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Abstract

In this paper, we analyse two phenomena. First, the relationship between greenhouse gases emission and
effectiveness of the European Union energy policies and second the transition from the fossil fuels to renewable
energy sources. We run two-step data analysis concerning 25 European Union member states in the period from
1990 to 2018. We use information on greenhouse gases emission, introduction of new energy policies, source of
energy supplied and merge it with macroeconomic data on the countries' structural characteristics. We assess their
long-run relationship and direction of causality using panel cointegration tests and dynamic panel data models. We
identify a statistically significant effect of energy supply source, energy policy introduction and greenhouse gases
emission. However, we were not able to confirm that European Union energy sector is in transition. Thus, obtained
results confirm that the EU energy policies are effective however not sufficient enough in decreasing use of fossil
fuels to call it a transition towards renewables.

Key word: European Union (EU), renewables, greenhouse gases emission, fossil fuels, energy supply, energy mix,
energy transition

1. Introduction

The endeavours of the European Union (EU) aimed at decreasing human influence on climate change have
resulted in a number of environmental policies. Most of them focus on greenhouse gas emission, putting particular
emphasis on carbon dioxide emissions which represent 76% of all gases emitted within the EU. Carbon Dioxide
(COy) is an effect of burning fossil fuels with the purpose of obtaining energy. In order to decrease its negative
impact, since 1997, the EU has been introducing new policies that are aimed at: decreasing fossil fuels share in
energy mix, increasing energy efficiency of the EU member states, and covering energy gap with renewables. An
increase in production of energy from renewables has led to mainstream belief that the EU energy sector is in
transition. However, to speak about such a transition, certain conditions must be met. If not, it is more appropriate to
call the phenomenon an evolution (or addition).

First recorded studies on influence of human activities on environment dates back to 18" century (Malthays
1798). However, the majority of the empirical analysis has been published during last three decades. In the field of
economy three main areas can be distinguished, all of which provide scientists with mixed results. First,
investigating correlation between economic growth and energy consumption, show no consensus. Second, focusing
on economic growth and pollution, which verifies hypothesis on existence of the environmental Kuznets curve. This
research assumes that at some point of development economies decrease their pollution with further growth.

(Grossman and Krueger, 1991; Arouri et al., 2012; Shahbaz et al., 2012; Pérez-Suarez and Lopez-Menéndez, 2015).
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However, this theorem has been challenged in various publications. Main charge against it is the lack of robustness
of the analysis at which environmental Kuznets curve is based on (Stern 2004, Dasgupta et al. 2002). Third field
combines both previously described. It examines the correlation between economic growth, pollution, and energy
consumption. However, results of those analyses vary between countries. The mixed findings reflect several factors,
including country differences, model specification and methodological approach.

The negative impact of fossil fuels on climate change have been proven many times (Wuebbles and Jain 2001,
Solarin 2020, Martins et al. 2021), however correlation between economic development, source of fuel (and its
change) and CO, emission leaves an open space for research; particularly, because of the fact that most of studies
focus only on the Kuznets curve, not taking into consideration additional variables that may affect the correlation.

The purpose of this paper is to investigate the relation between energy supply sources, EU policies and
greenhouse gases emissions, as well as to test if the EU fossil fuels are exchanged for renewable energy sources, or
the renewables serve only as an addition to cover energy demand. This research should answer whether it can be
said that the European Union energy sector is in transition or that it is just evolving by adding new energy sources.

This paper employs two-step analysis. First, in order to check trends, the EU energy sector statistic were
investigated with the use of descriptive analysis. Second step consisted in establishing a set of regression which
described correlation between energy supply sources, EU policies, greenhouse gases emissions and changes in
energy sources of the EU. Twenty-five EU member states were subjected to the analysis concerning the period from
1990 till 2018. Data was sourced from three databases — World Development Indicators (WDI), Eurostat and U.S.
Energy Information Administration (EIA).

This paper encompasses five logically structured sections. Section 1 is the Introduction and presents general
background of the study, as well as it sets its major aims and scope. Section 2 presents a broad context of the
research; it provides the reader with an extensive discussion on the energy transition process and available literature.
Section 3 presents methodological setting and data explanation. Section 4 presents and interprets results of empirical

analysis. Finally, Section 5 constitutes a conclusion.

2. Literature review

2.1 Energy Transitions

Energy transitions are not a broadly researched subject. Literature presents some assumptions that are used with
the purpose of investigating this topic, however, all of those differ depending on the research scope. To define
transition, at least two conditions have to be specified — time frame and substitution of fuel source. According to that

assumption four “mainstream” definitions used in research were presented in Table.1
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Table 1. Energy transition definition review

Definition Source

A change in fuels (e.g., from wood to coal or coal to oil) and their associated infrastructure (i.e.,
from transporting oil in wooden barrels to pipelines)

Shifts in the fuel source for energy production and introduction of socio-energy policies Miller et al.

A particularly significant set of changes to the patterns of energy use in a society, potentially

. . . O’Connor
affecting resources, carriers, converters, and services

The switch from an economic system dependent on one or a series of energy sources and | Fouquet and
technologies to another Pearson

The main feature of the aforementioned definitions is change of a fuel source. However, for transition to
happen, such a change is not enough. Researchers’ opinions differ on what additional condition have to be met in
order to confirm the energy transition. Hirsh and Jones (2014) argue that it is crucial that change of fuel is
accompanied by a technological shift, but not only the one that uses it (i.e., from internal combustion engine to
electric engine), but more importantly, the change that enables an increase in efficiency of infrastructure. Transitions
were also described by Miller et al. (2014) based on the phenomenon of turning towards photovoltaic energy in
Arizona. Beside the fuel source, the authors added a crucial condition of socio-energy policies that have to be
introduced by governing bodies. Those policies should have two main roles: first, to provide a guideline for
development of new energy technology, and second, to control the rapid exploitation of sources and environment
(i.e., by nuclear waste disposal control). Only O’Connor (2010) provided a specified definition (however very
general). According to his assumptions, any significant change concerning energy sector leads to energy transition.
However, following the author’s understanding, an energy transition takes place not only in macro- but also (and
mainly) in microscale. One of the examples he provided, was transition from wood fireplaces to coal stoves which
took place in the UK in the 17™ century, and which was driven by rising costs of wood and enabled by easier
distribution of stoves and coal. The latest definition was presented in an editorial by Fouquet and Pearson (2012). In
their study, they presented new technologies using new type of fuel. In many cases, they were more expensive than
conventional ones, however they became cheaper thanks to technological development or equipped with enhanced
characteristics that new customers were willing to pay for. The authors argued that the main measure of success in
history was the price of sourcing energy from new fuel.

