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Analysing the Energy Stocks Dynamics in European 
Countries Under an Energy Transition Framework

Emna Kanzari*, Stefano Fricano*, Gioacchino Fazio*1 

Abstract
In recent years, threats to economic development due to escalating tensions related to 

fossil fuel use in the global energy landscape, have accelerated the need to stimulate the 
energy transition towards the use of renewable energy. Consequently, renewable energy, 
which today is seen as an important opportunity and the primary solution, has become 
the focus of international and local policymakers, mainly, in the developed countries that 
depend on fossil fuel imports such as European countries. The objective of this paper 
is to examine the dynamics of renewable energy in European nations by analysing the 
energy stock changes as a function of a set of variables mainly the production and the 
consumption of renewable energy. To do this, we used a Probit model considering the 
energy characteristics of countries as a function of their potential economic impact. The 
findings suggest that the increase of renewable energy proportion in the total energy sup-
ply results in a reduction in the energy stock levels in the countries studied, while greater 
openness to international energy markets results in an increase in energy stocks to deal 
with market shocks. Stretching further the analysis, the estimated parameters obtained 
from the Probit estimation were employed to divide the countries used in the sample into 
three groups based on their propensity towards a decrease in their energy stocks.

1. Introduction

In the context of energy production and consumption, the association between 
energy risk and fossil fuels is undeniable (Khan et al., 2023). Fossil fuels, 
including coal, oil, and natural gas, have long been the primary sources power-
ing the global economy (Wu, Chen, 2017). However, their dominance comes 
with inherent risks that span environmental, economic, and geopolitical dimen-
sions. Firstly, the environmental risks associated with fossil fuels are manifold. 
Burning these fuels releases greenhouse gases, primarily carbon dioxide, into 

*	 University of Palermo, Department of Economics, Business and Statistics, Palermo, Italy, email: 
emna.kanzari@unipa.it (corresponding author), stefano.fricano@unipa.it, gioacchino.fazio@unipa.it.
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the atmosphere, intensifying the greenhouse effect and contributing to global 
climate change (IPCC, 2023). 

Geopolitically, regions rich in fossil fuel reserves often experience significant 
geopolitical tensions and conflicts. The scramble for control over these resources 
has historically led to power struggles, interventions, and wars, underscoring the 
geopolitical risks intertwined with fossil fuel dependence.

Economically, the volatility in fossil fuel prices can destabilize national and 
global economies. Dependence on these exhaustible resources creates vulnerability 
to supply disruptions, geopolitical tensions, and market fluctuations. Furthermore, 
the transition away from fossil fuels towards renewable energy sources represents 
both an economic challenge and opportunity, with nations and industries seek-
ing to balance energy security, affordability, and sustainability. Unlike fossil fuels, 
renewable energy is characterised by its abundance and not being concentrated in a 
specific geographic area, providing more energy independence for countries (Khan 
et al., 2023). Many countries around the world, specifically, European countries, 
consume fossil energy more than they produce, which makes them heavily rely on 
foreign sources to meet their needs and be closely linked to the fossil exporting 
countries. This strong reliance can be used in some cases as a means by exporting 
countries to exert pressure, particularly in times of political conflicts and crises, 
and the tensions between Russia and the European countries are a clear and recent 
example of this. This crisis has highlighted Europe’s over-dependence on fossil 
sources imports from Russia and has brought to the fore the necessity to reduce 
them, accelerate energy transition programs and policies, and increase the share of 
renewables in the energy mix, in order to obtain a more robust energy system and 
gain energy security (European Commission, 2022). 

While fossil fuels have played a pivotal role in powering human progress, their 
associated risks underscore the urgent need for diversifying the global energy 
mix and accelerating the transition towards cleaner, renewable alternatives.

However, while renewable energies promise a sustainable future, doubts per-
sist about their ability to fully mitigate energy risks for nations. The intermittent 
nature of sources like wind and solar can pose challenges to consistent energy sup-
ply, potentially leaving gaps in demand coverage. Additionally, the infrastructural 
demands and initial investment costs associated with renewables can be substantial, 
especially for developing nations. Concerns also arise regarding the scalability and 
storage capabilities of renewable technologies to meet growing energy demands. 
Hence, while renewables offer promising solutions, questions about their compre-
hensive role in offsetting energy vulnerabilities remain (Cergibozan, 2022). 

This contribution tries to understand, through the study of the energy trends 
of European countries, the attitude of the various countries and whether there 
has been a positive effect of renewable energy on the mitigation of energy risk. 
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For this purpose, an analysis was developed of the trend of energy stocks 
in various countries over the last two decades and, which to our knowledge 
has never been reported in the literature, the possible interconnections with the 
development of renewable energy have been highlighted.

The dynamics between energy stock levels and perceived energy risk offer 
intriguing insights into global energy security and market sentiments. When 
energy stocks are abundant and surpass demand, it typically signifies a more 
stable energy landscape. Countries with high energy reserves, such as oil-rich 
nations or those with extensive renewable energy capacities, often experi-
ence reduced perceived energy risks. As the global energy landscape evolves, 
understanding this interplay becomes paramount for policymakers and industry 
stakeholders to ensure both energy resilience and public confidence.

The structure of this paper is as follows. The next section will discuss the 
literature review on renewable energy and energy security. In the third section, 
we will introduce the data and the methodology employed in the empirical work. 
Subsequently, we present the results and the discussion and finally, the last sec-
tion summarizes and concludes.

2. Literature Review on Renewable Energy and Energy Security

Energy security is a multifaceted concept that includes different dimensions. 
In general, the concept refers to the ability of the country to obtain energy sources 
uninterruptedly and affordably to satisfy its needs. Energy security contains four 
main dimensions namely the availability, accessibility, affordability and accept-
ability (Gökgöz, Güvercin, 2018). The availability of energy resources refers 
to the physical existence of energy, its accessibility means the ability to reach 
and use energy resources despite geographical and technological constraints. As 
for affordability, it implies access to energy at affordable and reasonable prices. 
Acceptability, on the other hand, is related to the use of energy with low environ-
mental impacts (Gökgöz, Güvercin, 2018). As commonly understood and based 
on several studies, fossil fuel energy is highly associated with energy security 
risk. Firstly, because fossil fuels are finite and will be completely consumed in 
the long run (Holechek, et al., 2022). Secondly, they are not equitably distrib-
uted across countries and regions, which makes some countries heavily rely on 
imports from the other countries to satisfy their energy needs (Murshed, et al., 
2020). Thirdly, over the last decades, oil, gas and natural gas prices have shown 
significant instability (Scholten, et al., 2020). Fourthly, the use of fossil fuels is 
strongly associated with carbon emissions and negative environmental impacts 
(Maji, et al., 2019). That said, according to previous research, renewable energy 
is considered an alternative to fossil fuels in different ways and can positively 

Copyright © 2024 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835166535



308

affect energy security (Cergibozan, 2022). Renewable energy (RE) contributes to 
the reduction of CO2 emissions, and it has less negative environmental impacts, 
making it more acceptable than fossil fuels (Bilgili, et al., 2016). 

