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significant role, although not a dominant one. @hprice substitution effects between coal and gas
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also pushed down power CO2 emissions.
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1. Introduction

Phase Il of the European Union Emissions Tradinge8®, or EU ETS, which lasted from 2008 to
2012, has now ended. The aim of this scheme, whéshset up in 2005, is to reduce LEmissions in
Europe by setting emission caps for over 11.00@liasionswhich are required to return a volume of
allowances that corresponds to their verified, @@issions for each annual compliance assessment.
The EU ETS is in force in 31 countrieand covers over 45% of their overall greenhowse(GHG)

emissions.

The first period was a learning phase: around illidrballowances were allocated every year, almost
entirely free of charge. As this surplus could betused in Phase 2, the price of Phase 1 allowances
fell to zero. The second period corresponded tokiy@o Protocol application phase, where the EU
ETS CQ emission reduction targets for each Member Starsewn line with those defined in the
agreement. Allowances were still mostly allocatezkbfof charge. Unlike in Phase 1, the option of
holding Phase 2 allowances over to Phase 3 endidedarbon price to remain at a significant level
for a time, before gradually falling to below €4.06r tonne. This second period between 2008 and
2012 was affected by the 2009 economic downturnichwlwas characterised by a world-wide
economic contraction that began in late 2007 aon# tserious turn for the worse in 2008. Against
this backdrop, observers have repeatedly argugdhbaeconomic downturn, which is synonymous
with a contraction in industrial output, was resgibte for the recorded decrease in &missions in

the power sector.

In fact, the European Union stated this very clearlits initial report on the operation of the BTS
in November 2012, where it explained théhe'EU ETS is facing a challenge in the form of an
increasing allowance surplus, primarilyue to the fact that the economic downturn hasiced
emissions by more than was expetiett is indeed likely that the slowdown in econonaictivity
within the European Union did have an impact onfétien CO, emissions, but can we argue that the

downturn was the main reason or even the only refsdhat fall?

Other factors could also have played a role, eaflgdhe actual efforts made to decarbonise the

economy, and increase renewable energy’s shahe iartergy mix. Indeed, the commitments made at

! The sectors covered are mainly: energy produdiigrich accounts for over 60% of the total emissiooscerned
by the EU ETS), and the “other combustion” segmehich includes units that are typically used toepate heat in
order to support other industrial or urban actgtifollowed by cement plants, refineries and stemks, which
account for roughly the same level of emissions.

2The 27 Member States, Croatia, Norway, Liechtengtathlceland.

3 Capitalised by the author,
4 European Commission, Climate Action, http://ec,pareu/clima/policies/ets/index_en,htm,
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the European level, which resulted in the so-cdik83820-20" targets, were implemented via a series
of directives, including the directives on reneveatldnergy and energy efficiency, which were
combined with national policies. These commitmenme&e reflected by a “notable development of
renewable energ§”in most States. In which case, can we estimate/at extent these efforts
contributed to reducing GQemissions? Likewise, we need to ask whether clwaimg¢he price of
energy affected CQOemissions or whether the allowance system, andifigadly the carbon “price
signal” that it reflects, effectively played a roly encouraging fuel-switching in energies and

investments technologies that emit less carbon.

We choose to focus our analysis on the power séatorarious reasons. First, it is the largest @ect
in the EU ETS in terms of GCemissions. According to Berghmans et al (2012550 allowances
were allocated to power or combined heat and pd@eiP) plants. It differentiated from the other
sectors also because since 2005, it is the onlysinglthat as a whole was short in EUAS, i.e.rgef
allocation of EU allowances was lower than the amed of CQ it emitted. This has been anticipated
by Member States and comes from two main reasbesperception that cheaper abatement options
exists in the power sector rather than in otheustwial sectors, and the low risk of carbon leakiage
power production (Ellerman and Buchner,2008). & leal to a well integration of the carbon price by

power producers in their operating decisions.

Secondly, the power sector is exposed to diffekerds of energy or environmental policies that also
impact fossil fuel power plant emissions level. tOp of the carbon price that was established ir6200
national policies to develop renewable energy aigespread in the European Union. Since 2009,
national targets are consolidated in a directivéhatEuropean level and Member States established
action plans to reach the desired developmentnewable enerdy According to them, electricity
from renewable sources will reach 33 % of the tfitall electricity consumption at the European leve
in 2020, when it was only 15 % in 2005. To readtirtbbjectives, many Member States put in place
deployment policies such as feed-in tariffs or &grecertificates (Ringel, 2006) that were succdssfu
in channelling investments in renewable energy petidn without any connection with the g@rice
level. Other environmental command and control giedi are also applied in the European power

sector, like the_arge Combustion Plant Directiviat limits the use of some power plants sinceB200

5 Directive 2009/28/EC on renewable energies esfabll a European framework for the promotion of weie
energies, which set binding national renewablegnergets, in order to achieve a 20% share ofwahke energy in
energy end-consumption by 2020, to reduce, @@issions in European Union countries, and toe@mse energy
efficiency by 20% by 2020,

5European CommissioRenewable Energy Progress Rep@a13, page 3, http://eur-
lex,europa,eu/LexUriServ/LexUriServ,do?uri=COM: 2@ 5:FIN:FR:HTML

7 All national action plan on renewable energy areelfy available on the European commission website:
http://ec.europa.eu/energy/renewables/action_pfahtra
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We thus can take advantage of the data providethenEU Transaction Log on power plants
participating in the EU ETS, to evaluate the imgaderms of CQ@ emission of the carbon price, but
other complementary policies that affect emissiensl.

Figure 1 — Free allocation by sectors between 2088d 2012 (average of 1,999 MtC&per year)

Glass Coke ovens -Metal ore

Cement
11%
Other
combusti
on
16%

Source: Berghmans and Alberola (2012), based on EUTL and World Electric Power Plant (Platts) data.

From an original database of 1,453 electricity gatien plants running on fossil fuels in Europes th
focus of this article is to provide quantitativesesers to these questions, based on panel data
econometrics for the EU 27. We attempt to link,@missions with a series of explanatory variables
that have an impact on emission trends, and toegthedr relative contributions.

The remainder of the paper is organized as foll&estion 2 presents the literature review. Secion
details variables. Section 4 contains the econatnatethodology and empirical results. Section 5

concludes.