Typically, phrase energy transition implies that new energy source is added to the mix and its share is increased
while other sources remain constant with energy production or are, they decrease. In history, new energy sources
were implemented during rapidly rising energy demand (Fouquet and Pearson 2012), which implies that they might

have served just as an addition. For the purpose of this research, energy transition should be defined as an increase

Hirsh and Jones
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of energy production from one source with its simultaneous decrease while using a different source or fuel. In other
cases, it should be called an evolution (or addition).

As all processes, transitions should take place in specified time frames. However, most new technologies are
developed in niche and their entrance may not be recognised. Usually, the beginning of transition is considered to
take place when new fuel or technology obtains 1% of market share (Sovacool, 2016) and it ends at 25-50% of
market share (Smil, 2010, Grubler et al. 2012). Nevertheless, the aforementioned time frame does not specify the
actual time of a transition. Main reason for that is that each transition we are aware of, took different number of
years. For example, in the United States, natural gas needed 70 years to rise from 1% to 20% of market share. In the
case of crude oil, it took 50 years to reach 10% from its exploration in 1860’s and additional 30 years to reach 25%.
The coal needed 103 years to account for only 5% of the US energy supply (Smil 2012). The above-mentioned
periods take place at a slow, nonconstant pace. After reaching 5% of a market share, coal needed only 26 years to
gain additional 20 p.p. while oil gained 21.6% of market share (from 2.4% to 24%) between 1890 and 1925 (Pratt et
al. 1981). This phenomenon confirms Fouquet and Pearson (2012) thesis, that new sources of energy develop in
niche till they reach a point of becoming cost-effective. Pace of transition may also be driven by geopolitical and
economic reasons, such as lack of resources for investments and research and development as a result of financial
crisis. Previous transitions that were explored, needed at least 40 years from the stage of being technology novelties
up to their dominance. Aggregate transition of whole economy could take centuries, as it requires change in fuels
and technology of multiple energy services (Fouquet, 2010).

For the purpose of this research, energy transition is defined as a change (replacement) of one energy source for
another one, combined with the development of technology.

2.2 Energy policies implications

Energy policies play important role in balancing trade-offs among competing goals of coping with challenges
from the politics, technology, and economy especially in countries that have decided to support energy transition (
Costa-Campi et al., 2017). Substantial number of studies investigates impact of policies on the evolution of power
supply and focus on interaction between regulations and market stakeholders. lychettira et al. (2017) analyses the
effects of renewable energy support schemes, Chappin et al. (2017) different energy and climate policies while
Bhagwat et al. (2016) and Bhagwat et al. (2017) investigate the effects of strategic reserve and capacity mechanisms
on the change of power supply. Li and Strachan (2019) test various policy models. Their findings show that some

models “account for co-evolutionary dynamics between policies, behaviour of investors and technologies”.
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Simulation of Barazza and Strachan (2020) concludes that a successful transition requires the co-evolution of the

policy dimension with the strategies of the heterogeneous market players.

Genser et al. (2020) provide a better understanding of how electricity markets and their regulation can
successfully co-evolve. Rabe (2018) has concluded that state-level policies drive the energy transition, and
policymakers frequently draw inspiration from success of the other states.

Since 1997, the EU Parliament has issued more than 15 documents (policies, directives, legislations) concerning
implementation of renewable energy sources. Main reason for that kind of legislation is to decrease greenhouse gas
emission by increasing the share of renewables in the EU energy mix to 20% by 2020 and up to 30% by 2030. What
is important is the fact that this share should not be achieved by addition of new energy sources, but by the
replacement of fossil fuels (as the EU Parliament agreed on increasing energy efficiency).

The main reason of these policies is to decrease emission of greenhouse gases and to slow climate change.
Carbon dioxide represents 76% of all greenhouse gases, where 65p.p. are assigned to sourcing energy from fossil
fuels (combined with industrial use of this fuels i.e., to obtain heat) (IPCC2014). In 2019, energy related CO;
emission equalled to 33.3Gt (IEA 2019). The European Union is responsible for 22% of global CO, emission and is
one of the world regions that has the highest influence on climate change (GCP 2016). Based on that information, it
is clear that transition from fossil fuels to renewables of low or non-greenhouse gas emission is a way to decrease

greenhouse gas emission thus slowing down climate change.

The EU member states are not rich in the energy resources. Contemporary energy transition studies engage in
geographically sensitive questions in resource peripheries (Murphy and Smith, 2013), spatial analysis of
vulnerability to impacts of ‘low-carbon’ energy transitions ( Harrahill and Douglas, 2019 Carley et al., 2018a), and

community-level effects of energy transitions ( Graff et al., 2018; Carley et al., 2018b, Haggerty et al., 2018).

Building on these threads of scholarship, this study focuses on how policy, energy supply source and
macroeconomic factors influence the negative impact of human activities on the environment. It investigates
whether possession of local fossil fuels impacts the energy transition, and it is challenging the hypothesis that the

EU member states decoupled their development from energy consumption without negative impact on industry.

