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Abstract

The EU ETS is one of the most important EC instruments to curb CO; emissions. Various climate
action organisations use verified emissions data from EU ETS to calculate top EU polluters lists.
These shortlists are actively used in their advocacy strategies as an evidence of national or EU-wide
climate policies (under)performance to influence policymaking. However, there is no official EU ETS
top ten list released by the EC what weakens the political power of this tool. Addressing possible
reasons for EC’s reluctance the paper investigates the correlation between the presence of national
enterprises in the EU ETS top ten list and the national climate policy actions over 2008-2019
timeframe. Despite different limitations, the EU ETS top ten is adequately reflecting main
developments in national efforts to curb GHG emissions and is pointing out underperforming
countries and industries covered by the EU ETS. In the variety of hard and soft EU climate policy
instruments, the EU ETS top ten polluters list could feature as an information tool. It is especially
important for climate action organizations, providing them with an officially released rating as a
common reference point that they could use in their evaluations and political campaigns.

Keywords: top polluters list; climate policyy EU emissions trading system; energy transition; coal phase-out; climate
action organisations

1. Introduction

The European Union (EU) is one of the world’s leaders in combating climate
change. Through the adoption of EU-wide policies to decarbonize the economy, it
envisages to become climate neutral by 2050. To achieve this, the European Commission
(EC) has introduced binding directives with interim (2020, 2030) climate targets for its
member countries. Along with higher share of renewables and better energy efficiency, the
major goal remains the reduction in greenhouse gas (GHG) emissions that should
ultimately contribute to the global warming limit of 2 °C or even 1.5 °C (above the pre-
industrial level) targeted by the Paris Agreement. To curb CO2 emissions, the EU has
developed several instruments, EU Emissions Trading System (EU ETS) being the most
important of them (Verbruggen e a/. 2019). The EU ETS covers most energy-intensive
industries like power and heating production, metal ores, pulp and paper processing,
mineral processing as well as aviation sector that are jointly responsible for around 39%
of the EU's GHG emissions (Eutopean Commission 2020).

As a ‘cap and trade’ system, the EU ETS is collecting annual data on GHG verified
emissions from the installations to be able to control they are balanced by allowances.
Apart from its main function, the GHG emissions data from EU ETS is used by different
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actors like climate action organizations or think tanks to calculate an EU top polluters list.
Based on ‘dirty’ companies listed, the climate NGOs make their evaluation of performance
for national or EU-wide climate policies, which is then used in their publicity campaigns.
Being a quite straightforward and obviously limited approach, the EU ETS top polluters
lists released by climate action organisations, nevertheless, attract enough attention and
coverage in the mass media, thus indirectly influencing policymaking. However, there is
no official EU ETS top ten list as the European Commission (EC) does not calculate and
release the EU ETS top ten. This generally explains the existence of several top ten lists
calculated by NGOs applying different methodological approaches.

Possible reason for this might be the EC is not considering the EU ETS top ten to be a
valid climate policy performance indicator for their own use. As a short list of most
polluting installations, it is obviously less informative than far more extensive indicators
like total CO» emissions (including both EU ETS and EU Effort Sharing) by industry or
by country. The EU ETS top ten has cleatly no value for the EC in evaluation of national
climate policy efforts. Nevertheless, the EU ETS top ten is firm in the toolkit of climate
action organisations that are an important ally of the EC in promoting clean energy
transition (Derman 2014). Civil society organisations and public opinion are significant
driving forces of climate policy beyond the member states and EU institutions (Bernauer
2013).

As a shortlist, the EU ETS top ten benefits from the effects related to heuristics in
decision-making process (Ramsey 2020). Shortlisting procedure as a behavioural model is
thoroughly investigated in both psychology and economy. The information processing
theory (Miller 1955) suggests that shortlists help us to overcome limitations of our capacity
to process information. Ranking and ordering is essential part of the rational choice theory
(Arrow 1959; Simon 1956). Later economic research supports the importance of
shortlisting procedure for rational decision-making to overcome the "choice overload"
(Manzini & Mariotti 2007; Dutta & Horan 2015; Lleras ez a/. 2017; Ramsey 2019; Geng &
Ozbay 2020, Qin 2021).

Building on those effects, the EU ETS shortlist is more straightforward and addressed
compared to discrete complex aggregated CO; emissions indicators. The shortlist with
most ‘dirty’ installation is easier to perceive for a non-professional. In addition to that, it
helps the publicity to establish a cognitive link between overall national pollution figures
and particular enterprises or industries, because the installations are more visible and
tangible, than abstract indicators. This aspect plays an important role in NGOs’ advocacy
strategies as it involves emotional response (Jasper 2011; Salgado 2018).

