs and the EU ETS 
strives to find the optimal balance between issued allowances and the demand for 
allowances. A schedule for when allowances will be issued has been set but the issuing of 
allowances can, and has in some cases, been postponed to re-equilibrate supply and 
demand when the price of the EUAs has decreased to the extent that the effectiveness of 
the EU ETS, in term of environmental impact, has been impeded. This postponing of 
allowances has been called back-loading and it is intended to increase the EUA price in 
order to restore balance between supply and demand. (EU, 2015)  

As can be seen from the figure 1, the price of EUAs fell rapidly in 2008 and remained 
quite stable after that. Sudden decline in price can be expected in any new market since 
there in no historical precedent available to manage market expectations, though here 
the financial crisis seems to be the largest cause for the volatility. The financial crisis can 
explain much of the fall in prices since during a crisis economic activity slows down 
which results in less pollution. A decrease in pollution, in turn, decreases the need for 
allowances.  
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Figure 1 EUA price per tonne (€/tonne) from 2008 to 2017. 

New commodity markets need time to achieve real price discovery and therefore there 
have been large changes in what price drivers can be found for EUA. The difficulties in 
explaining the price of EUAs can be accounted for by the financial crisis and the unclear 
effect of climate policies on the EU ETS.  For example, fuel and stock prices and economic 
activity have been found to be correlated with EUA price. (Koch, Fuss, Grosjean, & 
Edenhofer, 2014) 

Banking of allowances allows companies to use up allowances they have been holding on 
to for years. This also means that when the price of the allowances is low companies can 
buy allowance sin excess to cover more than just the current years emissions. This also 
means that the price of EUAs will not be as volatile as it would be if banking wasn’t 
allowed.  

Uncertainties around what changes will occur and how they will impact the companies 
covered by the EU ETS create more volatility. Decisions made by the European 
Commission have an impact on the basic structure of the EU ETS and therefore do 
impact the EUA price and have been found to impact the price within minutes of the 
releases of new announcements (Conrad, Rittler, & Rotfuß, 2012). EUAs have also been 
established to have nonconstant volatility which is proposed to result from the changes 
in expectations about the overall stringency of the EU ETS (Lutz, Pigorsch and Rotfuß, 
2013). These changes in expectations are caused by changes such as a weakening growth 
outlook for the economy or the release of new information that deteriorates the perceived 
stringency of the EU ETS.  
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The balance in the price of EUAs is threatened by sudden economic changes and new 
policy changes. Back-loading was implemented with the aim to stabilize the price of the 
EUA. The stabilizing method has been found not to affect the over-all volatility though it 
does seem to shift some volatility to a later point in time. (Richstein, Chappin & de Vries, 
2015) 

The price has not fallen back to zero in the second phase which would indicate that the 
current amount of available allowances is relatively close to the optimal amount, though 
the EU ETS has taken steps to prevent the price from declining in the second phase in 
the form of back-loading (EU, 2015). 

A notable proposed future change in the structure of the EU ETS is the market stability 
reserve, which is a mechanism that allows the EU ETS to respond to changes in demand 
by changing the supply of allowances. This would differ from back-loading in the sense 
that the number of allowances would not only be postponed but completely and 
permanently changed. If implemented this mechanism would begin in phase 4 of the EU 
ETS. (EU, 2015) 

2.4 Future challenges for the EU ETS 

There are several challenges for the EU ETS that have the potential to harm the 
effectiveness of the system. One of these would be a price that is too low to incentivize 
companies to reduce emissions, or a price that is too high and would make carbon-
intensive companies unprofitable. Though the aim of the EU ETS is to reduce emissions 
this cannot be done at the expense of a secure energy supply, which is currently not 
possible to achieve though only renewable methods of electricity production. The 
potential of the EU ETS effectiveness is also hindered by systemic problems in the way 
electricity grids work. Increasing the share of renewables is currently obstructed by the 
lack of inertia in the system.  

In relation to power systems inertia refers to the resistance of the power grid to change 
its frequency after an incident. Adequate inertia is needed to secure the security of supply 
during imbalances. Without inertia, the frequency of the system cannot be held at the 
appropriate level. Renewable technologies do not have the same built-in inertia that 
nuclear or coal has. The increase in renewables has decreased inertia continuously 
through the recent years. A power grid is an interconnected system with a specific 
frequency that derives from every synchronous generator that is connected to the grid. 
The power grids of Finland, Sweden Norway, and Eastern Denmark are synchronous, 
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while the western part of Denmark is synchronized with the Continental European 
system. Imbalances can disturb the frequency, which in turn can lead to generators being 
disconnected and blackouts occur. (Statnett et al., 2016) 

The difficulty in keeping the balance in the frequency makes changes in the energy sector 
slow and they have to be made very carefully to avoid any disturbances to the grid. 
Advancing renewable methods of electricity production is not only a political challenge 
but an operational challenge. 

Another challenge for the system is carbon leakage. Even though emissions in Europe 
are reduced it does not necessarily mean overall emissions are reduced. There is a risk of 
transferring electricity production to countries with less strict environmental guidelines, 
which threatens the effectiveness of EU policies. Cross-border transmission links create 
possibilities for, for example Russia, to import electricity produced with carbon-
intensive production methods to the EU.  

There has been a shift in manufacturing sector businesses to countries where there are 
lower-wages than in Europe (Somers, 2010), which can also create problems with 
recognizing carbon leakage. If businesses with high carbon footprints move away from 
Europe due to lower-wages, while only businesses with small carbon footprints remain, 
then the industries with the largest need for carbon reduction regulation is concentrated 
to countries where there is a lack of carbon reduction regulation. Also increased 
electricity prices caused by increases in renewable energy has the potential to shift more 
energy intensive businesses elsewhere. 

Electricity is practically a perishable commodity due to the current inability to store large 
amounts of electricity in an effective and economically feasible manner. Controlling who 
actually benefits from carbon allowances is a difficult task when a constant supply of 
energy needs to be maintained since electricity is a fundamental requirement for society 
to function. Nuclear power stations have the potential to benefit from carbon allowances 
since they do not emit GHGs. Nuclear would not even necessarily be profitable without 
carbon allowances (Bergman et al., 1999, p.56) and their profitability has been shown to 
increase when carbon prices rise (Nicholson, Biegler & Brook, 2011). 

A lack of unified accounting treatments for carbon allowances is a key issue which is still 
unresolved (ACCA 2010, Allini, Giner, & Caldarelli, 2018). Uncertainty in accounting 



 15 

treatment can discourage climate consciousness since up to now accounting of carbon 
allowances has only clouded companies’ financial statements. 

Though the market stability reserve, which would give the EU ETS the ability to change 
and not just postpone allowances, has not yet been implemented it has still been 
researched. The proposed stabilizing mechanism has been found, contrary to its purpose, 
to increase volatility within the market. Allowing the supply to change based on demand 
would be a significant change to the system and could have unforeseeable consequences. 
The design of the reserve. as it now stands. uses the preceding two-years as a determinant 
of when and whether the number of allowances will be withheld. This creates a problem 
since the economic climate can change to the point that the price from two years ago no 
longer reflects the current situation. (Richstein et al., 2015) 

2.5 Emission intensity and methods of electricity production 

Variability in the energy mix of countries in the EU ETS creates notable differences in 
emission intensities of the power sector on a national level. Emission intensity is a 
performance indicator that is calculated by dividing the amount of emissions by a unit of 
economic output and the results differ greatly within countries depending largely on the 
types of energy production (EEA, 2014). Energy mix has a large impact on national 
emission intensity in electricity generation since a larger share of fossil-fuels naturally 
increases a country's amount of emissions even when the amount of electricity produced 
stays the same. Countries with high emission intensity have been found to increase their 
share of global energy production (Ang & Su 2016), which would indicate the prevalence 
of carbon leakage. Since high emission intensity methods of producing electricity are 
commonly cheaper than lower emission intensity methods (Bergman et al., 1999) 
countries are incentivized to increase emissions in order to provide cheaper electricity. 
Previous literature has shown that energy intensity is converging in the electricity 
generation sector globally (Ang & Su 2016), though the rate of change is slow. Therefore, 
the current differences in carbon intensity can be expected to reduce, but the change will 
be moderate. 