2. Analysing the explanatory factors for CO2 emissions

Early empirical academic literature has developadtlee EU ETS has so far mainly focused on
econometric evaluation of the explanatory factarthe price of carbon, less on CO2 emissions data.
On the two first periods of the EU ETS several mations determined the main factors and their
effects on prices of other energy prices. The ainmitial publications was to determine the main
pricing factors and their effects on other enengggs, and among which we would mention Bunn and
Fezzi (2007), Mansanet-Bataller et al . (2007),ehtha et al . (2008) and Alberola and Chevallier
(2009). Generally speaking, this research conclutiat the price of allowances reacted (i) to the
publication of verified emissions and regulatorgidens (ii) to the price of primary energy and) (ii

to climatic conditions.
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In parallel, a piece of literature has developedhanoptimal mix of policy to reduce G@missions in
the power sector. Fischer and Newell (2004) arghatitechnology policies should remain confined
to the promotion of research and development, tejecting promotion policies by early market
deployment. De Jonghe et al. (2009) and Béhrindeale (2008) show the interdependence of
renewable policies and carbon pricing, which letaishe inefficiency of one of them if they are
poorly calibrated. Fisher and Preonas (2010) atpaein the presence of efficient carbon pricing
other policies such as renewable energy suppoerofio additional environmental benefits and so
have to be justified by other market failures. Wdaer, Hoel (2012) and Lecuyer and Quirion (2013)
argues that in the presence of uncertainty ab@uettvironmental benefit of mitigation or the future
policy, RE subsidies can be justified even only thgir contribution to the mitigation of GO
emissions. Our aim is not to discuss the theodgistification behind the design of the policy-mix
but to evaluate empirically the relative contribatiof the EU ETS through its carbon price, RE
deployment and command and control directive oallpollutants on the abatement in the European

power sector.

The academic literature today provides no empir@adluation of the explanatory factors of LO
emissions in the power sector over the period ZB2. None ex-post assessment of the contribution
of other climate and-energy policies has yet baefopmed at the scale of the EU. Nevertheless, some
studies evaluated the emissions reductions achieydde implementation of the EU ETS. Ellerman
and Buchner (2008) found that a reduction emissimt&een 50 and 100 million tonnes (Mt ) during
the first phase (2005-2007). Delarue et al. (20@8& 2008b ) evaluated emissions reductions were
between 34 and 88 Mt in 2005 and 19 and 59 Mt 62@eilhauer and Ellerman (2008) concluded
that reductions are between 13 and 122 Mt andlyirielerman et all (2010) estimate reductions
between 120 and 300 Mt for the first time.

As for the assessment of g@batement coming from renewable energy developnveaigt et al.
(2012) examined the impact of the development méwable energy (RE) in Germany on the demand
for carbon allowances (and therefore on,@@issions). They showed that approximately 1069 1

of the fall in CQ emissions in the electricity sector for the perimtween 2005 and 2011 can be
explained by the increase in RE’s share of theggnenix. It also appears that the presence of the EU
ETS market had a positive impact on emission reolust Gloaguen and Alberola (2013) evaluated
the contribution of RE development, g@rice and electricity intensity of the GDP in eaiping the
CO, emissions variation in the EU ETS through a parsh degression at the country level. They
showed that RE deployment are the first cause aksom reductions in the EU ETS with a
contribution of 500 to 600 MtC{bver the period 2005-2011, when the economicscdsntributes to

an amount of 300 MtCOThey find no evidence of the GPrice contribution to emission reductions.
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Previously, some studies tried to determine theofadehind C@emissions variations. McGuinness
and Ellerman (2008) presented an econometric shatyfocuses on the United Kingdom, and covers
British fossil-fuelled power stations and their lmam emissions according to the price of energy and
CO,, the production of and the demand of electriciilye authors used a fixed-effect panel regression
analysis and concluded to the significance of tk frice in determining the use of thermal power
plants. In 2009, Anderson. Di Maria and Convey Eiddhe CQ emission reductions and the over-
allocation of allowances during the pilot phasdlef EU ETS (2005-2007) using a dynamic panel-
based (on European countries) econometric moded. duthors chose the following explanatory
variables: the level of CQOn the prior period, the level of economic actvih the industrial and
energy sectors, the cost of electricity, and weaatblated factors. Given the lack of data for some
countries in their panel, they opted for the lesgtiared dummy variable or LSDV estimation
technique using indicative variables developed bynB (2005). They concluded that only the
emissions for the prior period and the annual duipdex for the energy sector were significantly
different from zero (at 1% confidence level) anéréfore had an influence on CO 2 emissions.
Climate-related variables, the manufacturing sectdput inde% and the cost of electricity were not

significant.

Other studies have been conducted on the explarfaittors for CQ emissions within the EU ETS at
the company or sector level, or else in some camfAlbrell et al (2011), Anderson et al (2011§an
Kettner et al (2011), but never on a scale invgvanlarge number of the countries covered, and
therefore of the installations, as this study abmsdo. These other studies concluded that CO 2
emissions within the EU ETS reacted: (i) to allosaallocation levels. (ii), to economic activityyca

(iii) to the development of renewable energy.

In fact, Albrell et al. focused on assessing the EELS’ impact on companies in 2011. Their study
covers a panel of over 2.000 European companieghwthey followed between 2005 and 2008.
However, this study only concerns economic sectord,the observations end in 2008, i.e. at the very
beginning of the economic downturn. The authorsetizgless showed that allowance allocations did
have an impact, as they reduced emissions, butalidpecify the role played by changes in economic
activity. Kettner et al . (2011) also looked at tieanges in emissions for each sector, over agerio
that included the economic downturn (up until 20IM)eir analysis covered the surplus allowances.
as well as the economic activity for each sectdreyl concluded that the steep fall in emissions
recorded in 2009 was actually a reflection of ther®mic downturn. Meanwhile, Chevallier (2011)

looked at non-linear adjustments between industigbut and the price of carbon in the EU-27. He

8 Eurostat Code: NACE D.
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specifically showed that economic activity probadaffects the carbon price, but with a time lag, due

to the specific institutional constraints of therk.

3. Technical and economic factors impacting CO2 emissns

The previous literature review introduces a numbeérvariables that explains the variation of
emissions from power plants. We selected and teseetbllowing explanatory variables:

» Economic conditions influence positively the demafhélectricity by companies and
households, pushing fossil-fuel power plants pratdancand hence C{Qemissions up.

* The level of production of low carbon technologi&s.they have typically a lower marginal-
cost than fossil fuel power plants, nuclear, hyaind other renewable electricity are the first
ones to respond to the electricity demand. They #itect the level of residual demand that
faces thermal power plants.