However, the absence of the official EU ETS top ten list weakens the political power of
this tool as it may be challenged for different methodological approaches or bias. Without
endorsement by the EC, it remains a kind of unofficial ‘by-product’ of the EU ETS.
Recent research on EU climate policy suggests, that it is too focused on EU ETS as almost
sole instrument to curb GHG emissions and that there is a need in a mix of measures that
promote both low-carbon innovation and the decline of carbon-intensive industries
(Markard & Rosenbloom 2020). Along with the variety of hard and soft EU climate policy
instruments, there is also option for smaller tools like the introduction of rating systems.
Rankings and rating systems are already part of the EU climate policy toolbox, although it
is primarily applied as a consumption-oriented instrument (Grubb ez 2/ 2020). The release
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of an EU ETS top ten would be especially important for climate action organizations,
because the official status of the EU ETS top ten could boost the political power of this
tool and provide different actors with a common reference point.

Moreover, there have been several studies exploring political power of relative
petrformance indicators recently (Davies ef a/ 2020; Doshi ez al. 2019; Olsen 2015).
Therefore interpreted as an indicator of a relative climate policy performance the EU ETS
top polluters list can potentially have even more influence on national or EU-wide
policymaking as an instrument to accelerate the ongoing low-carbon energy transition.
Another possible reason for the EC to not make adequate use of this tool might be the
uncertainty whether the top ten list approach is accurate in assessing tendencies in national
climate policies performance. The objective of this paper is to determine whether the EU
ETS top ten list is adequately reflecting (under)performance of national climate policies,
to identify the limitations of the EU ETS top ten list and to analyse its ability to be
instrumental in promoting clean energy transition in the EU.

2. Methodology

2.1 Data sources

The input data is taken from EU ETS Union Registry reports 2008-2019, that
contain annual verified CO, emissions data received from operators of installations as
requited by Directive 2003/87/EC (with further amendments) and cotresponding
guidelines. The reports can be found at the site of the European Commission in the section
dedicated to the Union Registry. The data for preceding year is submitted by operators
before March 315t and usually released by the European Commission in early April, but
due to the nature of emission data capturing later adjustments can impact the results. For
example, verified emissions data for 2015 published on 15t April 2016 had zero for the
biggest Huropean power plant Belchatow, because no data had been provided by the
operator in due time. The correct 2015 emissions figure for Belchatéw was later updated
in 2017. Therefore, all data is checked against later Union Register reports releases except
for 2019. The results of EU ETS top ten calculations for 2019 should be considered
preliminary.
Normally each facility has only one operator account in the EU ETS for reporting verified
emissions and receive allocations. Nevertheless, due to the fact the EU ETS reporting is
installation-based, there are several exceptions, Boxberg power station being the biggest
among them and therefore most important for this study. Boxberg power station initially
consisted of four separate plants, with the older two shut down in 2000. Each of the
remaining plants III and IV has its own account in the EU ETS, with emissions data filed
and allocations managed separately. Same applies for Torrevaldaliga power station with
separate accounts for plants Nord and Sud. This split may be important for environmental
considerations but is irrelevant for the purposes of this study and therefore neglected.
It should be noted, that during 2008-2019 the EU ETS has evolved expanding its coverage
of the industries. Currently the EU ETS is transitioning from Phase III (2013-2020) to
Phase IV (2021-2030). The main difference in the switch from the previous Phase II (2008-
2012) to Phase III in terms of this study lies in the coverage of the industries. Phase 111
added to ETS the production of all metals and the aviation industry, covering all flights
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within the EEA. This fact was taken into account when comparing verified emissions
ranking for 2008-2012 and 2013-2019 periods, because the inclusion of a new industry
into EU ETS may affect the composition of the top ten list.

2.2 Methods

The study is based on qualitative and comparative analysis of the top ten polluting
European installations for a timeframe 2008-2019. A two-phase research process was used
to evaluate the correlation between the presence of national enterprises in the EU ETS
top ten list and the national climate policy actions.
In the first phase, to calculate a top ten list for a given year EU ETS annual verified
emissions data for that year are arranged in descending order with a cut-off after tenth line.
The derived list of ten top polluters is further analysed based on company’s industry
attribution and spatial allocation. The outcome of the first phase is a set of EU ETS top
ten lists for a timespan 2008-2019, that provides basis for further analysis.
In the second phase, year on year changes in EU ETS top ten lists composition and ranking
are analysed to determine any trends for installations from the same countries. These
trends are then evaluated against relevant national climate policy performance in curbing
GHG emissions with the purpose to establish whether there is correlation in the national
climate policy efforts and changes in the ranking of respective national installations present
in the EU ETS top ten.
The basic hypothesis is that in an absence of significant national climate action political
shifts the presence of national enterprises in the top ten list will be close to constant over
time or can show an upward trend with more installations joining the list. At the opposite
enacting of national environmental policies will entail respective changes in the ranking
with downward trend.
It is expected that the ranking of ETS top ten polluters will be less sensitive to market
volatility within one industry since market forces will be affecting the production of all
installations of the same industry in more or less similar way. Nevertheless, cross-industry
shifts driven by market fluctuations are potentially possible. (In this respect, it would be
interesting to assess the impact of COVID-19 driven restrictions on the EU ETS top ten
when the data is available.)

