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 ..............................................................................................  

In a context where the European Union Emission Trading Scheme (EU ETS) 

is a key climate mitigation policy tool designed by the European Union (EU), 

this series of Climate & Debates focuses on the different behaviours of actors 

in the European Carbon Market. This first document describes the regulatory 

framework of the system, stressing the specificities of the recent trading phase 

(starting in 2013), to put in perspective the different behaviours of actors 

according to their profile. Activity in the auction market is then described 

according to firm profiles and successful auction bidders are further identified 

at the firm level. Overall, financial actors and compliance firms from the energy 

sector shared most of the auctioned allowances. The auction market further 

appears to be heavily influenced by the regulatory framework, with the 

successful bidders’ profile type changing accordingly throughout a trading 

year. The numbers and figures on this document rely on a consolidated 

database, specifically created for the purpose of this study, by merging Orbis 

data to the European Commission’s Transaction Log data, to include firm level 

information on transactions. 
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Introduction

Covering almost 40% of the the European Union’s (EU) Greenhouse Gas (GHG) emissions, the
European Union Emission Trading System (EU ETS) is a key instrument in the EU’s strategy
to combat climate change and decrease emissions cost-effectively. Several crises that drove prices
down have led to criticism regarding the efficiency of the system. Among the main culprits are the
over-allocation of emissions permits during the earlier phases of the system, the 2008 financial crisis,
fraud, and the lack of coordination with the EU’s renewable energy support policies. Many adjust-
ments have been made to attempt to correct the failures of the system. The implementation of the
Market Stability Reserve (MSR), created as a tool to control the number of excess allowances in the
system is one example. A Carbon Border Adjustment Mechanism (CBAM), has been proposed by
the European Commission (EC) last year, to reduce the risk of carbon leakage by putting a price on
the carbon content of imports. This mechanism would be built based on the ETS. This proposal,
at the center of the ”Fit for 55” package1, is also accompanied by a proposal on the extension of
the current EU ETS scope to other sectors such as the maritime sector and buildings. This shows
a strong will from the authorities in terms of commitment, suggesting that the ETS will continue
to play a major role in the decarbonation strategy of the EU.

This Climate & Debates (C&D) is a first of a series of three, each focusing on one specific aspect
of the ETS: the regulatory framework and the primary market, which is the focus of this first doc-
ument, exchanges on the secondary market, and lastly, accumulated allowance surplus. With the
broadening of the scope covered, as proposed by the Fit for 55 package, understanding the behaviour
of actors already trading European Union Allowances (EUAs) is critical. Further, the predominance
of financial actors in the ETS markets raises questions on implications in terms of market oversight
of the system. Regarding this aspect, the European Securities and Markets Authority has recently
concluded that the European Carbon Market does not have major market deficiencies2. The EC
is currently discussing banning financial actors from participating in the exchange of allowances.
In this context, the focus of this C&D series is to analyse the different transaction behaviours of
market players in the system. It is suspected that market player’s characteristics influence their be-
haviour and impact their trading strategies. For example, while regulated firms have a compliance
constraint, financial firms have other motives driving them to participate in the ETS. Identifying
the different behaviours induced by heterogeneous actors is essential to design better-aimed policies.

In this first document, the structural factors shaping actors’ behaviours are discussed. The
institutional background is presented and different actor profiles are introduced. A focus is further
put on the primary market for auctions. Introduced as a way to provide new allowances in the
system, auctions are set to progressively replace free allocations. Although this primary market
has been active since 2012, studies on this topic are still limited. This C&D complements existing
reports3 on the functioning of auctions: to the author’s knowledge it is the first analysis based on

1European Commission, Communication on ’Fit for 55’: delivering the EU’s 2030 climate target on the way to
climate neutrality, COM(2021)550. Access here: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:
52021DC0550

2See the final report on emission allowances and associated derivatives. Access here: https://www.esma.europa.
eu/sites/default/files/library/esma70-445-38 final report on emission allowances and associated derivatives.pdf

3The auction reports can be found under the Documentation section on the EC platform on Auctioning. Access
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official transaction data (and not market data), which enables the identification of auction winners.

Throughout this series of C&D, EU ETS transaction data is exploited (from 2005 to 20194)
and augmented by linking it with firm information. This allows the identification of firms behind
the transactions recorded on the European Transaction Log (EUTL). Results of the consolidation
process can be found in the Appendix (ref. Appendix Graphs 12 & 13 ).

Box 1 - Methodology of the consolidation strategy: augmenting the available database at
the firm level
As the interest of this series of C&D is to analyse the behaviour of actors in the ETS, the level at which
an entity is considered must be described. The unit of study will be the national firm level, based on
the hypothesis that the decision-making unit (DMU) with regards to EUA management is at this level5.
Data on the ETS, made available by the EC is however presented in a more granular level, at the account
level. An augmented database has thus been constructed by the author. Previous literature has also
consolidated part of the data (refer to Jaraitė et al., 2013).

The European Commission publishes ETS transaction data on the European Transaction Log (EUTL)
platform. This database is not user-friendly and there is a 3-year delay in the publication of transactions.
It contains information on the regulated installations, their emissions volume and conformity status.
Along with transaction amounts, the transaction table contains information about the date and the
accounts involved in the transfer among other details. However, it does not specify the type of contracts
that lead to the transaction. For instance, it cannot be known if the transaction occurred due to the
issuance of a futures contract, or whether it is an internal exchange happening between accounts of the
same entity. This is another reason why consolidating the data at firm level - instead of directly using
account level data - is important. By considering transfers that happen between firms, intra-firm transfers
are left out. The consolidated transaction dataset that is analysed should contain monetary transactions
only. However, the consolidated dataset still lacks information on the type of transaction that resulted
in the transfer: an auction transfer cannot be distinguished from a spot or derivatives contract transfer
prima facie6.