Additionally, despite its land and technical constraints, RE remains a better 
alternative to fossil fuels in terms of long-term sustainability and geographical 
availability, since it is characterised by its abundance all over the globe (Mori-
arty, Honnery, 2016). Also, renewable energy includes solar power, wind power, 
hydropower, geothermal energy and bio-energies. The diffusion of each of these 
powers generates more capacities from various sources and adds to the total 
energy supply of the country. According to Aslani et al. (Aslani, et al., 2012), 
the higher the diversification of the energy resources in a country, the higher 
the diversification of the energy supply and the higher the energy security of 
supply. The diversification of the energy system including resources with low 
environmental impact and available in abundance such as renewable alternatives 
can allow energy security as it offers new capacities with various sources, unlike 
the single-energy system especially that with high environmental and security 
supply risk such as fossil fuels, which represent a real obstacle to sustainable 
development and energy security achievement (Akrofi, 2021). 

The diversity in the energy resources will allow countries to have more than 
fossil fuels in their energy mix and may be beneficial, especially for countries that 
do not have high fossil production and import it from foreign markets. Energy 
poor countries depend on external energy countries to satisfy their increasing 
energy demand. By doing so, they are more exposed to market risks and depend-
ence on other countries. By employing more renewables produced domestically, 
energy importing countries may reduce their reliance on external suppliers and 
decrease their high budget expenditure (Aslantürk, Kiprizli, 2020). 

It is clear that for fossil fuel importing countries, renewable energy will guar-
antee a secure supply from domestic production. However, when these countries 
decrease their imports, it can represent a challenge for the economy and budget 
revenues of exporting countries which heavily depend on the revenues of energy 
exports. For these countries, it is important to maintain their energy exports and 
ensure their energy security of demand (Novikau, 2022). The Organisation of the 
Petroleum Exporting Countries (OPEC), are the first to be affected by the reduc-
tion of their exports as they control the oil market and between 2011 and 2019, 
they have seen a significant decrease in their oil exports. For OPEC, ensuring the 
energy security of demand is as important as the security of supply (Fan et al., 
2023).

Another aspect of energy security is the geopolitical conflicts between differ-
ent countries to control the energy market. The use of fossil fuels is historically 
related to geopolitical tensions, wars and conflicts. Unlike fossil fuels, renewable 
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energy is expected to reduce these tensions between countries as renewable 
resources such as solar, wind, hydro, ocean and geothermal are equally distrib-
uted across regions. The fact that renewable resources are available for every 
country will offer self-sufficiency to many countries, which will decrease the 
energy conflicts between them (Agaton, 2022).

As previously mentioned, renewable energy plays a significant role in ensur-
ing energy security. Despite that, the relationship between energy security and 
renewable energy has not been sufficiently studied empirically in the literature.

Numerous studies examined composite energy security indicators and frame-
works from various angles, including inconsistencies, measurement challenges, 
and methodological limitations. (Siksnelyte-Butkiene, et al., 2024)  examined 
40 different composite indicators that have been developed and used in recent 
years. The results indicate that many energy security indicator sets are insuffi-
cient in capturing the entirety of changes in the energy market, economy, policy, 
international trade, and other external factors. Despite this, many authors have 
reported some general considerations about some results that can be stylized. 
For example, analysing how renewable energy affects energy security in Lith-
uania, (Augutis, et al., 2014) employed a scenario analysis and concluded that 
the development of renewable energy technologies increases energy security 
in the country. This effect is stronger when the share of renewables in energy 
production does not exceed 60-70%. (Brahim, 2014) studied this relationship 
in the Philippines and reached the same conclusions. The Philippines has huge 
untapped renewable energy and by harnessing it, it is expected to offer the coun-
try more energy security and sustainability. (Lucas, et al., 2016) tested this nexus 
for 21 European Union countries from 1990 to 2013, making use of a set of 
indicators to proxy energy security: security of supply, sustainability and com-
petitiveness. The results show the existence of a long-term relationship between 
renewable energy deployment and energy security. Based on the Long-range 
energy alternative planning (LEAP) system, (Aized, et al., 2018) identified four 
scenarios to discuss energy plans in Pakistan. The results suggest that the green 
scenario which includes renewable energy sources is the best choice that the 
country can adopt to have low environmental and externality costs. According 
to (Wang, et al., 2018), renewable energy can help China to enhance its energy 
security and reduce CO2 emissions since the country is the world’s largest oil 
importer and the largest CO2 emitter. (Viviescas, et al., 2019) showed that solar 
PV, wind and hydropower can ensure energy security in Latin America through 
the complementarity of these resources and regional integration. Brazil, in par-
ticular, can be a key player in renewable energy integration as it has the strongest 
capacity of complementarity with other Latin American countries. In the context 
of Eastern Europe, Caucasus and Central Asia (EECCA) countries, (Trifonov, 
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et al., 2021) made conclusions about the contribution of renewable energy to 
energy security through energy resource diversification. An increase in the share 
of renewable sources in the energy mix, the development of different renew-
able technologies and the structure of the energy complex played a significant 
role in boosting energy security. The growth of renewables share is accompa-
nied by a reduction in energy dependency, which increases energy security in 
these countries. (Cergibozan, 2022) has empirically studied the nexus between 
renewable energy and energy security risk in 23 OECD, focusing on the effect 
of total renewable energy and renewable technologies separately mainly solar, 
wind, hydro and biomass on energy security risk. The study shows that there is a 
positive impact of wind, hydroelectric and total renewables together on reducing 
energy security risk, while the biomass and solar powers do not show a signifi-
cant effect on energy security.