Though the electricity generation in the EU is still dominated by nuclear, coal and natural 
gas the share of renewables has been steadily increasing for decades (from 13% in 1990 
to 29% in 2014 of total electricity generated). Total energy consumption has been 
increasing at an average annual growth rate of 0,9% in the EU from 1990 to 2014. Both 
the renewable and non-renewable methods are increasing in efficiency as production 
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methods are enhanced. A more efficient method of producing electricity also leads to a 
lower emission intensity for the production method. The CO2 intensity, measured by how 
much CO2 is produced per kWh, differs greatly between countries. (EEA, 2014) 

The large differences in CO2 intensity are to a large part caused by the differences in 
energy mix throughout the EU. In some countries, such as Italy and Sweden, political 
opposition to nuclear has led to the closure of plants or decreases in the production of 
nuclear energy, though this has not deterred the countries from importing nuclear 
energy. (Bergman et al., 1999) 

The ideal situation would be a decrease in consumption due to more energy efficient 
technologies and a reduction in the carbon intensity of electricity generation through an 
increased share of renewables and more efficient production methods using non-
renewable sources. Improvement is made towards more energy efficient technologies, 
but they are not sufficient to achieve the needed reductions in emissions. 

The effective lifetime of CO2 and N2O emissions are more than a hundred years which 
means that the current emission regulations will impact GHG concentrations for over a 
hundred years (Similä, 2009). When the negative effects of the decisions made today are 
visible for more than a century the current energy mix needs to be modified to be feasible 
in the long run. 

Though a significant reduction in emissions can only be achieved if all significant 
emitters implement regulations to reduce emissions since with only limited cooperation 
carbon leakage, that is when countries move GHG intensive production outside own 
borders instead of reducing actual GHG emissions, is likely to happen. Especially 
industrial countries have high amounts of emissions and combined with less energy 
efficient methods of energy production create even more emissions.  CO2 capture 
technology can reduce emissions but the amounts that can be separated is relatively 
small compared to total emissions which means that it is as of yet not a feasible solution 
to reduce GHG emissions. The captured CO2 also must be transported and stored in a 
way that prevents it from being released into the atmosphere which ends up being costly 
in the long run. (Similä, 2009) 

Since different methods of production have different carbon intensities the EUA has a 
varying impact on the companies in the electricity sector. A country with relatively high 
CO2 intensity in their power sector should, therefore, suffer more from increases in EUA 
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price than countries with low CO2 intensity in their power sectors. Since the power sector 
rarely receives free allocations of EUA’s beginning in 2013 the price effect on the power 
industry should be apparent.  

2.6 Categories of electricity companies 

The connections between the market players are especially complicated due to how 
integrated the electricity market is. There are many energy sources and players that 
function in different ways and the energy operators in the market are of varying sizes 
with different obligations and rights. These companies that operate in the electricity 
sector can be divided into production, transmission, distribution, and trade of electricity. 
Their actual operations often overlap since only specifically production and transmission 
is required to be performed by two different entities 

Not all companies in the electricity sector necessarily emit GHGs, since the sector is very 
broad. Production of electricity should be the main emitter, but since electricity 
companies are very much integrated and commonly operate in more than one of the 
above-mentioned categories three other industry categories within the electricity 
industry are included. 

 

Figure 2 Distribution of companies and their revenue in the electricity sector. 

Figure 3 displays the distribution of electricity companies within the five NACE Rev 2 
core codes which were used as the primary sample in this research. The staples are the 
average turnover in the categories, while the line represents the number of companies in 
the sample. Here the difference in the average revenues and the differences in the 
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number of competitors is clear. Further details concerning the sample and how it is 
selected is discussed in chapter 4.2., Data collection. NACE Rev. 2 is an international 
integrated system of economic classification and is the classification used in this research 
due to it being adapted specifically for European circumstances and therefore presumed 
to be most accurate for this research. A single NACE code does not give a complete view 
of a company’s economic activities since they may perform several different economic 
activities simultaneously. (Eurostat, 2008). 

National differences in how grids work and how companies are categorized create some 
problems in the data. Some companies in the data obtained are under the NACE Rev 2 
code 3510, which would be "Electric power generation, transmission, and distribution" 
which is too general to draw conclusions concerning their effective main operation. This 
category is excluded from the research since the uncertainty concerning what the 
companies’ actual main activities are is unclear. These companies are few and the data 
from this code is distorted since it is mostly (approximately 95%) covered by companies 
in Italy and Germany.  

Country-specific irregularities in the data can also be found in the category of 
transmission of electricity (3512). The data from the category of transmission of 
electricity is skewed since about 57,6% of the companies in the sample are registered in 
Finland, but the rest of the companies in the category of transmission of electricity are 
evenly distributed throughout the countries included in this research. The reason for this 
is evident from the data sample where even though there usually is a single national 
transmission grid operating the entire national grid, but in Finland, there is one 
company, Fingrid, that has the main responsibility for the national grid and in addition 
there are several other companies that operate smaller sections of the grid.  

Production, or electricity generation in power stations, includes according to the NACE 
Rev 2 definition electricity production using renewable and non-renewable methods. 
The actual production of electricity is divided into many small companies with relatively 
low revenues in comparison to other categories of companies in the electricity industry. 
Electricity production in the EU is dominated by three methods of production: 
renewables (29%), nuclear energy (28%), and coal and lignite (25%) (EEA, 2014). Oil 
and natural gas have a smaller share while just one percent is generated through other 
fuels that are not already mentioned  
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The NACE Rev 2. code 3512, Transmission of electricity includes both electricity 
transmission and the operation of electricity transmission. Grid companies need to be 
separate from electricity sellers and owners of power plants because otherwise sellers 
and owners could affect how the grid companies distribute obligations to provide reserve 
power (Vuorinen, 2015). Transmission is the transportation of electricity along high 
voltage cables, which constitutes the main grid. These companies can also be called grid 
companies and in the EU, there is usually just one company operating the national 
transmission network, while smaller companies operate local distribution networks 
(Bergman et al., 1999). Distribution differs from transmission in that the voltage levels 
are smaller.  

The lowest amount of companies in the figure above can be seen in the transmission 
sector, which also has the highest average revenue. This can be explained by the high 
marginal costs of entering the sector. Electricity transmission works in a different way 
than commodity transportation in general. Electricity flows between two points through 
all the potential routes in inverse proportion to the resistance along each of the routes 
(Bergman et al., 1999, pp.68). This “loop flow effect” means that electricity flowing to 
one customer of a power station can be affected by the addition or removal of another 
customer. This basic property of transmission means that changes are slow, and price 
and consumption changes do not immediately effect transmission quantities. Operating 
grids is costly and difficult which creates high entry barriers in the sector. 

The NACE Rev 2 code for distribution of electricity (3513) encompasses the distribution, 
operation, and refurbishment of distribution systems. The distribution of electricity is 
the transportation of the energy from a transmission grid to final customers and it works 
at a much lower voltage than transmission (Bergman et al., 1999, p. 29). There are much 
more distribution companies in relation to transmission companies since they take care 
of the local distribution of electricity which can easily be handled by many different 
companies. Their average revenue is also much smaller than the average transmission 
company since they operate in smaller areas than transmission companies. 