» Price of primary energy (coal and gas) that infagethe use of respective power stations
through their marginal cost.

* CQO, price that can, when high enough, incite a switichroduction between GOntensive
power plants to less emitting ones.

* The existence of a regulation on other pollutamgihg the use of the power plant.

» The production capacity of the power plant. Biggastmal power plants will tend to emit
more CQ.

* The energy efficiency of the power plant. For aikirmevel of production, less energy
efficient power plants will emit more GOOn the other hand, they will tend to be less used
than more efficient ones as their use is less jatué.

* The presence of CHP units in the power plant. ChiBs tnave part of their Cmissions that
can be attributed to heat production and responiifferent economic incentives.

* The primary fuel used by the power plant.

* The technology of the turbine of the units of tloevpr plant.

We neglected to consider meteorological conditaae influence C®emissions through the demand
for electricity. In case of extreme weather (i.elder than usual in winter or hotter than usual in
summer), there is an increase in heating or coatimgsumption. Nevertheless, weather variations
already flatten on a yearly average, the timesafbair data. Indeed, we expect that weather variati
would hardly be significant in explaining yearly €®&missions in our sample, so we don't take into

account any meteorological data variable to explagnvariations of C@emissions. We also will not
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analyse the magnitude of CO2 emissions off shogsagthere is very few interconnection with

distribution networks of countries outside the B carbon leakage risks are limited.

3.1. CO, emissions of power plants

All industrial sites participating in the EU ETSpf@aox. 12,000 sites in 31 countries) are requiced t
report their CQ emissions every year. We identified power plantariatching the freely available

database on the website of the European Commissiith the World Electric Power Plants edited by
Platts® (see Annex 6.1. for methodological details). Westidentified 1453 accounts in the EUTL

that corresponding to Power or CHP plants.

Among thesel,453 power plants, 1,141 were actwe 2005 to 2012, 68 retired between 2005 and
2012 when 244 appeared after 2005 either becaus@sitnew entrants or because their country
integrated the EU ETS : 53 came from the integnatibBulgaria and Romania in the EU ETS in 2007
and Norway in 2008. We include in the sample adl power plants for each year they were in service,

i.e. they reported verified emissions.

As a whole, power and CHP power plants saw a dsergmatheir CQ emissions by 186 Mt during
Phase 2 (2008-2012), equal to a 14.2% fall frord@ Jdt in 2007 — the last year of Phase 1 —to 1,120
Mt in 2012. The fall in C® emissions in the power industry would thereforpesp to be more
circumstantial than structural. Trends in £&nissions were different according to the prinfasi

used by the power plant.

After declining sharply in 2008 and 2009, primarilye to the economic downturn, CO2 emissions
from coal-fired power plants actually increasedisstn 2009 and 2012, reaching 846 MtCO2 in 2012.
This increase is partly explained by a rebounddal's competitiveness as a fuel for thermal power
plants in Europe, particularly due to the exportted excess coal produced in the United States to
Europe, and to the collapse in the carbon prideurope, which no longer penalised coal-fired power
plants in 2011 and 2012.

Gas and oil-fired power plants experienced thepdsrdecline in their CO2 emissions, which fell by
34% and 30% respectively between 2008 and 2012: €@figsions from gas-fired power plants fell
from 273 to 175 MtCO2, while emissions from oilefar power plants fell from 50 to 37 MtCO2.

° http://ec.europa.eu/environment/ets/
10 http://www.platts.com/products/world-electric-powsants-database

10
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Figure 2 -CO, emissions for the EU ETS power and CHP generation by primary fuel used (2005-2012)
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Bituminous  Lignite Coal Gas Qil Other coal Blast-furnace
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Note: excluding Bulgaria and Romania, as their isghn in the EU ETS became effective in 2007,
the date when they joined the EU.
Source: Berghmans and Alberola estimates, basdelbiL and World Electric Power Plant (Platts) datdD{3)

3.2. Economic factors influencing CQ emissions

We are looking to explain the variation of €€mitted by power plants by three main kinds oadat
» Economic activity and energy markets data;
* Energy and Environmental policies data;
e Technical data of the power plants.
The first data selected to represent the econoatiits is the national GDP coming from the Eurdsta
database, measured as chained volumes in baserlib@ feference year 2005.
Figure 3 Power sector emissions vs GDP UE-27

L0 —posmmeemm oo
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B el
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2005 2006 2007 2008 2009 2010 2011 2012

Power sector CO2 emissions e GDP UE-27

Source: EUTL, WEPP(Platts) and Eurostat

11
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To evaluate the impact of production costs in trerpower plants use, we selected coal and gas that
are the two main fuels used in thermal power plamtEurope. Their prices were drawn from the
Thomson-Reuters database, using the APl 2 CIF ARénthl Ahead contract for coal, and the
Zeebrugge spot contract for gas. The annual averagee calculated and the prices converted into

euros per MWh.

Figure 4 Energy and CQ prices in Europe
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3 o
3 e
S~ S~
W 25 25 W
20 20
15 15
10 10
5 5
0 0

2005 2006 2007 2008 2009 2010 2011 2012

average annual gas price Average annual coal price

Average annual CO2 price
\

Source: ICE, Reuters

The CQ price in Euros/tC@comes from ICE exchange database. We used the girithe contract
for delivery for next December as it is the mosuid carbon asset traded. Annual average was

calculated as a simple average of all closing pradfehe year.
We take into account power production from low carlechnologies: nuclear and renewable. As they

have a lower marginal cost of production than trerpower plants, they usually come first in the

merit order of production. Figure 5 illustrates thder of production technology in Germany.

12
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Figure 5 Stylized German merit order and demand digibution without carbon price
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Source: Pahle et al. (2011)

We also take into account low carbon power germratiVe take the national data from Eurostat in
GWh and separate them between Hydro, Nuclear drat otnewable technology, so we can evaluate
the contribution of each one in G@missions reduction. Unfortunately, this datari/@vailable to
2011, so it limits the timescale of the study fr@005 to 2011. Hydroelectricity production mainly
depends on precipitation variations as the parkrofiuction is almost not increasing in Europe.
Nuclear production depends mainly on the availgbilif nuclear reactors that can overcome long
periods of outage for maintenance.

For other renewable technologies, although climaditations play an important role in the productio

level of these technologies, the large increasedent years illustrated by Figure 6 is mostly tue
the expansion of the production capacity in Europainly wind farms and solar panels.

