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About the project:

SEED MICAT - Support Energy Efficiency Deployment with the Multiple Impacts CAlculation Tool,
aims to help EU and member states at national, regional and local governance levels in including
Multiple Impacts (MI) in their implementation of the Energy Efficiency First (EE1st) principle. Basing
this on strong and reliable analytical tools, SEED MICAT is thus "sowing the seeds" for a broad
application of the principle.

Considering Ml in target setting argues for a fast phase-out of fossil fuels but also for a careful
analysis of Ml related to different pathways to climate neutrality, with varying contributions from
energy demand and energy supply options. Therefore, the project extends its MI framework to
include renewable energy sources, advocates integrating policy modules, and showcases how it
applies at different levels. SEED MICAT also includes replication analysis, capacity building, and a
strong dissemination approach to promote knowledge on implementing the EE1st principle.

About the deliverable:

This deliverable presents the results of the focus study (topical showcase) which was conducted as
part of workpackage 5 (Focus studies (topical showcases) on Multiple Impacts of climate neutrality
pathways) of the SEED MICAT project.

The deliverable consists of two parts:

1) Scientific paper "Does the scope for interpretation risk undermining the Energy Efficiency
First Principle's ambition?”, published in Energy Policy

2) Working Paper ” Energy Security in the EU: Analysing the Impact of Import Dependence and
Supplier Diversity on Gas Prices During the Energy Crisis”, which was also presented at the
Energy Evaluation Europe Conference 2025

Part 1 examines the EE1 principle itself - specifically how its broad and flexible definition creates
interpretive ambiguity that may risk diluting its policy ambition. Import dependence serves here as
a concrete illustrative example of how non-monetised Multiple Impacts can be integrated as
weighting factors in cost-benefit analyses when implementing the EE1st principle.

Part 2 provides empirical analysis on energy import dependence and supplier diversity as key energy
security indicators. Using EU-level panel data (2000-2022), counterfactual analysis, and OLS
regression, it quantifies how import dependence and supplier concentration influenced natural gas
prices across EU Member States.
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Abstract:

The new EU's Energy Efficiency First (EE1) Principle was enshrined to level the playing field between
supply-side and demand-side solutions in energy policy. It requires to verify whether the objectives
of large-scale energy- related investments could be achieved more cost-effectively using energy
efficiency. Relying on cost-benefit methodologies, such assessments should include wider impacts
of examined measures. However, several technical parameters to carry out these assessments are
not specified. In this study, we model a large number of combinations of supply- and demand-side
measures in the EU residential sector. We found that across all examined approaches and countries,
energy efficiency is cost-optimal on average for 69% * 21% of buildings. Yet, we also show stark
differences in cost-effectiveness of energy efficiency solutions when varying key parameters, with
particularly cost perspective and discount rate having considerable effects. As well as revealing
misalignments in legislative frameworks and cost-optimal levels of energy efficiency at national
level, our results provide an analytical basis to further clarify and narrow down technical details of
the envisaged cost-benefit methodologies: In spite of its essential role in energy policy in promoting
cost-effective energy efficiency measures, strengthening assessments' technical details will be key
to ensure the EE1 principle's effectiveness and ambition.
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Following the energy crisis after Russia’s invasion of Ukraine in late 2022, energy prices in the EU,
especially for natural gas, surged by up to 180 per cent in the first two weeks after the invasion. The
EU’s natural gas consumption demonstrated substantial growth between 1990 and 2022, with its
share in the energy mix increasing. The natural gas import dependence rate steadily increased
surpassing the other energy products and reached peak high at 97.6 in 2022. On top of that, the
EU's reliance on a limited number of suppliers, primarily Russia, impacted supply during the crisis
period, leading to price spikes. Increased diversification of suppliers may lower prices by reducing
import dependency on one or a few suppliers. This assumption motivates this study to analyse the
influence of energy import dependence and supplier diversity on energy prices, focusing on natural
gas.

This study aims to examine how the energy crisis has driven the EU gas prices, and how the factors
of import dependence and supplier diversity influenced the gas prices.

