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Allocation or Skill? What is Driving 
Corporate Trading Performance in 
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Abstract
This study empirically analyzes factors related to companies’ profits from trading emission 
allowances in the European Union Emissions Trading System (EU ETS) for the period from 
2005 to 2017 by combining information on trading activities with company characteristics of 
more than 6,000 companies. The factors considered include net position (i.e., free allocation 
of allowances minus emissions), strategic skills (i.e., banking of allowances, timing of trading, 
transaction frequency, use of intermediaries), skill-related structural factors (i.e., number of 
installations, sector affiliation), market pressure, year, and region effects. The results from 
estimating a Panel Heckman Selection Model suggest that companies’ profits from buying and 
selling emission allowances are related to a company’s net position, banking of allowances, timing 
of trading, and the number of installations. The findings further indicate that companies choose 
the number of banked allowances efficiently, that is, they take into account the opportunity 
costs of selling these allowances on the market.
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1. Introduction

Since the start of the European Union’s Emissions Trading System (EU ETS) in 2005, emissions 
trading has become a legitimate practice for companies to deal with climate change mitigation. The 
EU ETS has since grown in terms of the countries, greenhouse gases and activities covered by the 
system, and a considerable number of companies have become active participants on the market for 
carbon allowances.
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  1 For example, the “Fit for 55” package indicates that the EU ETS reduction target for 2030 will change from 
−43% to −61% compared to 2005.
  2We did not take companies’ abatement measures into consideration in our empirical analysis. Because the 
prices for EU allowances were low during most of our observation period, monetary incentives to imple-
ment emissions abatement measures were also low. The empirical literature (e.g., Klemetsen, Rosendahl and 
Jakobsen 2020; Löfgren et al. 2014; Schaefer 2019) typically finds no or only weak effects of the EU ETS on 
companies' emissions for this period. Therefore, our findings should not be tarnished by the fact that we did 
not consider companies' abatement measures in our analysis.

After the first two trading periods (2005–2007 and 2008–2012), which were characterized by a 
high share of freely allocated European Union Allowances (EUAs), the European Commission 
introduced far-reaching reforms at the start of the third trading period (2013–2020). For example, 
most electricity generators no longer benefitted from free allocation of EUAs, and the allocation to 
companies in industrial sectors was based on benchmarks. Nevertheless, because the total number 
of available EUAs was still much larger than the demand, the EU ETS has experienced long periods 
with low prices for EUAs since 2005. More recently, regulations, such as the Market Stability 
Reserve (MSR), the EU Green Deal, and the “Fit for 55” package1 of the European Commission, 
have lowered the (expected) future supply of EUAs. Consequently, EUA prices have increased 
substantially, reaching a historic peak exceeding €100 per EUA in February 2023.

Emissions trading is a cost-efficient form of environmental regulation because it enables a given 
emissions target (i.e., the cap) to be achieved at minimum costs. The market price of emission 
allowances signals scarcity and incentivizes companies to invest in emission abatement measures 
if their costs are below the price (e.g., Hahn and Stavins 2011). Cost efficiency also requires that 
companies engage in the market in a way that maximizes their profits from trading allowances. 
Conditional on abatement, companies can keep their compliance costs down by minimizing the 
costs of purchasing allowances and maximizing the revenues from selling allowances. A compa-
ny’s profits from emissions trading depend not only on the number of allowances it receives for free 
from the government via the primary allocation mechanism, but also on its skills to develop and 
implement trading and abatement strategies. For example, profits from trading depend on whether 
a company trades allowances efficiently across years, that is, banks and borrows allowances in an 
optimal way. Similarly, because the prices of EUAs vary over time, the timing of transactions can 
affect a company’s trading performance.

In this paper, we empirically investigate factors related to companies’ profits from trading EUAs 
for the period from 2005 to 2017, specifically considering the roles of free allocation and strategic 
skills.2 To identify potential learning effects, we examined whether the role of these factors has 
changed over time. A better understanding of the factors underlying differences in companies’ prof-
its from emissions trading is important because it can provide insights for companies (into strate-
gies) and for governments (into design) on how to improve emissions trading systems to achieve 
cost-efficient climate change mitigation.

Our time frame covers the first two trading periods and the first five years of the third trading 
period of the EU ETS. We employed transaction data from the European Union Transaction Log 
(EUTL) on all transactions within the EU ETS, which we compiled as a large panel dataset contain-
ing transactions, free allocation of EUAs, emissions, and the number of allowances banked per 
year. We matched this data with information on company characteristics taken from the ORBIS 
database. We used panel econometric methods to relate companies’ profits from trading to their net 
position (i.e., the difference between the number of EUAs allocated for free and verified emissions 
in a given year), their trading strategies including banking of EUAs, timing of transactions, transac-
tion frequency, and use of intermediaries), and company characteristics (e.g., number of installa-
tions, size, productivity, sector affiliation). Because trading performance is only observed for 
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companies that participated in trading we used a Heckman procedure to account for potential selec-
tion bias.

Our findings suggest that profits from trading emission allowances are higher for those compa-
nies that receive a larger number of free allowances, ceteris paribus. Likewise, the more allowances 
a company banks in a given year, the lower profits are in that year. Remarkably, we find that com-
panies bank allowances efficiently. When they decide on the number of EUAs to bank, companies 
appear to correctly value the opportunity costs in terms of foregone revenues from selling the EUAs 
instead. Further, for the first two trading periods, companies that sell (buy) a relatively high share 
of allowances late in the trading year (February-April of next year) realize lower (higher) profits 
from trading than companies that spread their trading activities more evenly over the course of a 
trading year. Finally, our findings suggest that companies with a higher number of regulated instal-
lations achieve higher profits from trading.