13
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Figure 6 Electricity production from non-CO, emitting sources in Europe versus Others
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Power plants that are submitted to use restriatimter the Large Combustion Plant directive (20 000
hours between 2008 and 2015) are identified onEim®pean Environmental Agency website.The
generation capacity of power plants in MW is thensef the capacity of all production units in the
power plant, comes directly from the database Welddtric power plant edited by Platts. We take the
year of commissioning of the power plant from thene source as a proxy of energy efficiency of the
power plant, assuming older plants are less effici@ogeneration plants are identified as a peagent
of MW that comes from CHP units. Primary fuel aypet of units are modelled as dummies.

4. Results

According to the discussion presented previousi@ecsome technical power plants characteristics
but also economic and energy market conditions ldhloave an influence on the CO2 emissions of
power plants. But the magnitude of the influenceéhelse CO2 emissions determinants seems also to
depend on the power plant under consideration, whizies widely among the EU ETS. Following
this discussion, and to take into account the differegional air transport market maturities, rible
played by these variables on the CO2 emissionsowfep plants concerned by the EU ETS is
estimated using panel-data econometrics. As ddthigdow, cross-sectional units of the panel-data

sample correspond to the 1,453 electricity germmailants running on fossil fuels in Europe.

We first present the econometric methodology usetithen the results for various models and sub-

samples.

14
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4.1. Econometric methodology

Using panel-data modeling, we propose the followgegeral framework to test for the influence of

previously identified C®emissions of power plants determinants:

Vie = XiB+zigate,, Vit (1)
with t = {2005, ---,2012} the period on which CO2 emissions data have bbtined, corresponds
to each of the 1,453 electricity generation plantsing on fossil fuels in Europe and, as usgalis
the composite error term.. Thus specified the dépenvariable of our modey; ., corresponds to the
verified CO2 emissions (expressed in ton) of idle power plant at time. x;, is the vector of

explanatory variables summarized in Annex 6.4.

There areK regressors in; ., not including a constant term. The heterogeneityndividual effect is

z; wherez; contains a constant term and a set of individuajroup specific variables which may

be observed or unobserved; all of which are takdsetconstant over tinte

Eq.(1) is a classical regression modek;if is observed for all individuals, then the entiredal can
be treated as an ordinary linear model and fitdagi squares. Basically, three kind of estimatag m

be used to estimate eq.(1), depending on the veanttividual effect; , is specified.

- First, if z; is supposed to only contain a constant term, thelnary least squares provides
consistent and efficient estimates of the comm@md the slope vect@. Eq(1) the becomes:
Vit =XieBtate,, Vit 2)

Eq.(2) corresponds to the pooled regression model.

- Second, ifz; is unobserved, but correlated witfy, then the least squares estimatopa$ biased

and inconsistent as a consequence of an omittéablerHowever, in this instance, eq(1) becomes:
Vie =X Bta; +e, Vit 3)

Wherea; = z;,a, embodies all the observable effects and spedifiesstimable conditional mean.

Eq.(3) corresponds to the fixed effects (FE) motlbis fixed effects approach takes to be a group-
specific constant term in the regression model. fBne fixed is used here to indicate that the term

does not vary over time (not nonstochastic).

- Finally, the unobserved individual heterogenettpwever formulated, may be assumed to be

uncorrelated with the included variables. Then¥qgr{ay be formulated as follow:

15



CDC Climat Research Working PapeN° 2014 - 17

Vie = xi,,tﬁ ta+tp +E, Vit (4)
Eq.(4) corresponds to the random effects (RE) madherey; is a group specific random element,

similar toe; ., except that for each group there is but a sidiev that enters the regression identically

in each period.

In this article, the relationship between the ,@&missions of European power plants and their main
determinants, as specified in eq(1), is estimabeaks to the FE estimator (eq.(3)) and the RE one
(eqg.(4)). Note that the crucial distinction betwélee FE and the RE models is whether the unobserved

individual effect embodies elements that are cateel with the regressors in these models.

The econometric methodology has been explaineckiaild. The next section presents estimates of

these two estimators.

4.2. Econometric analysis

We start out by presenting the results obtainedHfer'whole" sample (Section 4.2.1), which includes
all types of primary fossil-fuel used by power gfamcluded in the database: coal, gas, oil (and
others) power plants. Recall that our databaseded variables representing i) technical powertplan
characteristics and ii) economic and energy mackatitions. As technical data are specific to each
type of power plants, it is not possible to incldlkis set of variables in the "whole" sample inesrtb
test and quantify their respective influence. Idesrto capture characteristics of each kind of arim
fuel and the type of power plant analyzed, one si¢edreak the "whole" sample into these respective
sub-samples.

The subsequent sections present then results goiwthole” and smaller samples named as follows:
"Coal" (Section 4.2.2), "Gas" (Section 4.2.3) a@il" (Section 4.2.4) power plants sub-samples. So-
defined, the "whole" sample includes 1,453 powentd, the "Coal" power plants one contains 352

power plants, the Gas one 671 power plants an@ilrene 248 power plants (see Annex 6.3).

Tables 1 to 4 present the results for the "whotetige and the "Coal", the "Gas" and the "Oil" power
plants sub-samples respectively. In each of theddes, column 1 presents result for the reduced
model estimated by the fixed effects estimatoru@oR presents the same model estimated by random
effects whereas column 3 presents the reduced nesfishated by random effects. All variables
presented in Annex 6.4 have been tested. For edthate, results are systematically reported after
having used the robust variance-covariance mastiknates (i.e. after using the standard. errors

adjusted for thé\ clusters, that is the number of installations wrmmsideration).
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Unless it is indicated (column (2)), column (1) af®) regression results are presented in reduced
form. These models were chosen by the generaldoifgpapproach to econometrics modeling. As
usual, "***" "t gnd "*" respectively indicate 1%5% and 10% significance levels and (robust)
standard errors of the coefficient estimates gperted into brackets. In each column, "-" means$ tha
the variable under consideration has been firduded but finally removed from the reduced form
because its coefficient estimate was not statifticgignificant at the 10% significance levels.
Regarding model informatioNumber of observatiorandNumber of groupgdicate respectively the
number of observations and the corresponding @estenal units of the panel-data sample used to
perform each regression. In all Tables, Fhéest for FEand theBreusch & Pagan LM test for RE
correspond respectively to the Poolability teststhefi) FE model (eq.(3)) and th€ RE model
(eq.(4)) against the pooled regression model (Bg.Bdth tests following the regression (P-Value <
0.01) indicates that there are significant indiad(nstallation level) effects, implying that pedl
OLS would be inappropriate. We then perforidausman testo test the null hypothesis that the extra

orthogonality conditions imposed by the RE estimaire valid. Recall that if the regressors are
correlated with the:; , the FE estimator is consistent but the RE estimiat not consistent. If the

regressors are uncorrelated withithe the FE estimator is still consistent, albeit firoéént, whereas
the RE estimator is consistent and efficient. Infables, theHausmman test null hypothesis — that
the RE estimator is consistent — is soundly refe®Value < 0.01). The state-level individual effe

do appear to be correlated with the regressori Trables.