The NACE Rev. 2 code 3514, trade of electricity encompasses both wholesale trade and 
trade to end customer. Trade of electricity increases price competition in the industry 
which is beneficial for end consumers (Bergman et al., 1999, p. 210). The amount of 
companies in the sector is not very big and their average revenue is quite high since 
strong competition in this sector favors larger companies that can more easily provide 
competitive prices.  
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2.7 Accounting for EUAs 

When studying the effect EUAs have on financial statements it is important to 
understand the variability in the accounting treatment of emission rights. Carbon 
accounting has been extensively disputed which has also prompted much research on 
the subject. Carbon allowances themselves have not been in use for a long time and they 
cannot easily be compared to other assets or liabilities which makes it difficult to 
determine the right method for accounting of EUAs or any other carbon allowances. 

Prior to the implementation of the EU ETS, IASB (International Accounting Standards 
Board) issued via IFRIC (International Financial Reporting Interpretations Committee) 
guidance concerning the treatment of emission rights. Since its publication in December 
of 2004, it gained extensive objections and was subsequently withdrawn in June on 
2005. The short-lived "IFRIC 3" stated that EUAs should be treated as intangible assets 
regardless of whether they were allocated for free or purchased and for them to be 
initially recorded at fair value. The difference between the amount paid and fair value of 
the allowances that are allocated for less than fair value should be identified as a 
government grant. Liabilities for the eventually surrendered emission allowances were 
to be recognized as the corresponding emissions were produced. These liabilities should 
be considered provisions and measured at fair value. (ACCA 2010) 

IFRIC 3 was not well received, hence the abrupt cancellation of the guideline. It gained 
much criticism especially for the mixed presentation model and mixed measurement 
model that was used, which were considered too complex and not giving a true 
representation of how the allowances actually impact the companies involved in the EU 
ETS. A mixed presentation model refers to the practice of reporting some gains and 
losses in the income statement, while others are reported in the equity statement. Mixed 
measurement model refers to the utilization of various measurement methods for the 
valuation of assets and liabilities. (ACCA 2010) 

After IFRIC 3 there has not been any international guidance implemented concerning 
the accounting of emission allowances, though national regulations have emerged, and 
a diversity of practices have emerged as well. Currently, the accounting treatment for 
EUAs differs significantly between companies. There are several issues in determining 
how to account for allowances including the several potential uses of allowances. (ACCA 
2010) 
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In a study made in 2010 by ACCA (Association of Chartered Certified Accountants) a 
large proportion of companies surveyed were unwilling to disclose their accounting 
practices concerning EUAs. Disclosing information on how allowances are accounted for 
is not mandatory which creates problems when trying to discern the current accounting 
practices companies have.  

Companies generally recognize EUAs (both purchased and allocated) as intangible assets 
and allocated allowances are initially recorded at nil value (ACCA, 2010, IETA & 
PricewaterhouseCoopers 2010). A later study concluded that about half of companies 
accounted for emission rights as intangible assets, while the other half as inventory 
(Allini et al., 2018). This study also confirms the results from the ACCA survey and IETA 
and PricewaterhouseCoopers joint survey which concluded that allocated allowances 
were most commonly valued at nil value. 

A 2013 study that researched accounting practices based on annual reports named this 
approach of recording EUAs as intangible assets and allocated allowances at nil value the 
“netting approach”. This study also concluded the netting approach to be the most 
commonly used method for accounting of EUAs. This study also concluded that these 
companies commonly only create provisions or expenses when emissions exceed the free 
allocations. These provisions or expenses are commonly valued at carrying value. (Black, 
2013) 

The IETA and PricewaterhouseCoopers survey (2010) also concluded that a clear 
majority of respondents do not amortize or depreciate emission allowances, nor do they 
revalue them. Not amortizing or depreciating allowances was the most common 
response in a 2013 study as well (Lovell, Bebbington, Larrinaga, Sales de Aguiar). 

Free allocation of allowances will not be an issue to the same extent in the energy sector 
since free allocations have significantly decreased but differing practices due to lack of 
guidance and difficulties in determining the optimal way of accounting for emission 
rights are still prevalent. Not due to a lack of attempts to create international accounting 
guidance for EUAs but due to a lack of success of those attempts there are currently no 
plans for implementations of new international guidelines for accounting of EUAs (Allini 
et al., 2018). 

Nondisclosure of accounting practices concerning EUAs is a result of the absence of 
standards.  Nondisclosure leads to external parties not having any basis on which to form 
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views on companies' financial positions and to companies being unable to collect 
information on how they should account for EUAs (Lovell et al., 2013). Uncertainties 
cloud the information available for investors and other interested parties and create 
room for manipulation. The amount of companies unwilling to disclose information 
indicates uncertainty around the correct accounting practice to use within companies, 
though the research that has been made through surveying companies and aggregating 
information from annual reports advances knowledge and discussion around EUA 
accounting and is a step towards having a set accounting practice for EUAs. 
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3 PREVIOUS LITTERATURE 

Research concerning carbon allowances is very versatile since the subject does not only 
cover financial measurements but entails the environmental impact the allowances have 
as well. Much research has been made on the effect that the EU ETS has on the 
environment. Areas of study include the EU ETSs effect on carbon leakage, effectiveness 
as an incentive to invest in renewable technologies and whether the trading system 
accomplishes its goal of reducing carbon emissions.  

Much research was made in the first years of the EU ETS and some even before its 
implementation. Since the trading system is continuing to evolve, the research from the 
early years of its implementation has become outdated. Financial effects of EU ETS on 
companies have mostly been researched through the market price of electricity 
companies or how the EU ETS impacts the price of electricity which in turn effects 
electricity companies’ financials. Directly researching how EUAs effect companies’ 
financial statements has not been as common. A previous study made very early in the 
development of the ETS concluded that excess returns on the stocks of electricity 
producers in the EU are positively related to the price of the EUAs (Oberndorfer, 2009). 
A study focused on the European power sector also came to the same conclusion. Veuth, 
Werner, and Zimmermann (2009) concluded that firm value, measured by share price, 
is positively correlated with rising EUA prices. These results imply that investors expect 
companies to benefit from increases in EUA price. 

Later studies concluded that the relationship is more complex and the impact of EUA 
price on stocks in the field of electricity production varies. The effect has been found to 
depend upon the carbon intensity of the producer and market volatility within the EU 
since a generally positive relation was found only for green electricity producers though 
this positive effect was found for all types of producers during market shocks (Tian, 
Akimov, Roca, & Wong, 2016). A positive relation during market shocks has more to do 
with how market volatility affects the market as a whole than what effect EUA has on 
stock prices. Another study concluded that the effect EUA price has on stock value of 
electricity producers has been positive in phase 1, but negative in phase 2 (Mo, Zhu, & 
Fan, 2012). The change in outcome can be explained by how much more data the studies 
had access to in 2012 and 2016 than what they had in 2009 and how much the EU ETS 
has changed from phase 1 to phase 2. Policy changes which constantly rebuild the basic 
functions of the EU ETS will change the relationship between EUA price and stock 
market prices. Studies of new markets are good for researching whether the market 
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functions well and for providing suggestions for improvement, but when these markets 
have grown and evolved the early literature is not reliable.  