Several empirical studies have econometrically examined the trading activities (i.e., market par-
ticipation and/or volumes traded) of companies regulated by the EU ETS. Relying on data for the 
first trading period, Zaklan (2013) found that company participation in the EU ETS was related to 
company size, sector affiliation, ownership structure, and the level of free allocation. Also for the 
first trading period, Jaraitė-Kažukauskė and Kažukauskas (2015) concluded that transaction costs 
such as search and information costs impeded trading because they found that smaller companies 
and companies with fewer installations were less likely to participate in the scheme and traded 
fewer allowances. Based on data from 2009 to 2017 for regulated electricity producers, Zaklan 
(2022) concludes that, because of transaction costs, Coase’s independence property (i.e., a compa-
ny’s emissions do not depend on its allocation) may not hold for small companies. Using different 
measures to capture transaction costs, Baudry, Faure and Quemin (2021), Hintermann and Ludwig 
(2023), and Naegele (2018) all found trading costs to impede trading activities in the EU ETS. 
Baudry et  al. (2021) and Naegele (2018) relied on data for the second trading period, while 
Hintermann and Ludwig (2023) used data for the period 2005 to 2013. For 2005 to 2014, Abrell 
et al. (2022) found companies’ trading activities (i.e., trading volume, number of transactions, use 
of derivatives market, and use of financial intermediaries) to be related to their net position, com-
pany size, sector affiliation, productivity, location (i.e., country), and transaction costs. Employing 
network analysis, Borghesi and Flori (2018) and Karpf, Mandel and Battiston (2018) analyzed 
companies’ trading behavior and trading patterns in the EU ETS. Their results suggest that the loca-
tion of an installation or company affects trading behavior.

Hintermann, Peterson and Rickels (2016) provide a review of the literature on prices and market 
behavior for the second trading period. They conclude that the market has matured over time and 
that, in particular, the possibility of banking EUAs has led market actors to take into account future 
shortages. While they find evidence in the literature that EUA prices depend on fuel prices and the 
emission cap, they infer that the overall understanding of the EUA price is limited and that one can-
not assert with confidence that prices accurately reflect abatement costs.

In a study, which is closest to our approach, Cludius (2018) related trading success in the first 
trading period—measured as the difference between allowances sold and bought between 2005 and 
2007—to allocation, sector affiliation, and emissions levels. She also included information on 
whether a company had a personal holding account (PHA; in addition to an operator holding 
account), whether it traded via intermediaries, and the number of trades. Estimating cross-sectional 
selection models, she found that companies’ profits from trading were positively related to their net 
position, energy sector affiliation, and their level of verified emissions.3 If spot and average future 

  3Cludius (2018) estimates four models, which differ in how transactions are valued. Her model 2b uses daily 
spot prices to value spot trading and average future prices to value forwards and futures, and it is the closest 
to our approach. Her other models employ the daily spot price, average yearly prices, or average prices for the 
trading period to value transactions.
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prices were used to value transactions, trading performance was positively correlated with PHA and 
number of trades, but only the coefficient associated with the number of trades was statistically 
significant. The use of intermediaries was not found to be statistically significantly correlated with 
trading performance.4 Liu, Guo and Fan (2017) and Guo et al. (2020) employed quantile regres-
sions to analyze corporate trading performance during the first two trading periods. According to 
Liu, Guo and Fan (2017), trading success is positively correlated to a company’s net position, emis-
sion levels, and belonging to an industrial sector rather than to the energy sector. Guo et al. (2020) 
found that trading success is positively correlated with carbon abatements.

In sum, only a few studies have explored the factors related to companies’ trading performance 
and these typically focused on the role of the net position, the level of verified emissions, and sector 
affiliation. Only Liu, Guo and Fan (2017) included company-specific information in their analyses, 
while Cludius (2018) considered (some) variables reflecting corporate trading strategies, such as 
whether a company used intermediaries. No study has yet considered transactions during the third 
trading period to study trading success. Finally, despite using data from multiple years and periods, 
previous studies have not employed panel econometric estimators and have thus relied on poten-
tially restrictive distributional assumptions.

Our analysis contributes to the existing literature in several ways. First, while previous studies 
analyzing companies’ profits from trading in the EU ETS have considered allocation, verified emis-
sions and company characteristics, we also consider factors related to strategic skills. In contrast to 
previous studies, our analysis includes the number of EUAs a company banks, which enables us to 
assess whether companies bank efficiently.5 Second, in addition to transactions for the first and 
second trading periods, our data includes transactions from five full years of the third trading period 
and hence covers a longer time frame than previous studies. Because the market has matured over 
time, it is likely that companies have learned how to deal with this new instrument, and because 
regulation has changed over time, the results obtained from the early phase(s) of the EU ETS may 
not hold for later phases. For example, since the second trading period, banking of allowances 
across trading periods is permitted. In addition, the share of auctioning significantly increased in 
2013. Third, we employ panel estimators, which account for potential selection bias. Existing stud-
ies analyzing trading performance use cross-sectional models to account for selection (Cludius 
2018) or cross-sectional quantile regression models (without selection; Guo et al. 2020; Liu, Guo 
and Fan 2017). Fourth, we analyze trading performance at the company level, as do Abrell et al. 
(2022), but in a different context. Previous studies chose the level of the global ultimate owner 
(Cludius 2018; Hintermann and Ludwig 2023; Naegele 2018; Zaklan 2013) or the level of the 
national owner (Guo et al. 2020; Jaraitė-Kažukauskė and Kažukauskas 2015; Liu, Guo and Fan 
2017).6 Therefore, our level of analysis is close to the point of regulation, but does not assume that 
trading decisions are made at the level of individual installations (e.g., Betz and Schmidt 2016). 
Indeed, employing a cluster analysis, Betz and Schmidt (2016) found that some companies pool the 
allowances from all their installations in one account. Due to language barriers and coordination 
efforts, the global ultimate owner is unlikely to be the decision-maker concerned with executing the 

  4Some of these findings do not hold, however, when alternative prices are used rather than the daily spot and 
average futures prices to value transactions.
  5Previous literature has investigated the effects of banking on the price of EUAs (e.g., Alberola and Chevallier 
2009; Schleich et al. 2006).
  6Multinational companies usually have national ultimate owners in the countries in which they operate; 
these own the companies operating in the respective country. The global ultimate owner is the global parent 
company, which in the last consequence owns all the companies (usually via control of the national ultimate 
owners). We refer to a company as the legal organisation that is closest to the regulated entity, that is, the 
installation.
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trading strategy. We believe that, in most cases, trading strategies are selected by the national owner 
or the individual company. As the trading strategies set by the national owner are likely to be 
reflected in the strategies at the company level, but not the other way around, we selected the com-
pany level for our analysis. Our paper is organized as follows. In section 2, we present the method-
ology including the data, the variables, and the econometric method. Section 3 presents and 
discusses the results, while section 4 summarizes the main findings and concludes.