The augmented database is constructed based on the dataset made available by Abrell (2021)7. This dataset

augments the original EUTL data by linking transactions to involved accounts, matching former operator

holding accounts to the respective installations and eliminating duplicate account holders. Information on

the variables included in the database as well as the relations in the database can be found in the Appendix

here: https://ec.europa.eu/clima/eu-action/eu-emissions-trading-system-eu-ets/auctioning en
4Access here: https://ec.europa.eu/clima/ets/welcome.do
5As it is assumed to be the case in most of the literature on this topic (see for example Trotignon and Delbosc,

2008). National firms, as defined on the Orbis Database from Bureau Van Dijk. An Ultimate Owner (UO) on Orbis
is identified if there is a 50% ownership path from a subject company to its UO. A company is also considered an
UO if it has no identified shareholders or if its shareholder’s percentages are unknown. Refer to a user guide for more
details. Access here: https://moodle.fhgr.ch/pluginfile.php/103914/course/section/32329/MB 200327 Bibliothek
Orbis UserGuide.pdf?time=1595592226214

6Primary market transactions will be distinguished from transactions in the secondary market. Transfers of
allowances auctioned will be flagged by isolating certain accounts. (ref. Figure 5)

7Augmented EUTL database information site. Access here: https://euets.info/background
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(ref. Appendix Figure 15). The processed data is downloaded, and a relational database is created,
following the Python routines made publicly available by Jan Abrell.

Next, as the processed data does not specify the identity of the firm managing the accounts, this
information was retrieved from the Bureau Van Dijk - ORBIS database8. Previous research has also
relied on this database to obtain additional company data (Jaraite et al., 2013). For this step, a file made
available by the Joint Research Center (JRC) has been used9. This file links account holders in the EU
ETS with the corresponding company on the Bureau Van Dijk - ORBIS database. Using this information,
the list of firms participating in the EU ETS were identified and information concerning name and NACE
codes at different level was retrieved. A table describing the results of this consolidation process can be
found in the Appendix (ref. Appendix Figure 12 & Figure 13).

The following document exploits this consolidated database. Any number or figure, if not stated otherwise,

is based on the author’s consolidated database. Throughout this document, other methodological boxes

are included where relevant, explaining how the data was further manipulated.

Figure 1: Overview of the compliance cycle EU ETS

Source: EU ETS Handbook (2015)10.
Note: CA refers to Competent Authority.

8Orbis database information site. Access here: https://www.bvdinfo.com/en-gb/our-products/data/
international/orbis

9JRC, Firm level data in the EU ETS. Access here https://data.jrc.ec.europa.eu/dataset/
bdd1b71f-1bc8-4e65-8123-bbdd8981f116
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1 Institutional context of the EU ETS

Understanding the institutional context of the EU ETS and identifying all the different actors
involved is essential to define the scope of this study. Describing the framework and the relationships
linking the actors reveals an intuition on how different players at stake may behave in line with
their motives. In this section, aspects specific to the third phase (2013 - 2020) are introduced. For
a more detailed description of the functioning of the system and for details on transactions during
the first phase of the system, refer to Martino and Trotignon, 2013.

Box 2 - Overview of the EU ETS compliance cycle (ref. Figure 1)
The ETS is organised in annual compliance cycles and every installation regulated under the system must
monitor their emission levels annually. The emission monitoring period begins the 1st of January and ends
the 31st of December. Below is an overview of the main regulatory steps:

• At the beginning of the year, on the 28th of February, free allowances are distributed to installations,
if applicable. These free allowances are to be used for compliance of the year ahead. In practice, the
period during which allowances are distributed is not fixed and delays in distribution is common.

• Each installation must report their annual emissions. Emissions reports of the previous year must
be verified by an accredited verifier by 31 March.

• Compliance for the past year must be done before the 30th of April each year. This is done by the
surrendering of allowances corresponding to the installation’s volume of emissions. The surrendering
of allowances -representing the right to emit- must be transferred through by the installation’s
account.

• Since the end of 2012, auctions are scheduled regularly to introduce allowances into the system (ref.
section 2).

A strongly regulated market

By nature, the EU ETS is an artificially created market and is therefore strongly regulated.
Introduced in 2005, the EU ETS has just entered its fourth trading phase, covering the period
2021 to 2030. The scheme is based on a cap-and-trade system set up to decrease emissions cost-
efficiently by putting a price on Greenhouse Gas Emissions (GHG) through the issuance of permit
rights and stimulate investments in carbon-reducing technologies. Every beginning of a phase, a
trajectory for the maximum volume of emissions is fixed. During the third phase (2013-2020), the
cap on the number of emission allowances decreased each year by a linear reduction factor of 1.74%11.

10EU ETS Handbook, by the EC. Access here: https://www.sallan.org/pdf-docs/ets handbook en.pdf.
11The way this cap was established, bottom-up based on national registries, changed during phase III. A sin-

gle EU-wide cap was set, starting at 2 084 MtCO2e in 2013 (International Carbon Action Partnership). This
amount corresponds to the average total quantity of allowances issued annually in Phase II (2008-2012). The reduc-
tion of the cap during phase III ensures that the maximum number of allowances that can be used by stationary
installations is 21% lower in 2020 than in 2005. EC website. Access here: https://ec.europa.eu/clima/eu-action/
eu-emissions-trading-system-eu-ets/emissions-cap-and-allowances en. EC report on the functioning of the European
Carbon Market. Access here: https://ec.europa.eu/clima/system/files/2020-11/com 2020 740 en.pdf
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The European Commission and relevant national authorities are responsible for the functioning
of the ETS. These entities have accounts opened in their respective national registry, dedicated
to creating, allocating and deleting allowances. For instance, in France, this administrative role
is played by Caisse des Dépôts12. A registry specific to the European Commission’s accounts also
exists. All of these institutional accounts are classified as administrative participants, as all of their
transactions happen for regulatory purposes (ref Figure 2).

Figure 2: The proportion of volume transferred by administrative accounts according to their
registries (2008 - 2019)

Notes: Since the beginning of Phase III, freely distributed allowances have been allocated centrally by the Commission
instead of being distributed by national administrative accounts. EU accounts have therefore gained importance in
terms of administrative management of the ETS. The peak in the share of transaction volume from national accounts
in 2015 can be explained by the creation of the Market Stability Reserve (MSR).