We turn now to the comments of the results obtaifeedeach samples and sub-samples. We only
focus on the signs and significance of the coeffits estimated thanks to the FE model (column 1)
since the FE model is always preferred to the R&E(see thélausmman te'st results). However, we

let the RE model estimates (column 2 and 3) foustriiess check.

4.2.1. Results for the Whole Sample

Table 1 column 1 presents result for the reducedeiestimated by fixed-effect. Colum 2 presents
the same model estimated by random effect whemasa 3 presents the reduced model estimated

by random effect. All variables presented in AnBekhave been tested.

In the Whole sample model, variables that weresimtificant include geographical location of the
power plant, technical data such as cogeneratioreptage of the power capacity of the power plant,
commission year, the type of production unit. Rdgay geographical location irrelevance of the
power plant, from an economic point of view, thesult tends to indicate that electricity markets ar

sufficiently integrated to avoid country-specifistrtions. On top of this economic explanation we
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may add a statistical reason: other explanatorjables - such as GDP, Renewable and Nuclear
production- are also defined at the national leltas not surprising that technical variables aot
statistically significant in the whole sample, heyt are specific to the kind of primary fossil-fusled

by power plants. For example, some types of tugbame specific to a kind of fuel: gas turbines or
combined-cycle for example are gas specific. Atee, economic life cycle of a coal power plant is
longer than a gas or an oil power plant. Thusctiramission year will not have the same relevance in

explaining their CO2 emissions level.

The economic activity Gdp) is statistically significant at the 1% significan level. It positively
influences the variation of Gmissions as indicated by its positive sign. Thsult is in line with
our previous assumption. The nuclehluke and Hydro Hydro) productions are also statistically
significant at the 1% significance level. They nagdy influence the variation of QOemissions as
indicated by its negative sign. This result isiirelwith our previous assumption as these prodostio
reduce the residual demand for thermal power plafte other renewableRNW is equally
statistically significant at the 1% significancevdé It negatively influences the variation of €0
emissions as indicated by its negative sign. ltsffmment of -10.18 is interpreted as 1 GWh of
renewable electricity in the network reduces onrage 10.18 tC®in a single power plant. The
coefficient is slightly lower than the one Mtike(-8.23) andHydro (-7.12). New renewable electricity

production reduces emissions as anticipated.

The large combustion plant directivé GQPD) percentage is statistically significant at the 1%
significance level. It negatively influences theigion of CQ emissions as indicated by its negative
sign as anticipated power plants that have theie ©f use limited by the LCPD tend to emit less,CO
than the others. Ga&&s_moy and Coal Coal_moy prices are also statistically significant at il%é
significance level. The coefficient estimator fbetgas price is positive where it is negative foalc
price, which is consistent with the following inpeetation: an increase in the gas price and/atl anf
the price of coal results in substituting the uSeaal for gas, which actually leads to an increase
carbon emissiont§ Carbon price §o2_moy. is also statistically significant at the 5% sfgrance
level. The coefficient estimator is negative assitexpected. An increase of 1 €tC€duces on

average 2,312 tC{by power plant.

Oil power plants dummydiil) is statistically significant at the 1% signifi@mlevel. Its coefficient

estimator is negative which means that oil powantd are all other things being equal less emitting

1 We would note that even if the coefficients aré significantly different from zero, the sign ofetttoefficient
estimator for the CQprice to switch price ratio is as expected, iregative: an increase in this ratio means an
increase in the price of G@nd/or a fall in the switch price, which encouageswitch to technologies that emit less
carbon, and therefore does in fact reduce @@issions.
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than gas and other power plants. It is consistéttt tlve fact that oil power plants are generallysle
used than other power plants as a large part of gre used during peak time, only a few hours per
year. On the contrary, Coal power plants dum@ga() is not statistically significant which means
that Coal power plants doesn't differentiate thdwesefrom gas and other power plants. Lastly, the
power plant capacity of production is statisticallignificant at the 1% significance level. Its

coefficient estimator is positive, the biggest plosver plant, the most it will emit.
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Table 1 — Regression results for all power plants - Model (1)

(1)
Verified emissions
(reduced model)

(2)

Verified emissions

(3)
Verified emissions
(reduced model)

1287.008***

2441.966***

2450.286 ***

mw
(340.517) (285.7516) (285.7335)
Icpd -424739.7*** -454081.6 *** -455052.1 ***
(114455.3) (109549.8) (109529.2)
production_rnw -10.17908*** -4.596867*** -4.389048 ***
(1.398421) (.6714472) (.632382)
production_hydro -8.235557*** -6.298934 *** -6.782382 ***
(2.09412) (1.532337) (1.520657)
production_nuke -7.12151%** -4155172 -
(1.179792) (.3020818)
GDP 6409.582*** 6856.897*** 6870.332%**
(1866.049) (1902.568) (1903.441)
gas_moy 11243.27*** 10830.44 *** 10557.61***
(1682.356) (1681.197) (1680.772)
coal_moy -21717.91%** -25949.17*** -25503.67 ***
(3795.301) (4013.322) (4046.977)
co2_moy -2311.812%** -2467.554 *** -2436.145 ***
(945.7293) (951.1093) (952.6465)
coal 734998.8 1359552*** 1351504 ***
(561656.5) -198236 (196785.9)
oil -3730313*** -368349.6 -366854.8
(561557.9) (233104.4) (231252.8)
constant 1262917*** -529339.7 *** -552405.8***
(357360.5) (198496.2) (197174.3)
FE Yes (installation) - -
RE (FGLS estimator) - Yes (installation) Yes (installation)
Number of observations 8887 8887 8887
Number of groups 1405 1405 1405
Ftest for FE 76.69
(P-Value) (0.0000) ' )
Breusch & Pagan LMtest for RE 22108.34 22103.04
(P-value) i (0.0000) (0.0000)
Hausman test 571.21 574.09
(P-value) i (0.0000) (0.0000)

Unfortunately, it is not possible to include allrigdles in the Whole' sample model because of the

major differences between power plants acordinthéir primary fuel. To test other other technical

data, the Whole' sample is thus divided into a coal power plarti-sample, a gas power plant sub-

sample and a oil power plant sub-sample.
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4.2.2. Results for the Coal power plant sample

Table 2 column 1 presents result for the reducedemestimated by fixed-effect. Colum 2 presents
the same model estimated by random effect wherdasho 3 presents the reduced model estimated

by random effect.