2. Methodology

In this section, we describe the data, the variables used in the econometric analysis and the econo-
metric methods.

2.1. Data

Our study relies on three different data sources: (i) The European Union Transaction Log (EUTL), 
which provides data on all transactions, account information such as ownership, and installations, 
including information on primary allocation and verified emissions; (ii) ORBIS from Bureau van 
Dijk, which contains data on companies such as turnover and the number of employees; and (iii) 
information on prices, which we collected from the European Energy Exchange (EEX) for spot 
prices and the Intercontinental Currency Exchange (ICE) for futures prices. Like Abrell et  al. 
(2022), we matched EUTL and ORBIS data using company registration numbers. If this was not 
feasible, we used the addresses and names of the account holders. Price information was matched 
using transaction days. We valued all spot transactions at the respective daily price. To identify 
forwards and futures, we followed Cludius (2018) and Abrell et al. (2022) and considered activities 
of the clearing accounts on typical delivery days of forwards and futures.7 For transactions on these 
days, we used the average one-year December future price of the respective year.

We then aggregated all the transaction data for each company on an annual level. In this step, we 
excluded administrative transactions, such as primary allocation and allowances surrendered. 
While these transactions account for almost two-thirds of all transactions in the EUTL, they do not 
reflect market transactions. All remaining transactions pertain to sales and purchases of EUAs. 
Because regulated companies may surrender allowances for emissions in year t until the end of 
April in year t + 1, we follow Cludius and Betz (2020) and aggregate transaction for trading years 
(rather than the calendar years), which last from May in year t to April in year t + 1. Our data set 
contains transactions up to April 2018, thus covering a total of five full years of the third trading 
period. To ensure that only regulated companies were included in our sample, we retained compa-
nies, which owned at least one regulated stationary installation and excluded companies, which 
received a primary allocation of zero allowances and had no verified emissions. We also excluded 
transactions conducted within the same installation, assuming that these transactions were due to 
organizational rather than trading-related motives. We did not exclude intra-company transactions, 
because they may have both strategic and organizational significance.8 In Supplementary Material 
S1, we provide a more detailed description of how we compiled the data.

  7For futures, these days are: 21–23/12 2005, 18–22/12 2006, 17–19/12 2007, 15–19/12 2008, 14–18/12 2009, 
20–23/12 2010, 20–23/12 2011, 17–21/12 2012, 17–20/12 23/12 2013, 16–19/12 22–23/12 2014, 14–18/12 
2015, 19–23/12 2016, 13–15/12 18–22/12 2017. For forwards, these days are: 30/11 01/12 2005, 30/11 01/12 
2006, 30/11 03/12 2007, 28/11 01/12 2008, 30/11 01/12 2009, 30/11 01/12 2010, 30/11 01/12 2011, 30/11 
03/12 2012, 29/11 02/12 2013, 28/11 01/12 2014, 30/11 01/12 2015, 30/11 01/12 2016, 30/11 01/12 2017.
  8As we discuss in 3.6 (Robustness checks), our findings are robust to excluding intra-company transactions 
from the data.
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2.2. Variables

In this section, we present the dependent variable and the covariates. Table 1 provides an overview, 
while Appendix Table A1 presents the descriptive statistics.

2.2.1. Dependent Variable.  Profits from trading reflect the trading performance of regulated compa-
nies and are calculated as the difference between the value of all transfers and the value of all 
acquisitions made by a company. Maximizing profits implies minimizing costs of acquiring EUAs 
for companies with a negative net position (i.e., net buyers) and maximizing revenues from selling 
EUAs for companies with a positive net position (i.e., net sellers). Thus, in general, profits may take 
on positive or negative values. As described in section 2.1, we calculated the value of transactions 
using spot and futures prices for EUAs.

2.2.2. Covariates.  Our choice of covariates is driven by our research question, data availability, and 
the existing literature. We grouped our set of covariates into allocation, skills, market pressure, and 
year and region effects.

2.2.1.1. Allocation.  Net position is defined as the number of EUAs received for free minus veri-
fied emissions. The number of EUAs received for free is the outcome of the primary allocation 
and does not reflect trading skills. Because a higher net position allows companies to sell more 
allowances, ceteris paribus, we expected a positive correlation between trading performance and 
net position.9

2.1.2.2 Skills.  We differentiated between two types of skills: strategic skills and skill-related 
structural factors. Four variables reflected strategic skills. First, we expected banking to have a 
negative effect on profits. The more allowances a company transfers into subsequent years, the 
fewer it can sell in a given trading year, and the lower the profits from trading will therefore be in 
that year. Controlling for banking is therefore essential but has not been done in previous studies 
analyzing corporate trading activities or performance. We defined banking as the net position plus 
acquisitions minus sales for each trading year.10 Second, we included two variables that reflect the 
timing of buying and selling activities. Late buyers and late sellers were defined as the number of 
allowances traded in February, March, and April (i.e., during the so-called true-up period). Late 
buyers and late sellers were assumed to reflect the extent to which companies trade for compliance 
purposes, but the relation to profits is not clear and hinges on the EUA price during the true-up 
period relative to the remainder of a trading year. Late buyers (late sellers) benefit from low (high) 
prices during the true-up period. Third, transaction frequency, that is, the number of transactions 
in trading year t, is supposed to reflect experience and learning effects. Assuming that frequent 
trading leads to learning effects (e.g., larger trading network, benefitting from price fluctuations), 
we anticipated this variable to be positively correlated with profits. Fourth, use of intermediaries 
measures the number of different intermediaries a company used in trading year. We assumed that 
this variable reflects access to better information, thus leading to higher profits. Finally, total trans-