In this study, we aim to add to the literature review by focusing empirically on 
European countries as they are not enough discussed in the literature. In addition, 
we use energy stock change as a new proxy for energy security, and to the best of 
our knowledge, it is the first time that it has been employed in this context. Energy 
stocks can give information about the energy dynamics in an economy. Generally, 
countries that tend to increase their energy stocks are more exposed to energy secu-
rity risk and aim to increase them to be protected in short-term market shocks, whilst 
those reserving less are likely to be surer or satisfied by their energy production. 

3. Data and Methodology

3.1. Data 

To discuss the dynamics of the energy stocks in Europe, we employed a set of 
variables that may influence them, collected from different databases mainly the 
International Energy Agency (see Table 1). The sample employed in this work 
includes variables for 20 European countries between the available time span from 
1992 to 2020. We have chosen the largest 20 European countries1 in terms of GDP. 

To develop our analyses, we started by analysing some of the main variables 
linked to the energy trends of the various European countries considered: 
	• Energy stock changes: the difference between the initial stock levels on the first 

day of the year and the last day of the year of the stocks. Energy stocks are the 
related energy stocks held within a national territory by producers, importers, 

1.	 The countries are as follows: Germany, United Kingdom, France, Italy, Spain, Netherlands, 
Switzerland, Poland, Sweden, Belgium, Norway, Ireland, Austria, Denmark, Romania, Finland, 
Czech Republic, Portugal, Greece and Hungary.
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energy transformation industries and large consumers. A negative number refers 
to a stock build while a positive number shows a stock draw (IEA, 2023).

	• Renewable energy production: is the sum of the production of renewable energy 
sources including wind energy, solar photovoltaic, solar thermal, hydropower, 
geothermal, tide energy, biogas, bio gasoline, biodiesel and municipal waste. 

	• Energy production: the total production of primary energy namely hard coal, 
lignite, peat, crude oil, natural gas liquids (NGLs), natural gas, biofuels and 
waste. It also involves nuclear, hydro, geothermal and solar as well as heat 
derived from heat pumps extracted from the ambient environment (IEA, 
2023). 

	• Energy consumption: total consumption in end-use sectors and non-energy 
use excluding energy used for transformation processes and for the internal 
operations of energy-producing industries. It represents the deliveries made 
for consumers (IEA, 2023). 

	• Energy imports: the quantities that have crossed the country’s national territorial 
borders whether customs clearance was completed or not. Coal is considered 
the quantities imported (excluding coal in transit) from other countries with-
out considering the existence or the absence of an economic or customs union 

Table 1 – Summary of the Variables Considered in the Work (for country 
details see Table A.1)

Variables Description Source Mean SD Min Max

Energy stock 
changes

Expressed in Tera-
joule (TJ). IEA* 1,385.5 60020.2 -299,024.6 505,685.4

RE production Renewable energy 
production in TJ. IEA* 314,995.1 307,563 6,472.9 1889,791

Energy 
production

Total energy produc-
tion expressed in TJ. IEA* 2211,906 2635,305 53,244.5 1.18e+07

Energy 
consumption

Total energy con-
sumption expressed 
in TJ.

IEA* 2416,222 2452,789 317,702.1 1.01e+07

Energy imports Total energy imports 
expressed in TJ. IEA* 2732,246 2822,925 189,065.3 1.12e+07

Energy exports Total energy imports 
expressed in TJ. IEA* 1324,720 1981,303 8989,084 32,849.5

GDP growth Annual percentage of 
GDP growth. WDI** 1.9 3.1 -11.3 24.4

Notes: * Bought from the International Energy Agency, World Energy Balances (IEA, 2023); ** 
The World Bank Group. DataBank, World Development Indicators (World Bank, 2023).
Source: Authors’ elaborations
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between them. For oil imports, it excludes oil in transit and includes crude oil 
and oil products imported under processing agreements. Crude oil, natural gas 
and natural gas liquids (NGL) are reported based on their country of origin, 
while refinery feedstocks and oil products are recorded based on the country of 
last consignment. Additionally, imported NGL that is later exported to another 
country after regasification is treated as both import and export (IEA, 2023). 

	• Energy exports: the quantities that have crossed the country’s national terri-
torial borders whether customs clearance was completed or not. Coal is 
considered the quantities exported (excluding coal in transit) to other countries 
without considering the existence or the absence of an economic or customs 
union between them. Oil exports include the crude oil and oil products which 
are exported under processing agreements. For the imported oil for processing 
within bonded areas, when it is re-exported, it is recorded as exported from the 
processing country to the final destination. Additionally, imported NGL that is 
later exported to another country after regasification is treated as both import 
and export (IEA, 2023). 

	• GDP growth: refers to the annual percentage increase of Gross Domestic 
Product at market prices using constant local currency. The aggregates are 
expressed in U.S. dollars (using constant 2015 prices). 

3.2. Methodology

3.2.1. The Variable Selection

As already mentioned, in our analysis we focused on the stock change measure 
provided by the International Energy Agency for the countries considered over 
the last two decades. The “stock change” variable, as referenced by the Interna-
tional Energy Agency (IEA), pertains to the variation or alteration in the levels 
of energy reserves or supplies over a specified period. Specifically, in the context 
of the IEA’s analyses and reports, the stock change provides insights into the net 
increase or decrease in energy stockpiles, such as oil, gas, or coal, considering 
factors like production, imports, exports, and consumption. A negative number 
refers to a stock build while a positive number shows a stock draw (IEA, 2023). 
Following these indications, our interest was therefore to understand in which 
circumstances, for each country considered, there was an increase or decrease in 
energy stocks. Consequently, we decided to construct a dichotomous dependent 
variable which, starting from the sign of the stock changes variable (Schng), rep-
resents the possible underlying propensity towards a decrease in energy stocks 
(Schng=1) that fall along a continuum related to the level of energy security and 
to test its dependence with five variables as explanatory variables as follows:
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	• Energy production / Energy consumption: the ratio between energy production 
and consumption used as an indicator to highlight the ability of a country to 
meet its energy needs by consuming what it produces. A high value indicates 
that the country produces more than it consumes and its domestic production 
satisfies its energy needs while a low ratio suggests that the country’s energy 
sufficiency is low and may rely on foreign sources to fulfil its energy necessities. 