3. Results

The calculated EU ETS top ten lists for 2008-2019 are presented in Appendix A.
The results show, that the core of the EU ETS top ten polluters list remains stable over
2009-2019 period. Number one is unchanged for the whole period (Belchatow power
station in Poland). Since 2015 it is joined by Kozienice power plant what brings the share
of Poland installations in the top ten to 20%. German lignite-firing power stations take a
50-60% shate in the list in 2009-2015, rising to 70% since 2016.
The variation in the top ten is in the range of 40-30% share. UK’s installations shate has
dropped from maximum of 20% in 2013 to zero since 2016. Greece’s Agios Dimitrios
power plant has left the list in 2015. Over the time, the list was for several years temporarily
joined by one Italian hard-coal power station and one Bulgarian lignite power plant. If in
2009-2015 the top ten included installations from five EU counties; since 2016, the
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composition is 70% Germany, 20% Poland with the third country changing.
Industry-wise thermal power stations burning hard coal or lignite as a fuel dominate the
list. In 2012 France’s ArcelorMittal Atlantique et Lorraine - Dunkerque steel plant made it
to number ten, but only once. Since 2018, aviation company Ryanair DAC joined the top
ten list taking line 8 representing an upward trend.

Downward and stable trends are also present in the EU ETS top ten lists based on year
on year analysis. Installations for Poland and Germany maintain their positions in the
rating for the whole period, while installations from the UK, Greece and Italy leave the list
over the time. The trends observed in the EU ETS top ten correlate with trends in
respective national EU ETS CO; emissions levels.

3.1 Downward trend in coal phase out countries

Coal firing power stations taking almost the entire top ten list is explained by the
fact that burning coal and lignite is one of the environmentally dirtiest technologies
(Gasparotto & Martinello 2020). Thermal power plants (TPP) burning hard coal and
especially lignite emit significantly more CO; and other harmful substances than for
example natural gas (Dickel 2018). From climate policy standpoint the existence of coal
power plants is considered incompatible with achieving GHG emissions reduction target,
because the expansion of renewables in power generation can’t deliver to reduction of
GHG alone, but only through substitution of carbon-emitting technologies with low- or
non-carbon ones (Zhao & You 2020). Therefore, a Europe-wide coal phase out in power
generation has gradually become one of major issues in climate action agenda (Rentier ez
al. 2019). However, at a national level the political perception of coal phase out was quite
different among the EU members. While several EU countries have quite early embraced
climate policies stimulating or even forcing coal out of power generation, other EU
members, especially those producing hard coal and lignite, have struggled to adopt a phase-
out strategy (Zimakov 2017). The EU ETS top polluters list is generally reflecting this
development. The installations from those countries pursuing a phase out policy have
successively left the list giving way to power plants from lagging countries.
The UK represents a successful case in bringing the share of coal in power generation
down from 32% in 2008 to 2.1% in 2019 as a result of a climate policy efforts and is going
to phase out coal completely by 2025 or even earlier. The introduction of carbon tax and
pollution limiting legislation has made coal power generation uneconomical, what has led
to a series of coal power stations closures in the UK in the last five years (Isoaho &
Markard 2020). As part of this development Eggborough power plant, that occupied line
10 of EU ETS in 2013, was closed down in 2018 after three years of unstable operation at
low capacity. An alternative option for coal-firing power plants is to switch to biomass
(CCC 2018). The biggest UK’s coal power station Drax with six units of 3.9 GW installed
capacity used to be number four in the EU ETS top ten until 2012, when it started to
descend: initially to line five and then to line six in 2014. In 2016 Drax power station has
left the top ten list (Figure 1). The reason for that is the conversion of its four units to
burning biomass in 2014-2018 as a decarbonisation measure, which has brought the
emissions down from 22.7 million t CO; in 2012 to below 1 million t CO2 in 2019 (Figure
2).
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Figure 1. Drax power station ranking in the EU ETS top ten.

Rank 2008 2009 2010 2011 2012 2013 2014 2015 2016
4 Drax Drax Drax Drax
5 Drax Drax
6 Drax Drax

15

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 2. Drax power station verified emissions 2008-2019, min t CO..

Agios Dimitrios lignite power station (Greece) was in the EU ETS top ten list in 2009-
2014, but has left it in 2015 (Figure 3) what was associated with a decrease in emissions
from 14,3 million t COz in 2010 to below 10 million t CO; since 2016 (Figure 4). In line
with Greece’s commitment to phase out lignite in power generation (by 2028) the first
four units of Agios Dimitrios power station will be shut down in 2022 and the last unit in
2023 (NECP 2019: 96). Although it’s hard to establish a direct link with the reduction of
Agios Dimitrios power plant’s emissions and Greece climate policy efforts, it should be
nevertheless noted, that the share of lignite in power generation in Greece has dropped
from 56% in 2014 to 25,4% (EnEx 2020) as a result of climate policy-driven measures
(Vlassopoulos 2020). While the installed capacity of lignite power plants in Greece
remained practically unchanged since 2016 with 3.9 GW, they are increasingly used to
tackle peak demands or partly ensuring base load giving way to less environmentally
harmful natural gas power generation.