  9Whereas a company knows the number of allowances received for free before the start of the trading year, it 
may learn the exact level of verified emissions only at the end of March of the following year. Hence, for most 
of the trading year, a company typically does not know its exact net position.
10Our analysis did not account for borrowing. It is important to note that inter-period borrowing is not permit-
ted in the EU ETS. While intra-period borrowing is possible, we cannot identify whether allowances issued in 
year t or year t + 1 were utilized for compliance in year t. As a result, we are unable to incorporate intra-period 
borrowing into our analysis.
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actions stands for the total number of allowances traded in a year. Expecting that higher trading 
volumes would incur stronger learning effects, we hypothesized a positive correlation between total 
transactions and profits.

To investigate whether the effects of strategic skills on profits from trading changed over time, 
we included the interaction between the dummies representing the second and third trading period 
and the covariates reflecting the strategic skills (except banking).

Skill-related structural covariates include the number of installations, whether a company 
belongs to the energy sector, company size, and productivity. These variables are believed to reflect 
the extent to which companies have access to complementary assets and capabilities, which enable 
them to trade EUAs more successfully. The number of installations captures the number of a com-
pany’s installations governed by the EU ETS. Assuming that companies with a higher number of 
regulated installations more often have complementary assets such as specialized trading teams 
than companies with a lower number of installations, we expected the number of installations to be 
positively correlated with profits. Energy indicates whether a company belongs to the energy sec-
tor. These companies are more likely to be experienced in energy commodity trading and to have 
skills that complement trading EUAs. For example, electricity companies usually sell their electric-
ity on spot and futures markets (e.g., on the EEX, where EUAs trading also takes place). We there-
fore expected energy companies to perform better than non-energy companies. Similarly, larger 
companies are more likely to have complementary assets and lower transaction costs per trade than 
smaller ones. We therefore hypothesized profits to be positively correlated with company size, 
measured by the number of employees. Finally, conjecturing that companies with more productive 
operations would to also perform more successfully when it comes to buying and selling allow-
ances, we anticipated profits to be positively associated with productivity. Like Abrell et al. (2022), 
we calculated productivity as the ratio of revenues to the number of employees.

To capture the effect of market pressure on trading performance, we included carbon leakage. 
Companies are assumed to face import competition from non-EU countries if they primarily pro-
duce products, which appear on the carbon leakage list of the EU ETS regulations. Because these 
companies should have particularly strong incentives to keep compliance costs low, we anticipated 
a positive correlation between carbon leakage and profits.

Finally, we included dummies to control for effects, which are specific to trading periods (i.e., 
2005–2007, 2008–2012, and 2013–2020) and to regions. For regions, we used the same definition as 
Jaraitė-Kažukauskė and Kažukauskas (2015). In the empirical specification, we used the first trading 
period and Region 1, which consists of German-speaking countries, as the base categories.

2.3. Econometric Model

We employed a multivariate panel econometric analysis based on annual data at the level of indi-
vidual companies.12 However, profits from trading are only observed for companies that trade, that 
is, participate in the market. In our final dataset, for example, we did not observe profits for about 

11To ensure that the coefficients are of approximately the same order of magnitude, we multiplied the initial 
values of the following variables as follows: profits, net position, banking, late buyers, and late sellers by 10−6; 
transaction frequency and carbon leakage by 10−4; use of intermediaries, and installations by 10−3; employees 
and productivity by 10−8; total transactions by 10−9; and energy by 10−5.
12Our panel data set is unbalanced because of the exit and entry of companies and installations over time, and 
because countries joined the EU ETS at different points in time. For example, the three non-EU member states 
Norway, Iceland, and Liechtenstein as well as the new member states Romania and Bulgaria joined the EU 
ETS in 2007, while Croatia joined in 2013.
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44 percent of the observations, because companies decided not to buy or sell allowances. For these 
companies, data on profits are missing not at random but because they decided not to trade. We 
employed a Heckman-type selection estimator because unobserved factors may affect both partici-
pation (i.e., selection) and profits (i.e., outcome). We included the shares of companies participat-
ing in emissions trading at the country level as an additional covariate in the participation equation. 
We assumed that this share affects participation but not profits.

We modeled participation as

D
if D

otherwise
it

it=
>






1 0

0

*

	 (1)

D v wit it i i it
* = + + +δ θ α ε1 1, , 	 (2)

where vit  denotes the time-varying covariates such as net position, wi  reflects time-invariant 
covariates, α1,i  captures time-invariant company-specific unobservable factors (i.e., the panel-
level random effect for selection) such as company culture, and ε1,it  stands for the idiosyncratic 
error in the participation equation.