Prior studies have also criticized the EU ETS for providing electricity companies with the 
opportunity to not only pass on the expenses of carbon allowances on to customers but 
increasing their prices above what would be needed to compensate for the increase in 
cost (Veith, Werner & Zimmerman, 2009; Hoffman, 2007). These types of profits that 
are incurred by overcompensating increases in cost are called windfall profits. 

In addition to the EUA prices effect on share price, other measurements have also been 
used as a proxy for profitability. In a study published in 2013, Jaraitė and Kažukauskas 
studied the effect policies, which were aimed at promoting renewable energy, had on the 
profitability of electricity generating firms during the 2002 to 2010 period. This means 
that the study also entailed years previous to the implementation of the EU ETS which 
was possible due to the research covering a broader scope of carbon emission reduction 
methods than just the EU ETS. The methods researched were tradable green certificates 
(such as EUAs) and feed-in-tariffs (meaning policies which set a guaranteed price on 
renewable electricity). This study used companies’ EBIT-margins as their proxy for 
profitability and concluded that the implementation of the EU ETS has positively 
affected the profitability of electricity generating companies. Also, companies operating 
in countries where tradable green certificates were implemented had higher profits than 
companies in countries with feed-in-tariffs. (Jaraitė & Kažukauskas, 2013) 

The EU ETSs impact on profitability depends on the ability of the sector to pass the cost 
increases to customers. A study which was made in the very beginning of the EU ETS and 
focused on five energy-intensive sectors (not including the electricity sector) concluded 
that companies in the UK would, during the EU ETS, cut back output and increase prices 
as a response to the additional costs (Smale et al., 2006). This increased the profitability 
of the energy-intensive sector, which was measured here with EBITDA. This type of 
strategy is not applicable to the energy production sector due to a constant flow of 
electricity being imperative, and even if it were not, the costs and difficulty of readjusting 
output would make cutting back output unprofitable in many cases. 

A later study which focused on the electricity sector concluded that the EU ETS will result 
in cost pass-through which will increase prices, especially in carbon-intensive countries, 
and increase profitability (Lise, Sijm, & Hobbs, 2010). In this study what was used as a 
measurement for profitability in practice represented gross margins. The idea of cost 
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pass-through was also studied in the European Commission Impact Assessment (2014) 
where the claim was refuted by the stakeholders of energy intensive sectors. They 
claimed that keeping production volumes and market share high is the main priority 
instead of maximization of profits.  

There is a large disparity in profit margins throughout the energy sector, which is due to 
the identical product. Even though the technologies used to create the output vary, the 
product is still identical and transferred through the same grid which ultimately means 
that the method of production with the highest marginal cost will set the price for all 
technologies (Pikk & Viiding, 2013). Since carbon costs are targeted at carbon-intensive 
production methods, while high electricity prices benefit the electricity sector in general, 
the result should be a larger increase in profitability for low-emission methods of 
production. For example, both in Norway and Sweden electricity generation is 
dominated by hydro and nuclear energy, which also means that their national electricity 
production is essentially free from CO2 emissions (Fell, 2010). This means that the effect 
of the price of EUAs should be less noticeable in countries such as Norway and Sweden 
than what it is in Europe in general. 

Since the few free allocations of EUAs that are still given are meant to increase diversity 
in the energy mix through new investments then these should increase investments in 
renewable energy. In a study concerning the electricity industry in Germany EUAs were 
found to increase small scale investments with short amortization times (Hoffman, 
2007). A later study found that only the third phase of the EU ETS has been stringent 
enough to influence RD&D, though even then the effect has been small (Schmidt, 
Schneider, Rogge, Schuetz & Hoffman, 2012). This study, which focused on the electricity 
industry in EU countries, found that due to an inapplicable design in the first two phases 
of the EU ETS the emission trading system ended up incentivizing companies to increase 
carbon-intensive production methods instead of achieving its actual goal of decreasing 
environmentally harmful methods of production.  

The studies made in the beginning of the EU ETS or before its implementation have 
generally found very positive results of what effect EUAs have on companies though later 
studies have concluded the trading system to have a more complex effect on companies. 
Much of the research points to the profitability being a result of how easily the electricity 
industry manages to pass on costs to consumers. A company’s ability to benefit from the 
effect of EUAs through cost pass through should differ based on its carbon intensity and 
what specific industry category it is in. Since the cost pass-through is almost immediate 



 26 

and this research is based on annual data, then which company is directly, and which 
company is indirectly affected by the price of EUAs should not be possible to discern. 

The previous literature available on the EU ETSs effect on profitability is relatively 
extensive in comparison to literature on the effect the system has on solvency. For this 
reason, two solvency measures are added as dependent variables in this research. 
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4 METHODS AND PROCEDURES  

The objective here is to assess the impact EUA price has on profitability and solvency 
and differences in the impact depending on the company category. The category of 
company being the industry classifications of production, transmission, distribution and 
trade, which are presumed to have an impact on how EUA price affects companies’ 
profitability and solvency since they operate in vastly different ways. The method used 
to study the effect of the EUA price in this research is a linear mixed model with a random 
intercept where the coefficients are fixed effects. A random intercept was included since 
it allows the linear mixed model to consider the effect company characteristics have on 
the outcome. Several control variables are added which are collected from either the 
Orbis database, Eurostat or the European Environmental Agency. Full list of control 
variables is in appendix 3. A second model will be conducted to assess the interaction 
effects between EUA price and the industry classification codes, which is needed to 
assess whether and to what extent the effect of the price of EUAs depends on industry 
category. 

Control variables include geographical region, total firm assets, firm age and consumer 
electricity prices which were all used by Jaraité and Kažukauskas (2013). Financial slack 
which has widely been found to have a positive relationship with performance (Daniel, 
Lohrke, Fornaciari, & Turner, 2004) was used here as a control as well.  

In addition to the controls that are generally used in research concerning profitability or 
that are used by previous similar research, for example carbon intensity is added as a 
control. Carbon intensity of the power sector is included since the effect that EUAs have 
on companies’ performance should be negative for companies with high carbon 
intensities, though the countereffect of the lower production costs that carbon-intensive 
production methods generally have can mitigate this harmful effect for companies in 
carbon-intensive countries. Previous research has showed that the effect EUA price has 
on the stock price of electricity producers varies depending on the company’s carbon 
intensity (Tian, Akimov, Roca, & Wong, 2016), but if this is true for the effect EUA price 
has on profitability and solvency is not clear. Here the intensity is calculated for the 
power sector specifically and not for all industries in the countries in general. Including 
company-level data on carbon intensities would be the ideal variable here, since it would 
give much more specific results, but that data cannot be obtained for this research. Only 
including carbon intensity levels on a much larger scale allows analyzing the effects the 
carbon intensity level of a country has on all the prevalent production methods. Carbon 
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intensity of the power sector is used here instead of a control variable such as country 
level energy mix since the interest here is on the level of carbon intensity, which is a result 
of the energy mix, and not the actual energy production methods. 

National environmental taxes are added as a control variable since they have the same 
objective that the EU ETS has of deterring pollution. Though the EU ETS remains the 
largest source of emission pricing revenues, national carbon taxes are still in force even 
in countries participating in the EU ETS. Countries like France and Sweden have very 
high national carbon taxes that will inevitably affect the energy industry. (World Bank 
Group, 2018). Both of these countries have energy mixes that focus on low carbon 
methods of energy production since France is dominated by nuclear and Sweden by 
nuclear and renewable (mainly hydro) methods (Bergman et al., 1999). 

4.1 Variables in the linear mixed model 

The analysis will be a linear mixed model with a random intercept where the dependent 
variables will be the companies’ profitability or solvency and the main independent 
variable of interest is the lagged average yearly EUA price.  All independent variables will 
be fixed effects. 