One of the role of these administrative participants is to allocate free allowances to regulated
installations’ accounts at the beginning of a trading year. Initially, this was a way to help regulated
firms meet compliance. The main justification was to preserve firms from facing a competitive
disadvantage to international firms and to avoid carbon leakage (ref. box 3). However, the free al-
lowance allocation design has been highly criticised for being too generous. In the early stages of the
system, the benchmark emissions had strategically been set higher by national entities to inflate the
domestic volume received for free. Empirical literature on the topic agrees on the fact that the ETS
has not impacted firm competitiveness and firms have benefited from windfall profits, especially
by passing-through the costs to their consumers (Joltreau and Sommerfeld, 2019). The generous
free allocations at the early stages led to a surplus of allowances and a fall in prices, questioning
the functioning of the whole system. Moreover, when considered statically, the free allocation of

12Caisse des Dépôts. Access here: https://www.seringas.caissedesdepots.fr/?lang=fr
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allowances does not impact abatement decisions, but when looking into the ETS dynamically, free
allocations reduce the costs borne by regulated firms. This means that the profitability of low car-
bon investments is diminished, which does not incentivise low carbon investments as it is supposed
to.

The method for estimating the number of free allowances to distribute has been reviewed down-
ward and free allowances are now allocated more sparsely. Since 2013, an auctions market was
also introduced to progressively replace free allocations. A total of 57% of the supply of EUAs
were auctioned in Phase III13. To further tackle the excess of supply of allowances in the market, a
Market Stability Reserve (MSR) was also put in place14

Box 3 – Carbon leakage
Free allowances are distributed mainly to shield internationally competing firms against carbon leakage15.
Carbon leakage can be defined as a displacement of carbon emissions from a region with stringent climate
policies towards a region with less stringent climate policies (Naegele and Zaklan, 2019). This needs to be
avoided for obvious reasons, as it defeats the purpose of climate policies aiming at reducing emissions on a
global scale. The EC has established a carbon leakage list, identifying the installations that are the most
at risk to suffer from this phenomenon16. The most exposed sectors receive free allowances equivalent to
100% of the relevant benchmark.

As the Commission is aiming towards a halt in free allocation, the EU has been working on a carbon
border adjustment mechanism (CBAM) to avoid carbon leakage. The CBAM’s goal would be to ensure
homogeneity in pricing of carbon, both from imported and exported products17.

An output-based allocation mechanism is also a way to limit carbon leakage. The Chinese ETS for example,

has been designed using a rate-based allocation mechanism18: the number of allowances granted to a facility

depends on its emissions-output ratio at the end of the compliance period. Installations can influence the

volume of allocation they will receive for free through their production choices made during the compliance

period. This allocation method is effective to mitigate production losses from the regulated sectors19.

13According to the EU ETS Directive, at least 50% of auction revenues must be spent for climate and energy-
related purposes. EC website (access here: https://ec.europa.eu/clima/eu-action/eu-emissions-trading-system-eu-
ets/auctioningen). Revenues generated from the auctions are managed by each country. In 2019, total revenue from
auctions exceeded 14 billion €. It has been reported that around 78% of revenues between 2013 and 2019 were
used for “climate and energy-related purposes”. Auctions, EC website. Access here: https://ec.europa.eu/clima/
eu-action/eu-emissions-trading-system-eu-ets/auctioning en

14This mechanism was created to address the structural imbalance between the supply and demand of allowances
and required administrative transfers to be done at the national level. Access here: https://eur-lex.europa.eu/
legal-content/EN/TXT/?uri=uriserv:OJ.L .2015.264.01.0001.01.ENG

15For more details on carbon leakage and carbon border adjustments, refer to the policy paper by Baudry and
Cameron, 2022.

16The updated list can be found on the EC’s website. Access here: https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:32014D0746from=EN.

17More information about the CBAM can be found on the EC’s website. Access here: https://ec.europa.eu/
commission/presscorner/detail/en/qanda 21 3661

18also called a Tradable Performance Standard.
19For more about the different ETS designs to tackle carbon leakage, refer to Monjon and Quirion, 2011, Meunier

et al., 2014. For more details about the Chinese ETS and for discussions on the strengths and weaknesses of this
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A market for compliance firms

The ETS was created to diminish emissions in the EU, the priority being given to heavy emit-
ters and actors that are easy to control and monitor. Regulated firms20 include the power sector,
industrial installations, and aviation. The installations – and therefore the firm they belong to –
are subject to the regulatory framework in place and have a compliance demand for allowances. As
of today, almost 13 000 installations are regulated by the EU ETS21. Germany (DE) is the country
with the most installations, followed by France (FR) and Great Britain (GB) (ref. Appendix Figure
18).

The overall reduction in the number of allowances distributed freely to installations can be seen
in the graph below (ref. Figure 3). It clearly appears that after 2012, which corresponds to the
end of phase II, the volume of allowances allocated for free drops. On average after 2012, free
allocations remain at a level twice below the total volume of surrendered units. During phase III
(2013 onward), the electricity sector did not receive any free allocations, albeit some exceptions
remain22.

The heterogeneity in the way emissions are freely allocated to regulated installations leads to
three different profiles23. The installations that are over-allocated - long - can be distinguished
from installations whose freely distributed allowances do not cover their annual emissions – short.
Another category of installations, although they represent a very small proportion, is distributed
free allowances that match their emissions, which means that they do not have to take part in
exchanges to meet compliance obligations.

The evolution of short and long installations across the years follows the dynamics of free allo-
cations (ref Figure 4). The count of long installations drops at the beginning of phase III in 2013,
replaced by short installations. Even if it is on a decreasing trend, the number of over-allocated
installations (count of long installations) still remains high, whilst their corresponding total sur-
rendered allowance volume is low, reaching below 400 million allowances. This hints that since the
beginning of phase III, over-allocated installations are numerous small emitters. A change in trend
can be noticed from 2018 onwards, where the count of long -short- installations increases -decreases-
again. This may be explained by the fact that overall surrendered emissions have been decreasing at
an increasing rate since 2018 (ref Figure 3), thus making some historically short installations long.
This trend needs to be monitored, and volume of allocated allowances may need to be adjusted
accordingly.

system design, refer to Goulder and Morgenstern, 2018, Goulder et al., 2022.
20or emitting/compliance firms
21The combustion sector is the most regulated one under the system, with more than 10 000 installations, repre-

senting 76% of all regulated installations.
22Some installations in the power sector obtained an optional derogation for the modernisation of the electricity

sector in certain Member States whose GDP per capita was below 60% of the EU average in 2013. For more details
about the derogation, refer to article 10c dedicated to the modernisation of the electricity sector. Access here:
https://ec.europa.eu/clima/system/files/2016-11/hungary com en.pdf

23This installation categorisation only relies on the differential between allocated and surrendered emissions,
without considering the trade balance accumulated from exchanges on the secondary market and via auctions. This
will further be discussed in the document on allowance banking.
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Figure 3: The total volume of free allocation of EUAs (2008 - 2020)

Figure 4: Evolution of installation’s position (2008 - 2020)

Notes: This figure is made using the compliance database. Firms are separated into different categories: short, for
when the amount of EUAs allocated is below the volume of surrendered allowances; long, when it is above; and equal,
when this amount is equal to the surrendered allowances. As the count of ”equal” installation and their volume of
surrendered allowances are both very low, this category is therefore not shown in the graph.9



The Commission’s objective is to progressively end free allocation (ref section 1, subsection 1).
This implies that regulated firms will all eventually be in a short position, relying on auctions or
the secondary market to acquire allowances to match their emissions. Studying the behaviour of
regulated actors that are short on the market is all the more relevant in the view of an increase in
these types of actors on the market in the coming years.