Figure 3. TPP Agios Dimitrios ranking in EU ETS top ten.

Rank | 2009 2010 2011 2012 2013 2014 2015
7 Ag.Dimitrios Ag.Dimitrios
8 Ag.Dimittios Ag.Dimitrios
9 Ag.Dimitrios Ag.Dimitrios
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Figure 4. TPP Agios Dimitrios verified emissions 2008-2019, min t CO..

Similar approach to management of coal power generation can be witnessed in Italy, where the
actual coal power generation has been increasingly reduced since 2016 while the installed
capacity remained the same at 8, 3GW. Currently the coal-fired generation is mainly used in
peak demand periods what helps to reduce total emissions of the power sector (Fermeglia
2020). Italy has set a target to phase out coal power plants by 2025. For some of the plants the
closure will happen even eatlier. Enel is planning to shut down unit 2 at Brindisi Sud in eatly
2021 along with two other coal power stations (Enel 2020). These trends in Italian power sector
can be traced in the EU ETS top ten list, where two Italian power stations Torrevaldaliga Nord
and Brindisi Sud can be found in 2009-2016, but none of them since 2017.

3.2 Stable trend in coal-dependent power generation countries

Until recent indications of a coal phase out by 2049, Poland has been among EU
states reluctant to commit to 2050 climate neutrality target (Euractiv 2020). Poland’s power
generation is heavily dependent on coal that makes over 80% of national electricity production.
This explains the fact Poland power plants retained and increased their share in the top ten list
over time. Belchatéw power station remains a long-standing number one in the EU top ten
for the whole period (Figure 5) what is partly explained by its size — the biggest power plant in
the EU and the biggest lignite-firing power station in the wotld. However, over the observed
timeframe the verified emissions of Betchatéw TPP remained relatively stable. In the recent
years, the power station became a target for climate action organizations, one of them even
starting a legal challenge for its harm to the environment (The Guardian 2019).

Figure 5. Poland’s power stations ranking in EU ETS top ten
Rank| 2009 - - 2014 2015 2016 2017 2018 2019
1 |Belchatow Belchatéw Belchatow Belchatéw Belchatow Belchatéw Belchatow
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Figure 6. Poland’s power stations verified emissions 2008-2019, min t CO..

The second power plant from Poland, that has joined the EU ETS top ten since 2015,
shows little change in verified emissions over the observed timeframe (Figure 6). The
reason for TPP Kozienice to ascend to top ten is actually the reduction in verified
emissions of thermal power plants in other countries, so that they have left the top ten list
giving way for installations that have not reduced the emissions. Figure 7 shows cumulative
verified emissions of the power plants in EU ETS (activity code 20) from Poland,
Germany and the rest of EU.
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Figure 7. Verified emissions of thermal power plants in Poland, Germany and the rest of EU 2008-2019, min t
CO..

Germany’s lignite-firing power stations with minor variations build up the core of the EU

ETS top ten polluters list for the whole observed period with a 50-60% share in 2008-
2015, rising to 70% since 2016. TPP NiederauB3em, Neurath, Jinschwalde, Weisweiler are
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firm in the top ten lists 2008-2019 mainly in the upper part. TPP Lippendorf and Schwarze
Pumpe have changed each other in the top ten or appeared jointly in different years taking
lower lines close to the threshold. TPP Frimmersdorf has left the top ten in 2012 due to
its gradual shut down. Analysing the dynamics of verified emissions for these installations
it should be noted, that they are relatively stable over time. Along with TPP Frimmesdorf
the exemption is TPP Neurath with the rise in its emissions due to commissioning of two
new 1060 MW units in 2012 (Figure 8).

TPP Neurath

30.0 TPP NiederauBem
25.0 TPP Janschwalde /
20.0 TPP Weisweiler
15.0
TPP Lippendorf
10.0 TPP Schwarze Pumpe
a—
5.0

TPP Boxberg Werk 1V

PP Frimmersdorf\
0.0

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2013

Figure 8. German TPP’s verified emissions 2008-2019, min t CO..

Hard coal and lignite have long dominated power generation in Germany. In 2008, their
share in power generation amounted 42.9% (19.4% hard coal and 23.5% lignite) (AG
Energiebilanzen 2020). Till 2018 Germany has made a remarkable progress in raising the
share of renewables in generation mix up to 35%, but at the same time the share of lignite
remained almost stable at 22.6% with hard coal share decreased to 12.8%. Physically the
output of lignite power stations remained practically the same with 145 TWh produced
both in 2009 and 2018. Germany has long been criticized for the gap in its climate policy
ambitions and little action on coal power stations (Keles & Yilmaz 2020). Lack of necessary
interconnections between new sites of renewable generation in the north of the country
and southern industry centres along with nuclear power phase out have made the
substitution of coal power in Germany particularly difficult (Zimakov 2018). While other
leading EU countries were already pursuing coal phase-out, Germany has taken first
cautious steps by gradually putting several units of four lignite power plants into security
reserve since 2016 (Brauers ef al. 2020). Nevertheless, this decision has not affected the
top ten list. Only in 2019, Germany has committed to a coal phase out in power generation
by 2038 — the most remote officially adopted exit date in the EU (Oei 2020).