3. Energy sector in the EU
Total energy produced in 2018 within the EU equalled to 1698,56 MTOE which was only 0.07% more than in

1990, but at the same time, 10.2% less compared to its pick in 2006. Energy produced using fossil fuels equalled to


http://mostwiedzy.pl

A\ MOST

1230.25MTOE, 12.9% less than in 1990 and 17.7% less than in 2006. As much as 241.73MTOE was sourced from
renewables, which is 235% more than in 1990. The European Union’s energy structure is strongly diversified
because of differences in the economy and population of each member state. It is visible when the average
production of energy in 2018 of 67.94MTOE is analysed taking into consideration different member states, e.g.,
Germany supplied the most energy within the EU (i.e., 316,12MTOE) and Latvia was the country which accounted
for only 4.83MTOE, thus being the supplier of the least volume. It is more reasonable to compare production of
energy per capita, where standard deviation is much smaller compared to the average. The highest supply was
recorded in Finland (6.37TOE per capita) and the lowest in Romania (1.72TOE per capita). Summary of energy
production statistics were presented in Table 2.

Table 2. Change in energy supply within the EU, 1990 — 2018 comparison.

1990 2018
Total 1697.312 1698.5575
Total energy supply Mean 67.89 67.94
(KTOE) Min 5.73 4.83
Max 358.25 316.12
Mean 3.70 3.45
Totgl energy supply per Min 1.79 1.72
capita (TOE) Max 6.24 6.37
Total 72.15 241.73
Total renewable energy Mean 2.89 9.67
supply :
(KTOE) Min 0.17 1.13
Max 15.22 43.05
Mean 0.24 0.63
Total renewable energy Min 0.02 0.24
supply per capita (TOE) o . 519
Total 1412.22 1230.25
Total fossil fuel energy Mean 56.49 49.21
?KAF’%’E) Min 411 2.85
Max 312.20 253.48
Mean 3.04 241
Total fossil fuel energy Min 1.46 1.27
supply per capita (TOE) Max EED 475

Source: Own elaboration based on Eurostat

Long term empirical evidence suggests that energy used in economy is directly proportional to its development
(Warr et al. 2010). Given the negative impact of energy sector on climate change (especially technologies using
fossil fuels), many countries decided on decoupling its economic performance from energy. This process relies on
enhancing efficiency within economy by increasing units of produced output per unit of energy. In the EU, 21 out of

28 member states reached absolute decoupling in 2005 (EEA 2016). The main concept of decoupling has been
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challenged by many researchers (Moreau and Vuille 2018, Voigt et al. 2013, Fiorito 2013, Peters et al. 2008). The
main charge against its success is the question whether deindustrialisation and moving the least efficient processes
abroad may be called a decoupling, and additionally, whether the energy use of the foreign country should be
assigned to the deindustrialising country (Moreau and Vuille 2018). Nevertheless, decoupling phenomenon may be
one of the reasons that in 2006, aggregated energy supply within the EU peaked thus changing a trend (Fig. 1). The
second reason for that may be assigned to Green Papers on energy security “ The European Strategy for Sustainable,
Competitive and Secure Energy” (COM (2006) 317) which was a response to a risk of natural gas shortage which in
80% had been imported from Russia through Ukraine (Westphal 2006) and "Energy Efficiency - or Doing More
With Less" (COM (2005) 265) which focused on energy efficiency (by setting target in energy usage reduction on

20%) in purpose of meeting the EU obligations towards the Kyoto Protocol.

Figure 1. The European Union energy supply
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Both (2005 and 2006) Green Papers were supplemented with the renewable Energy Directive signed by the EU
members in 2009. This directive set clear targets for energy sector, its impact on climate and use of fossil fuels. This
step towards Europeanisation of national renewable energy and centralisation of energy markets (Solorio and
Bocquillon 2017) set one of the most important targets concerning the share of energy sourced from renewables in

energy mix (15% excluding hydro by 2013) (2009/28/EC). Since introduction of the aforementioned policies, the
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aggregated energy mix has changed significantly, (Fig.2) however, this change was slower than anticipated by the

EU legislators and is still a challenge in terms of 2030 targets (Solorio and Bocquillon 2017).

Figure 2. The European Union energy mix 2005-2018
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4. Methodology

4.1 Data

The annual data (time series) concerning the EU member states was sourced from World Development
Indicators (WDI). Data was provided by World Bank, Eurostat database, EIA, and European Commission for 28
countries'. Three EU members were excluded from the sample (Cyprus, Luxembourg, and Malta), because of their
sole reliability on energy import (average import during investigated period was higher than 93% of total energy

supply). Statistics were sourced for period from 1990 till 2018.

1 On January 30th, 2020, the United Kingdom left the European Union. However, in the investigated period, the UK
was still a member of the European Union. For the purpose of this paper, the UK is treated like a full member of the
EU.


http://mostwiedzy.pl

A\ MOST

Table 2 provides definitions of variables and descriptive statistics. Further, the prefix “I” denotes the natural
logarithm. Variable OIL was obtained by multiplying the average annual price of Brent crude oil by the average
exchange rate against USD in a given country (as Brent price does not vary between countries). Oil was taken as a
proxy for energy prices. While oil is not the only energy source, it is responsible for more than 36% of the EU
energy supply (Eurostat 2019). What is more, price of oil is directly coupled with prices of natural gas, which (in
total) represent 59% of the EU energy supply and is related to prices of coal (Moutinho et al. 2011, Shafiee and
Topal 2010). Brent was chosen as a reference because it has the largest market share (Fontini and Antonietti 2019).
CO2 representing the emission of greenhouse gasses was employed to present whether the EU efforts to slow down
climate change are effective. It made it possible to check if an increasing supply of energy from renewables results
in decreasing the emission of carbon dioxide thus replacing energy sourced from fossil fuels. REN (representing all
renewables including hydro) and FOSS (representing a sum of gross energy sourced from solid fossil fuels, oil,
petroleum products, peat, and natural gas) were presented in thousands of tonnes of oil equivalent (TOE) and
represented 86.6% of the EU energy mix. It was assumed that in order to confirm transition, a negative correlation
between those variables should be observed and energy sourced from fossil fuels should decrease at a faster pace
compared to the efficiency increase. Variable POL was created to mark years when significant EU’s policies were
introduced. To confirm effectiveness of EU’s policies and directives, they should interact with supply of fuels thus
decreasing carbon dioxide emission. EEF was chosen to represent total energy in the economy, which is a measure
employed by the EU to track the implementation of directives (Eurostat) directly influencing prices and energy
supply in the economy (Moutinho et al. 2011). GDP per capita was used to control whether the economies of the EU
countries were developing while the energy supply was increasing, and if its rise results from a higher energy
demand (what would deny decoupling theory and the effectiveness of EU’s policies on energy efficiency). Countries
exporting certain fuels (mainly oil) are prone to subsidise their internal consumption, which may result in lower
volatility of energy demand thus increasing prices. Surplus may also be allocated to invest in development of new
energy sources (Gylfason 2006), that is why IMP was employed to the analysis. RTS was chosen to control whether
the access to natural resources is not slowing down transition (or evolution) and as such is decreasing the
effectiveness of EU’s directives on energy sustainability. In order to verify if an increase of energy efficiency in the
economy is not a result of deindustrialisation (Moreau and Vuille 2018), and consequently, if a sustainability of EU