A market open to all24

On the European carbon market, allowances are traded in the same way as commodities through
financial instruments and non-regulated actors are also allowed to participate in the trading of al-
lowances. These include actors from the financial sector and service providers such as retail banks,
investment banks and institutional investors , commodity trading houses or commodity trading
units of big industrial companies, as well as brokers.

The potential detrimental role of financial actors in the EU ETS is a debated topic. Some
countries such as Poland want to exclude financial speculators from the market25, as they are
suspected of harming the system26. Given the recent proposition under discussion at the EC whereby
financial actors no regulated by the ETS would be banned from the European Carbon market, it is
of interest to see the activity of these actors on the primary market for auctions.

2 Auctions as a supply management tool

From the start of phase III (2013 – 2020), auctions have been held to progressively replace
the distribution of free allowances and to enable regulated installations to acquire allowances for
compliance purposes.

Box 4 - The auction design27

To this day, 28 countries rely on one Common Auction Platform (CAP) to hold the auctions of their
allowances: the European Energy Exchange AG (EEX) in Leipzig. Germany has opted-out of this common
platform and holds its auctions separately on the EEX. The same holds for Polish auctions, which started
auctioning through the EEX platform in 2017, until a national opt-out platform is established28. Another
auctioning platform is ICE Futures Europe (ICE), which acts as the auction platform for GB. Anyone
with an account opened in a registry can participate in these auctions.

Having two different market platforms for auctions implies that firms can choose where to participate and

how much to bid29. The total volume auctioned is fixed by the EC beforehand, but the auction platform

24Although they are not very exclusive, some criteria have to be met to be eligible of opening an account in a
registry and participate in exchanges. Look at the EC registry regulation to get a detailed overview of the adminis-
trative justifications to submit in order to open an account. Access here: https://eur-lex.europa.eu/legal-content/
EN/TXT/?uri=CELEX:32013R0389

25With the spike in prices before the Ukraine war, Poland has reitered its strong wish to remove financial institu-
tions from the European carbon market. Reuters article. Access here: https://www.reuters.com/business/energy/
poland-calls-eu-remove-speculators-its-carbon-market-2022-02-15/

26Note that all financial actors must not be considered in the same regards. For example, Cludius and Betz, 2020
have found the crucial role played by banks by analysing transactions from the second phase of the system.
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is responsible for the auction calendars, which specify the dates, bidding windows and size of each auction,
among other information. The EEX holds auctions three times a week and once a week on behalf of the
CAP and DE, respectively. It also holds auctions for Poland (PL) every second week on Wednesdays. The
ICE holds auctions every other Wednesdays throughout the year for GB30.

The total yearly volume to be auctioned has to be distributed evenly throughout a year, except for the
month of August, where the auctioned volume is set to be half the volume auctioned during the rest of
the year. If the volume auctioned is not evenly distributed throughout a year, the volume should at least
be auctioned on a quarterly basis.

Auctions are organised in single-rounds with a sealed bid setting, meaning that bids submitted by other
bidders are not known. During a bidding window of at least two hours, participants can submit, modify
and withdraw any number of bids with a lot size of 500 allowances. After the closing of the bidding
window, the platform publishes the clearing price, the price at which the sum of volumes bid matches
or exceeds the volume of allowances auctioned. All bids higher than the clearing price are successful.
All successful bidders have to pay the same auction clearing price for their won allowances - the EUAs
auctions are uniform-price auctions.

If the bidding volume is not auctioned entirely, the auction is cancelled. This situation arises when the

bidding volume is less than the available volume for auction. The auction can also be cancelled by the

auctioning venue if the clearing price is significantly lower than the price on the secondary market. This

reserve price is however determined privately by the auctioning regulatory body, and no information is

publicly available about the methodology to estimate this price31. The volume of allowances of this

cancelled auction is then distributed evenly in the following auction dates32.

27More details on the auction’s functioning can be found directly in the auctioning regulation document avail-
able on the EC’s website. Access here: https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:
02010R1031-20191128&from=EN

28Access the EEX press release here: https://www.eex.com/en/newsroom/detail?tx news pi1%
5Baction%5D=detail&tx news pi1%5Bcontroller%5D=News&tx news pi1%5Bnews%5D=3048&cHash=
fca43d5c8ba54101d79235b16d04414a

29The advantages of bidding in one auction platform over the other can be further studied to see if there were
factors introducing a bias in participation.

30A UK ETS has been put in place since Brexit took place. For the scope of this
study, UK operators are still included in the EU ETS, as the UK ETS launched on
May 2021. More information can be found on the EC’s website. Access here: https:
//www.gov.uk/government/publications/eu-ets-obligations-and-access-to-eu-registry-systems-in-2021/
eu-ets-obligations-and-access-to-eu-registries-systems-in-2021

31”The auction clearing price must be significantly under the price on the secondary market prevailing dur-
ing and immediately before the bidding window when taking into account the short term volatility of the
price of allowances over a defined period preceding the auction.” No more details are made publicly available
about the methodology for determining this auction reserve price. Auctioning regulation. Access here: https:
//eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:02010R1031-20191128. The emissions auctions notes,
from the EEX (https://www.eex.com/fileadmin/user upload/20200312 FAQ EUA Auctions EN.pdf) and from the
ICE (https://www.theice.com/publicdocs/Frequently Asked Questions.pdf

32According to EC’s carbon market report, in phase 3, a total of 15 auctions out of over 1 800 were cancelled either
because the reserve price was not met or because the total bid volume fell short of the auctioned volume. Access the
2021 Carbon Market Report. Access here: https://ec.europa.eu/clima/system/files/2021-10/com 2021 962 en.pdf
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A substitution can be observed between the diminished allocated volume and the increased
auctioned volume after 2013 (ref. Figure 5). A dip in auction volumes can be observed during the
years 2014 to 2016. During this period, auction volumes were negatively affected due to the EC’s
decision to resort to “backloading”. The delay in auctioning of allowances was done as a short-term
fix to the problem of surplus of allowances and the fall in price of allowances, considered too low to
incentivise certain low-carbon investments33. The amount of allowances not auctioned as compared
to originally planned amounts to 900 million EUA. The volume of allowances flagged as auctions is
lower than the official volume for 2019, as the dataset stops at the end of April 201934.