Data on gas prices were sourced from Eurostat and Enerdata. The gas import dependence rate is
based on Eurostat data, while supplier diversity is calculated using the Herfindahl-Hirschman Index
(HHI). From 2020 to 2022, a counterfactual analysis using third-degree polynomial extrapolation
was conducted using 2000 to 2019 data to simulate hypothetical scenarios by comparing actual gas
prices with estimated prices under the assumption that the energy crisis had not occurred. This
analysis aimed to assess the difference in gas prices between the actual and the forcasted. To
explore the influence of import dependence and supplier diversity on gas prices, a panel OLS
regression was employed.

The analysis shows that import dependence relationship varies across different models and price
categories. Supplier diversity, on the other hand, appears to have minimal direct impact on gas
prices, with increased market concentration showing only marginal effects. This suggests that while
supplier diversity is important for energy security, it does not consistently have the same influence
asimport dependence. However, the findings should be interpreted with caution, as the coefficients
show inconsistencies across models.
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This part discusses the research background, objectives, and a literature review to define the key concepts.
Previous studies are also cited to highlight any gaps in research and underscore the significance of this study.

1.1 Background

European energy markets have experienced multiple challenges in recent years. Initially, the COVID-
19 pandemic caused a demand reduction due to economic slowdown (IEA, 2024). As economic
recovery started, Europe encountered severe supply-side challenges when Russia substantially
reduced gas exports to European markets in 2022, responding to sanctions they received related to
the invasion in Ukraine. This resulted in unprecedented gas price increases of up to 180 per cent in
the first two weeks after the invasion (Adolfsen et al., 2022). The situation was exacerbated when
France transitioned from being a net power exporter to an importer due to extended nuclear
maintenance requirements (Maguire, 2023) .

These markets disruptions generated significant socioeconomic impacts. The impact was particularly
severe for low-income households, whose energy costs as a proportion of income escalated from
7.8 to 12 per cent during 2022 (European Commission, n.d.-a). Industrial sectors also faced
operational challenges, with many facilities implementing production reductions. According to the
ifo Institute survey, 75 per cent of German industries would need to reduce production outputs to
achieve any additional decreases in gas consumption (ifo Institute, 2022).

As a response to the 2022 energy crisis, the European Commission and governments are reassessing
their energy trade patterns to strengthen energy security. The European Union (EU) has
implemented measures aimed at mitigating the impact of the energy crisis as outlined in the
REPowerEU plan (European Commission, 2022). This plan focuses on three agendas: (1) energy
savings through efficiency and sufficiency measures, (2) reducing import dependence, and (3)
accelerating the transition to renewable sources. Import dependence is an important aspect of the
plan, considering that a quarter of all energy consumed in the EU comes from Russia. Eurostat (2024)
notes that only 37 per cent of EU energy is produced domestically, and the rest is imported.

Natural gas dependence presents a particular challenge. According to Eurostat, EU natural gas
consumption demonstrated substantial growth between 1990 and 2022, with its share in the energy
mix increasing from 16.77 to 21.08 per cent. Limited domestic production capacity has resulted in
the EU's natural gas import dependence rate reaching 97.6 per cent in 2022, significantly exceeding
the overall energy import dependence rate of 62.5 per cent This reliance on imported energy in
general emphasises how important supplier diversification especially when facing Russian supply
disruptions. The diversification of suppliers may lower prices by decreasing import dependencies,
particularly in the case of natural gas (Perdana et al., 2022; Wachsmuth et al., 2017).

These trends underscore the increasing the EU's dependence and highlight the need for this study
to focus on natural gas specifically. Despite the growing concerns regarding energy import
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dependence and supplier diversity, the influence of energy import dependence and the diversity of
suppliers on energy prices has been researched only to a limited extent. This concern thus becomes
the focus of this study aimed at exploring the impact of import dependence and supplier diversity
on gas prices in the EU countries during the energy crisis.