	• Energy imports / Energy consumption: the fraction between energy imports 
and energy consumption specifies the share of energy needs of a country that 
are met through importation compared to its energy consumption. It highlights 
the energy dependency on external energy imports: a low share means less 
dependency on international energy market and higher energy security. 

	• Energy exports / Energy production: the ratio between energy exports and 
energy production represents the share of the total energy production of a 
country that is exported to other countries. A low value implies that the country 
uses its produced energy domestically and it therefore has a limited economic 
interest on the international energy market as supplier. 

	• Renewable energy production / (Energy production + Energy imports – Energy 
exports): refers to the share of renewable energy production in total energy 
supply. It indicates the proportion of the energy generated from renewable 
resources compared to overall provided energy. This represents our variable of 
greatest interest since it could allow us to understand the relationship between 
renewable energy and the mitigation of energy risk.

	• GDP growth: we have decided to also include the variable GDP growth to take 
into account possible influences on economic growth which may be different 
for the various countries.

	• Country: we also considered a fixed effect for each country by introducing an 
additional multinomial variable.

3.2.2. The Model

The research idea of this contribution is to investigate under what conditions 
the probability that a country’s energy stocks are reduced.

Starting from what was presented above, our objective is to verify the follow-
ing hypotheses:
	• H1: High capacity to meet internal energy demand through internal produc-

tion can guarantee the stability of the internal market, and therefore makes 
high energy stocks less necessary.

	• H2: Country’s greater exposure to international energy markets leads to 
maintaining high energy stocks.
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	• H3: Greater energy production from renewable sources guarantees a more 
secure source of supply and can induce countries to reduce energy stocks.

	• H4: Economic growth trends can lead countries to accumulate energy stocks 
which can be useful in guaranteeing the growth process.
To test the hypotheses, we decide to use a probit analysis. Probit analysis is par-

ticularly appropriate when trying to estimate the effects of one or more independent 
variables on a binomial dependent variable. Probit regression assumes that the rela-
tionship between the predictors and the probability of the response variable can be 
modelled using the cumulative distribution function (CDF) of a normal distribu-
tion. In other words, probit regression assumes that the probability of the response 
variable being equal to 1 can be modelled using a normal probability density func-
tion and that the values of the predictor variables determine the mean and standard 
deviation of the distribution (Hong, et al., 2022). We use probit regression to model 
the relationship between the binary variable Schng and the predictor variables of 
Table 2 and its general specification is as indicated in the following equation: 

	 	 [1]
( )

( )0 1 2 3 4

 1

           
it

it it it it it i it

Pr Schng

REshare EAS EDF ESF GDPg u

= =

∅ β + β + β + β +β + + ε

Table 2 - Summary of the Variables Used in the Empirical Analysis

Variables Description 

Stock changes: (Schng) Dichotomous variable referred to Energy stock changes: “0” 
refers to a stock build while “1” to a stock draw.

% of RE in total energy sup-
ply (REshare)

Renewable energy production / (Energy production + En-
ergy imports – Energy exports)

Energy auto-sufficiency 
(EAS)

Energy production / Energy consumption

Energy demand from foreign 
markets (EDF)

Energy imports / Energy consumption

Energy supply to foreign 
markets (ESF)

Energy exports / Energy production

GDP growth (GDPg) Annual GDP growth

Country Multinomial variable: Germany, United Kingdom, France, 
Italy, Spain, Netherlands, Switzerland, Poland, Sweden, 
Belgium, Norway, Ireland, Austria, Denmark, Romania, 
Finland, Czech Republic, Portugal, Greece and Hungary

Source: Authors’ elaborations

Copyright © 2024 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835166535



315

Where Schngit is the binary dependent variable for country i and year t, 
[Equation 1] refers to the cumulative distribution function of a standard normal 
distribution, β0, β1, β2, β3, β4, are the coefficients to be estimated, ui, indicates the 
country fixed effects and 𝜀it is the random error. 

4. Results and Discussion

Although the general purpose of this analysis is to verify the various hypoth-
eses of the model, the main objective of this study is to understand what effect 
has a greater production of renewable energy on changing the amount of energy 
stocks owned annually by each country, in particular, we intend to perceive 
whether a greater production of renewable energy can increase the probability 
that the stock decrease and therefore obtain a value of “1” for the dependent 
variable. To do so, we developed a Probit analysis using Mathematica® on our 
data and the fitting results are shown in Table 3. 

As can be noticed from the results, both variable Energy auto-sufficiency (EAS) 
and variable GDP growth (GDPg) are not significant in our analysis, whereas the 
variables related to the external market relationship namely the energy demand 
from foreign markets (EDF) and the energy supply to foreign markets (ESF), 
especially the variable measuring the amount of renewable energy produced in 
relation to all available energy (REshare), are significant. 

The lack of significance of the variable Energy auto-sufficiency (EAS) would 
seem to deny Hypothesis H1 and, at first glance, it might appear uninteresting. 
In our opinion, however, it is very significant and reflects an important signal of 
the energy behaviour of the various countries. In fact, it tells us that the “current” 
ability to satisfy internal demand with internal production does not seem to suf-
ficiently “ensure” the country systems. This aspect is indeed intriguing and has 
also been emphasized by several analyses (Dyatlov, et al., 2020), which under-
score the fact that in certain countries where new initiatives for diversifying 
energy supply have been initiated, they stem from concerns regarding the lack of 
long-term guarantees offered by the current production capacity.

For the variables related to the external market relationship, it is interesting 
to note that the sign of the coefficients associated with the interaction with the 
external market is negative for both variables (-1.79274 and -0.757505): this 
confirms that greater exposure to international energy markets induces individ-
ual countries to keep high values of energy stocks instead of reducing them in 
order to contain the risk that may arise from price volatility. This affirmation 
verifies our Hypothesis H2.