Figure 5: Total yearly volume on the primary market (2013 - 2019)

”CAP-EEX” - Common Auction Platform (EEX); ”DE” - German Auction Platform (EEX); ”PL” - Polish Auction
Platform (EEX); ”UK” - United Kingdom’s platform (ICE). Source: AFT35, EC36.

The global auction volume trends

The evolution of auctioned allowances can be found in Figure 5. Auctions officially started
during the years 2011-2012 in 8 Member states countries -including Germany and Great Britain-
for a trial period, before it was generalised to all countries of the ETS in Phase III. Since the
beginning of the auction period, the auctioned amount has increased, and it has reached a total of

33European Parliament briefing notes. Access here: https://www.europarl.europa.eu/RegData/etudes/BRIE/
2014/538951/EPRS BRI(2014)538951 REV1 EN.pdf

34Note that the last complete year available is therefore 2018.
35French data was found on Agence France Trésor. Access here: https://www.aft.gouv.fr/en/carbon-market
36Data for Germany and Great Britain was found on the EC website, via the different auction reports. Access

here: https://ec.europa.eu/clima/eu-action/eu-emissions-trading-system-eu-ets/auctioning en#ecl-inpage-443
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more than 4 billion of EUAs from 2013 to 2019 (ref. Figure 5). Every year, most of the allowances
are auctioned on the EEX, with on average 85% of the total volume being auctioned there37.

Bidder type and participation frequency on the EEX38 – data from the EC reports

Since the start of auctions, the EC has released some reports summarising key trends according
to the different auction platform39. Participation trends in terms of bid volume and frequency as
disclosed in these reports is summarised below. These information cannot be observed through the
transactions data40 and we thus rely on official reports.

According to the EC, three different categories of bidders can actively take part in auctions:
operators, investment firms and credit institutions. Regulated actors are the most numerous in
terms of eligible actors41. They – ETS operators and their parent, subsidiary, or affiliated under-
takings – are allowed to take part in auctions alone, or as part of a group. During the period
of study, no such grouping has been identified on the EEX platform. Other eligible actors include
investment firms and credit institutions authorised and regulated under EU financial markets law42.

There is an overall increase in the number of participants eligible to bid in the EEX auctions.
Despite this rise in eligible bidders, the average number of bidders per auction has not seen the same
increase: going from 18.4 bidders in 2013, to 21.2 bidders per auction on average in 201743. Analyses
on frequency of participation show that more than 50% of registered participants in the EEX do
not take part in auctions44. Another tendency emerges: from the admitted total bidders, those
that participate in auctions are very active. They usually participate in more than 10 auctions
monthly. The fact that auction participants are not numerous hints that a big portion of the
auctioned allowances are distributed between a few of the eligible bidders. Analysing transaction
data is necessary to check if this holds true (ref section 3).

37This corresponds to the auctions from the CAP, the DE and the PL platforms.
38No information on the type of bidders could be found concerning the UK auctions held by ICE Futures Europe.

This subsection will therefore be based on the biders registered in the EEX auctions only (applying to the CAP, DE
and PL auctions). The trends for successful bidders will be analysed for both auction platform in section (3).

39The auction reports can be found on the EC’s website. Access here: https://ec.europa.eu/clima/eu-action/
eu-emissions-trading-system-eu-ets/auctioning en.

40The transaction data only records the transfer of allowances resulting from a successful bid.
41The number of regulated operators eligible to bid increased from 38, by the end of 2013 to 54, by the end of

2017. The proportion of this type of actor has increased as compared to other types of bidders. Auction report
for 2017 and 2013. Access here: https://ec.europa.eu/clima/system/files/2019-01/cap report 201712 en.pdf, and
https://ec.europa.eu/clima/system/files/2016-11/cap report 201312 en.pdf

42and other entities that have been authorised under rules laid down in the Auctioning Regulation (The EC refers
to this category of actors as ”person exempt”). Non-regulated actors were less numerous than operators: by the end
of 2017, 8 investment firms (11% of the total number of registered firms), 5 credit institutions (6% of total registered
firms) and 5 person exempt (5 of total registered entities) were eligible to participate in auction on the EEX. Auction
report 2018. Access here: https://ec.europa.eu/clima/system/files/2019-06/cap report 201812 en.pdf

43These numbers refer to activity in the common auction platform only. Auction report for 2017, and for 2013.
44Estimations from the author’s analysis exploiting the monthly EC auction reports
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3 Successful bidders

Box 5 - Tracking auctioned allowances (ref Figure 6)
In theory, the distribution of allowances resulting from successful bids in auctions should be identified
through a specific identification code when registered in the EUTL, but in practice, this information is not
complete45. Following the EUAs transiting through the administrative accounts dedicated to auctions, it
is possible to track the accounts that received the auctioned allowances46.

The source of supply of allowances for auction purposes is done by a specific EU auction account. The
centralised EU account distributes the supply of EUAs to be auctioned to a specific auctioning platform
account, such as the ”GBUK auction trust” or the ”DE ECC AG auction delivery account EU”.

For transfers resulting from auctions held on the ICE platform, the allowances are then directly transferred
to the winners of auctions. For transfers resulting from auctions held on the EEX, the market platform
accounts transfer the auctions to 3 different intermediary accounts. These accounts then distribute the
auctions to the successful bidders.

To check for the success of the identification methodology, the volume of allowances flagged as resulting
from auctions is compared to the ones reported by the EC (ref. Appendix Figure 18). The amount of
EUAs exchanged flagged as being part of an auction corresponds roughly to the amount of EUAs reported
in the EC reports, showing the flagging of transactions resulting from auctions was successful47.