In the Coal sub-sample model, as for the whole &mpne of the technical variables tested are
significant in the fixed-effect reduced model. Ihetrandom effect reduced form the year of
commissioning €¢om_yeay becomes statistically significant at the 10 %n#igance level. Its
estimated coefficient is negative as the youngestep plants emit less CO2 than the older ones as
they are less energy efficient. Other technicaliades tested, the percentage of CHP units
(Cogen_per} the percentage of supercritical ungsgercritical_perg and dummies for lignite power

plants are not statistically significant.

The rest of the reduced model is the same. The [iCe becomes statistically significant at the 1%
level. We can note that all estimated coefficiemteha higher absolute value than in the whole model
CO2 price coefficient is -10,702 whereas it wa812,in the whole sampl&DP one is 20,152 when

it was 6,410, or other renewable production is 3@5when it was -10.18. It shows that all this

variables affect primarily CQemissions of coal power plants as they are morgi@énsive.
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Table 2 — Regression results for coal plants - Model (2)

(1)

Verified emissions
(reduced model)

()

Verified emissions

(3)
Verified emissions
(reduced model)

mw 1634.298** 4052.725 *** 4150.539***
(660.9942) (517.1173) (487.0468)
Icpd -460495.3 *¥** -438431.6%** -437669.9 ***
(176426.4) (168982.3) (169647.2)
production_rnw -25.77502*** -7.152497*** -7.050067 ***
(4.699848) (1.698468) (1.687005)
production_hydro -25.3014%** -18.45899*** -17.38966***
(8.618928) (6.951189) (6.152004)
production_nuke -19.19519 *** .318306 -
(4.25639) (1.180179)
GDP 20152.971 *** 16900.06*** 17754.88***
(4507.511) (4434.938) (4481.33)
gas_moy 39507.05*** 42201.05%** 42929.81***
(5301.882) (5978.373) (6103.128)
coal_moy -78457.86 *** -94321.45%** -96980.57 ***
(15057.72) (16109.58) (16285.25)
co2_moy -10702.12%** -13215.23*** -13256.03 ***
(2729.843) (2794.696) (2825.066)
com_year - - -19230.53*
(10515.8)
constant 1995322 *** -903900.1* 3.70e+07*
(658443.3) (540530.2) (2.09e+07)
FE Yes (installation) - -

RE (FGLS estimator)

Yes (installation)

Yes (installation)

Number of observations 2322 2322 2273
Number of groups 350 350 343

F test for FE 53.91

(P-value) (0.0000) i i
Breusch & Pagan LMtest for RE 5008.58 4912.66
(P-Value) ) (0.0000) (0.0000)
Hausman test 299.90 311.34
(P-Value) ) (0.0000) (0.0000)
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4.2.3. Results for the Gas power plant sample

Table 3 column 1 presents result for the reducedemestimated by fixed-effect. Colum 2 presents
the same model estimated by random effect wherdasho 3 presents the reduced model estimated

by random effect.

In the Gas sub-sample model, some technical vagaidcome significant in the fixed effect reduced
form. The year of commissioningdm_yeay is statistically significant at the 10 % signéitce level.

Its estimated coefficient is negative as the yoghgewer plants emit less G@an the older ones as
they are less energy efficient. The CHP units peege ¢ogen_perkis statistically significant at the
10 % significance level. Its estimated coefficienpositive which is coherent with the hypothebkitt
CHP units tends to emit more ¢@ll other things being equal as they produce hési. Combined-
cycled power plant units dummy of firsGT_Q and second GC) generation are respectively
statistically significant at 10 % and 1 %, whichane that this units emits more €0t can be
explained because CCGT units are generally useseamn-base level, longer times than other gas
units. Small units using internal combustid@)(emits significantly less than steam turbines \wher

gas turbine@T) doesn't differ much to steam turbine.

The rest of the reduced model is almost the samal @rice is dropped has it is not statistically
significant for gas price which is a little surpnig. Gas price is statistically significant at the%

significance level, and its coefficient is conthario the whole sample positive. It makes complete
sense has gas price is the fuel used in this sampleincrease of it would reduce the incentive to

produce from these power plants.
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Table 3 — Regression results for gas plants - Model (3)

(1)

Verified emissions

(reduced model)

()

Verified emissions

(3)
Verified emissions
(reduced model)

mw 844 .2287*** 1268.154*** 1262.792 ***
(192.52) (77.41443) (76.72037)
com_year -11802.89 * -324.9677 -
(6281.832) (1970.766)
cogen_perc 5353431* 24687.97 -
(3313247) (40270.4)
production_rnw -5.715859*** -2.390569*** -2.340893 ***
(.9125659) (.3861576) (.3757776)
production_hydro -9.058272*** -3.37493*** -3.386875***
(2.154996) (.8031818) (.8009635)
production_nuke -3.821899*** .325439%** .3257812%**
(.7077747) (.1117418) (.109551)
GDP 6536.066 *** 6552.168%** 6596.153***
(1609.641) (1556.338) (1554.358)
gas_moy -3578.894*** -3439.366*** -3439.223%**
(1231.129) (1216.097) (1208.954)
co2_moy 3125.892*** 2365.812*** 2363.125%**
(777.008) (717.5411) (713.9035)
cc 1758226*** 114423.5* 93462.01%*
(451310) (64906.25) (55478.21)
gt_c 408018.4* 178730.2 163855.2***
(221071.8) (50399.33) (37186.19)
ic -5057545* -37034.69 -40707.02
(2975990) (74583.31) (56431.03)
gt 220165.4 -3433.632 -10795.37
(244734) (74148.2) (59418.75)
constant 2.17e+07* 106868.8 -520863***
(1.18e+07) (3854844) (165390.1)
FE Yes (installation) - -

RE (FGLS estimator)

Yes (installation)

Yes (installation)

Number of observations 4046 4046 4107
Number of groups 645 645 655

F test for FE 10.94

(P-value) (0.0000) i i
Breusch & Pagan LMtest for RE 3835.77 3981.16
(P-value) ’ (0.0000) (0.0000)
Hausman test 37.33 38.18
(P-Value) ) (0.0000) (0.0000)
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4.2.4. Results for the Oil power plant sample

Table 4 column 1 presents result for the reducedemestimated by fixed-effect. Colum 2 presents
the same model estimated by random effect wherdasho 3 presents the reduced model estimated

by random effect.