Since 2016, unit IV of TPP Boxberg has joined the top ten. However, its emissions are
almost stable around 10.8 mln CO; since 2013. This case is similar to TPP Kozienice and
should be explained by the overall reduction in verified emissions of power stations in
other EU countries.
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3.3 Upward trend for aviation

The EU ETS includes the emissions from aviation sector since 2012. However,
its scope is currently limited to emissions from flights within the European Economic
Area (EEA) —the EU Member States plus Iceland, Liechtenstein and Norway. Even within
this reduced scope the amount of emissions from aviation activity covered by the EU ETS
is gradually rising. Based on EU ETS data the total verified emissions from aviation
(activity code 10) have risen by 26.6% since 2013 until 2019 (Figure 9). Meanwhile other
industries included into EU ETS have shown a downward trend. For example, the
emissions from power generation (activity code 20) have fallen by 29.3% in the same
timeframe.

2013 2014 2015 2016 2017 2018 2019

Figure 9. Aviation verified emissions 2013-2019, min t COs.

The upward trend for aviation activity related emissions is largely explained by the sharp
rise in air traffic (Andrejiova ez al. 2020). The decarbonisation of the transportation sector
in the EU is notably lagging, especially compared to RES penetration in the power
generation and heating/cooling: 8% in 2018 against 32.1% and 19.7% for EU28 (Eurostat
2020). At the same time, the EU climate policy towards aviation sector is often criticized
for its shortfalls to curb emissions (Efthymiou & Papatheodorou 2019), which account for
about 3% of the EU’s GHG total. The EU ETS cap for the aviation sector is calculated
based on more relaxed norms compared to other industries. This will partially change in
the 4% phase of EU ETS (2021-2030). In addition to that, the EC intends to implement
the CORSIA carbon-offsetting scheme for international flights from 2021 (Maertens ef a/.
2019).

Meanwhile, following the upward trend for aviation activity related emissions one aircraft
operator — Ryanair DAC has joined the EU ETS top ten since 2018 (Figure 10).

Figure 10. Ryanair DAC ranking in EU ETS top ten.

Rank 2018 2019
8
9 Ryanair DAC Ryanair DAC
10
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4. Discussion

The results support a correlation between the presence of national enterprises in
the EU ETS top ten list and the national climate policy actions. This interdependence is
more obvious in a year-on-year analysis that allows to trace certain trends driven by
national climate policy (in)action. Therefore, the EU ETS top ten list as a performance
indicator can provide evidence on (in)efficiency of national climate policy measures. Its
accuracy however depends on certain parameters that can limit its functionality.

4.1 Limitations of the EU ETS top ten list

The general limitation of the top ten list rests with the scope of the EU ETS.
Energy-intensive installations not covered by the system are virtually out of sight, thus can
be overlooked by the climate action. For example, the emissions from the shipping sector
are currently out of the EU ETS scope. At the same time, the shipping-related emissions
are substantive. According to a study of International Maritime Organization (IMO),
GHG emissions from shipping operations are expected to rise up to 50% by 2050 if no
action taken (IMO 2020). Transport & Environment NGO made calculations of a top
ten EU ETS polluters list based on the assumption it includes emissions of the shipping
associated with journeys to and from the EU (in similar fashion to the aviation). It shows
that if the EU ETS would cover emissions of the shipping, the top polluters list in 2018
would include at least one company of the sector (Transport & Environment 2019). In
this case, the NGO based on the EU ETS top ten list correctly points out a climate policy
shortcoming (Deane ef a/. 2019). It should be noted, that EC addresses this issue and
extends the EU ETS to the maritime transport sector in June 2021 as part of Sustainable
and Smart Mobility Strategy (European Commission 2020b).
Another limitation of the top ten polluters list is linked to the fact that it is carbon dioxide
(CO») emissions-based. The EU ETS is specifically addressing main greenhouse gas as a
cause of climate change. Actually, the EU ETS additionally covers also nitrous oxide
(N20) and perfluorocarbons (PFC) emissions, but its focus is nevertheless on CO2. That
means the actual negative environmental impact caused by installations cannot be
measured by EU ETS controlled emissions data only. For this purpose, the European
Pollutant Release and Transfer Register (E-PRTR) data collected by the European
Environment Agency (EEA) may be more suitable because of broader coverage of
negative environmental impact factors. However, for a ranking approach of top ten it will
require to calculate a number of ratings or a synthetic index, what makes the perception
of the outcome by a broader audience more difficult. As a political tool, the EU ETS top
ten effectively links carbon emissions to pollution what contributes to the ease of public
perception.
Lack of data on verified emissions on certain installation can also affect the accuracy of
the EU ETS top ten list. As mentioned eatlier, the enterprises should provide the data by
a certain deadline. If they miss it, the verified emissions data for the past year will appear
later, and this installation will be out of the list calculation. This means, the outcome of
the EU ETS top ten list calculations will be not fully correct. Such situations can be
witnessed, for example, in 2019, where the verified emissions data of TPP Maritsa power
station are missing, or in 2016 with no data on Belchatow power station. The missing
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figures are added in later releases, however, that should be taken into account. To address
this issue certain adjustments are sometimes done based on historical values or other
sources. For example, Transport & Environment NGO (Transport & Environment,
2020b) uses 2018 verified emissions data for TPP Maritsa to adjust for missing data in
2019. However, this adjustment may be not fully correct considering the overall downward
trend for coal power generation.