We modeled profits as

Y x zit it i i it= + + +β α εγ 2 2, , 	 (3)

where Y
it
 reflects company i’s level of profits from trading at time t, xit denotes time-varying covari-

ates (including the share of companies participating in emissions trading at the country level), zi  
captures time-invariant covariates, α2,i  captures time-invariant company-specific unobservable 
factors (i.e., the panel-level random effect for the outcome), and ε2,it  is the idiosyncratic error term 
in the participation equation. The random effects α1,i  and α2,i  are assumed to be bivariate normal. 
Similarly, the error terms ε1,it  and ε2,it  are assumed to have bivariate normal distribution and to be 
independent of the panel-level random effects α1,i  and α2, .i  If either corr ( ε1,it , ε2,it ) or corr  
(α1,i ,α2,i) are significant, selection is an issue. Because the Heckman panel model is nonlinear, 
unobserved time-constant heterogeneity (e.g., company culture), which may be correlated with the 
covariates, cannot be addressed by the fixed effects estimator in the same way as in the linear fixed 
effects model (where observed and unobserved time-constant effects are eliminated). We employed 
maximum likelihood methods to estimate the participation and profit equations, thereby accounting 
for the panel structure of the data. Specifically, we used the random effects estimator implemented 
via the xtheckman command in Stata 18, which relies on the joint distribution of the selection and 
outcome variables.13

Our methodology differs substantially from previous studies on corporate trading performance 
in the EU ETS, for example, Cludius (2018), Liu, Guo and Fan (2017), and Guo et al. (2020). Our 
findings are therefore not directly comparable to these studies.

3. Results and Discussion

We first present and discuss the results for the period 2005 to 2017 for our preferred specification 
and then the results obtained for a series of robustness checks. The results for the profits equation 

13Using a random effects estimator presumes that unobserved time-constant factors are not correlated with the 
covariates. This assumption may not hold in our context. In the robustness checks (section 3.6), we therefore 
present results from estimating a model that controls for time-invariant unobserved heterogeneity. The find-
ings of this model are very similar to those of the random effects estimator reported in Table 2.
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(2) are shown in Table 2 and for the participation equation (1) in Appendix Table A2. First, we note 
that both the correlation of the error terms in the profit and participation equations and the correla-
tion of the panel-level random effects are statistically significant (at p < .01), which supports the 
estimation of a selection model.

The results for the participation equation suggest that companies with a higher net position, with 
more employees, and with a higher number of regulated installations are more likely to participate 
in emissions trading, ceteris paribus. We note that our additional covariate in the selection equation, 
that is, the shares of companies participating in emissions trading at the country level (share active 

Table 2.  Results for Profit Equation of Preferred Model.

Variable name Coefficient SE

Allocation
  Net position 5.986*** 0.238
Skills—strategic
  Banking −5.724*** 0.323
  Late buyers 2.262** 1.104
  Late buyers × P2 −1.838 1.134
  Late buyers × P3 −2.469** 1.101
  Late sellers −2.841*** 1.103
  Late sellers × P2 2.423** 1.131
  Late sellers × P3 2.972*** 1.098
  Transaction frequency 2.864 3.891
  Transaction frequency × P2 −3.071 3.684
  Transaction frequency × P3 −7.410** 2.905
  Use of intermediaries 2.435 6.924
  Use of intermediaries × P2 3.260 7.081
  Use of intermediaries × P3 −2.590 7.089
  Total transactions 3.347 11.21
Skills—structural
  Number of installations 4.751*** 1.542
  Energy 683.9 987.3
  Employees 13.82 18.45
  Productivity 3.907 10.05
Market pressure
  Carbon leakage 73.68 79.43
Year and region effects 
  Period 2 0.084*** 0.013
  Period 3 −0.031** 0.014
  Region effects Yes  
  Constant −0.103*** 0.023
  corr (ε1,it, ,ε2 it) 0.274***  
  corr (α1,i, α2,i) 0.778**  
  χ2 (29) 4,430.37***  
  Number of observations 37,695  
  Number of companies 6,737  

Note. Standard errors in parentheses.
*p < .10. **p < .05. ***p < .01.
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country), is statistically significant and positive. In general, the results for the participation equation 
appear intuitive. Next, we turn to the results for the profit equation in Table 2.

3.1. Allocation

As expected, the higher a company’s net position, the higher the profits from trading, ceteris pari-
bus. This finding is consistent with the results of Cludius (2018) and Liu, Guo and Fan (2017). The 
point estimate of the coefficient associated with net position suggests that profits increase by €5.99 
for an increase in the net position by one unit, that is, receiving one additional EUA for free in the 
primary allocation or emitting one ton less of CO2eq..

14,15

3.2. Strategic Skills

We found, as expected, a negative and statistically significant correlation between banking and 
profits. The results in Table 2 suggest that banking each additional EUA lowers profits by €5.72 on 
average. Interestingly, the coefficients associated with banking and net surplus are of about the 
same magnitude (but with opposite signs). This finding is therefore consistent with companies 
choosing the number of banked allowances efficiently, that is, they adequately take into account the 
opportunity costs of banked allowances: rather than transferring allowances to the next period, they 
could have sold them on the market in this period.16 To the best of our knowledge, this finding has 
not been previously derived using company-level data on transactions. Efficient banking (and bor-
rowing) by companies, however, is a prerequisite for intertemporal profit maximization by compa-
nies and for emissions trading systems to be economically efficient, that is, to lead to minimal costs 
for meeting a given emissions target over time (see also Rubin 1996).17

Our results for late buyers (late sellers) suggest a positive (negative) correlation with profits for 
the first trading period. On average, during the first trading period, profits were estimated to be 
€2.26 higher for each EUA purchased during the true-up period than for an average purchase of 
EUAs during the trading year, ceteris paribus. Vice versa, profits were estimated to be on average 
€2.84 lower for each EUA sold between February and April than for an average sale of EUAs dur-
ing the trading year. Thus, in the first trading period, late buyers were better off and late sellers were 
worse off in terms of profits from trading than companies that spread their trading activities more 
evenly over the course of a trading year, ceteris paribus. This finding is inconsistent with the con-
cept of an efficient market as defined by Fama (1970). This effect found for the timing of trading 
activities for the first trading period also holds for the second period, yet less pronounced, and—in 
terms of magnitude—essentially disappears for the third period.18