1.2 Literature Review

1.2.1 Energy Security

Energy security is defined as a resilient system that ensures sufficient energy for daily life, economic
activities, and public defence at an acceptable price. It also involves ensuring sufficient, affordable,
and stable energy supply to meet all needs, drive economic growth, and improve quality of life
(Martchamadol & Kumar, 2013). The Asia Pacific Energy Research Center (APERC) in Pang et al.
(2024) defines energy security as the ability to provide energy resources sustainably and on time, at
prices that do not negatively impact economic performance. From these definitions, energy security
primarily involves affordable energy prices and stable supply.

Energy security indicators can be divided into two categories: disaggregated (sets of individual
indicators) and aggregated indicators. The latter reflects overall performance at the country,
province, or community level. Martchamadol and Kumar (2013) summarised four dimensions of
energy security indicators for use in energy security studies: institutional, social, environmental, and
economic. The economic dimension has some indicators related to import dependence and supplier
diversity. Import dependence is generally considered the most straightforward measure of a
country's energy security (Fraunhofer ISI, 2024). This indicator will be further elaborated in the next
section Fehler! Verweisquelle konnte nicht gefunden werden..

1.2.1.1 Energy Import Dependence

Energy independence is an important factor for economic growth and development (Carfora et al.,
2022). Given recent international conflicts and complex global dynamics, attention to energy
dependence has risen. The impacts of import dependence are internalised in wholesale energy
prices and their effect is substantially included in the economic benefits for consumers (Fraunhofer
ISI, 2024).

Energy import dependence indicates the proportion of a country's total energy needs that are
fulfilled by imports from other countries (Eurostat, n.d.-a). Its level is calculated as net energy
imports divided by gross energy available, expressed as in percentage. The calculation can be applied
both to total products or an individual product, such as crude oil or natural gas. A higher percentage
indicates more dependence on imports for its energy needs. An import dependence above 100 per
cent means that energy products have been stocked. Equation 1 Import dependence below shows
how to calculate import dependence.

EQUATION 1 IMPORT DEPENDENCE
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The import dependence does not account for resource suppliers or supplier diversity (Fraunhofer,
2024). The impacts of an elevated import dependence on energy prices inevitably depend on the
prevalent supplier diversity.

1.2.1.2 Supplier Diversity

Rokicki et al. (2023) emphasise the importance of energy security, which encompasses both supply
stability and source diversification. Augutis et al., (2015) also emphasised that to ensure energy
security, different energy supply options are necessary, such as diversification of energy sources.
This supplier diversity indicator is connected to the import dependence indicator, particularly when
it comes to energy price surges and shortages, the two indicators are strongly intertwined (Berger,
2020). Figure 1 Impact pathway between import dependence and supplier diversity shows the
impact pathway between energy import dependence and supplier diversity.

Reduced energy
import from main
suppliers

Reduced need for
energy imports

Improved supplier
diversity

FIGURE 1 IMPACT PATHWAY BETWEEN IMPORT DEPENDENCE AND SUPPLIER DIVERSITY
Source: Berger (2020)

The quantification of supplier diversity is calculated using the Herfindahl-Hirschman-Index (HHI). The
index ranges from 0O (least concentrated) to 10,000 (most concentrated) (Ukav, 2017). The 10,000
figure represents a theoretical scenario where only one company operates in the industry with 100%
of the market share.

This index is determined by summing the squares of each market share S; (in percentage form) of a
given portfolio, as shown in Equation 2. Equation 2 is adopted from De Rosa, Mattia et al., (2022).
Higher market concentration leads to a higher HHI value, with a maximum value of 100 per cent
occurring for a single share, while lower values occur for distributed portfolios, with a minimum
value approaching zero as j = oo,

EQUATION 2 HERFINDAHL-HIRSCHMAN INDEX

n
HHI = 10,000 X Z(Si)2

=1

Where:

with the
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e nisthe number of energy suppliers.

e S;isthe market share of the i -th supplier (expressed as a fraction of total market share, e.g.,

Gas Import,

i

~ Total Gas Import of the Recipient Country

Interpretation:

e An HHI close to 0 indicates a highly diversified energy market (many suppliers with small
market shares).

¢ An HHlI close to 10,000 indicates a highly concentrated market (one supplier has a dominant
share).