countries is not just virtual, IND was selected as a control variable.
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Table 3. Definitions and descriptive statistics of data used in the study.

Var Definition Source N mean SD Min Max

CO2 Greenhouse gas emissions, Thousands Eurostat 700 156413.10 203459.10 7045.31 1036608.00
Tons of CO2 equivalent

REN Gross available renewable energy in Eurostat 725 5486.40 6981.71 154.60 43046.16
thousands of TOE

POL Dummy variable, if 1 then in this year European 725 0.31 0.46 0.00 1.00
some the EU policy was introduced Commission
concerning renewable energy/energy
efficiency

FOSS Gross available fossil energy in thousands ~ Eurostat 725 54977.74 69116.11 2528.06 312196.60
of TOE

EFF Primary energy consumption, Million tons  Eurostat 725 64.15 80.50 3.79 332.75
of oil equivalent (TOE)

GDP Annual percentage growth rate of GDP per  WDI 690 2.28 3.63 -14.27 23.99
capita

OIL Brent spot prices in USD multiplied by EIA 725 1154.34 3981.05 0.05 32546.18
average exchange rate of a country

IMP Energy imports dependency, in % Eurostat 725 50.24 24.94 -50.60 91.61

RTS Fossil rents (% of GDP), rents are the WDI 725 0.29 0.50 0.00 4,01

difference between the value of production
for a stock of fossils at world prices and
their total costs of production
IND Industry (including construction), value WDI 656 25.57 5.02 13.68 51.27
added (% of GDP)

REN*  Represents interaction between REN and

POL POL
FOSS Represents interaction between FOSS and
*POL POL

Source: Own elaboration
Note: Presented statistics were obtained before logarithmic transformation, OIL was presented before multiplication
by exchange rate

4.2 Tests

Econometric analysis of panel data is divided into three parts. Because fixed effect regression is used for
estimation, in the first place, variables have to be tested for stationarity. To do so, Im-Pesaran and Shin test (IPS)
was employed. Null hypothesis of this test states presence of the unit root (not-stationarity of series) while
alternative hypothesis assumes lack of unit root in at least a fraction of dataset. Next, variables concerning energy
(REN FOSS EFF) and CO2 were tested for cointegration for which Westerlund test was employed. There are many
cointegration tests available, among which the most recognisable is Pedroni test (Pedroni 1999 and 2004) which
considers heterogeneity and independence. However, in this specific case it was deemed as not plausible as it does
not analyse cross-sectional dependence which was confirmed with Pesaran test (Eberhardt and Presbitero 2013,
Pesaran 2007). Westerlund test estimates four statistics — GO, Ga, (which perform under alternative that the panel is
co-integrated as a whole) and p0, pa (which alternative is that there is at least one element of the panel which is co-
integrated) (Westerlund 2007, Jaunky 2010). In all cases, Ho of no-cointegration is tested. In case of co-integration,

then causality must run in at least one direction (Engle and Granger, 1987).
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Table 3 shows results of Im-Pesaran-Shin test for unit root. In all tests, time trend was included. In all cases, Ho
of unit root was rejected at 1% which resulted in stationarity of at least some panels.

Table 4. Unit root test

Im-Pesaran-Shin (2003) unit root test

Variable  Statistic p-value Options included
IFOSS -3.1295 0.0000 Time trend
IREN -5.3809 0.0000 Time trend
CO2 -4.3404 0.0007 Time trend
EFF -4.3885 0.0006 Time trend
IMP -5.5559 0.0000 Time trend
GDP -9.3653 0.0000 Time trend
OIL -3.0460 0.0000 Time trend
IND -3.5085 0.0000 Time trend

Note: IPS test demands at least 7 observations per panel, which is why to test RTS fisher type test based on
augmented Dickey-Fuller tests has been run. It has resulted with all p-values at 0.0000.

Cointegration test results were presented in Table 4. For transversal dependence, control robust values were
generated through 800 simulations with bootstrapping regression. Westerlund (2007) test was run to check three
different cointegrations. Firstly, to check whether CO2 (dependant) is cointegrated with IREN, IFOSS and EFF,
secondly to confirm the relation between IREN (dependant), IFOSS and EFF, and thirdly, to determine which was a
reversal of the second - IFOSS (dependant), IREN or EFF.

Westerlund test confirmed cointegration for a whole panel, however at least in some cases (individual)
cointegration did not occur. Test for relation between energy sources gives mixed results. In both cases. Ho of no
cointegration was rejected at 5% for whole panels, but not for single countries. In other words, change of energy
supply from one source to the other was cointegrated for a whole panel, but for at least some countries, change of
one energy source did not result in the shift in terms of other sources.