Indeed, when there is a price spike in the international market, energy importing 
countries (for example: Germany, Italy, France, Netherlands, United Kingdom and 
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Table 3 – Empirical Results 
Probit Results 

Cox&Snell PseudoR2 = 0.3132
Pearson ChiSquare = 638.5

Dependent variable: Stock changes

  Estimate  Standard Error  z-Statistic  P-Value 

REshare  3.079 1.566 1.966 0.049

EAS -0.106  0.186 -0.572 0.567

EDF  -1.793 0.510 -3.517 0.001

ESF -0.757 0.288 -2.634 0.008

GDPg -0.020 0.018  -1.151 0.249

Country effect

Austria  0.883 0.606 1.458  0.145

Belgium  1.631 0.662 2.465 0.014

Czech Republic 0.840 0.504 1.668 0.095

Denmark  1.447 0.616 2.349 0.019

Finland  0.927  0.626 1.480 0.139

France  1.470 0.578 2.540 0.011

Germany  1.917  0.563  3.403 0.001

Greece  2.036 0.687 2.964 0.003

Hungary  1.190 0.541 2.198  0.028

Ireland  1.772 0.552 3.207 0.001

Italy  1.748 0.553 3.157 0.001

Netherlands  2.730 0.941 2.901 0.004

Norway  -0.524 2.058 -0.255 0.799

Poland  0.710 0.456 1.558 0.119

Portugal  0.947 0.610 1.550 0.121

Romania 1.031 0.484 2.128 0.033

Spain  1.728 0.646 2.673 0.007

Sweden  0.759 0.678 1.118 0.263

Switzerland 1.315  0.566 2.322  0.020

UK  1.286 0.524 2.453 0.014
Note: * The time span considerate in the analysis is 1992-2020. 
Source: Authors’ elaborations
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Spain (IEA, 2023)) try to use their reserves of energy to stabilise domestic prices 
and for them it is important to have an abundant energy stock to better respond to 
the market. For these countries, it is important also to diversify their energy mix and 
include alternative resources as a hedge against price volatility and market pres-
sures. In the opposite case, energy exporting countries tend to accumulate stocks 
to be able to respond promptly in case of a spike in external market demand. This 
dynamic is well recognized within the EU and over the years multiple initiatives 
have been put in place to address the volatility of the energy market. As a matter 
of fact, to ensure a consistent and stable energy supply across member states, the 
EU has established directives regarding energy emergency stock levels (Directive 
2009/119/CE) (European Union, 2009b). These directives mandate that member 
countries maintain a minimum level of oil and petroleum product reserves equiva-
lent to at least 90 days of average daily net imports or 61 days of average daily 
inland consumption, whichever is greater. Furthermore, the EU specifies that these 
emergency stock levels should be accessible and deployable within a short notice 
period. Member states must also regularly report their stock levels to the Euro-
pean Commission, ensuring transparency and adherence to the established norms. 
The rationale behind these directives is multifaceted. Firstly, it aims to mitigate the 
potential impacts of sudden energy supply disruptions, whether due to geopoliti-
cal tensions, natural disasters, or other unforeseen events. Secondly, it underscores 
the EU’s commitment to ensuring energy security, promoting stability in energy 
markets, and safeguarding the interests of both consumers and businesses. Also, 
energy prices started rising in the EU well before the invasion of Ukraine and the 
Commission reacted to growing pressure to act by adopting guidance to Member 
States in the form of a Communication in October 2021 entitled “Tackling rising 
energy prices: a toolbox for action and support”.

The positive sign of the parameter linked to the portion of renewable energy out 
of the total available energy (Reshare) confirms the Hypothesis H3 and responds 
to the question to which this contribution refers. In fact, it shows how a greater 
percentage of available renewable energy is more likely to lead to a reduction in 
energy stocks. It is useful to remember in this case how this result is in line with 
European directives regarding the energy transition towards renewables. 

The commitment of Europe to its energy shift is not related to recent condi-
tions and the development of renewable energy has been at the core of its energy 
policy for many years. Between 2001 and 2009, the European Union adopted 
a set of initiatives to impose on its countries the increase of renewable sources 
used to produce energy, to raise the share of renewables in electricity production 
(Directive 2001/77/EC), to adopt renewable fuels including biofuels in the trans-
port sector (Directive 2003/30/EC) and other renewable resources in different 
sectors such as heating and cooling (Directive 2009/28/EC) (European Union, 
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2001; 2003; 2009a). In 2018, another action known as the Renewable Energy 
Directive suggested that by 2030, at least 32% of the energy produced in the EU 
has to be generated from renewables. 

Finally, the findings of our analysis do not confirm Hypothesis H4. In this 
case, however, the result could be connected to the variability of the data which 
could lead to a distortion of the result. To investigate this possibility and evalu-
ate the robustness of the results, we first repeated the analysis on a subsample 
relating to narrower time windows and replacing the variable GDP growth by 
GDP growth per capita. The results confirmed what was obtained before and led 
to deeper reflections on whether there is indeed a mechanism that can link the 
growth dimension, possibly with different indices, to that of energy security.

5. Country Fixed Effects

The results deriving from the contribution of country fixed effects also deserve 
careful discussion. Considering the country fixed effects, it is noteworthy how 
the parameters related to the country fixed effects are positive, except in the case 
of Norway for which the parameter, although the estimate has a very large stand-
ard error, takes on a negative value (see Figure 1). 

This negative value is explained by the fact that, within our panel data, Nor-
way is a unique case in which the value of energy production is much higher than 

Figure 1 – The Estimated Parameters for Each Country (ui )

Source: Authors elaborations on values ui
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domestic demand (approximately 5 times the average value of the other coun-
tries in our sample, see Figure 2) and in this case, the level of energy risk appears 
to be considerably low, likely not linked to stock levels at all. 

Norway is a remarkable and unique example of energy self-sufficiency in 
renewable energy and it is more energy secure than almost any other country. 
Between 1995 and 2020, Norway registered a power surplus and became one of 
the most energy independent countries, being the world’s fifth largest petroleum 
exporter and seventh largest hydropower producer (Hansen, Moe, 2022). 

Excluding Norway, we can identify three distinct groups of countries depend-
ing on the parameter values through the definition of some merely symbolic 
thresholds. The first group of countries is made up of six countries namely 
Poland, Sweden, Czech Republic, Austria, Finland and Portugal, for which the 
estimated best fit parameter takes on a value less than 1; for these countries, 
we can define a general low propensity towards a decrease in stocks. For the 
countries of a second group which is composed of Romania, Hungary, Denmark, 
France, UK and Switzerland, the estimated value of the parameter varies within a 
range of 1 and 1.5; for these countries, we can define a general moderate propen-
sity towards a decrease in stocks. Finally, for the countries belonging to the last 
group, the estimated parameters are greater than 1.5 with a maximum value of 
approximately 2.7 for the Netherlands. These countries have a greater propensity 

Figure 2 – Energy Auto-sufficiency for Each Country

Source: Authors elaborations
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to decrease energy stocks probably because of a progressive transition towards 
the diversification of energy sources. This last result is interesting and deserves 
further analysis which could provide useful indications at a macroeconomic 
level on the nature of any exogenous or endogenous causes that may be at the 
basis of this variability.