Another adjustment is sometimes applied by grouping several units. This stems from the
fact, that EU ETS tracks the emissions from installations (or companies in aviation), not
the facilities or company groups. Therefore, some facilities have several accounts
registered separately. For example, the power station can have separate accounts for its
units. This is explained by the fact that the units of those power stations usually function
quite isolated and independent: some of them were built in different time; they can be
located relatively remotely from each other and thus technically operating in a self-
sustained manner, even if one management team manages them. However, some consider
this split artificial and add up all the units to get a more realistic picture of the power station
emissions. WWE when they add up accounts of Boxberg power station III and IV uses
this approach (WWZF 2007). A similar adjustment is applied to accounts of different
companies belonging to one owner. A methodology applied by Transport & Environment
NGO is grouping accounts of airlines based on their ownership (Transport &
Environment 2020b). It should be nevertheless noted, that in both examples given the
adjustments made no significant impact on top ten results and the adding up of the
accounts was likely used to get more impressive emission figures for particular enterprises.
It can be summarized, that the above limitations of the EU ETS top ten list are rather of
methodological nature and can be addressed by introduction of a proper calculation
methodology, which takes them duly into account. This again highlights the need in a
single official EU ETS top ten calculation.

4.2 Is ten a perfect number?

Any top ten list is a tip of the broader ranking. Moreover, as any shortlist the EU
ETS top ten suffers from the limitation to only 10 first lines what inevitably narrows the
coverage. To avoid this limitation some papers are using a longer list. For example, WWF
and CAN Europe are using a top 30 list (WWE 2007; CAN Europe ef a/. 2014). Such a
long-list includes installations from more countries what is considered a major benefit.
This can be substantial if the goal is to have a wider geographical scope or representation.
At the same time, the broader scope means more diversity in the included industries what
makes it harder to focus on specific trends. To address that WWT limits their top 30 to
one industry (power generation) to demonstrate the environmental pollution caused by
coal and lignite firing power stations and the urgent need of climate action. Actually, the
same conclusion could be made based on the EU ETS top ten dominated by thermal
power plants burning coal but that would limit the geographical representation. Some EU
countries with high percentage of coal-based electricity would remain out of sight, for
example, Czech Republic (Sivek ez a/. 2020).
A more condensed and focused short list can nevertheless be useful to raise awareness in
those countries that host installations in the EU ETS top ten list. As mentioned in 3.2,
German lignite power plants are long time leaders of the top ten. For several years, climate
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activists and the mass media many times highlighted this fact to prompt the German
government to action (Der Spiegel 2014, 2017; Suddeutsche Zeitung 2015; Energie
Zukunft 2019; Der Stern 2019).

Moreover, the rise of a new player to the top ten emitters list gives a strong signal, what
can be seen when Ryanair DAC joined the EU ETS top ten in 2018. This fact was widely
discussed in the media along with the overall upward trend for emissions from aviation
activities (Transport & Environment 2020b; BBC 2019). This trend would be less
noticeable in a long list.

Passing of a top ten threshold is closely related to ‘the top-ten effect’ described by M. S.
Isaac and R. M. Schindler (Isaac & Schindler 2014). It shows that people give more value
to improvements in rank that cross round-number-category boundaries. Another
important consequence of this effect is the fact people more favourably evaluate shorter
lists (Isaac e# al. 2010).

The threshold of top ten represents a separate problem when some companies balance on
verge and fall out of the top ten in one year, but make a comeback in the next year. This
can be driven both by overall market fluctuations and by business activity of the
installation. Nevertheless, the inability to leave the top ten completely indicates
shortcomings in climate action. This can be said about Bulgaria’s TPP Maritsa East 2 that
joined the EU ETS top ten in 2011 (line 9) but left it in the next year to come back in 2015
(line 10). In 2016 it was out again (line 11) but back for one year in 2017 (line 10) just to
return to line 11 in 2018. Analysing the fluctuations it can be noticed, that TPP Maritsa
East 2 has joined the top ten list when there were spikes in its emissions and remained in
top 20 for the rest of the time. However, the downward trend in coal power generation’s
emissions (Fig.7) has narrowed the gap between top ten and Maritsa power station, so that
in recent years it more often became part of the top ten. Meanwhile the share of coal
power generation in Bulgaria remains above 40% without any clear plans for a phase out
(Mikalauskiene 2019).