Table 5. Westerlund cointegration test

Variables Statistic Value  Z-value P-value  Robust P-value
Dependent: GO -2.706  -0.01 0.4960  0.081
coz Ga -9.347  3.845 1.0000  0.030
Independent:

IREN IFOSS  P© -9.151  3.364 1.0000  0.593
EFF Pa -6.365  3.809 1.0000  0.264
Dependent: GO -2.952  -2.52 0.006 0.006
IREN Ga -8.85  3.262 0.999 0.389
Independent:

IFOSS PO -12.105 -0.739 0.23 0.081
EFF Pa -8.350  1.574 0.942 0.118
Dependent:  Go -2.762  -1.392 0.082 0.039
IFOSS o, 8993 3164 0999 0297
Independent:

IREN PO -11.633 -0.216 0.414 0.170
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EFF Pa. -6.954 2614 0.996 0.346

Note: Westerlund cointegration test (2007) with a null hypothesis (HO) of non-cointegration
4.3 Models
In the second part, impact of energy supply on greenhouse emissions was tested. Following that step, fixed

effect regressions were run (with additional controls in (b) and (c)):

CO2i= Po + PIREN + B2IFOSS + BsEFF + B4GDP + BsOIL + BsIMP + B7POL + Bg(IREN*POL)

1a)
+ Bo(IFOSS*POL) + 0 + pit
CO2i= Bo + PiIREN + BIFOSS + BsEFF + B4GDP + BsOIL + BeIMP + B7POL + Ps(IREN*POL)
1b)
+ Bo(IFOSS*POL) + B1oRTS + Ot + it
1c) CO2i= Po + B1IREN + BolFOSS + B3EFF + P4GDP + BsOIL + BeIMP + B;POL + Bs(IREN*POL)

+ Bo(IFOSS*POL) + B1oIND + B¢+ puit
where REN and FOSS were transformed with natural logarithms, the term 6: represents year effects that control
business cycles and macroeconomic shocks and i is stochastic error. Fixed effect model was chosen based on

Sargan-Hansen test (Schaffer, and Stillman 2010).

To account for the fact that greenhouse gas emission at time t might be determined by its past values (as energy
transition is a long-term process), that greenhouse gas emission, supply of energy from fossil fuels, energy
efficiency may be determined simultaneously and for fixed effects we estimate a linear dynamic panel data model

using a system GMM estimator (Blundell and Bond 1998). We estimate following relation:

ACO2i= ACO2ir1 + B1APOL + B,A(IREN*POL) it + BsA(IFOSS*POL) it + AX” i+ Api

To decrease number of the instruments we restrict estimation up to four lags and we instrument variables to collapse
in a single vector of instrument per each variable and lag distance. (Roodman, 2009). To assess for first order serial
correlation in the first-order residuals and lack of second-order serial correlation (necessary condition for system
GMM estimation) we employ Arellano-Bond test for serial correlation. We use Hansen J test to check for over-

identifying restrictions.
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In the third step, correlation between energy supply sources (renewables and fossil fuels) was tested through

two additional sets of fixed effect regressions (with additional controls in (b) (c)):

2a) IRENi= Bo + B1lFOSS + B2EFF + B3GDP + B4OIL + BsPOL + Bg(IFOSS*POL) + 0+ pit

2b) |RENit: [30 + ﬁllFOSS + BzEFF + B3GDP + B4OIL + ﬁsPOL + BG(IFOSS*POL) + [37RTS + 0+
it

2c) IRENi= o + PB1IFOSS + B2EFF + BsGDP + B4OIL + BsPOL + Bs(IFOSS*POL) + B7IND + 6+
it

3a) IFOSSi= o+ B1REN + B2EFF + B3GDP + B4OIL + BsPOL + Bs(IREN*POL) + 6; + pit

3b) IFOSSi= Po + B1IREN + B2EFF + B3GDP + B4OIL + BsPOL + Be(IREN*POL) + B7RTS + 6;+ pit

3c) IFOSSi= Po + B1IREN + B2EFF + B3GDP + B4OIL + BsPOL + Bs(IREN*POL) + B7IND + 0+ pit

Model 2 tests the effects of changes in energy production from fossil fuels on increase of energy sourced from
renewables. Model 3 investigates the opposite relation. It is anticipated that in order to confirm hypothesis about
ongoing energy transition, a decrease in energy supplied from fossil fuels should result in an increase of energy
sourced from renewables what should not rise the supply of fossil fuel energy. Table 5-7 present the results of

empirical analysis.

Likewise for Model 1, we have estimated a linear dynamic panel data model using a system GMM estimator
(Blundell and Bond 1998) to account for the fact that supply of the energy at time t might be determined by its past
values, which amount of the specified available energy and price of fossil fuels may be determined simultaneously

and for fixed effects. We estimate following relation:

AIRENi= A IRENit1 + B1APOL + B2A(IFOSS*POL) it + AX it Api
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and

ATFOSSi = A IFOSSit.1 + B1APOL + B,A(IREN*POL) it + AX” i+ Api

For the latter, we employ the same procedure as in case of Model 1 GMM estimation.

5. Empirical results and discussion

5.1 Empirical tests

First, we tested variables for the unit root. Table 3 presents the results of Im-Pesaran-Shin test for unit root. In
all tests, time trend was included. In all cases, Ho of unit root was rejected at 1% which resulted in stationarity of at
least some panels.

Table 6. Unit root test

Im-Pesaran-Shin (2003) unit root test

Variable Statistic p-value Options included
IFOSS -3.1295 0.0000 Time trend
IREN -5.3809 0.0000 Time trend
CO02 -4.3404 0.0007 Time trend
EFF -4.3885 0.0006 Time trend
IMP -5.5559 0.0000 Time trend
GDP -9.3653 0.0000 Time trend
OIL -3.0460 0.0000 Time trend
IND -3.5085 0.0000 Time trend

Note: IPS test demands at least 7 observations per panel, that is why to test RTS fisher type test based on augmented
Dickey-Fuller tests has been run. It has resulted with all p-values at 0.0000.

Cointegration test results were presented in Table 4. For transversal dependence, control robust values were
generated through 800 simulations with bootstrapping regression. Westerlund (2007) test was run to check three
different cointegrations. Firstly, to check whether CO2 (dependant) is cointegrated with IREN, IFOSS and EFF,
secondly to confirm the relation between IREN (dependant), IFOSS and EFF, and thirdly, to determine which was a
reversal of the second - IFOSS (dependant), IREN or EFF.