6. Conclusion

In the present study, we were interested in examining how an extensive pro-
duction and use of renewable energy may affect the energy stocks dynamics in 
an economy. We mainly focused on 20 European countries as Europe is one of 
the most exposed regions to energy security risks. The European Union’s econ-
omy is reliant on fossil fuels, which account for nearly three-quarters of its total 
energy consumption. Fossil energy is largely imported: the EU’s share of global 
fossil fuel demand stands at 8%, compared to its share in global production of 
0.5% for oil and 1% for gas, respectively.

Using a panel sample for the period between 1992 and 2020, we applied a Pro-
bit estimation model considering the sign of energy stock change as the binary 
dependent variable and the share of renewable energy in total energy supply as 
the main independent variable. We included also other energy related variables: 
the energy auto-sufficiency and two variables related to the external market 
relationship which are the energy demand from foreign markets and the energy 
supply to foreign markets. 

We tested the relationship between all variables in the model and we con-
cluded that whether the country is an energy supplier or demander, the exposure 
to foreign energy markets is highly linked to energy security risks as the coef-
ficients of the energy demand and supply are both negative, which means that 
those countries tend to increase their stocks to overcome the market risks.

On the other hand, the share of renewable energy in the total supply is significant 
and positive, suggesting that countries having an important share of renewables in 
their energy supply are likely to decrease their energy stocks as they are not much 
exposed to market fluctuations. Expectations of a demand decrease can heighten 
uncertainty about the future returns on fossil fuel investments, thereby reducing 
their volume. A decline would manifest in reduced supply and increased prices. 
However, other supply channels might lead to price decreases. For instance, 
producers might opt to expedite the exploitation of their reserves, resulting 
in increased supply and decreased fossil fuel prices. Similar effects – namely, 
increased investments and reduced costs – might also arise from technological 
innovations related to fossil fuels, such as carbon capture and storage.
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So, renewable energy appears to be an important solution for European coun-
tries to gain energy independence and security and considering that, they should 
improve energy policies and implement renewable plans to accelerate their tran-
sition towards green powers. 

In this work, we have provided an overview of energy dynamics in European 
countries focusing on their energy stocks in relation to renewable energy deploy-
ment. However, there is a potential for future research to extend our analysis to 
add other countries beyond Europe. In order to focus on different geopolitical 
contexts, we aim to provide a better understanding of global energy stocks and 
the energy transition landscape at the international level. 
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Sommario

Dinamica delle scorte energetiche in Europa: un’analisi nel contesto della 
transizione energetica 

Negli ultimi tempi, il crescente rischio energetico dei paesi dovuto alle tensioni geo-
politiche internazionali ha accentuato le problematiche relative all’uso di combustibili 
fossili e le ripercussioni sulle economie hanno spinto verso una rapida transizione verso 
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fonti energetiche sostenibili come le rinnovabili. La produzione di energia da fonti rin-
novabili è diventata una indubbia priorità, specialmente nei paesi avanzati come quelli 
europei che sono, ancora oggi, fortemente dipendenti dai combustibili fossili, nell’i-
dea di attenuare il rischio energetico. Una maggiore produzione di energia rinnova-
bile dovrebbe consentire infatti all’economia europea di affrontare più agevolmente 
un rincaro dei prezzi energetici e una restrizione dell’offerta dei combustibili fossili. 
Tuttavia, le energie rinnovabili presentano anch’esse svantaggi, quali l’intermittenza 
nella produzione e il fabbisogno di materie prime necessarie per la costruzione degli 
impianti. Questo articolo si propone di analizzare il ruolo delle energie rinnovabili in 
Europa, studiando, attraverso un modello Probit, come le varie dinamiche energetiche 
dei paesi possano influenzare le riserve di energia dai vari paesi. I risultati mostrano che 
un incremento nell’uso di energie rinnovabili porta a ridurre le riserve energetiche, di 
contro una maggiore presenza nei mercati globali può aumentarle. Infine, basandosi sui 
risultati ottenuti, i paesi sono stati classificati in tre categorie secondo la loro tendenza 
a ridurre o meno le riserve energetiche. 

Copyright © 2024 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835166535



325

A
pp

en
di

x

Ta
bl

e 
A.

1 
– 

M
ea

ns
, M

ax
im

um
 a

nd
 M

in
im

um
 V

al
ue

s f
or

 E
ac

h 
Va

ri
ab

le
 fo

r E
ac

h 
C

ou
nt

ry
, 1

99
2-

20
20

C
ou

nt
ry

 
St

oc
k 

C
ha

ng
es

RE
 P

ro
du

ct
io

n
En

er
gy

 P
ro

du
ct

io
n

M
ea

n
M

in
M

ax
M

ea
n

M
in

M
ax

M
ea

n
M

in
M

ax
G

er
m

an
y

35
53

3.
24

-2
99

02
4.

56
23

04
32

.0
7

88
97

59
.8

0
21

22
48

.2
0

18
89

79
0.

86
56

31
43

1.
57

40
45

73
3.

32
77

94
02

3.
35

U
ni

te
d 

K
in

gd
om

32
11

1.
97

-1
89

24
7.

91
50

56
85

.4
5

22
30

79
,6

2
42

50
8,

99
68

77
14

,9
6

80
19

59
2.

47
44

75
51

1.
6

11
79

02
63

.1

Fr
an

ce
-1

11
57

.8
7

-2
00

57
5.

33
11

18
77

.4
3

78
22

64
.3

8
62

88
25

.9
6

10
55

80
6.

65
54

73
42

9.
82

46
84

46
2.

68
58

19
91

0.
04

Ita
ly

-3
17

2.
76

-1
92

78
1.

76
10

86
53

.6
0

62
84

11
.9

9
26

71
44

.2
0

10
41

00
4.

5
13

04
29

2.
75

10
59

99
2.