In the Oil sub-sample model, some technical vaestilecome significant in the fixed effect reduced
form. The year of commissioningdm_yeay is statistically significant at the 1 % significze level.

Its estimated coefficient is positive contrarilytte case of gas and coal samples. The youngestrpow
plants emit more CO2 than the older ones. We wexfglain that because the only place where oil

power plants are still commissioned is in islanial{a, Cyprus), where they serve as baseload
generation. Compared with other onshore oil povientp, used as peak units they tend to emit more
even if they are younger. We will test a dummyhe future to identify this. The CHP percentage

(cogen_perkis not statistically significant in this sampEmall units using internal combustioiCy

and gas turbinedT) emits significantly less than steam turbines.
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Table 4 — Regression results for oil plants - Model (4)

(1)
Verified emissions
(reduced model)

()

Verified emissions

(3)
Verified emissions
(reduced model)

com_year 13639.95*** 7481.73%** 5873.895**
(3323.232) (2307.78) (2698.331)
production_rnw -3.012168*** -1.760466** -1.81211%*
(.9594707) (.7627691) (.7677708)
production_hydro -5.002656*** -3.120531*** -3.579584 ***
(1.746086) (1.155013) (1.328299)
production_nuke -2.920791*** -.3783321%** -3121724*
(.7240825) (.1821173) (.1914463)
GDP 6206.458*** 6792.222%%* 7082.012%**
(2387.436) (2419.115) (2463.911)
gas_moy 4944 .473%** 4015.289*** 4052.689***
(1598.642) (1557.36) (1529.804)
coal_moy -22551.97*** -22337.34%** -23138.71%**
(5525.52) (5787.495) (5693.939)
co2_moy 1682.76* 1829.295** 1851.552**
(902.3907) (891.2932) (899.3179)
ic -194457 . 5*** -448265.3*** -283736.2**
(32110.3) (98700.93) (145823.4)
gt -466340.4%** -398390.7*** -319516.2%*
(99286.38) (64771.52) (157824.5)
mw - - 607.4868**
(295.9391)
constant -2.67e+07*** -1.48e+07*** -1.18e+07**
(6585481) (4587680) (5292430)
FE Yes (installation) - -
RE (FGLS estimator) - Yes (installation) Yes (installation)
Number of observations 1501 1501 1501
Number of groups 232 232 232
Ftest for FE 74.76
(P-Value) (0.0000) ' )
Breusch & Pagan LMtest for RE 3890.44 3691.69
(P-value) i (0.0000) (0.0000)
Hausman test 20.94 28.90
(P-value) i (0.0039) (0.0002)
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5. Conclusions

Although the European Commission has launched atdein options for structural reform of the EU
emissions trading system (EU ETS) to address thevigg surplus of emission allowances that is
building up, identifying that the main cause igykly the economic crisis, this paper provides a new
analysis on factors behind the CO2 emissions rahgin the EU ETS. These results show that CO
emissions abatements in the power sector comdage extent from the development of renewable
energy production, as it reduces the emission lefvigldividual fossil-fuel power plants. Althoughet
carbon price is still presented by the European i@msion as the number one tool to decarbonise the
economy, its impact has been marginalised in theepasector due to the strong deployment of
renewable energy. Most of these new renewable ptimaucapacities are put in place at a national
level in the form of feed-in tariffs or green c@dites, without connection to the carbon pricdl, St
the CQ price emerging from the EU ETS appeared also &fedn our analysis in reducing GO
emissions in the power sector, but to a smalletest@an renewable energy deployment. Other
environmental regulation also influences £gnissions of power plants as shown in the cagbeof
Large Combustion Plant (LCP) Directive. Finallyalso shows that at least for coal and gas power
plants, older plants less energy efficient emits amerage more CQOthan younger one. The

replacement of ancient units will therefore all@ducing CQ emissions to some extent.

These results suggest that coordination of enelgyate and other environmental policies has to be
thought carefully. Interaction between policies veha low carbon price has now emerged from the
economic crisis that swept away most of the denfan&U allowances but is also the result of how
the Climate and Energy package was designed inpeureith a fixed cap for the EU ETS and fixed
renewable energy targets, has to be taken intauatcburing the studied period, most of overlapping
emissions reduction comes from renewable polidias,other regulations would need to be assessed
as shown by the LCP Directive. For example, peficiostering energy efficiency tends to reduce
energy demand and their results in terms of €@issions in the power sector should be assessed t

avoid making the price of G@edundant.

Overall, our results suggests, based on the Earomxperience until 2011, that more timely
adjustment of policies between each other in tloe faf changing conditions have to be considered,
which can be relevant in the future design of ctemand energy policies in Europe but also in other
parts of the world. A further analysis based onnegions with “business-as-usal” scenarios could
confirm the contribution of each variable in the@ase of CQemissions of the power sector during
the period 2005-2011.
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7. Annexes

7.1. Databases matching methodology

The power plants included in the EU ETS were idieatiusing the following two databases:

- the European Union Transaction Log (EUTL), fortpghe Community Independent Transaction
Log (CITL), which lists the CO2 allocation and egi levels for EU ETS operators12. These data
enable an installation to be identified on the $asi various information items (name of the
installation, account holder, and region etc.).

- the World Electric Power Plants (WEPP), editedPistts, which sets out the technical specification
for power generation units. The database spedifiesables us to find out the technology used ly th
unit, its theoretical capacity, the primary fuekdsand the year when it was first commissioned. It
also enables us to find out about the type of dperae. whether they generate power for their own
use, or are a private or public service company.

The research focuses on the EU ETS installationshagrimarily supply the power that they generate
to the electrical grid, and covers 1,453 instadlasi Sites owned by autoproducers, and those owned
by a private company outside the energy industey that are not included in the “power generators”
or “energy brokers” categories in the WEPP databasee excluded from the research. Conversely,
all public service companies were included in thmgle.