Westerlund test confirmed cointegration for a whole panel, however at least in some cases (individual)
cointegration did not occur. Test for relation between energy sources gives mixed results. In both cases. Ho of no
cointegration was rejected at 5% for whole panels, but not for single countries. In other words, change of energy
supply from one source to the other was cointegrated for a whole panel, but for at least some countries, change of

one energy source did not result in the shift in terms of other sources.
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Table 7. Westerlund cointegration test

Variables Statistic Value  Z-value P-value Robust P-value
Dependent: GO -2.706  -0.01 0.4960  0.081
Coz Ga -9.347 3.845 1.0000  0.030
Independent:

IREN IFOSS PO -9.151  3.364 1.0000  0.593
EFF Pa -6.365  3.809 1.0000  0.264
Dependent: GO 2952  -252 0.006 0.006
IREN Ga -8.85  3.262 0.999 0.389
Independent:

IFOSS PO -12.105 -0.739  0.23 0.081
EFF Pa -8.359 1574 0.942 0.118
Dependent: GO 2762 -1.392  0.082 0.039
IFOSS Ga -8.993  3.164 0.999 0.297
Independent:

IREN PO -11.633 -0.216  0.414 0.170
EFF Po. -6.954  2.614 0.996 0.346

Note: Westerlund cointegration test (2007) with a null hypothesis (HO) of non-cointegration

5.2 Greenhouse gases emission within the EU

Model 1 was created to confirm that type and quantity of energy supplied within the EU is correlated with total
greenhouse gases emissions. It made it possible to check how the change between energy sources may influence the
climate and to assess if the EU policies on sustainable energy are effective.

When analysed individually, REN is not significant for CO2, however when considered in terms of its
interaction with POL, it negatively influences CO2. One explanation of this phenomenon can be the fact that EU
policies are actually effective and result in an increase of use on non-emitting energy sources. Negative correlation
between interaction of POL with FOSS also confirms that EU policies are efficient and contribute to more
sustainable energy economy within the EU. In the case of positive relation between OIL and CO2 (but negative for
climate), there are two potential explanations. First of all, increase of fossil fuel prices may result in decrease of
welfare within the economy, which leads to lack of resources for investment in new renewable energy sources
(Vielle and Viguier 2007). Secondly, it may be caused by the fact that an increase of fossil fuel prices leads to rise of
income in sectors responsible for those fuels. This additional income may be used as a financial backing for
obtaining new sources of fossil fuels, further exploitation of existing ones or investment in sourcing of those fuels to
make it even more efficient. It may lead to a greater availability of fossil fuels and ultimately to a boost in supply
and consumption. Negative relation between IMP and CO2 shows, that while outsourcing the energy production
abroad may be regarded as positive in terms of the EU’s climate impact, it should not be concerned as beneficial on

a global scale taking into consideration that the production is just moved, and not ceased.
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Table 8. Results of model 1 estimation.

(@) (b) (c)
IREN -14627.45 -14659.22 -13839.22
(11232.51) (11305.18) (11238.12)
IREN*POL -2978.661 * -2976.855 * -1920.823
(1474.244) (1465.157) (1606.169)
IFOSS 39715.05 * 3954581 * 19102.82
(21423.3) (21809.47) (17439.48)
IFOSS*POL  -3480.086 * -3481.911 * -3234.548 *
(1892.499) (1887.029) (1850.944)
EFF 2182.691 *** 2183.624 *** 222756 ***
(498.2865) (500.5959) (512.7845)
GDP 475.1351 476.1112 337.4599
(332.5878) (336.0502) (336.6526)
OIL 0.756665 ** 0.7563828 ** 0.6264448 *
(0.291443) (0.2914072) (0.3522955)
IMP -232.6264 ** -230.1534 ** -229.3513 *
(99.84802) (107.1247) (123.7049)
RTS 301.9905
(3648.011)
IND 536.1477
(650.6782)
POL 62251.19 ** 62233.44 ** 53515.66 *
(25159.54) (25214.88) (26382.05)
Constant -270103.8 -268348.3 -82741.22
(235764.6) (240268.7) (214552.8)
Within R2 0.6976 0.6976 0.7072
N 665 665 627
Year effect  Yes Yes Yes

Note: *p-value < 0.10, **p-value <0.05, ***p-value <0.01

Models (b) and (c) contain additional control variable of RTS and IND respectively. In both cases, those
variables were not statistically significant. In the case of RTS it may be due to the lack of significant or price
competitive deposits of fossil fuels (Ritchie and Roser 2020) within the EU’s area. With regard to IND, lack of
significance contradicts with the findings concerning the fact that process of decoupling in the EU is not an effect of

deindustrialisation (Moreau et al. 2019).

Table 9. Results of model 1 GMM estimation.

(@) (b) (c)
CO2 11 0.932%** 0.972%** 0.913%**
(0.037) (0.020) (0.035)
IREN -541.888 149.434 -993.06
(1060.115) (466.811) (1024.109)
IREN*POL -0.121* -0.144* -0.112
(0.070) (0.076) (0.079)

A\ MOST
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IFOSS 2007.746* 1348.584** 2395.758**
(1117.015) (621.243) (1140.856)
IFOSS*POL -0.035*** -0.036*** -0.034***
(0.006) (0.008) (0.007)
EFF 130.358 37.124 179.705*
(103.895) (49.294) (105.690)
GDP 311.987** 270.771** 210.026
(129.234) (112.866) (156.519)
OIL 0.381*** 0.159 0.381**
(0.144) (0.100) (0.158)
IMP -125.474 23.856 -106.391*
(107.965) (40.384) (57.530)
RTS -436.863
(932.391)
IND 226.924
(295.533)
POL -6179.833* -6415.216* -4801.023
(3638.341) (3609.456) (4597.898)
Constant -7906.697 -14301.127** -16759.139
(11464.185) (5702.446) (12659.383)
Year dummies Yes Yes Yes
N 650 650 618
N. instruments 25 25 25
AR(1) p-value 0.0238 0.0262 0.0223
AR(2) p-value 0.1701 0.1724 0.135
Hansen J test (p) 0.987 0.99 0.99