The profitability ratios used in this research are EBIT-margin and EBITDA-margin. 
EBITDA-margin has been used in previous research (Smale et al., 2006), as well as EBIT-
margin (Jaraitė & Kažukauskas, 2013). Solvency will be measured by both asset-based 
and liability-based solvency. 

It is assumed that the companies' EBIT, EBITDA, and Solvency are a function of the price 
of EUAs and the control variables: 

𝐸𝐵𝐼𝑇%& = 𝛽) + 𝛽+𝐸𝑈𝐴& + 𝛽.𝐶𝑂_𝐼𝑁3& + 𝛽4𝐸𝐿_𝑃𝑅𝐼3& + 𝛽8𝐸𝑁_𝑇𝐴𝑋3& + 𝛽:𝑇_𝐴𝑆 + 𝛽<𝐹𝐼𝑅_𝐴𝐺%&
+ 𝛽?𝐹𝐼𝑁_𝑆𝐿%& + 𝛼%+𝜀%&, 

𝐸𝐵𝐼𝑇𝐷𝐴%& = 𝛽) + 𝛽+𝐸𝑈𝐴& + 𝛽.𝐶𝑂_𝐼𝑁3& + 𝛽4𝐸𝐿_𝑃𝑅𝐼3& + 𝛽8𝐸𝑁_𝑇𝐴𝑋3& + 𝛽:𝑇_𝐴𝑆 + 𝛽<𝐹𝐼𝑅_𝐴𝐺%&
+ 𝛽?𝐹𝐼𝑁_𝑆𝐿%& + 𝛼%+𝜀%&, 

𝑆𝑂𝐿_𝐿𝐵%& = 𝛽) + 𝛽+𝐸𝑈𝐴& + 𝛽.𝐶𝑂_𝐼𝑁3& + 𝛽4𝐸𝐿_𝑃𝑅𝐼3& + 𝛽8𝐸𝑁_𝑇𝐴𝑋3& + 𝛽:𝑇_𝐴𝑆 + 𝛽<𝐹𝐼𝑅_𝐴𝐺%&
+ 𝛽?𝐹𝐼𝑁_𝑆𝐿%& + 𝛼%+𝜀%&, 

𝑆𝑂𝐿_𝐴𝐵%& = 𝛽) + 𝛽+𝐸𝑈𝐴& + 𝛽.𝐶𝑂_𝐼𝑁3& + 𝛽4𝐸𝐿_𝑃𝑅𝐼3& + 𝛽8𝐸𝑁_𝑇𝐴𝑋3& + 𝛽:𝑇_𝐴𝑆 + 𝛽<𝐹𝐼𝑅_𝐴𝐺%&
+ 𝛽?𝐹𝐼𝑁_𝑆𝐿%& + 𝛼%+𝜀%&, 
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where EBITit  is the EBIT margin of firm i in year t; EBITDAit is the EBITDA margin of 
firm i in year t, SOL_LBit is the asset-based solvency of firm i in year t and SOL_ABit is 
the asset-based solvency of firm i in year t. The subscript c denotes the country since 
three of the variables were only available on a country-level.  

EUA is the average yearly price of EUAs, CO_IN is the country-specific CO2 intensity 
level for the power sector and EL_PRI is the country-specific consumer electricity price. 
EN_TAX is the environmental taxes. The region effects and the classification of 

economic activity effect are denoted by 𝛼i.  

There are four firm-level controls in the equation. T_AS is the total assets of the firms, 
FIR_AG is the firm age and FIN_SL is the financial slack. 

A model containing only main effects will be conducted first. Since interpreting main 
effects requires an understanding of the interaction effects as well, the interaction effect 
between EUA price and industry classification is included as a second model. Including 
only a model that has the interaction effects is not advisable since interaction effect might 
make the interpretation of main effects difficult and can cause a significant change to 
main effects estimates. The effect of EUA price on profitability and solvency is presumed 
to be different depending on the industry category. 

4.2 Data collection 

The initial sample include all countries that were in the EU ETS in the second phase, 
which are all of the 28 EU countries and an additional three countries: Iceland, 
Lichtenstein, and Norway. The research only includes years after the inclusion of these 
three countries into the ETS, i.e. from phase 2 (which began in the year 2008) onwards. 
Of the 31 countries in the EU ETS in the second phase, data was not available for five 
which resulted in a sample consisting of companies from 26 different countries. 

To limit the data to larger companies the data will only include companies whose latest 
year of accounts had revenue above one hundred thousand Euros and to avoid a double-
counting problem only unconsolidated accounts are used in the research. Consolidated 
accounts would provide a broader view of the electricity companies but would also cloud 
the information concerning the industry classification. Since consolidated accounts 
would include many different companies the information provided by their main 
industry classification could be misleading in the context of this research. Another 
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advantage with the unconsolidated accounts is that the data sample is much larger than 
what it would be with the consolidated accounts.  

Only companies whose latest year of accounts is 2017 will be included for the data to be 
comparable across companies and for the available years of data to include the period 
from 2008 to 2017, which would be preferable to maximize the amount of observations. 
The first phase of the EU ETS is excluded since the price fell to zero which in practice 
made the ETS nonconsequential and also due to financial information only being 
available for years subsequent to the beginning of phase 2.  

The NACE Rev 2 codes included in this research are all under electric power generation 
(351) and these are; Production of electricity (3511), transmission of electricity (3512), 
distribution of electricity (3513) and trade of electricity (3514). The NACE code 3510 was 
excluded due to the practical operations of the companies in the category being 
uncertain. Naturally many companies will in practice be included under several of the 
four categories, but this study will only focus on the companies’ core NACE Rev 2 codes, 
which companies can only have one of. This means that much of the actual production, 
distribution and trade of electricity is not possible to include in the analysis since 
companies that also have operations including those fields are still categorized under 
other industry categories. Transmission of electricity is the only category where this 
effect is presumed to be minimal since countries usually have only one single 
transmission company whose main purpose is transmission. Companies can also be 
producing electricity for their own consumption and therefore are not included in the 
production of electricity category and these companies also fall outside the scope of this 
research. 

Two of the variables in this research were not directly available and one of these is 
regions. Regions were used instead of countries due to the limited amount of data. A 
control for the regional differences can limit out some of the noise caused by the data not 
included in this research such as cultural differences or geography of transmission lines. 
Limiting the research only to countries with sufficient data would have narrowed the 
scope of the research too much considering that the aim is to research the effect EUAs 
have on as much of the EU ETS as possible. The division of data is not even throughout 
the countries in this research and the data lack, in many cases, sufficient magnitudes 
from the countries participating in the EU ETS. Therefore, there is a need to divide these 
countries into regions. Countries will here be divided into seven regions mostly according 
to the division used by Jaraitė and Kažukauskas (2013) in their research, but since some 
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of the included countries differ, there are slight modifications to the regions. Countries 
that were not included in the sample Jaraitė and Kažukauskas used were divided into the 
regions based of what region was geographically closest to the countries. The full division 
of countries into regions can be found in appendix 1. Not all countries participating in 
the EU ETS were included in the research since sufficient data was not always available. 
Figure 3 shows how the regions and their numbers on a map of Europe. 

 

Figure 3 Map of regions. 

