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Abstract

As a useful tool of climate mitigation strategies, carbon-based incentive instruments are 
becoming an increasingly popular subject of academic discussion. At the same time, the 
conventional energy taxes which do not directly target carbon content of fossil fuels but 
may still have a significant impact on emissions level, due to wide economic coverage, are 
often placed outside of such discussion. This research is dedicated to fulfilling this gap – it 
aims to estimate the relative impact of conventional energy taxes, carbon tax and cap-and 
trade system on the basis of feasible GLS regression model on panel data for European 
countries in 1995-2016. The results indicate that the impact of conventional energy taxes 
on carbon intensity is twice as high as the impact of either carbon tax or cap-and-trade. 
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1. Introduction and Research Puzzle

Climate change is rapidly gaining momentum as a global problem with severe impli-
cations for domestic economies hereby raising the importance of mitigation strate-
gies centered around emission regulation measures. Being responsible for nearly 
two thirds of global emissions, energy sector has been a subject of fiscal regulation 
since the first half of the XXth century [Speck, 2008]. Starting from the early 1990-s, 
conventional energy taxation (excise fuel taxes, extraction taxes, and many others) 
has been complemented by carbon-based incentive instruments providing stronger 
price signals for decreased use of fossil-fuel based energy.  

According to a wide pool of theoretical and empirical studies, carbon-based incen-
tive instruments (carbon tax, cap-and-trade or emission trading system, hybrids, etc.) 
have proven to be efficient mitigation tool against the backdrop of command-and-
control instruments due to the ability of the former to equalize marginal abate-
ment costs among emitters and sources of emission [Goulder, Parry, 2008]. At present, 
these instruments are quickly gaining popularity in both developed and developing 
countries and jurisdictions around the globe - around 40 of them now put price on 
carbon either through carbon tax or emissions trading scheme [World Bank, 2017]. 

European countries have always stayed at the forefront of environmental policy ini-
tiatives. The first carbon tax appeared in Finland in 1990, while the first and the larg-
est emissions trading system (ETS) was launched on the basis of European market 
in 2005. European ETS now includes 31 countries while 16 European countries also 
use carbon tax (or close equivalent). Despite the growing popularity of carbon-based 
incentive instruments that help the countries effectively frame their climate and en-
ergy policy, coverage of the instruments is still on average relatively small. Even the 
most advanced and comprehensive European emissions trading scheme covers less 
than a half of all emissions [EU, 2018].

Focused mostly on carbon-based economic instruments, academic literature often 
neglects the role which conventional energy taxes play in carbon dioxide emissions 
dynamics. At the same time, conventional energy taxes which do not directly target 
the carbon content of fossil fuels may also have a significant influence on the emis-
sion level. Ultimate carbon price signal for the economy of an instrument is deter-
mined not only by the rate but also by the extent it is used: number of sectors under 
regulation, share of emissions covered, etc. In this regards, even though direct instru-
ments (carbon tax or cap-and-trade) which usually use carbon content of the fuel as 
a tax base, are considered to have a greater marginal impact on the emission level, 
the indirect ones (conventional energy taxes) may play comparable role in emissions 
dynamics due to the wider scope of their application. Therefore, changes in indirect 
carbon regulation can potentially bring significant price effects which can even out-
strip these from changes in the level of direct price signals since the later are playing 
growing but yet comparatively modest role in the fiscal framework.  
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In this regard, the main objective of this study is to identify the relative role of direct 
and indirect instruments in emission changes. The paper is organized as follows. 
Section 2 describes the methodology and the general approach of the study. Then, 
Section 3 describes the model and main inputs. Finally, Section 4 highlights main 
results of the analysis.

2. Methodology and Framework of the Analysis

Methodologically, the analysis is based on calculation of implicit carbon price – fiscal 
burden of a ton of carbon dioxide emissions which consists of three types of price 
signals: indirect price signal (created by conventional energy taxes), price signal of 
carbon tax and price signal of ETS. In order to make price signals comparable, data on 
tax revenues in energy sector were used for calculation of energy taxes price signal 
and carbon tax price signal. The ratio of tax revenues to volume of annual carbon 
dioxide emissions served as an indicator of price signal for both of them. Such an ap-
proach helped avoid the issue of differences in coverage and specifications of fiscal 
regulation (various tax rates for different sectors or sources of energy) in different 
countries. ETS price signal was calculated based on the volume of verified emissions 
and the average annual allowances price. The implicit carbon price  for country i 
looks as (1). 

    (1)

where  – carbon dioxide emissions from combustion of fossil fuels;

 – energy tax revenue from the energy tax of k-type;

 – carbon tax revenue;

  – average annual allowances price at EU ETS;

  – verified emissions under EU ETS.

In order to better shape the research objectives the following research hypotheses 
are formulated: 

Hypothesis 1 (H1). Carbon dioxide emissions are inversely related to implicit carbon 
price. This is a general hypothesis to check if all three price signals within implic-
it carbon price are strong enough to incentivize the reduction of carbon dioxide 
emissions.