Note: *p-value < 0.10, **p-value <0.05, ***p-value <0.01

Table 9 presents results of the difference GMM estimations. Column (a) confirms that, even controlling for past
CO2 values, IREN in interaction with POL is negative and remains significant as well as IFOSS*POL. Relation with
IFOSS stayed positive and statistically significant. Obtained results are in line with previously presented
conclusions. The only other variables that remained significant are OIL and GDP which shows that higher growth of
the economy results with higher emission of the greenhouse gases — at least in case of energy sectors based on fossil
fuels. Results in Column (b) and (c) do not change much when we add RTS and IND as a control variable. AR and
the Hansen J tests confirm that our instrumenting strategy is valid - the former confirms that the differenced

residuals follow an AR(1) process, while the latter never rejects the null hypothesis of no over-identification.

5.3 Renewable and Fossil fuel energy supply modelling

Model 2 was designed to confirm thesis on ongoing energy transition within the EU by checking whether

change in supply of energy sourced from fossil fuels resulted in an increase of energy sourced from renewables. In
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other words, to check if fossil fuels are substituted with renewables or if their decrease is just a result of increasing

energy efficiency within the EU.

Table 10. Results of model 2 estimation.

(@) (b) (c)
IFOSS 0.0077263 -0.0102539 0.0360689
(0.3359546) (0.3308869) (0.3698825)
IFOSS*POL  0.0408674 ** 0.0411536 ** 0.0298012 *
(0.0186281) (0.0187201) (0.0166775)
EFF -0.0141777 **  -0.0140988 **  -0.0160335 ***
(0.0054046) (0.0054665) (0.0054363)
GDP 0.0025454 2.72E-03 3.12E-03
(0.0045618) (0.0043884) (0.0046882)
OIL -1.78E-06 -1.79E-06 -2.43E-06
(7.83E-06) (7.85E-06) (8.59E-06)
RTS 0.0460624
(0.0405796)
IND -0.000068
(0.0095209)
POL 1.007605 *** 1.017961 *** 1.1559 ***
0.2485928 0.2489753 0.2918546
Constant (8.035236) **  (8.199028) **  (7.879209) **
3.336972 3.283836 3.588911
Within R2 0.7932 0.7937 0.7896
N 690 690 652
Year effect Yes Yes Yes

Note: *p-value < 0.10, **p-value <0.05, ***p-value <0.01

In accordance with the results obtained in the study, they seem to contradict with previous assumptions. Positive

relation between REN and FOSS*POL suggests that additional costs of CO; emissions (The European Commission

2020), as a result of burning fossil fuels, may be a spur for diversification of energy mix with zero emissions energy

sources. Correlation with EFF shows that decrease in energy consumption does not negatively affect REN. Obtained

results suggest that the development of REN is driven by the EU’s policies rather than by free market mechanisms.

Table 11. Results of model 2 GMM estimation.

(@) (b) (c)

IREN 1 0.976%%%  0.974%**  (.977***
(0.005) (0.005) (0.005)

IFOSS 0.016%*  0.016%**  0.020%**
(0.007) (0.006) (0.007)

IFOSS*POL 9.046-07 **  7.14E-08 5.44e-07 **
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(3.53e-07) (7.88e-08)  (2.76e-07)

EFF -0.0001 0 0
(0.0001) (0.000) (0.000)
GDP 0.002 0 0.003
(0.005) (0.004) (0.005)
OIL -1.53E-07 8.60E-09 -2.11E-07
(6.08e-07) (3.08e-07)  (5.46e-07)

RTS 0.007

(0.005)
IND 0
(0.001)
Constant 0.064 0.052 0.023
(0.075) (0.059) (0.067)
POL -0.074*  0.068*** -0.071
(0.042) (0.025) (0.044)
Year dummies Yes Yes Yes
N 650 650 618
N. instruments 25 25 25
AR(1) p-value 0.0001 0.0001 0.0001
AR(2) p-value 0.6973 0.9239 0.9616
Hansen J test (p) 0.1249 0.519 0.2014

Note: *p-value < 0.10, **p-value <0.05, ***p-value <0.01

Table 11 presents results of the difference GMM estimations. Column (a) confirms that, even controlling for
past IREN values, IFOSS in interaction with POL is still positive and remains significant. Obtained results are in line
with previously presented conclusions. AR and the Hansen J tests confirm that our instrumenting strategy is valid -
the former confirms that the differenced residuals follow an AR(1) process, while the latter never rejects the null
hypothesis of no over-identification.

Model 3 was created to control whether increase of energy sourced from renewables in parallel with increasing
energy efficiency results in decrease of energy sourced from fossil fuels. According to the results, there is no
relation between REN and FOSS. Positive relation between EFF and FOSS was anticipated having in mind the fact
that FOSS is the key contributor to EU’s energy mix and thus it is exposed on decreasing energy demand. Statistical
significance of GDP in this model suggests indirect correlation with greenhouse emissions. What is more, it
confirms findings on decoupling of energy production from economic development (Voigt et al. 2013). Positive
relation between IND and FOSS suggests that supply of energy from other sources (such as renewables) is not
sufficient to cover the demand rising in the industry. However, this statistic is not significantly different from zero,
which suggests that increase or decrease of performance within the industry have no effect on production of energy

from fossil fuels.
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Table 12. Results of model 3 estimation.