14For comparison, we observed a volume-weighted average price of €8.53 for all the transactions in our dataset.
15To control for period-specific effects, such as the sharp drop in prices of EUAs at the end of the first trading 
period, we also ran a model, which includes period interaction terms. As we report in the robustness check 
section, we failed to find any statistically significant differences for net position across the trading periods.
16This was confirmed by the results of a Wald test at p-value <.01. Implicitly, we hereby assume that the (real) 
interest rate is zero, which aligns well with the time frame considered.
17In comparison, myopia on the part of companies, for example, would not be compatible with an efficient 
market outcome, but may help explain the observed EUA price path (e.g., Fuss et  al. 2018; Quemin and 
Trotignon 2019).
18p-values of the corresponding Wald tests for period 2, that is, for the sum of coefficients on late buyers/late 
sellers and period interaction terms) are .08 for late buyers and 0.02 for late sellers. For period 3, we find a 
negative correlation of profits with late buyers and a positive correlation with late sellers (p-values are .07 and 
.01), but the effect sizes are negligible.
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Our results for the first period can be explained by companies (erroneously) expecting the mar-
ket to be short. Once it became known that the market was in fact long (i.e., once data on verified 
emissions in 2005 were published in late March of 2006) prices fell, leaving late buyers better off 
and late sellers worse off. Findings for later periods differ possibly because market participants 
have learned from their experience in the first trading period. Also, because banking of allowances 
into future trading periods was permitted from the second period onwards (but not from the first 
period to the second period), companies with a surplus of allowances could bank them instead of 
being compelled to sell them on the market. This helped dampen price volatility, especially during 
the true-up period.

For transaction frequency, we found no evidence that companies trading more frequently in 
period 1 or period 2 realized higher profits. For period 3, we even found a negative correlation 
between profits and transaction frequency (p-value of Wald test for sum of coefficients on transac-
tion frequency and interaction term = .04). Similar to our findings for the first two periods, Cludius 
(2018) did not find a statistically significant correlation between trading success and the number of 
trades in most of her models.

For use of intermediaries, we found no statistically significant correlation with profits for period 
1 and period 3. For period 2, our results suggest, as anticipated, that using intermediaries was asso-
ciated with higher profits (p-value of corresponding Wald test = .01). Similar to our findings for 
period 1 and period 2, Cludius (2018) also failed to find a significant correlation between trading 
success and the use of intermediaries. For period 1, Cantillon and Slechten (2023) conclude that 
significant market fragmentation hindered the aggregation of information concerning the overall 
supply and demand in the market. Hence, employing more intermediaries may not guarantee 
enhanced information quality. Further, the transactions carried out through intermediaries may be 
measured with error because we use the spot price on the transaction day rather than the price speci-
fied in the contract, which was not available to us.

Finally, the coefficient associated with total transactions displays the expected positive sign, but 
it is not statistically significant (p-value = .77).

3.3. Skill-Related Structural Factors

The coefficient for the number of installations is, as expected, positive and statistically significant. 
This result supports our proposition that companies with more installations governed by the EU 
ETS also have more complementary assets that enable them to achieve higher profits from emis-
sions trading than companies with fewer such installations.

As expected, we found a positive correlation of profits with energy, employees, and productiv-
ity. However, the associated coefficients were not statistically significant at conventional levels. 
Therefore, we failed to find support for our proposition that energy companies find it easier to cope 
with the EU ETS market due to their experience with commodity exchange trading. Cludius (2018) 
did not find any positive correlation between affiliation to the electricity sector and trading perfor-
mance in the model, which is closest to our approach, but did find a significant positive correlation 
in the other three models. We also found no-results for productivity, a finding that might be 
explained by the large amount of missing data.

3.4. Market Pressure

The coefficient associated with carbon leakage had the expected positive sign but failed to be sta-
tistically significant at conventional levels (p-value = .35). Thus, we found no support for our con-
jecture that companies facing higher competitive pressure have a higher incentive to optimize their 
trading performance than companies not facing such pressure. A possible explanation for 
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our “no-result” is that our proxy for leakage (i.e., a dummy, which is set to 1 if the company is in a 
sector exposed to a significant risk of carbon leakage) may not adequately reflect the competitive 
pressure a company is facing from international trade. For example, we have identified companies 
as being at risk of carbon leakage if they belong to an industry sector where the majority of its 
products appear on the carbon leakage list used in EU regulations. Because these companies may, 
possibly as their main business, also produce products that are not on this list, they may erroneously 
be categorized as being at risk of carbon leakage in our data. An additional explanation for this 
“null result” could be attributed to the relatively low prices for EUAs prevailing throughout most 
of the time frame considered in our analysis. Hence, the incentive to enhance trading performance 
due to competitive pressures from international markets remained comparatively low.

3.5. Year and Region Effects

In terms of trading periods, we observed that in the second trading period regulated companies were 
significantly more successful than in the first trading period, whereas they were significantly less 
successful in the third trading period than in the first trading period, ceteris paribus. The effect 
sizes, however, are small. The sum of the value of all trading transactions in a year add up to zero 
(the seller receives exactly the amount the buyer pays), that is, companies that are not analyzed in 
our dataset (e.g., financial intermediaries) form the counterpart position. In our case, this means 
that these participants, which our analysis did not include, traded less successfully in the second 
period than in the first and more successfully in the third period than in the first.

3.6. Robustness Checks

We examined the robustness of the results presented in Table 2 by employing a different estimation 
approach, modifying the specification of key variables, and considering the inclusion or exclusion 
of covariates.19

First, to account for the correlation between time-invariant unobserved factors and the covari-
ates, we included the company-specific mean of the time-varying variables in our main model, akin 
to Mundlak (1978). Thus,

α µ
2,i i i

x= +ϕϕ 	 (4)

where xi  is the mean of the xit over time for company i, and μi is the idiosyncratic error term.20 As 
Table S1 in Appendix S2 shows, the results of this model were almost identical to those reported in 
Table 2 for almost all covariates in terms of magnitude and significance level.