Hypothesis 2 (H2). Carbon dioxide emissions are inversely related to each of the three 
components of the implicit carbon price, i.e. price signals of conventional energy taxes, 
carbon tax, and ETS. Each of the three price signals potentially has a meaningful ef-
fect on the level of emissions. 
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Hypothesis 3 (H3). Direct price signals (carbon price and ETS) have less impact on the 
level of carbon dioxide emissions in comparison to indirect ones (conventional energy 
taxes). This is the main hypothesis to answer the research question of the present 
paper. The task is to evaluate the relative role which each of the three price signals 
plays in emissions reduction.

Hypothesis 4 (H4). ETS has bigger impact on carbon dioxide emissions level in compari-
son to carbon tax. There is a lot of discussion in academic literature on which of the 
carbon-based incentive mechanisms is better in terms of achieving greater level of 
emissions reduction. Since seminal paper of Weitzman, 1974 tax is often compared 
with cap-and-trade regulation both in purely theoretical setting and in empirical 
studies. The central is issue is which of the two instruments is more cost efficient. 
The answer usually depends on the framework of analysis: following Weitzman’s tra-
dition, some papers highlight carbon tax to be more cost efficient in the presence of 
uncertainty of marginal abatement costs [Pizer, 2002; Hoel, Karp, 2001]; alternatively, 
some papers indicate that cap-and-trade performs better when it comes to political 
dynamics and when stakeholders can influence the policy framework [Stavins, 2007]. 
Finally, some authors highlight the importance of the design of the instruments and 
argue that if properly designed both types of instruments gain equal cost-efficiency 
[Goulder, Schein, 2009]. Even though the present paper is unable to measure rela-
tive-cost efficiency and marginal impact of each of the three price signals (due to 
lack of data on the coverage of energy taxes and carbon tax in all countries and in all 
time periods) it provides useful insights on the ultimate impact of each of the three 
price signals on emissions. 

3. Model Design and Key Input Variables

The causal relationship between implicit carbon price as well as each of the three 
price signals and the level of carbon dioxide emissions is estimated on the basis 
of regression model on panel data for 25 European countries* and 22 time-periods 
(1995-2016). Feasible OLS regression with fixed-effects is used to account for het-
erogeneity and spatial and time correlation as well as to consider different prop-
erties of regulatory instruments and individual characteristics of countries. Carbon 
intensity which shows the amount of carbon dioxide emissions per GDP is used as 
a proxy of the level of emission. Additionally, two control variables are used, namely, 
the share of fossil fuel energy in primary consumption and the share of manufactur-
ing in gross value-added.

*   The sample includes Austria, Belgium, Bulgaria, Croatia, Cyprus, Czech Republic, Denmark, France, 
Germany, Greece, Hungary, Iceland, Ireland, Italy, Lithuania, Luxemburg, Malta, Netherlands, Norway, 
Portugal, Romania, Slovakia, Spain, Sweden, and the UK. The sample does not cover some of the 
European countries for which it is statistically hard to distinguish energy taxes revenue and carbon 
tax revenues. Finland is one of the examples; in the middle of the 1990-s the country combined 
energy and carbon tax in a single one with the common tax base calculated for carbon content and 
the amount of the fuel consumed. 
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Equations (2) and (3) depict two operational models, while Table 1 provides detailed 
description of both dependent and independent variables included into analysis.

  (2)

 

 (3)

Variable Name Dimension Description Source

tons per 
thousand 
US dollars

Carbon intensity - carbon dioxide emissions from 
the combustion of fossil fuels per unit of GDP at 
PPP

Calculations based on 
Euromonitor International

thousand 
euros

Implicit carbon price - sum of all tax revenues 
withdrawn from the taxation of energy use (ex-
cluding electricity use) per ton of carbon dioxide 
emissions from the combustion of fossil fuels

Calculations based on 
Eurostat

thousand 
euros

Price signal of conventional energy taxes - sum of 
all tax revenues (excluding carbon tax) withdrawn 
from the taxation of energy use (excluding electri-
city use) per ton of carbon dioxide emissions from 
the combustion of fossil fuels

Calculations based on 
Eurostat

thousand 
euros

Price signal of carbon tax – carbon tax revenues 
per ton of carbon dioxide emissions from the com-
bustion of fossil fuels

Calculations based on 
Eurostat

thousand 
euros

Price signal of ETS – amount of verified emissions 
multiplied by annual average allowances price per 
ton of carbon dioxide emissions from the combus-
tion of fossil fuels