The linking of a CITL operator account with the @ponding power generation units in the WEPP
database was performed based on three criterichvainé found in both databases13: the name of the
site, the name of the company that owns the sitietlaa city where the installation is located. Where
the three criteria correspond, the accounts wereedi. Where the name of the company did not
correspond, an internet search was performed ierdaidentify a potential change of owner. In the
event that this difference could be explained, élceounts were linked and the owner company
selected was the one in the WEPP database.

The unit or units recorded as being operationdhe"WEPP database were then linked to the CITL
emission data. In the event of multiple units o ette:

- The installed capacities of different unites wadeled together;

- The commission year was weighted according t@#reeration capacity of each unit;

- In the event of different primary fuels on thergasite, the fuel selected was the one used by ofiost

the generation capacity;

12 For further information on the CITL, s@eotignon and Delbosc (2008)

3 The CITL database does not include expliciby name of the company; however the companies were
identified by Trotignon and Delbosc (2008) in ayioeis version that corresponded to Phase 1 of the E
ETS, based on Internet contact addresses, whichaalenger available. In some cases, the nameeof th
company appears in the account name for siteswbra added in Phase 2.
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CHP plants were identified based on the type of pmvided by the WEPP database. A site is
considered as a CHP site if over 90% of its gefmraiapacity corresponds to CHP units.
In some cases, a site in the WEPP database condexpto several accounts in the CITL. In this case,
the generation units were divided based on therimdtion included in the account name or in the
National Allocation Plan. In eight cases, there wibker a change of account, or one account was
being used to receive allocations while the othas Weing used to return them. Both accounts were
therefore merged. Lastly, it was impossible to tdgnhe units in three cases. Due to the signifem
of the verified emissions, it was decided to mettge installation's various accounts into a single

account.

7.2. CO, emissions from power and CHP plants by primary fukin Europe

In MtCO, PHASE | PHASE 11
2005 2006 2007 2008 2009 2010 2011 2012
Power 922 928 983 923 833 835 826 830
Bituminous Coal 373.8 3915 3922 | 3454 307.6 311.3 306.6 351.3
Lignite Coal 199.9 1943 2316 2215 2116 207.2 2252 225.8
Other Coal 43.6 39.9 413 333 26.1 20.4 29.0 32.4
Gas 202.9 2114 2285 | 240.0 2189 2219 1940 152.6
Oil 64.7 55.8 48.7 46.0 41.9 37.6 335 33.6
Blast-furnace gas 23.6 22.6 24.2 22.6 14.7 20.8 219 20.2
Oil Shale 10.0 9.2 12.1 10.3 8.3 12.2 121 10.9
Peat 2.7 31 33 34 3.3 3.2 29 3.0
Combined Heat and Power 297 305 323 307 294 306 298 289
Bituminous Coal 1114 1186 121.8 | 1087 102.7 109.3 1044 99.5
Lignite Coal 133.7 1315 1424 | 1420 1366 1361 138.2 138.8
Other Coal 43 4.4 5.7 5.4 4.7 5.0 43 4.2
Gas 26.1 28.3 31.6 31.1 31.2 33.0 29.7 27.4
oil 5.0 4.1 45 4.3 4.4 4.3 3.8 3.9
Blast-furnace gas 9.1 8.9 8.3 8.1 7.1 9.4 94 8.9
Oil Shale 0.7 0.7 0.8 0.7 0.7 0.7 0.9 0.9
Peat 3.7 4.7 4.5 4.1 3.8 4.8 4.1 33
Total Power/CHP 1219 1233 1306 | 1230 1127 1141 1124 1120

Source: EUTL, WEPP (Platts)
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7.3.Number of installations by primary fuel in Europe

Primary fuel used by 2005- 2007 2012 2007-2012 % of CHP
the installation 2012 Change installations in

2012

Natural gas 671 587 653 + 66 42 %
Coal (total) 352 342 336 -6 45 %
- bituminous coal 223 217 210 -7 42 %

- lignite coal 87 83 86 +3 50 %

- othercoal 42 42 40 -2 45%

oil 248 232 227 -5 12%
Peat 22 20 21 +1 71%
Bituminous shale 7 6 6 0 67%
Blast furnace gas 14 11 13 +2 46%
Other (total) 139 83 129 +46 60%
- biomass 76 60 75 +15 81%
- solarpower 27 0 27 +27 0%

- waste 11 7 10 3 100%

- methane 6 6 4 -2 50%

- unknown 19 10 13 +3 31%

TOTAL 1,453 1,281 1,385 +104 40%

Source: EUTL, WEPP (Platts)
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7.4.Variables in the database

Variables family Description of variables Variables Type of variable Unit Source

Year Year Quantitative Year EUTL
If the power plant emitted didn't retire or has not enter the EU ETS Permanent_A Binary (=1 if 'true'; O else) EUTL
between 2005 and 2012

Free allocation of EUAs to the power plant Allowancedistributed Quantitative tCO2 EUTL

Surrendered CERs for compliance by the power plant Surrenderedcers Quantitative tCO2 EUTL

Sum of surrendered EUAs, CERs and ERUs by rhe power plant Totalofallowancessurrendered  Quantitative tCO2 EUTL

Tecnical data

Commission year of the power plant Com_Year Quantitative 'WEPP(Platts)

Percentage of the production capacity coming from supercritical Supercritical _Perc Quantitative WEPP(Platts)
units

Fuel data
Gas power plant using coal as primary fuel Coal Binary rue'; 0 else) WEPP(Platts)
Gas power plant using bituminous coal as primary fuel Coal_Bituminous Binary (=1 if ‘true’; O else) 'WEPP(Platts)
Gas power plant using oil as primary fuel Oil Binary (=1 if 'true'; O else) WEPP(Platts)
Gas power plant using blast-furnace gas as primary fuel Bfg i ' WEPP(Platts)
Type of production unit
2nd generation Combined-cycle gas turbine powerplant Binary (=1 if ‘true’; O else) 'WEPP(Platts)

Gas turbine Binary (=1 if 'true'; O else) WEPP (Platts)

Steam Turbine Binary (=1 if 'true'; O else) WEPP(Platts)

Electric renewable gross production in the country (except. Hydro) Production_Rnw Quantitative Eurostat

Nuclear gross electric production in the country Production_Nuke Quantitative Eurostat

the country | _| Eurostat

Price data
Average annual API 2 coal month ahead price Coal_Moy Quantitative €/Mwh Reuters

Theoretical switching price of CO2 Switch_Moy Quantitative €/tCO02 Reuters, ICE exchange
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