The last example shows how an insight into longer top 20 list allows tracking of particular
installation’s emissions dynamics. It is a common wisdom that a broader scope delivers a
bigger picture. This can be good for specific tasks, for instance, to determine future EU
ETS developments: what industry will be the next “big polluter” after coal power
generation finally gives up its positions. The top 20 can give such a hint towards steel
industry. It can also give projections of the EU ETS top ten possible development: Ryanair
DAC has entered the top 20 two years earlier, before it joined the EU ETS top ten.
However, a shorter top ten list is sufficient and more suitable to provide focused highlights
of climate policy (under)performance.

4.3 EU ETS top ten as a “soft” tool to foster clean energy transition

The examples givenin 4.1. and 4.2. demonstrate, how climate action organizations
like WWF, CAN Europe, Transportation&Environment and other NGOs apply the EU
ETS top polluters list as a policy tool to support their publicity campaigns, to track
progress of clean energy transition or to raise awareness on problems or
underperformance in combating climate change in the EU. Their findings are usually well
perceived and widely reiterated by the European mass media thus reinforcing political
pressure on underperforming governments and industries.
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A weak point of this tool, however, is the lack of a single ‘official’ EU ETS top polluters
list. In its absence, the climate action organisations calculate their own ratings applying
different methodologies, so thete is a number of top EU polluters’ shortlists, each of them
referring to EU ETS. This weakens the political power of the tool as it may be challenged
for different methodological approaches or bias.

Meanwhile, the EU ETS top ten list is a very appealing instrument with good visualization
and easy perception. As there is a correlation between the EU ETS top ten and the
performance of national climate policies, the list as a “soft” tool can be instrumental in
promoting decarbonisation in the EU as a useful extension of the current policy
framework (European Commission 2017). The potential efficiency of this tool in fostering
clean transition may be moderate, but bearing in mind that it comes as a by-product at no
cost, there is no obvious reason for the European Commission to refrain from making use
of it. Unlikely to be wholly effective on its own, it will be nonetheless important to
complement other instruments.

The EC could release an EU ETS top ten polluters list once a year along with publication
of verified emissions data or a certain time later to incorporate adjustments due to late
submissions of data as described in methodology section. Even without any dedicated
press release or commentary by the EC, it would provide climate action organizations with
a single official rating calculated according to a certain methodology. This official rating
would then be a common reference point for environmental NGOs and other climate
policy actors to make their own evaluation, commentary and to undertake further political
actions fostering clean energy transition in the EU.

5. Conclusions

Recent research on EU climate policy suggests that there is a need in a mix of
measures rather than relying on single tools like the EU ETS (Lindberg ez a/. 2019). In the
variety of hard and soft EU climate policy instruments, there is also option for smaller
tools like information and education what also includes different publicity campaigns and
the introduction of rating systems. The EU ETS top ten polluters list could feature in the
EU climate policy toolbox as an information tool, reflecting general trends in the national
and EU-wide climate policy performance. It is especially important for climate action
organizations, because it would provide them with an officially released rating that they
could use in their evaluations and political campaigns. An official status of the EU ETS
top ten could boost the political power of this tool and provide different actors with a
common reference point.