Calculations based on EU 
Emissions Trading System 
(ETS) data viewer

% Share of fossil fuels in primary energy 
consumption

Calculations based on 
IEA World Energy Statistics 
and Balances 

% Manufacturing as a share of gross value added Euromonitor International

4. Results and discussion

Table 2 summarizes the results of the coefficient estimation in regressions (2) and 
(3). Both regressions are significant at 1% significance level and so do all the coef-
ficients of the variables. The results of the estimation allow to support H1 – implicit 
carbon price which represents the effect of all three types of price signals reunited 
has an inverse impact on the dependent variable. At the same time, according to the 
results (Table 2), carbon intensity is inversely related to all three price signals (con-
ventional energy taxes, carbon tax and ETS) separately which allows to support H2. 
As for relative impact of each of the three price signals, conventional energy taxes 
have turned to have the largest impact on the emissions level – 1% increase in the 
overall level of energy taxes on average lead to 2,21% decrease in carbon intensity 
levels. This is approximately twice as much as the average effect of each of the direct 

Table 1
Description of Input 

Variables
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carbon-based incentive instruments (thus, H3 is supported). The two direct instru-
ments of emissions regulation show close to equivalent effect on carbon intensity. 
Although carbon tax price signal is slightly higher (-1.06 against 0,99) the difference 
is not statistically significant (standard errors around 0,3-0,4), therefore, H4 cannot 
be supported.

Variables
Regressions

(2) (3)

lnICP -1,8217*** 
(0,1332) -

lnEnergyTaxes - -2,2114*** 
(0,1511)

lnCarbonTax - -1,0623*** 
(0,3719)

lnETS - -0,9875***  
(0,3162)

FFshare 0,3825*** 
(0,0345)

0,3646*** 
(0,0347)

MANshare 0,5678*** 
(0,0719)

0,5779*** 
(0,0717)

Countryº … …

Intercept -0,0736* 
(0,0378)

-0,0399  
(0,0379)

 
Significance level: * p<0,1; ** p<0,05; *** p<0,01 

ºThe models also include 24 country-specific dummy variables

The results indicate that other energy taxes play an important role in carbon dioxide 
emissions changes against the background of direct instruments of emission control. 
At the same time, there is no statistical difference between two direct types of instru-
ments - carbon tax and cap-and-trade - the emissions level. Being created primarily 
not for climate-related purposes, other fiscal instruments in the energy sector have 
a profound impact on the emissions level which is twice as high as the effect of 
either carbon tax or cap-and-trade system. It highlights the importance of broader 
economic analysis when it comes to assessing impact of climate and energy policy 
and optimal instrument design.

Emission dynamics highly depends on conditions of inter-fuel competition which 
varies in accordance to comparative prices for different types of energy in the econ-
omy. In this regard, level of price is just the half of the story – scope and the cover-
age of an emissions regulation instrument makes a critical difference. The results 
indicate that the effect of direct carbon price signals can be easily offset by contrary 
changes in indirect carbon taxation due to the wider scope of its application, i.e. 
emissions coverage. 

Analysis highlights the importance of existing fiscal framework when it comes to in-
troduction of new incentive-based instruments targeting greenhouse gas emissions. 

Table 2
Results of the 
Regression Analysis
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It draws additional attention that the fact that new carbon regulation policies should 
take a strong notice of the impact of existing fiscal instruments on the level of 
emissions. Furthermore, when the role of existing fiscal regulation is substantial, 
new carbon policies based on the market regulation should not neglect the pos-
sible tax-interaction effect which may undermine the efficiency of recently launched 
instruments. 

Finally, the efficiency of carbon regulation and its overall impact on the emission 
level to a large extent depends on property rights allocation, transaction costs in 
the economic system, level of uncertainty of economic growth and technological 
development and other institutional factors. All of them may overstate the admin-
istrative costs of managing economic instruments of carbon regulation. Thus, high 
monitoring, verification and enforcement costs may further undermine the efficiency 
of carbon-based regulation making simple command-and-control regulatory mea-
sures a better alternative. 

This is a burning issue especially for developing countries which are yet to develop 
mature market institutions. Introduction of new carbon-based incentive instruments 
without consideration of existing fiscal framework and specific features of institu-
tional environment may bring no added value. In fact, it may even hurt the economy. 
In contrast to carbon tax, which often can be embodied into existing fiscal infrastruc-
ture, launch of the cap-and-trade system requires creation of new institutes (plat-
forms and for trade and allowances distribution, etc.) leading to higher corruption 
risks. For the sake of sustainable use of carbon-based incentive instruments, their 
introduction should be gradual while their development should be synchronized 
with the existing set of fiscal measures. 

Alternatively, if the institutions and market environment are too weak to manage 
these instruments cost-efficiently, the possible solution could be to modify the exist-
ing price signals towards their higher environmental efficiency. In particular, gradual 
increase of carbon component in the tax base of the existing energy taxes may help 
make energy policy more environmentally focused. In developing economies, such 
an approach may, on the one hand, help avoid high administrative costs of newly-
launched instruments, and, on the other hand, help better consider the role of the 
existing set of fiscal regulatory measures contribution to a higher effectiveness of 
climate policies.
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