Successful auction winners have been categorised in 4 groups, according to their sectoral activity: Financial
sector; Electricity, gas & heat; Other energy sector; Other carbon intensive sector. This categorisation
method relies on the NACE codes of the firms identified as successful auction winners (for more details on
the NACE categorisation, ref. Appendix Figure 16.)

Market segment evolution on the primary market for auction

After describing the actors allowed to take part in auctions and summarising the trends in auc-
tion participation on the EEX platform, the focus here is to discuss the transfer of allowances that
occurred resulting from a successful bid in the auction’s market. The aim is to complete the official
EC auctions reports by identifying the successful bidders, the frequency of a successful bid and
the volume of allowances won. To the author’s knowledge, estimating auction volume acquired by
entities, directly based on the transaction database has never been done before, even less so at the
firm level. Data manipulation to isolate the transactions of interest is described in the methodology

45This information is only specified for transfers that happen between the central EU auction account and the
specific auction platforms, corresponding to the administrative allocation of auction allowances to each auction
platform. The transfers leaving the auction platform accounts to the successful bidders are not identified as auctions.

46Note however that transfers resulting from auctions held on the EEX (CAP, DE, PL auctions) cannot be
dinstinguished from each other (ref. Figure 6

47Note that auctions are delivered with a delay of up to five days, so the transactions are registered with a few
days delay compared to the actual date that the auction took place. The volume of allowances flagged as being
transferred for auction purposes does not perfectly match the official volumes found in the EC’s report. This could
be explained by data errors from the transaction database.

48This is the result of a collaborative work with colleagues working at the research department of the French
utility firm EDF.
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Figure 6: Auctioned allowances distribution illustration

Source: EUTL data, augmented by Abrell (2021), author’s illustration 48

box above (ref. Box 5 anf Figure 6).

The graph plotting the proportion of volume of successful bids per bidder category reveals that
two sectors are the most active on the primary market for auctions: the non compliance firms that
belong to the financial sector and the compliance firms from the energy sector - the Electricity, gas
& heat and the other energy actors combined (ref. Figure 7). On average, these two types of actors
have each received half of the total auctioned allowances during the study period. Some industrial
firms not in the energy sector have also received auctioned allowances, although they remain very
rare.

The strong presence of firms from the energy sector was expected, as auctions are held to re-
place free allowances allocations. As mentioned earlier, the power sector did not receive any free
allowances since the beginning of Phase III, as such, they were therefore the main potential market
players.

The market segmentation of successful bidders has evolved over time. In the first years, financial
firms were winning slightly more allowances than the Electricity, gas & heat and Other energy actors
combined. This trend has reversed over the years, as in 201849, the proportion of financial firms
winning EUAs was lower than in 2013: it decreased from 52% to 38% of the total volume auctioned
yearly. Conversely, among the energy firms, firms from the Electricity, gas & heat industries won
a larger share of total auctioned volume, nearly doubling their share of volume won in 2018 as
compared to 2013. Utilities, which belong to this category of actors have therefore considerably
increased their share of won allowances. Historically, these firms are used to hedging their risks
through the secondary market50. With the introduction of a primary market for auctions, they

49the last full auction year in the database
50This has been confirmed to be the case for the French utility EDF, during discussions with researchers from the
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may have started to rely more on it to cover their compliance needs. This trend will have to be
confirmed throughout the following years.

The persistently small share of carbon intensive firms over the years could be explained by their
latency. As they may not be used to taking part in auctions, it may take these industrial firms a
longer time to get on this market and bid successfully. This phenomenon also raises the question
of potential entry barrier costs. Moreover, as many of them still benefit from free allocations, they
may still not face the need to participate and win allowances through auctions. With the progressive
decrease of freely allocated emissions in the system, the share of regulated firms’ auction volume
won is expected to increase.

Figure 7: Evolution of primary market segmentation (2013 - 2019)

Refer to appendix Table 16 for the details on firm categorisation.

Seasonality in supply and in demand

From graph 7, a cyclical behaviour can be seen, with patterns repeating themselves intra-yearly.
Before describing the intra-year seasonality in auction winners, the intra-year pattern of auctioned
volume is studied.

Focusing on the supply side, a trend emerges looking at the monthly average volume of allowances
auctioned throughout the study period (ref. Figure 8). The average amount of auctioned allowances

firm. EDF mainly hedges their allowances using year-ahead contracts, with time horizons of up to 3 years, and do
not heavily rely on auctions to meet their compliance demand. This will be discussed in more details in the following
C&D.
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drops during the months of August. This is stipulated in the regulation about auctioning calendar
in the auction regulations51. This may be in anticipation of the summer break that affect activity in
all sectors during this period. Two peaks in auctioned volume appear for the months of March and
December. The excess in amount auctioned in March could be explained by an anticipation of the
compliance obligation to be met by the end of April. Regulators may do this on purpose in order to
enable installations to meet compliance more easily. A more important share of volume auctioned
won by regulated entities is therefore expected during this month and until compliance at the end
of April. Lastly, the peak in volume auctioned in the months of December may also be caused by
regulators foreseeing an increased need for allowances during that month. December being the end
of the year, it corresponds to year ahead futures contract delivery, and regulators may put more
allowances in the system to ensure there are enough allowances circulating for the issuance of the
contracts on the secondary market. If that is the case, an increase in the proportion of auctioned
allowances distributed to financial actors is expected during that period. Indeed, financial actors
often appear to take short positions to be the counterparties of compliant firms in these year ahead
futures contract52.

Figure 8: Average monthly volume of allowances auctioned on the primary market (2013 - 2019)

After looking at the trends in volumes put in auction, potential seasonality in the types of actors
winning auctions is discussed. A cyclical behaviour can already be detected by looking at Figure
7. This can be further analysed by estimating the average monthly share of auctioned volume won
by a category (ref Figure 9).

January appears to be a month during which financial actors receive the biggest share of auc-
tioned allowances. On average, they win 60% of total auctioned allowances during this month. The

51Access Auction regulation here: https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:
02010R1031-20191128

52As it was found to be the case for banks, Cludius and Betz, 2020. This will be discussed in more detail in the
second C&D.
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reason behind this remains uncertain. It may be due to the increase in the opening of futures con-
tracts during that time of the year53. Having opened new contracts, financial firms need to ensure
they will be able to deliver the corresponding allowance volume by the end of the contract. Financial
entities mainly rely on the spot market to buy the volumes of allowances needed in December54. As
auctions’ reservation price is based on spot prices, they could also take part in auctions to acquire
the necessary volume of allowances to deliver by the end of their future contracts. The increase in
share won in January supports this hypothesis.