10
15

39
34

3.
67

Sp
ai

n
-1

47
0.

39
-1

12
84

8.
62

14
69

28
.4

4
45

14
52

.9
9

21
38

76
.7

9
78

20
52

.6
2

13
70

29
5.

01
12

62
35

7.
83

14
76

08
9.

45
N

et
he

rla
nd

s
-1

01
58

.0
1

-1
30

00
1.

61
79

86
9.

94
11

01
59

.1
8

31
23

5.
60

28
50

80
.4

25
02

31
4.

30
11

40
49

5.
89

31
31

35
0.

43
Sw

itz
er

la
nd

54
54

.3
6

-8
08

3.
34

33
92

0.
87

18
63

01
.8

6
14

88
91

.6
6

22
25

43
.9

5
49

39
38

.6
7

42
80

23
.9

3
54

66
70

.3
4

Po
la

nd
-2

26
46

.6
6

-1
74

51
1.

70
10

73
85

.0
4

24
30

28
.8

5
56

75
3.

99
51

16
32

.0
2

33
17

89
4.

88
24

22
56

3.
99

43
49

06
9.

12
Sw

ed
en

-9
75

.1
5

-1
30

21
1.

99
85

70
4.

60
61

86
17

.4
0

46
02

77
.4

0
84

32
79

.8
2

13
87

88
5.

65
12

27
35

4.
37

15
53

77
4.

74
B

el
gi

um
-2

81
0.

82
-3

81
28

.3
2

52
07

7.
03

63
72

6.
51

13
62

6.
99

16
08

60
.6

8
57

10
13

.9
3

44
93

07
.5

9
66

89
76

.9
8

N
or

w
ay

-5
81

3.
92

-7
74

60
.8

1
87

05
4.

75
50

38
57

.4
7

41
78

34
.6

59
84

66
.8

3
84

74
63

9.
51

50
02

32
9.

67
99

15
02

0.
44

Ir
el

an
d

15
4.

88
-3

54
02

.3
8

32
08

2.
92

22
26

8.
14

64
72

.8
8

65
06

2.
29

11
08

21
.5

1
53

24
4.

49
20

91
59

.4
7

A
us

tri
a

-4
90

.8
7

-1
06

49
3.

13
48

32
3.

23
31

46
49

.0
8

20
89

27
.2

0
42

32
23

.2
8

43
47

27
.3

5
34

06
43

.3
0

53
01

30
.6

1
D

en
m

ar
k

68
6.

72
-6

02
36

.8
9

50
85

1.
56

99
85

8.
92

43
19

2.
80

16
75

38
.3

9
83

67
06

.9
5

38
57

90
.0

1
13

08
72

6.
17

R
om

an
ia

68
6.

72
-5

64
24

.1
6

44
19

8.
21

18
69

34
.4

7
66

29
1.

60
25

52
10

.1
1

12
09

53
9.

53
93

73
27

.6
4

16
93

78
5.

98
Fi

nl
an

d
13

48
1.

56
-9

63
20

.4
7

86
16

7.
02

34
81

73
.1

9
21

26
74

.8
0

48
12

68
.6

4
66

52
41

.3
8

46
76

34
.4

7
82

25
91

.1
9

C
ze

ch
 R

ep
ub

lic
36

63
.2

4
-5

79
43

.7
2

76
86

7.
1

11
21

52
.8

2
47

75
7.

60
20

72
27

.2
8

13
45

07
5.

91
99

13
79

.5
8

17
23

50
7.

64
Po

rtu
ga

l
-3

9.
65

-2
06

75
.7

36
68

8.
47

18
24

88
.8

6
11

92
87

.4
0

24
85

91
.9

0
18

68
82

.3
7

12
30

80
.4

2
25

44
19

.4
5

G
re

ec
e

-1
51

1.
89

-4
41

66
.3

8
80

82
6.

56
76

18
5.

11
46

24
9.

60
11

80
28

.3
4

38
13

34
.8

5
19

07
09

.9
5

43
86

22
.1

1
H

un
ga

ry
-5

62
9.

39
-1

12
44

2.
57

55
20

2.
35

76
03

2.
36

33
06

5.
80

13
87

50
.9

6
49

96
88

.5
4

42
85

78
.1

5
61

49
46

.2
8

Copyright © 2024 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835166535



326

C
ou

nt
ry

 
En

er
gy

 C
on

su
m

pt
io

n
En

er
gy

 Im
po

rt
s

En
er

gy
 E

xp
or

ts
M

ea
n

M
in

M
ax

M
ea

n
M

in
M

ax
M

ea
n

M
in

M
ax

G
er

m
an

y
96

16
16

9.
22

89
55

07
0.

99
10

13
51

23
.5

99
64

86
8.

57
79

19
29

5.
25

11
21

66
28

15
11

25
9.

9
71

04
80

.7
2

25
40

40
1.

8
U

ni
te

d 
K

in
gd

om
58

07
99

5.
05

47
74

85
1.

22
63

41
46

5.
98

48
81

07
8.

31
31

04
47

4.
73

69
71

99
2.

56
38

85
57

0.
34

27
24

00
7.

82
54

21
13

2.
12

Fr
an

ce
65

63
80

9,
61

57
77

90
0

70
64

12
5.

17
65

54
29

7.
00

53
39

18
3.

53
75

21
77

7.
14

12
29

61
1.

23
83

79
47

.3
0

15
97

54
3.

16
Ita

ly
52

46
56

6.
60

44
98

10
9.

71
59

15
40

7.
07

67
84

61
2.

46
54

85
33

5.
58

80
44

94
2.

00
10

68
02

4.
79

72
97

99
.4

9
13

96
98

0.
02

Sp
ai

n
34

55
62

5.
24

25
44

47
6.

15
42

66
73

3.
92

46
61

82
0.

36
30

48
45

6.
62

57
20

99
7.

07
69

02
93

.1
1

29
77

35
.9

9
13

64
11

2.
66

N
et

he
rla

nd
s

24
77

46
5.

78
22

56
91

8.
86

27
32

26
1.

54
62

16
00

8.
06

42
24

28
9.

29
86

25
56

5.
11

49
03

68
3.

55
34

80
54

0.
25

67
28

64
2.

18
Sw

itz
er

la
nd

80
15

91
.5

71
72

00
01

.9
8

86
06

96
.8

3
73

95
25

.9
3

62
22

73
.3

4
81

68
43

.3
8

13
17

00
.7

7
89

42
6.