The second variable that was not directly available was emission intensity for the power 
sector. There are several ways of calculating emission intensity and the method used here 
was the same used by the EEA in their overview of the electricity production and use in 
Europe (EEA 2013). Emission intensity is a ratio (expressed as grams of CO2 per kWh) 
which is calculated by dividing the amount of emissions from power stations by the 
amount of electricity produced by them (EEA, 2014). The data on GHG emissions for the 
purpose of calculating the emission intensity of European countries can be found from 
the European Environment Agency (EEA). There is data available for two GHGs (CO2 
and N2O) of the three that are included in the ETS. These are sufficient for this research 
since they are the only GHGs that are relevant in both the electricity sector and from the 
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standpoint of the ETS, since the third GHG perfluorocarbons (PFCs), though included in 
the ETS only concerns aluminum production.  N2O emissions are presented in the form 
of CO2 equivalents which makes it simple to add them together for the purpose of the 
emission intensity calculation. The emissions of CO2 and N2O are first added together to 
receive total emissions, which is then divided by the total amount of electrical energy. 
The total amount of electrical energy is the output from conventional thermal power 
stations, district heating plants and the derived heat from power stations.  Data on 
amounts of electrical energy can be found from the Eurostat database. The data available 
spans from 1990 until the year 2016, which means that the emission intensity for the 
power sector for the year 2017, which would preferably be included in this research 
cannot be obtained. 

Total assets and financial slack were calculated into natural logarithms and all the 
company level information is lagged except for firm age. Financial slack was calculated 
as cash and cash equivalents divided by total liabilities. This method of calculation has 
in this research the advantage of providing a large number of observations. The data for 
the company level control variables are retrieved from the Orbis database.  

The data for three of the control variables is country-level data. These variables are 
carbon intensity for the power sector, environmental tax and consumer electricity prices 
and they are all converted into natural lagged logarithms to improve model fit. 

The data for environmental taxes by economic activity can be found on Eurostat, though 
the division is only for the NACE Rev 2 sections, not the codes. Sections in the NACE Rev 
2 are much broader than the codes and in section D, which the electricity sector codes 
are a part of, also includes manufacturing of gas and steam and air conditioning supply. 
Though the taxes for specifically the electricity supply sector cannot be retrieved the 
taxes from section D is assumed to be sufficiently precise to be used in this research. The 
data includes energy taxes, pollution taxes, resource taxes, and transport taxes. Data for 
consumer electricity prices was also retrieved from Eurostat. 
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5 RESULTS AND DISCUSSION 

The independent variables were tested for multicollinearity and the results for the test 
are in appendix 2. The highest correlations could be found between environmental tax 
and CO2 intensity for the power sector, but the correlation coefficient of 0,591 was 
sufficiently low to continue the analysis without changes.  

Appendix 3 summarizes the descriptive statistics of the data. Here we can see that of the 
industry categories NACE 3511 and of the regions Region, number 6 is the largest in the 
sample. These two variables were selected as reference categories in the linear mixed 
model due to them containing the largest amount of data and therefore giving a good 
benchmark for the other categories.  

First the results from the model excluding interaction effects will be discussed and then 
the model containing the interaction effects. The final models included information from 
between 2893 and 3737 companies. Solvency measures had smaller sample sizes due to 
a smaller amount of companies disclosing the information. 

In appendix 4 is the summary of the estimates and standard errors from the linear mixed 
model which only included main effects. The results are mostly statistically significant 
when using a 95% confidence interval though the regional dummies resulted for the most 
part into non-significant results when the dependent variable was either of the two 
measures of solvency.  

When focusing on the NACE core codes we see that trade of electricity has lower 
profitability in comparison to the other industry categories (when controlling for all the 
included variables). Trade of electricity seems to have clearly lower solvency than the 
industry in general. The statistically significant results for the industry categories suggest 
that instead if analyzing the energy industry as a whole it is important to include 
variations between industry categories. Much of the research found on the topic of the 
EU ETS either analyses only one industry category or does not take into consideration 
the variations between industry categories at all, which results in a very general view of 
an entire industry segment. The results from this research indicate that other industry 
categories have a lower profitability than the reference category, which is here 
production of electricity.  
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The reference category for the regional dummies was Region 6, which includes Portugal 
and Spain. This category has a relatively high profitability in comparison to other 
regions. 

According to the results, higher total assets translate into higher profitability and lower 
solvency. Firm age and financial slack were both mostly statistically significant though 
the estimates for the latter were quite minor. Firm age had a clearly negative effect on 
profitability, when controlling for all other variables, though it has a positive effect on 
solvency. This makes sense in that new companies need more debt to start their business 
up while older companies already have earned the capital needed to operate the business. 

The estimate for carbon intensity for the power sector is negative for both EBIT-margin 
(-0,284) and solvency (-0,485 and -0,285) which would indicate that companies in 
carbon-intensive countries generally have lower profits than more carbon efficient 
countries, regardless of the carbon-intensity of the company itself. This was what was 
expected of the results and is supported by previous literature (Keppler & Crusiani, 2010; 
Tian, et al., 2016). Higher profits for non-renewable methods and nuclear energy is 
exactly what is needed for phasing out the most harmful energy production methods. 
The sample of companies from the more carbon-intensive countries can be assumed to 
include a larger share of non-renewable methods, since a country’s power sector’s energy 
intensity does give a good view on the level of renewable methods of electricity 
production.  

The notably negative estimate of the consumer electricity prices indicates that 
profitability in the electricity sector, as a whole, decrease when electricity prices are high. 
Consumer electricity prices also have a notably positive estimate for solvency.  

The results from the effect of EUA price on profitability are in line with the early studies 
since they generally concluded that the EUA price’s effect on profitability would be 
positive (Smale et al., 2006; Lise, Sijm, & Hobbs, 2010). Early research on the EU ETS 
also indicated that investors expect companies to benefit from increases in EUA price 
(Oberndorfer, 2009; Veuth, Werner, & Zimmermann, 2009), though later studies have 
found the relationship to be more complex (Tian, et al., 2016; Mo et al., 2012). The results 
from this research indicate that there is a positive effect though the low estimates 
indicate that the effect is minor. Combined with the results from the solvency measures, 
which are negative, the positive effect is even less substantial. Higher profits at the 
expense of lower solvency is not sustainable in the long run. The EU ETS has been 
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criticized for bringing an additional price risk by reducing capital needed for investments 
(Banks, 2012), and EUAs having a negative effect on solvency implies that the criticism 
is warranted. 

In the second model, the results of which are in appendix 5, the focus will be on the 
interaction effects and the related main effects though all results are disclosed in the 
appendix. Results of other variables stayed relatively close to the previous model. 

The second model reveals less information concerning the industry categories main 
effect. The EUA price effect remains statistically significant and the results are very close 
to the first model and the positive effect of EUA price on profitability and its negative 
effect on solvency is slightly stronger here. 

The interaction effects are statistically significant for the profitability measures but only 
one of the solvency measures for one of the industry categories is statistically significant. 
The results for profitability indicate that the effect of EUA price depends on the industry 
category in question, which is what was expected. After all the different industry 
categories operate in very different ways which should be apparent from the results. For 
example, the most negative interaction effect is the one for distribution of electricity. This 
means that the generally positive effect EUA price has on profitability is lesser for 
distribution of electricity than other categories. Generally speaking a more negative 
interaction effect indicates that the higher the EUA price is, the more negative the effect 
becomes. The reference category, production of electricity, is according to the results the 
industry category that benefits the most from the positive effect the price of EUA has. 
The industry category of production of electricity being characterized by high average 
revenue and few companies operating in the sector can explain why they have the ability 
to pass on costs efficiently. With few sellers and relatively many buyers they have a better 
ability to drive up costs. Due to unbundling energy production is required to be separate 
from transmission but energy production seems to still have a very strong position in 
comparison to other market players regardless of unbundling. Unbundling has been in 
force in the EU since the third energy package which was implemented in 2009, which 
means that a clear majority of the data used in this research is from years following the 
unbundling process.  