Despite having limited geographical representation and covering only one aspect of
sustainable development (curbing of CO; emissions) the EU ETS top ten list as a tool has
its own advantages. It focuses both on levels and on changes: it provides a focused
information on top polluters and, based on year on year analysis, on respective changes
driven by climate policy (under)performance in relevant EU countries or industries.
Bearing limitations of a short list, the EU ETS top ten nevertheless adequately reflects
main developments in national efforts to curb GHG emissions and is especially effective
in pointing out underperforming countries and industries covered by the EU ETS. The
envisaged extension of the EU ETS scope to other industries will make the top ten list
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even more informative. Finally, it comes almost at no cost compared to calculations of
comprehensive sustainable development indexes or synthetic indicators.
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Appendix A
EU ETS top ten lists by year for the period 2008-2019, mln t COs,.
2008 2009 2010
Rank Installation CO» Installation CO2 Installation CO2
1 TPP Belchatéw (PL) 30.9 TPP Belchatéw (PL) 29.5 TPP Belchatéw (PL) 29.7
2 TPP NiederauBem (DE) [24.9| TPP Niederauem (DE) 26.3| TPP Niederauem (DE) |28.1
3 TPP Jinschwalde (DE) |23.5] TPP Jinschwalde (DE) [23.3| TPP Jinschwalde (DE) 23.5
4 Drax Power Station (UK) [22.3| Drax Power Station (UK) [19.9| Drax Power Station (UK) |22.4
5 TPP Weisweiler (DE) 214 TPP Weisweiler (DE) 19.0 TPP Weisweiler (DE) 19.7
6 | TPP Frimmersdorf (DE) [18.6 TPP Neurath (DE) 17.9 TPP Neurath (DE) 16.9
7 TPP Neurath (DE) 18.0| TPP Frimmersdorf (DE) |16.8| TPP Frimmersdorf (DE) [14.3
8 ‘TPP Brindisi Sud (IT) 14.9 ‘TPP Brindisi Sud (IT) 13.0| TPP Agios Dimitrios (GR) |14.3
9 TPP Turéw (PL) 12.9] TPP Agios Dimitrios (GR) |12.9 TPP Lippendorf (DE) 12.5
10 | TPP Schwarze Pumpe (DE) | 12.5 TPP Lippendorf (DE) 12.8 | TPP Schwarze Pumpe (DE) |11.1
2011 2012 2013
Rank Installation CO2 Installation CO2 Installation CO2
1 TPP Belchatéw (PL) 32.8 TPP Belchatéw (PL) 35.2 TPP Belchatéw (PL) 37.2
2 TPP NiederauBem (DE) [28.6 TPP Neurath (DE) 31.2 TPP Neurath (DE) 333
3 TPP Jinschwalde (DE) |24.0] TPP NiederauBem (DE) |27.9] TPP NiederauBem (DE) |29.6
4 | Drax Power Station (UK) |21.5| TPP Jinschwalde (DE) |24.4| TPP Jinschwalde (DE) 25.4
5 TPP Neurath (DE) 19.6| Drax Power Station (UK) |22.7| Drax Power Station (UK) [20.3
6 TPP Weisweiler (DE) 19.2 TPP Weisweiler (DE) 20.0 TPP Weisweiler (DE) 18.7
7 TPP Frimmersdorf (DE) |15.2| TPP Agios Dimitrios (GR) |14.7| TPP Agios Dimitrios (GR) |13.1
8 | TPP Agios Dimitrios (GR) |14.2| TPP Schwarze Pumpe (DE) | 12.5 TPP Brindisi Sud (IT) 11.8
9 | TPP Maritsa East 2 (BG) [13.0 TPP Brindisi Sud (I'T) 12.2 TPP Lippendorf (DE) 11.7
10 | TPP Schwarze Pumpe (DE) | 11.9 |ArcelorMittal Atlantique (FR)|11.2|  Eggborough TPP (UK) 11.5
2014 2015 2016
Rank Installation CO2 Installation CO2 Installation CO2
1 TPP Belchatéw (PL) 36.9 TPP Belchatéw (PL) 37.1 TPP Belchatéw (PL) 34.9
2 TPP Neurath (DE) 324 TPP Neurath (DE) 32.1 TPP Neurath (DE) 31.3
3 TPP NiederauBem (DE) [27.2| TPP NiederauBem (DE) |27.3| TPP NiederauBem (DE) |24.8
4 TPP Jinschwalde (DE) |24.2| TPP Jinschwalde (DE) [23.3| TPP Jinschwalde (DE) 23.8
5 TPP Weisweiler (DE) 16.9 TPP Weisweiler (DE) 18.1 TPP Weisweiler (DE) 18.7
6 | Drax Power Station (UK) |16.6| Drax Power Station (UK) |13.2| TPP Schwarze Pumpe (DE) |12.2
7 TPP Brindisi Sud (IT) 12.0 TPP Brindisi Sud (IT) 13.1 TPP Kozienice (PL) 12.0
8 TPP Lippendorf (DE) 11.9| TPP Schwarze Pumpe (DE) |12.2 TPP Lippendorf (DE) 10.8
9 | TPP Agios Dimitrios (GR) [11.8 TPP Kozienice (PL) 11.4 |TPP Torrevaldaliga Nord (IT)[ 10.2
10 |'TPP Schwarze Pumpe (DE)|11.6| TPP Maritsa East 2 (BG) |11.3 | TPP Boxberg Werk IV (DE) | 9.7
2017 2018 2019
Rank Installation CO2 Installation CO2 Installation CO2
1 TPP Belchatéw (PL) 37.6 TPP Belchatéw (PL) 38.3 TPP Belchatéw (PL) 32.7
2 TPP Neurath (DE) 29.9 TPP Neurath (DE) 32.2 TPP Neurath (DE) 22.6
3 TPP NiederauBem (DE) [27.2| TPP Niederaulem (DE) |25.9| TPP NiederauBem (DE) |18.4
4 TPP Jinschwalde (DE) |23.6| TPP Jinschwalde (DE) [22.8| TPP Jinschwalde (DE) 17.6
5 TPP Weisweiler (DE) 18.9 TPP Weisweiler (DE) 16.8 TPP Weisweiler (DE) 13.3
6 | TPP Schwarze Pumpe (DE) | 11.4| TPP Schwarze Pumpe (DE) | 12.4 | TPP Boxberg Wetk IV (DE) | 11.0
7 TPP Lippendorf (DE) 114 TPP Lippendorf (DE) 11.7| TPP Schwarze Pumpe (DE) |10.5
8 TPP Kozienice (PL) 11.2| TPP Boxberg Werk IV (DE) | 10.2 TPP Kozienice (PL) 10.5
9 |TPP Boxberg Werk IV (DE)| 10.6 Ryanair DAC (IR) 9.9 Ryanair DAC (IR) 10.5
10 | TPP Maritsa East 2 (BG) |10.5 TPP Kozienice (PL) 9.7 TPP Lippendorf (DE) 8.9
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