68
15

54
82

.1
9

Po
la

nd
27

45
05

4.
45

23
97

95
5.

33
32

88
43

9.
32

16
11

22
8.

10
85

95
78

.2
8

26
85

06
9.

76
79

63
06

.8
8

53
46

84
.2

0
99

78
73

.1
9

Sw
ed

en
14

22
50

7.
98

13
29

97
6.

47
15

42
49

0
13

25
52

9.
89

11
28

87
1.

98
15

28
93

2.
62

55
23

12
.8

5
38

68
24

.7
4

87
96

47
.4

0
B

el
gi

um
16

63
15

6.
63

13
49

09
9.

61
17

89
74

3.
39

31
68

25
7.

77
25

36
66

0.
13

36
77

12
2.

83
11

18
94

5.
44

81
86

30
.1

4
15

91
07

0.
99

N
or

w
ay

83
15

33
.2

9
71

30
74

.7
5

89
26

10
.1

8
29

47
33

.2
6

18
90

65
.2

9
48

66
69

.9
2

75
84

92
0.

65
42

28
43

5.
85

89
89

08
3.

78
Ir

el
an

d
43

01
05

.8
4

31
57

29
.3

1
52

71
61

.2
1

52
17

90
.8

1
31

84
95

.0
4

65
15

36
.8

9
56

36
5.

67
29

22
3.

38
84

34
4.

58
A

us
tri

a
10

52
06

3.
49

82
76

62
.7

11
73

74
8.

57
11

03
65

6.
98

77
86

87
.0

9
13

76
80

3.
65

22
69

50
.7

8
50

89
2.

09
58

06
60

D
en

m
ar

k
59

54
17

.2
8

54
40

55
.9

2
63

37
71

.0
8

68
25

94
.1

9
55

44
51

.7
7

79
07

73
.0

2
67

80
43

.2
30

15
36

.0
5

10
19

34
1.

73
R

om
an

ia
62

29
81

.5
6

42
80

61
.0

4
11

40
23

6.
95

62
29

81
.5

6
42

80
61

.0
4

11
40

23
6.

95
19

08
78

.4
4

97
06

6.
80

26
81

82
.3

9
Fi

nl
an

d
10

28
96

6.
93

92
42

70
.4

3
11

14
22

9.
47

10
10

84
0.

6
81

86
82

.3
9

11
99

66
6.

3
26

98
16

.7
0

72
40

6.
69

42
77

49
.9

9
C

ze
ch

 R
ep

ub
lic

11
34

48
2.

02
10

54
24

6.
48

13
80

79
1.

49
83

52
74

.1
0

64
03

85
.4

0
10

03
80

8.
03

35
74

24
.4

9
23

12
56

.9
4

61
02

81
.2

8
Po

rtu
ga

l
72

26
29

.4
3

56
07

93
.6

1
85

66
31

.2
0

96
14

45
.6

0
72

16
58

.8
9

11
65

96
5.

91
16

03
92

.9
3

70
34

2.
80

33
51

10
.8

9
G

re
ec

e
73

62
63

.4
0

60
68

27
.9

7
91

39
08

.2
4

12
15

04
9.

63
83

69
94

.2
5

16
30

83
2.

22
38

44
46

.0
8

13
98

87
.5

6
86

07
32

.9
7

H
un

ga
ry

77
68

17
.4

9
71

26
77

.1
7

86
61

80
.1

2
77

22
70

.3
9

53
28

31
.3

7
12

19
84

0.
96

16
76

77
.6

1
51

79
6.

30
44

08
35

.9
3

So
ur

ce
: A

ut
ho

rs
’ e

la
bo

ra
tio

ns

Copyright © 2024 by FrancoAngeli s.r.l., Milano, Italy. ISBN 9788835166535



11390.8
M
. M

ODICA, D. PIACENTINO
(edited by)  CONFLICT SCENARIOS AND TRANSITIONS

The Conference of the Italian Regional Science Association
(AISRe), held in September 2023 in Naples, allowed scholars
and policy makers to debate on the global issue of conflicts and
transitions that are involving many regional economies
worldwide, especially in the Euro-Mediterranean area. This
book, collecting some contributions that were presented during
the conference, aims at increasing the understanding of how
regions are navigating and responding to the complex array of
challenges they face in a rapidly changing world. The book
considers a broad specification of conflicts that are closely
related to the idea of exogenous shocks and consequent
transitions interpreted as adaptation strategies to those shocks.
The book is structured in two parts. The first part presents seven
papers dealing with ‘conflicts’ of different nature such as
regional disparities and cohesion, respect of law and social
norms, occupational safety and health, urban congestion,
gendered sectoral segregation, natural disasters. The second part
of this book presents eight papers focuses on different types of
‘transitions’ related, for example, to climate change and
environment, energy, digitalization and innovation. The book,
even if does not cover all global conflicts and local responses
comprehensively, however it provides useful insights to the
debate on how regions are confronting the profound and often
unexpected changes brought about by disruptive challenges.

CONFLICT SCENARIOSAND TRANSITIONS
Opportunities and Risks for Regions

and Territories
edited by

Marco Modica
Davide Piacentino

Marco Modica
is Associate
Professor in
Applied Economics
at the GSSI. He is
deputy coordinator
of  the Ph.D.
program in
Regional Science
and Economic
Geography at the
GSSI and member
of the teaching
committee of the
Ph. D program
Natural Hazard and
Disaster Risk
Reduction held by
the Consortium
REDI. He is
Associate Editor of
Humanities and
Social Sciences
Communications
edited by Springer
Nature and Heliyon
edited by Elsevier.
Davide Piacentino
is Full Professor of
Economic Statistics
at the University of
Palermo. He has
been visiting
scholar at
University of
Strathclyde and
University of
Sussex. He has
published papers in
leading journals
such as Regional
Studies, Spatial
Economic Analysis,
Papers in Regional
Science,
Geographical
Analysis,
Technological
Forecasting &
Social Change,
Population Space
and Place, Journal
of Technology
Transfer.

64

Associazione
italiana
di scienze
regionali

Scienze
Regionali

FrancoAngeli
La passione per le conoscenze

11390.8_1390.33  09/07/24  09:33  Pagina 1