(a) (b) (c)
IREN 0.0035437 0.0012661 0.0063235
(0.0434208) (0.0422622) (0.0386492)
IREN*POL  -0.0014921 -0.0012605 0.0057098
(0.0099484) (0.0098201) (0.0073323)
EFF 0.0068645 *** 0.0067878 *** 5.99E-03 ***
(0.002049) (1.99E-03) (0.001847)
GDP -0.005069 ** -4.80E-03 ** -0.004841 ***
(0.0021783) (0.0021087) (0.0014153)
OIL -2.43E-07 -2.54E-07 -1.25E-06
(2.73E-06) (2.67E-06) (2.20E-06)
RTS 0.0450379
(0.0409042)
IND 0.0080278 ***
(0.0025998)
POL -0.0476561 -0.0324459 -0.1367793
(0.1100612) (0.1048754) (0.1057374)
Constant 9.753636 *** 9.760367 *** 9.622078
(0.3990716) (0.3892446) (0.3757143)
Within R2 0.5092 0.5177 0.5718
N 690 690 652
Year effect Yes Yes Yes

Note: *p-value < 0.10, **p-value <0.05, ***p-value <0.01

Table 13 presents results of the difference GMM estimations of model 3. Only remaining statistically significant
variables are GDP and IND (in (c)). Controlling for past values of IFOSS contradicts with previous results. Obtained
results challenge theorem on decoupling of energy production from economic development (Voigt et al. 2013). AR
and the Hansen J tests confirm that our instrumenting strategy is valid - the former confirms that the differenced

residuals follow an AR(1) process, while the latter never rejects the null hypothesis of no over-identification.

Table 13. Results of model 3 GMM estimation.

(@) (b) (c)

IFOSS 11 1.003***  1,001%** 1.003%**
(0.004) (0.005) (0.003)

IREN 0.004 0.004 0.004
(0.004) (0.004) (0.004)

IREN*POL -410E-07 -1.66E-07  -1.08E-06
(9.92¢-07)  (9.42¢-07)  (1.15e-06)

EFF -0.0000314 -0.0000126  -0.0000283
(0.0000487)  (0.000072) ( 0.0000398 )

GDP 0.005%**  0.005%** 0.005%**
(0.001) (0.001) (0.001)

oIL 523E-07  6.16E-07 4.88E-07
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(3.46e-07)  (4.51e-07)  (3.02e-07)

RTS 0.009
(0.010)
IND -0.001**
(0.001)
POL -0.03 -0.029 -0.028
(0.020) (0.021) (0.028)
Constant -0.058 -0.045 -0.029
(0.041) (0.048) (0.052)
Year dummies Yes Yes Yes
N 650 650 618
N. instruments 25 25 25
AR(1) p-value 0.0002 0.0002 0.0003
AR(2) p-value 0.0812 0.0772 0.072
Hansen J test (p) 0.1605 0.1605 0.2472

Note: *p-value < 0.10, **p-value <0.05, ***p-value <0.01

6. Conclusions

This study had two main objectives; first of all, it was to investigate the relation between energy supply sources,
the EU policies and greenhouse gases emissions, as well as to test hypothesis that the EU is undergoing energy
transition. In order to answer these questions, firstly, descriptive analysis of trends in supply of energy was carried
out. For the purpose of this analysis, panel data for twenty-five EU member states concerning the period from 1990
to 2018 was gathered. It resulted in confirmation that the EU energy system is in transition, and what is more
important, tends to be more efficient in comparison to the 90’s. Another conclusion was that energy mix of the EU
is changing and it heads towards more sustainable energy economy, which constitutes one of main EU policies. The
second step was to employ econometric methods to confirm or reject the set hypotheses. According to a
cointegration analysis that was carried out under high cross-sectional data dependency, it was concluded that for
aggregated panel data there is a cointegration between energy sources, its efficiency and greenhouse gasses
emissions. These tests were followed by fixed effect regression which subsequently was confirmed by the GMM
estimation. The results obtained from estimation gave mixed findings which contradicts mainstream perception,
especially with regard to renewables. According to the outcomes, the EU efforts towards reaching sustainable
energy economy through introduction of energy policies are effective. Taking into consideration the fact that using
fossil fuels for energy purposes is considered to be one of the biggest contributors to greenhouse gases emissions, it
was presumed (and confirmed) that supply of those fuels should have a negative (in terms of climate change) impact
on emissions of carbon dioxide. Obtained results make it possible to confirm that EU efforts in reaching sustainable

energy economy may be assessed as effective.
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Implementation of policies concerning energy economy within the EU and increase of renewables in the EU
energy mix suggest (in accordance with some theorems [i.e., Sovacool 2016, Miller et al. 2014)) that energy
transition has begun decades ago. However, the lack of statistical significance between increase of energy produced
with renewable energy sources and greenhouse gases emissions suggest that renewable energy does not influence
the energy sourced from fossil fuels. What is more, the results of model 2 estimations suggest that renewables are
positively correlated with fossil fuels that are in compliance with EU policies. Moreover, model 3 does not provide
any statistically significant evidence for correlation between those energy sources. It seems that introduction of new
policies is a driver to change rather than a result of moving into different energy sources. Therefore, it cannot be
concluded that hypothesis concerning energy transition within the EU is correct. According to the empirical results
obtained in the study, it may be concluded that the EU energy economy is evolving rather than being in transition.
The main reason for this may be a disproportion in implementation of the EU policies between its member states.

According to the findings of this study, it may be pointed out that in order to achieve the state of energy
transition resulting in a successful decrease of the negative influence that EU economies have on climate change, all
member states should follow and implement policies and directives set by the EU Parliament to the same degree.
What is more, excessive subsidization of renewables thorough different programs is not resulting with significant
increase of their share in total energy mix. Economic theory predicts that decision-makers purchase an appliance or
vehicle when its net utility exceeds that of all other alternatives under consideration (Varian, 1992). In line with that
theorem energy transition should take place when technological advancement decreases cost of energy from a new
source below current price of energy, or in case when negative effects are much higher in existing source of energy.
This implies that costs of transferring towards renewables are still too high. Policymakers, to achieve state of energy
transition, should increase the subsidies or tax exemptions on renewables or increase costs of sourcing energy from
fossil fuels through additional CO2 taxation.

This research treats European Union as a one body. Further research should be conducted to investigate the
disproportions in implementation of the EU policies among its member states. Finding differences will allow to
understand which exactly policies are effective and to what extant. Further investigation should also answer what are

the reasons that some policies are more effective than others.
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