All of the companies included have the potential to be directly affected by emission 
allowances since their operations might include divisions that result in emission that are 
substantial enough to be included in the EU ETS. Electricity production should still be 
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the category that is to the highest grade directly affected by EUA price, but due to cost-
pass through the effect EUA has ends up affecting all of the categories in the industry 
almost immediately. 

EU legislation aims at a unified European market for electricity, and the repercussions 
of a more unified market are expected to be beneficial for end consumers. In cases such 
as the cost pass-though of the price of EUAs the effect seems to be quite the opposite. 
While a unified market should e able to drive down prices the efficiency in the system 
allows the industry to pass on costs that are meant to deter the system from using 
environmentally detrimental processes. 

Inclusion of interaction effects increased statistical significance for the results of the 
regional effects on liability-based solvency, which reveals Region 2 to have a much lover 
solvency than other regions and Region 1, which is the region with the most integrated 
market, to have the highest liability-based solvency.  
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CONCLUSIONS 

This thesis aimed to answer the question of how and whether the price of EUA effects 
profitability and solvency in the energy industry. Taking into consideration the industry 
category the results were obtained through a mixed linear model with a random 
intercept. Proxies for profitability were EBITDA- and EBIT-margin, while solvency was 
calculated through both asset-based and liability-based solvency. The results revealed 
that EUA has a positive effect on profitability and that the extent of this effect depends 
on the industry category. Results also show that the companies in carbon intensive 
countries generally have lower profitability, which is what is needed to achieve lower 
emissions in Europe and is in accordance with previous literature (Keppler & Crusiani, 
2010). 

Results from the effect of EUA price on profitability were significant though not 
substantial.  The effect of EUAs on profitability is found to be positive, which is in line 
with early studies concerning the EU ETS (Smale, et al., 2006; Lise, Sijm, & Hobbs, 
2010). This positive effect can be explained by the well documented ability of the energy 
industry to pass on costs (Veith, Werner & Zimmerman, 2009; Hoffman, 2007). EUAs 
do not only affect the companies that either buy or are allocated allowances for free, but 
there is a ripple effect throughout the economy that results in the EU as a whole being 
affected by the allowance system. This ripple effect is strengthened in the electricity 
sector due to efficient cost pass-through from electricity producers to end customers 
which is enabled by how the electricity industry is structured. Since the EU is constantly 
evolving its energy market into becoming a common market this efficiency in cost pass-
though should not be expected to decrease. 

Newer studies have already disputed the understanding of the EU ETS being profitable 
for all companies, but instead being profitable only in certain scenarios (Tian, et al.; Mo 
et al., 2012). This is supported by the results from the solvency measures, which are 
negative. Achieving higher profits while solvency decreases is not sustainable. These 
results suggest that if concentrating only on profitability then the effect of EUA is 
positive, but when analyzing the results, the solvency measures need to be taken into 
consideration as well where we see that the effect is not as simple. 

The industry categories were expected to have an impact on the effect EUA price has on 
both profitability and solvency. Though the results for solvency were mostly non-
significant the profitability measures showed significant results.  The interaction effect 
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revealed the generally positive effect EUAs have on the electricity industry to be lesser 
for distribution of electricity than other industry categories, when controlling for all 
other variables.  

Production of electricity, on the other hand, seemed to benefit the most from the price 
increases in EUA price since it was the reference category and the other categories had 
negative estimates for their interaction effects. The actual cause for the benefit 
production of electricity has can be debated and might be a sign of the electricity 
production industry having the best position within the electricity industry to pass on 
the costs. The category that comes the closest to production of electricity in the 
interaction effects, is trade of electricity. The results indicate that all industry categories 
within the electricity industry are affected by EUA price and the generally positive effect 
is different depending on the category.  

The results are interesting considering that a clear picture of who actually ends up paying 
the price for emission allowances is still unclear, though much of the research does 
support the idea that end-consumers are the ones to do so. The results from this research 
suggest that production of electricity is the most efficient at avoiding the costs the EU 
ETS causes for the electricity industry. Production of electricity would, ideally, be the one 
negatively affected by the EU ETS since production of electricity is what needs to change 
to accomplish a decrease in emissions in the EU. The innate ability of the energy sector 
to pass on costs allows companies in the energy sector to easily and swiftly adapt prices 
to suit the needs of the sector. The basis of the claim of cost pass-through in the electricity 
industry does rely on the assumption of the companies having a profit maximization 
strategy. This is naturally not the only option for companies since a strategy focused on 
maximizing market share can be suitable depending on the situation of the company.  

The discussion on the environmental aspects of the EU ETS should of course be included 
when analyzing the economic impact of the system since the two aspects do have an effect 
on one another. Since the EU ETS is the largest emission allowance trading system in the 
world today means that it is setting a precedent for how large-scale emission allowance 
systems can work and whether they can be successful. Though the EU ETS is still only a 
European system, there is potential, if proven successful, for it to expand. For this reason, 
the EU ETS is an important area of study and its environmental effectiveness will govern 
how far the system will reach in the future. 
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APPENDIX 1 COUNTRY CODES, NAMES AND REGIONS 

Summary of the grouping into regions of the 28 EU countries in addition to 
Iceland, Norway and Liechtenstein. The “x” in the region column signifies 
that the country has been excluded from the research due to lack of data 
from some of the variables needed for the linear mixed model. 

 
Country ISO 

3166-1 aplha-2 
code 

Country name Region 
number 

EU 
membership 

status 
FI Finland 1 Yes 

NO Norway 1 No 
SE Sweden 1 Yes 
BG Bulgaria 2 Yes 
RO Romania 2 Yes 
CZ Czechia 3 Yes 
EE Estonia 3 Yes 
HU Hungary 3 Yes 
LV Latvia 3 Yes 
LT Lithuania 3 Yes 
PL Poland 3 Yes 
SK Slovakia 3 Yes 
SI Slovenia 3 Yes 
IS Iceland 4 No 
IE Ireland 4 Yes 

GB United Kingdom of Great Britain and 
Northern Ireland 4 Yes 

BE Belgium 5 Yes 
FR France 5 Yes 
DE Germany 5 Yes 
LU Luxembourg 5 Yes 
NL Netherlands 5 Yes 
PT Portugal 6 Yes 
ES Spain 6 Yes 
HR Croatia 7 Yes 
GR Greece 7 Yes 
IT Italy 7 Yes 
AT Austria x Yes 
CY Cyprus x Yes 
DK Denmark x Yes 
LI Liechtenstein x No 

MT Malta x Yes 
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APPENDIX 2 PEARSON CORRELATIONS 

Summary of the Pearson correlation coefficients between the independent 
variables. Significance levels are in parentheses. 

Pearson Correlation 
  T_AS FIN_SL FIR_AG CO_IN EN_TAX EL_PRI EUA_PRI 

T_AS 
1 -0,066** 0,088** -0,005 0,019** -0,090** -0,015**  

(0,000) (0,000) (0,295) (0,000) (0,000) (0,003) 

FIN_SL 
-0,066** 1 0,049** -0,005 -0,023** 0,005 -0,021** 
(0,000) 

 
(0,000) (0,308) (0,000) (0,363) (0,000) 

FIR_AG 
0,088** 0,049** 1 0,005 -0,075** -0,242** 0,000 
(0,000) (0,000) 

 
(0,314) (0,000) (0,000) (1,000) 

CO_IN 
-0,005 -0,005 0,005 1 0,591** 0,038** 0,239** 
(0,295) (0,308) (0,314) 

 
(0,000) (0,000) (0,000) 

EN_TAX 
0,019** -0,023** -0,075** 0,591** 1 0,081** 0,252** 
(0,000) (0,000) (0,000) (0,000) 

 
(0,000) (0,000) 

EL_PRI 
-0,090** 0,005 -0,242** 0,038** 0,081** 1 -0,117** 
(0,000) (0,363) (0,000) (0,000) (0,000) 

 
(0,000) 

EUA_PRI 
-0,015** -0,021** 0,000 0,239** 0,252** -0,117** 1 
(0,003) (0,000) (1,000) (0,000) (0,000) (0,000) 

 

** Correlation is significant at the 0.01 level 
  * Correlation is significant at the 0.05 level 

 



 45 

APPENDIX 3 DESCRIPTIVE STATISTICS 

Summary of the descriptive statistics of the variables divided into three 
categories based on data level. 