Figure 9: Average monthly volume of allowances won per bidder category (2012 - 2019)

Author’s illustration. Notes: Auctions held on both platforms are included. Information on the different categories
can be found in the appendix (ref. Appendix Table 16).

The months of March, July and December stand out for compliance actors: their market shares
are at their highest level during this period: on average, more than 60% of auctioned volume is
distributed to regulated firms, namely firms from the Electricity, Gas & Heat industry, other firms
from the energy sector and other carbon intensive industries (ref Figure 9). The higher activity
of compliance actors in March (and April) was expected, as mentioned above. This moment cor-
responds to a regulatory deadline on the system’s calendar, as regulated firms face compliance
obligation at the end of the month. This reveals that regulated firms also rely on the auctions
market as a “last minute” adjustment tool to meet their allowance requirement. This seems to be
particularly true for carbon intensive firms, whose share of won allowances is at its highest during
the compliance month of April. The peak in volume won observed in December could be explained
by the fact that some regulated firms get ready for compliance by the end of the calendar year.
The higher share of allowances won during the summer may be related to the lower activity of the
financial sector relative to the other sectors during these months.

53The open-interest of front-year futures contracts increases during that time of the year, showing the increase in
new open positions (ref Appendix Figure 17)

54This will further be discussed in the second C&D.
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Computing the correlation coefficients between the share of different sectors with respect to
auction volume reveals some interesting points. There is a negative correlation coefficient between
the share of volume won by financial firms and the share of volume won by firms in the energy
sector - both energy categories (ref Appendix 19). Financial firms may potentially be substituting
compliance actors but further research must be done to confirm this observation.

Linking price to sectoral activity55

Auction clearing prices have closely followed spot allowances prices (ref Figure 10). The average
difference in prices is - 0.05 € . For the most part of auctions, from 2013 to the end of 2018, the price
differential was comprised within a mere 0.50 € price range, except for some outlier observations
(ref Figure 10). This trend is not surprising, as there is a reserve price56 on the market for auctions.
When testing for the difference in distribution between the spot prices and auction prices, the non
parametric Mann-Whitney test revealed that the two distributions were significantly different from
each other: auction price distribution was lower than the spot price distribution57. This raises the
question of the methodology used and calls for more transparency concerning the reserve price set by
the EC. From the moment when spot prices picked up at the beginning of 2018, the price differential
also increased. The increase in price differential starting in 2018 should further be investigated, as
prices will most likely stay on an increasing trend.

Figure 10: Auction clearing price and spot price differences (2013-2019)

(a) Price evolution (b) Price difference evolution

Source : EEX platform data58, spot prices retrieved from ICAP59

55The focus is on auctions held on the EEX only, as only EEX clearing prices are publicly available.
56The minimum price that has to be reached for an auction to be cleared. For more details about this, refer to

Box 4.
57Mann-Whitney tests for the distribution of two data series without relying on the normality assumption.
58EEX Auction clearing price can be found on the EEX website. Access here: https://www.eex.com/en/

market-data/environmental-markets/auction-market
59ICAP Allowance Price Explorer
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Associations between the auction clearing price and a sectoral presence have been tested by es-
timating correlation coefficients between the auction clearing prices and different actors’ respective
market shares (ref. Box 6 below).

A significant negative correlation coefficient of -0.21 was found when studying the correlation
between the monthly auction clearing price and the market shares of actors from the Electricity,
gas & heat industries. An increase in auction clearing price is thus negatively correlated with the
presence of these firms as successful bidders. No link of significant correlation has been established
between the auction clearing price and the prevalence of other actors. That is, the correlation
coefficients between the auction clearing price and the share of a sector according to auctioned
allowances won is non-significantly different from 0 (ref. Table 1). Knowing that auction clearing
prices closely follow spot prices, it would be of interest to further investigate if the same link holds
on the secondary spot market. More generally, further research must be done to uncover the rela-
tionship between the evolution of auction clearing prices and the presence of a category of actor on
the primary market.

Box 6 - Correlation Estimation (ref Table 1)
The two variables of interest to estimate the correlation coefficients have been transformed in the following
way:

• Concerning auction clearing price, monthly average auction clearing prices on the EEX is estimated,
with weights attributed to prices according to the volume auctioned. Further, this series is log-
transformed and the first difference is taken.

• Market shares have been estimated to get a sense of market segmentation throughout the study
period. Sectoral shares were computed using the auctioned volume distributed to a category over
the total volume of auctioned allowances. As the shares are ranging from 0 to 1, they are not
normally distributed.

The variables are rounded to a monthly granularity as transactions are not registered on the same day
and thus the market shares are not perfectly synchronous with the auction dates.

To test for associations between the clearing price and the predominance of a sector, two non-

parametric60correlation estimations are used: Kendall’s Tau and Spearman’s rho61. The correlation co-

efficients estimated by these two methods take the values between minus one and plus one. For the

interpretation of the correlation coefficients, Kendall’s Tau is preferred as the P-values of the estimated

coefficients are more accurate in small sample sizes, which is the case here.

Table 1: Correlation coefficients between sector shares and auction prices

Financial sector Electricity, gas & heat Other energy sector Other carbon intensive sector
Clearing price 0.12 - 0.21 ** 0.10 - 0.08

Kendall’s Tau are reported. **, indicates significance at the 5% level62.

60meaning these are estimation that do not rely on any particular distribution assumption
61The most commonly used Pearson correlation estimation rely on a hypothesis regarding the distribution of the

data series, which is not respected here.
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Identifying the big players in the auctions market

Exploiting transactions data allows the identification of active firms in the primary market for
auction. In what follows the differences between the two platforms are described.

Figure 11: Overview of biggest auction winners

(a) ICE auctions (b) EEX auctions

Note: All the successful bidders are listed for auctions held on the ICE. The top 17 successful bidders is listed for
auctions held on the EEX.