Next, previous literature investigating company trading behavior in the EU ETS (e.g., Abrell 
et al. 2022; Liu, Guo and Fan 2017) distinguishes between net buyers and net sellers to account for 
their different settings. Net buyers must acquire extra allowances to prevent incurring penalties on 
top of fulfilling their shortfall, ceteris paribus. In comparison, net sellers have the option to either 
sell or bank any surplus allowances. To allow for heterogeneity in the effects of our key covariates 
by net position, we also estimated a model, which includes interaction terms for the variables 

19We document the findings of most robustness checks in S.2. Any results not shown for space-saving pur-
poses are available upon request.
20Essentially, the “Mundlak terms” xi  pick up the “between variation” and may be interpreted as long-term 
effects. In comparison, the time-varying variables pick up the “within variation” and may be interpreted as short-
term effects. Because our concern was that the effects of unobserved heterogeneity could be correlated with the 
explanatory variables, our presentation and interpretation of the results focused on the time-varying effects.
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reflecting strategic skills, using a dummy that reflects the net position of a company. We set this 
dummy variable net seller to 1 if the net position is positive. Table S2 shows the results of this 
model. We find that an increase in the net position by one ton of CO2eq is associated with higher 
profits for both net buyers and net sellers, but this increase is about €1.8 higher for net buyers than 
for net sellers, ceteris paribus. Similarly, an increase in banking by one ton of CO2eq is associated 
with lower profits for both net buyers and net sellers, but this decrease is about €1.9 lower for net 
buyers than for net sellers, ceteris paribus. The results for net position and banking, and net posi-
tion × net sellers and banking × net sellers suggest that both net seller and net buyer companies 
bank efficiently. Hence, our key finding derived for our preferred specification (see Table 2) also 
holds if we allow for heterogeneity by net position and banking. The results for late buyers (late 
sellers) imply a positive (negative) relationship with profits for net buyers during the first trading 
period. The coefficients associated with late buyers × net sellers (late sellers × net sellers) are of 
about the same magnitude as the coefficients associated with late buyers (late sellers), but of oppo-
site signs. This finding is hardly surprising and suggests that net buyers (net sellers) benefitted 
(suffered) from buying (selling) allowances late in trading period 1. In other words, the findings for 
our preferred model for late buyers (late sellers) are essentially driven by net buyers (net sellers). 
Akin to our findings for our preferred model, the results for the triple interaction terms associated 
with late buyers and late sellers depicted in Table S2 suggest that any effects of late buying and 
selling vanish over time. For the remaining indicators reflecting strategic skills, skill-related struc-
tural factors, and market pressure, distinguishing between net buyers and net sellers does not appear 
to provide any additional insights compared to our preferred model.

In our main specification, forwards/futures transactions and company-internal transactions21 are 
included in the acquisitions and transfers considered. However, for forwards/futures transactions 
we cannot observe the actual price paid for the EUA because the contract and the transaction do not 
correspond to the same day. We use the average annual futures price as an approximation. As aver-
age prices cannot reflect price fluctuations, any profits from arbitrage would not be captured in the 
dataset. Therefore, our data may not fully capture the effects of using forwards/futures on profits 
from trading. Likewise, using the spot price to value intra-company trades (i.e., transactions 
between two installations of the same company) may prove inadequate, especially when companies 
consolidate their allowances in a single account (as discussed in Betz and Schmidt 2016). As addi-
tional robustness checks, we therefore estimate a model where we exclude all forwards/futures 
from the transactions considered and a model where we exclude all internal trades. The results are 
depicted in Tables S3 and S4 and are very similar to those obtained for our preferred specification. 
Hence, our results appear robust to excluding forwards/futures and internal acquisitions and trans-
fers from the transactions considered in the analysis.

To examine whether the effects of strategic skills on profits changed across trading periods, our 
main specification included interaction terms between period dummies and late buyers, late sellers, 
transaction frequency and use of intermediaries (see Table 2). As an additional robustness test, we 
also analyzed whether the effects of net position, banking, and total transactions changed across 
trading periods. We found no evidence that the impact of net position and total transactions on 
profits changed across trading periods.22 Unfortunately, models, which included interaction terms 
between the period dummies and banking did not converge.

To capture the extent to which companies trade for compliance purposes, we considered all trans-
actions during the true-up period to calculate late buyers and late sellers. It is possible, however, that 

21All transactions where the buying and selling accounts are associated with the same company.
22For example, the p-value of the corresponding Wald test on the joint significance of the interaction terms for 
the second and third trading period is 0.72.
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some of those trades were driven by speculative motives. To control for speculative motives in our 
analysis, we estimated a model that incorporates an additional covariate capturing these motives. 
Specifically, we included the net volume share for the true-up period, that is, the ratio between net 
acquisitions (= acquisitions-transfers) and total volume (= sum of acquisitions and transfers). A 
larger positive (negative) ratio is supposed to reflect a stronger speculative motive for net buyers (net 
sellers) during the true-up period. We find the coefficients associated with this indicator to be statisti-
cally significant and negative (positive) for the first (third) period at p < .1. The size effect is rather 
small, however. Because all other findings are very similar to those obtained for our preferred speci-
fication, our results do not appear to be sensitive to potential speculative motives.

Finally, we estimated a model, which included a company’s emission intensity among the set 
of covariates. We defined emission intensity as verified emissions per employee. Emission inten-
sity relates emissions to company size and is expected to be indicative of the financial pressure a 
company participating in the EU ETS experiences. We expected companies with a higher emis-
sion intensity to have stronger financial incentives to trade profitably. The coefficient associated 
with emissions per employee displayed the expected positive sign but failed to be statistically 
significant (p-value = .93). Possibly, and similar to our no-result for carbon leakage, this no-result 
for emission intensity may be attributed to the low EUA prices during most of the time frame 
considered in our analysis.