Descriptive Statistics 
      

  
Variable Observations Mean Standard 

deviation 
Firm-specific 
variables 

EBITDA 34844 38,554 30,793 

EBIT 36932 20,331 25,758 

SOL_LB 20446 36,225 27,224 

SOL_AB 37053 40,026 31,712 

T_AS 37309 9,236 2,222 

FIN_SL 37473 59,913 630,723 

FIR_AG  37460 3,123 0,636 

Country-specific 
variables 

CO_IN 37480 5,596 1,946 

EN_TAX 37480 4,809 2,653 

EL_PRI 35653 0,128 0,068 

NACE_3511 26700 1,288 0,453 

NACE_3512 1130 1,970 0,171 

NACE_3513 5850 1,844 0,363 

NACE_3514 3800 1,899 0,302 

Region_1 29070 1,785 0,411 

Region_2 36040 1,957 0,203 

Region_3 34020 1,903 0,296 

Region_4 35340 1,942 0,235 

Region_5 32030 1,851 0,356 

Region_6 26830 1,719 0,449 

Region_7 31550 1,843 0,364 

EU-specific 
variables 

EUA_PRI 37480 10,163 5,818 
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APPENDIX 4 ESTIMATES OF FIXED EFFECTS: MAIN EFFECTS 
MODEL 

Summary of the estimates of fixed main effects with standard errors in 
parentheses. Non-significant results excluded (95% confidence interval). 

Estimates of Fixed Effects: Main effects model 
  Description EBITDA EBIT SOL_LB SOL_AB 

NACE_3512 Transmission of 
electricity 

-18,431** -8,969** 8,049** 10,033** 
(2,538) (1,898) (2,757) (2,696) 

NACE_3513 Distribution of 
electricity 

-14,007**  -4,956** 13,051** 16,941** 
(1,184) (0,913) (1,473) (1,295) 

NACE_3514 Trade of electricity 
-35,769** -18,103** -6,546** 

 

(1,472) (1,088) (1,464) 
 

Region_1 FI, NO, SE 
-3,021** -2,794** 

 
-1,559** 

(0,559) (0,523) 
 

(0,521) 

Region_2 BG, RO 
 

-2,470** -4,108** -3,824**  
(0,936) (1,316) (0,931) 

Region_3 CZ, EE, HU, LV, LT, 
PL, SK, SI 

-3,657** -3,720** 
 

-1,555* 
(0,732) (0,668) 

 
(0,668) 

Region_4 IS, IE, GB 
-3,773** -2,297** 

  

(0,868) (0,810) 
  

Region_5 BE, FR, DE, LU, NL 
-3,378** -2,967** 

 
-1,678** 

(0,660) (0,612) 
 

(0,624) 

Region_7 PT, ES 
-2,621** -2,117** 

  

(0,582) (0,551) 
  

T_AS Total assets 
2,203** 1,125** -2,254** -4,396** 
(0,153) (0,128) (0,183) (0,144) 

FIN_SL Financial slack 
 

0,000** 0,333** 0,001**  
(0,000) (0,011) (0,000) 

FIR_AG Firm age 
-8,695** -3,736** 10,148** 13,565** 
(0,683) (0,526) (0,779) (0,737) 

CO_IN CO2 intensity 
 

-0,284** -0,495** -0,285**  
(0,067) (0,094) (0,060) 

EN_TAX Environmental tax 
 

0,296** -0,170* -0,261**  
(0,053) (0,066) (0,042) 

EL_PRI Consumer 
electricity prices 

-26,266** -26,296** 15,110** 16,377** 
(2,485) (2,586) (3,824) (2,097) 

EUA_PRI EUA price 
0,081** 0,233** -0,641** -0,405** 
(0,018) (0,018) (0,023) (0,015) 

Number of 
firms   3577 3747 2893 3737 

Standard errors in parentheses 
** p < 0,01  
  * p < 0,05  
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APPENDIX 5 ESTIMATES OF FIXED EFFECTS: INTERACTION 
EFFECTS MODEL 

Summary of the estimates of fixed main effects and interaction effects with 
standard errors in parentheses. Non-significant results excluded (95% 
confidence interval). 

Estimates of Fixed Effects 
  Description EBITDA EBIT SOL_LB SOL_AB 

NACE_3512 Transmission of 
electricity 

-12,350**   7,630** 
(2,644)   (2,786) 

NACE_3513 Distribution of 
electricity 

-8,007**  9,955** 15,132** 
(1,238)  (1,655) (1,342) 

NACE_3514 Trade of electricity -32,251** -13,512** -8,115** -3,734* 
(1,548) (1,214) (1,616) (1,605) 

Region_1 FI, NO, SE -15,564** -9,826** 3,310*  
(1,224) (0,984) (1,427)  

Region_2 BG, RO -6,352* -6,710** -21,423**  
(2,591) (2,058) (3,197)  

Region_3 CZ, EE, HU, LV, 
LT, PL, SK, SI 

-24,637** -13,985** 1,820*  
(1,756) (1,270) (1,949)  

Region_4 IS, IE, GB -13,153**  0,415*  
(1,892)  (2,121)  

Region_5 BE, FR, DE, LU, NL -18,910** -12,519** -2,611*  
(1,304) (1,051) (1,554)  

Region_7 PT, ES -16,661** -9,107** -1,546*  
(1,262) (1,012) (1,427)  

T_AS Total assets 2,149** 0,988** -2,279** -4,326** 
(0,152) (0,127) (0,186) (0,145) 

FIN_SL Financial slack 0,001* 0,001** 0,334** 0,001** 
(0,000) (0,000) (0,011) (0,000) 

FIR_AGLN Firm age -8,500** -3,264** 12,763** 16,349** 
(0,766) (0,592) (0,900) (0,845) 

CO_IN CO2 intensity -0,197** -0,368** -0,453** -0,287** 
(0,061) (0,068) (0,095) (0,061) 

EN_TAX Environmental tax 0,131** 0,349** -0,193** -0,255** 
(0,047) (0,053) (0,067) (0,042) 

EL_PRI Consumer 
electricity prices 

-35,068** -35,697** 15,475** 16,066** 
(2,559) (2,744) (4,046) (2,143) 

EUA_PRI EUA price 0,200** 0,392** -0,686** -0,423** 
(0,021) (0,022) (0,027) (0,017) 

NACE_3512 * 
EUA_PRI 

 -0,434** -0,564** 0,484**  
(0,096) (0,096) (0,128)  

NACE_3513 * 
EUA_PRI 

 -0,627** -0,713**   
(0,045) (0,047)   

NACE_3514 * 
EUA_PRI   -0,187** -0,376**   

(0,058) (0,056)     
Number of firms   3577 3747 2893 3737 

Standard errors in parentheses 
** p < 0,01  
  * p < 0,05 

 