First, differences emerge in terms of the number of successful bidders over the study period.
On the ICE platform for auctions -the platform dedicated to GB auctions-, a total of 17 different
entities have received auctioned allowances from 2012 to 2019. The names of all the successful
auction winners on the ICE appear in the graph above (ref. Figure 11). All these firms have also
won auctions on the EEX platform. On the EEX, more firms have successfully received allowances,
as 110 unique firms have been identified. This is an intuitive result, as the overall volume auctioned
on the EEX is more important than on the ICE (ref Figure 5). However, in a market where the the-

62Correlation coefficients following Spearman’s methodology have also been estimated and give similar results.
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oretical number of eligible participants is more than 100063, this shows that the successful auction
market players are not very diversified and is composed of big players64. When looking at overall
received allowances over the study period, the top 5 firms in all firms reap 50% and 90% on the
EEX and the ICE platforms respectively.

The second difference is the category of firms that won the auctions. The only compliant actor
identified as a successful bidder on the ICE is Shell (ref Figure 11). From auctions held on the
EEX, more than half of the entities identified in the top 17 ranking in terms of volume distributed
are compliance firms (ref Figure 11). As expected, these companies are from the energy sector.
Some carbon intensive actors also appear, although not on the top 17 successful bidders. The air-
line company Lufthansa, the car manufacturers Porsche, Volkswagen and Seat, the steel producer
Thyssenkrupp, the glass producer Wiegand-Glas and the paper company SAICA, to name the most
successful bidders in this category.

Whether the auction took place on the EEX or the ICE, a common trait is observed concerning
the origin of the accounts participating. Most actors that received auctioned allowances are regis-
tered in the GB registry. From the total volume auctioned during the period 2013 to 2019, more
than half of allowances are won by a firm with an entity registered in the GB registry (88% for
auctions held on the ICE and 53% for auctions held on the EEX). There seems to be a bias for
non-regulated firms when they decide to open accounts to participate in auctions. Due to Brexit,
this tendency may change, with non-regulated accounts being opened in other EU registries65.

Finally, on both auction platforms, financial actors are very present. This shows that the primary
market for auctions in the ETS is very financialised. Financial actors participate in auctions from
both platforms to benefit from price differentials. Although the difference in auction strike prices is
not big, it can be questioned whether financial actors benefit from arbitrage opportunities between
the two auction platforms. Another reason, which is more likely at the moment, is that financial
firms’ demand for allowances is such that they require participating in both platforms to win enough
allowances to match their needs.

Conclusion

This Climate & Debate aimed at introducing the regulatory framework of the EU ETS, focusing
on the third phase specificities and describing the different actors in the system. The goal was
then to zoom in on the primary market of the system, from describing the design of auctions, to
analysing successful bidders and their evolution across time. Auction winners were identified using
an augmented database, enabling the identification of the entity at the firm level.

63Counting all compliance firms under the ETS as well as all the non regulated firms that have an account opened
in one of the registries.

64Note however that the official reports found on the EC’s webpage find the HHI of the auctions is almost
always in the moderately concentrated category. Access here: (https://ec.europa.eu/clima/system/files/2017-08/
cap report 201612 en.pdf)

65Network analysis can be used to observe the potential impact of Brexit on the system’s structure. Refer to the
article written by Borghesi and Flori, 2019.
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Overall, the number of auction winners throughout the years was very low, compared to the
potential number of participants. Two main categories of actors have shared the bulk of the auc-
tioned allowances throughout the years: financial firms and compliance firms from the energy sector.
Other carbon intensive actors were not very present on the primary market.

Some cyclical patterns emerge in terms of shares of volume distributed according to sector.
These patterns are mainly due to the regulatory calendar of the system. Compliance actors’ share
of won allowances was bigger in March and during the compliance month of April, suggesting these
actors rely on the primary market as an adjustment tool to surrender their emission units. Financial
firms appeared to be more active during the month of January - the reasons behind this recurrent
phenomenon is most probably due to their activity in the secondary market for futures. Some weak
relationships have also been identified. There is a weak negative relationship between the auction
clearing price and the share of auctioned volume being distributed to Electricity, gas & heat firms.

As auctioning is going to be the only tool to introduce allowances in the system, further research
must be done to ensure its smooth functioning. The potential power of financial actors must be
determined, as the primary market is a market with few participants and may remain that way. The
limited presence of compliance firms - especially industrial firms- raises the question of potential
costs borne by these actors preventing them to enter the market and/or to win auctions. In the
long-term, as they receive less and less allowances, would these costs deter them from participating
in the auctions? Will they mainly rely on financial actors such as banks and brokers to ensure
their compliance? The role financial actors will play in auction as they become the central tool for
allowance issuance must be properly anticipated.

After having described the trends on auction winners of allowances, the next C&D will focus on
the secondary market, where the activity of firms will be described, through the scope of different
sectors. It will be interesting to see whether similar trends can be observed on the secondary
market.
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Appendix

Figure 12: Results of the consolidation process - at the registry level

The registries are ordered decreasingly with respect to the count of account holders in the registry
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Figure 13: Results of the fusion - transactions

The scope includes all transactions recorded on the EU ETS. Administrative transactions are not included in this

graph. Note that for transactions flagged as auctions, all accounts have been assigned to a firm and the consolidation

was complete.

Figure 14: Total emissions and installation counts according to registry (2019)
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Figure 15: Relations in the EUTL Database and description of the activity type variable

Source: Abrell, 2021
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Figure 16: Firm categories according to their NACE code

NACE codes - Statistical Classification of Economic Activities in the European Community have been used to group actors.66

66Access list of NACE code here.
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Figure 17: Evolution of Open Interest around the month of January in 2022 (EEX)

According to the EEX, the Open Interest refers to the total of all derivatives contracts which are open at a given

point in time, i.e. derivative contracts that have not yet been closed out, fulfilled by means of the physical delivery

of the underlying asset or executed via cash settlement. Refer to Quemin and Pahle, 2021 for more complete graphs

on Open interest evolution. Source: the EEX. Access here.

Figure 18: Evolution of auctioned volume (2012 - 2019)

”Flagged” shows the transactions that have been identified as resulting from a successful auction on the consolidated

database. ”EU” shows the total auctioned volume according to official reports.
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Figure 19: Scatter plots between the share of volume won by financial firms and firms from the
energy sector

(a) With the market shares of Electricity,
Gas & Heat firms

(b) With the market shares of other firms
from the energy sector

Note: MS stands for the market shares. The correlation coefficient is respectively -0.54 and - 0.57 for the relation in
market shares of financial firms with the first category and with the second category of firms respectively.
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