Overall, these additional robustness checks corroborate the findings obtained for our preferred 
specification. In particular, our finding that companies bank their allowances efficiently appears 
robust. Allowing for heterogeneity in the effects of strategic skills by the net position provides 
additional insights compared to our main specification for late byers and late sellers which resonate 
intuitively.

4. Conclusions

Cost-efficient emissions trading presumes that companies engage in the carbon market to maximize 
profits from emissions trading, minimize compliance costs and avoid fines for non-compliance. In 
this paper, we relied on a comprehensive dataset to empirically investigate factors related with 
companies’ profits from trading emission allowances in the EU ETS for the period from 2005 to 
2017. We considered the role of free allocation, strategic skills, and skill-related structural factors.

Our results obtained from estimating a panel selection model suggest that profits from emissions 
trading are, as expected, to a large extent related to a company’s net position: higher amounts of free 
allocation lead to higher profits from emissions trading, ceteris paribus. We also found evidence that 
profits from emissions trading are driven by strategic skills and some skill-related structural factors. 
With regard to strategic skills, our findings suggest that companies bank allowances efficiently: when 
they decide on the number of allowances to be transferred into future periods, companies adequately 
take into account the opportunity costs, that is, the revenues they could have realized by selling these 
allowances on the market instead. This result also holds if we allow for the role of strategic factors on 
trading performance to differ between net sellers and net buyers. Further, we found that late buying 
(late selling) of allowances within a trading year was correlated positively (negatively) with profits 
from emissions trading in the first trading period. Distinguishing effects by net sellers and net buyers 
reveals that these findings for late buying (late selling) are essentially driven by net buyers (net sell-
ers). In subsequent trading periods, such results could no longer be observed; this may reflect that 
companies had achieved learning effects. For skill-related structural factors, we found that companies 
with more installations achieve higher profits from trading, ceteris paribus.

Our findings have several implications for policymakers involved in the design of emissions 
trading schemes for companies engaged in emissions trading. On the one hand, the results imply 
that companies were able to use banking of EUAs efficiently, which highlights the importance for 
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policymakers to allow for unrestricted banking of allowances in emissions trading systems to help 
companies meet emission targets at the lowest costs to society. On the other hand, the results con-
cerning the timing of trading suggest that while some firms were able to time their trading activities 
well, others failed to profit from spreading their trades evenly over the year. Hence, it pays off for 
companies to invest in developing strategic trading skills because that way they can create a finan-
cial benefit. However, since quite a few companies still failed to realize that they could have used 
the EU ETS more cost-efficiently to comply with climate regulation, policymakers should make 
sure that participating companies are fully aware of the need to actively use the EU ETS’ trading 
mechanism to lower their cost of compliance. Because the EUA price has increased over the past 
years, the EU ETS’ regulatory burden has only grown, making it even more important for compa-
nies to use emissions trading in the most cost-efficient way. Further, the finding that having more 
regulated installations lead to higher profits from trading, ceteris paribus, suggest that there may be 
increasing returns to scale from trading in the EU ETS. In other words, to profit from emissions 
trading, scale matters which possibly reflects the conducive role of complementary assets in this 
context. If companies cannot achieve sufficient scale on their own, they could consider collaborat-
ing with other companies to aggregate their trading activities and share the costs of making struc-
tural investments for emissions trading such as specialized trading desks.

In conclusion, our findings were obtained for the period 2005 to 2017, which was characterized 
by relatively low prices for EUAs. Once data become available, future work could investigate the 
extent to which our findings also hold for periods with substantially higher prices, which mean 
stronger financial incentives for companies to buy and sell allowances efficiently and to enhance 
their strategic trading skills and structures.
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Table A1.  Descriptive Statistics.

Dependent variable Obs. Mean Min Max

  Profits 91,064 −33,079 −12,088,990 4,979,894
Covariates allocation
  Net position 68,632 −501 −10,415,690 7,608,230
Skills—strategic
  Banking 91,064 5,484 −10,430,520 7,608,230
  Late buyers 91,064 25,359 0 52,146,820
  Late buyers × P2 91,064 11,217 0 42,496,560
  Late buyers × P3 91,064 13,008 0 52,146,820
  Late sellers 91,064 19,978 0 52,346,160
  Late sellers × P2 91,064 10,999 0 42,522,140
  Late sellers × P3 91,064 7,576 0 52,346,160
  Transaction frequency 91,064 11 0 60,030
  Transaction frequency × P2 91,064 8 0 60,030
  Transaction frequency × P3 91,064 2 0 9,894
  Use of intermediaries 91,064 0.07 0.00 1.00
  Use of intermediaries × P2 91,064 0.02 0.00 1.00
  Use of intermediaries × P3 91,064 0.05 0.00 1.00
  Total transactions 91,064 109,700 0 320,750,300
Skills—structural
  Number installations 91,064 2.47 1.00 80.00
  Energy 91,064 0.20 0.00 1.00
  Employees 50,352 2,240 0 642,300
  Productivity 46,299 2,090 −2,180 2,222,830
Market pressure
  Carbon leakage 82,135 0.37 0.00 1.00
Year and region effects
  Period 1 91,064 0.23 0.00 1.00
  Period 2 91,064 0.39 0.00 1.00
  Period 3 91,064 0.38 0.00 1.00
  Region 1 (AU, DE, LI) 91,064 0.06 0.00 1.00
  Region 2 (BE, FR, NL) 91,064 0.05 0.00 1.00
  Region 3 (GR, IT, PT, ES, CY, MT) 91,064 0.14 0.00 1.00
  Region 4 (EE, LT, LV, PL) 91,064 0.12 0.00 1.00
  Region 5 (CZ, HU, SI, SK) 91,064 0.05 0.00 1.00
  Region 6 (DK, FI, IS, NO, SE) 91,064 0.35 0.00 1.00
  Region 7 (UK, IE) 91,064 0.03 0.00 1.00
  Region 8 (BG, HR, RO) 91,064 0.14 0.00 1.00

Appendix
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