An alternative equation that includes reliability coefficients can also be used (Fraunhofer ISI, 2024).
This reliability coefficient is ranging from 0 to 1. An extremely low-reliability coefficient would
indicate highly trustworthy partners with strong bilateral relationships, possibly even under the
same jurisdiction. A high reliability coefficient on the other hand indicates unreliable and politically
opposing partners. There may be differences in reliability coefficients for resources originating from
the same country. can be used by incorporating a reliability coefficient. However, incorporating
reliability coefficients that consider trustworthy and reliable import partners is another challenging
topic.

1.2.2 Energy Crisis

The discussion of the energy crisis begins with an overview of past crises, primarily centred around
oil, which were often triggered by political or military events. These disruptions were short-lived,
lasting no more than nine months, and were characterised by significant oil production shortfalls
due to geopolitical factors (Beccue et al., 2018; Costantini & Gracceva, 2004).

The Russia-Ukraine conflict has deep historical and geopolitical foundations (Xin & Zhang, 2023). In
February 2022, Russia launched an invasion in Ukraine, and the conflict broke out and escalated.
This conflict triggered an international energy crisis, with global energy prices soaring and energy
markets fluctuating dramatically. Following the outbreak of the Russia-Ukraine conflict, EU countries
imposed energy sanctions on Russia to cut off its economic resources. In response to sanctions from
many countries, Russia implemented retaliatory sanctions in the energy sector, significantly reducing
energy production and supply (European Council, n.d.-b; Xin & Zhang, 2023).

While many consider Russia's operation of Ukraine in February 2022 as an energy crisis, the seeds
of the crisis were sown years earlier, with some countries pushing to phase out fossil fuel production,
discouraging investment in domestic oil and gas projects, and increasing energy imports from Russia.
Here is a timeline of the energy crisis since 2020, summarised from EnergyNow (2022):

with the
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a) 2020: The COVID-19 triggers reduced investment in oil and gas infrastructure.

b) 2021: A wind-power shortage in Europe combined with increased energy demand leads to
soaring energy costs and record coal usage.

c) Early 2022: Russia's military buildup and subsequent invasion of Ukraine creates major
energy market disruptions, with sanctions to Russia further impacting energy supplies.

d) Mid-2022: Europe faces severe energy shortages, while countries rush to secure alternative
energy sources including LNG.

e) Late 2022: The crisis intensifies as Russia cuts off European gas supplies and OPEC+ reduces
oil production, with experts warning of prolonged energy challenges due to years of
underinvestment in oil and gas.

1.2.2.1 The Cost of Energy Crisis

The costs associated with supply disruptions in the energy sector can be categorised as economic
externalities (Costantini and Gracceva, 2004). However, delineating between internal (private) costs
and external (social) costs is a challenging task. These costs then can manifest in various forms,
including physical oil shortages, prolonged interruptions in electric power (quantity risk), or sudden
rises in oil prices (price risk). Tertre2023) argues that there are two price risks of the energy crisis,
which are short-term price spikes and the long-term effects of the green transition on energy prices.

The energy price escalation during 2021-2022 stemmed from several factors. The main drivers are
restricted Russian gas flows, widespread supply uncertainty, and reduced hydro and nuclear
generation that forcing increased reliance on natural gas. These supply constraints, alongside
geopolitical tensions surrounding Russian energy exports, led to price spikes in wholesale energy
prices. The European Union responded to this crisis by implementing a series of measures through
its REPowerEU plan. These include diversifying energy sources, reducing energy demand, increasing
storage, and improving infrastructure to reduce supply bottlenecks.

1.2.3 Energy Market in the EU

To further analyse the impact of import dependence and supplier diversity on gas price, it is
necessary to understand the broader context of EU’s energy market and how this context matters.
This section will briefly elaborate the energy market dynamics in the EU such as their energy mix,
primary production, gross inland consumption, gross domestic production, and government
spending for the energy crisis in 2022.

1.2.3.1 Energy Mix and Balance

The energy mix is the composition of a country’s total energy supply, also known as gross available
energy (Kanwal et al., 2022). Gross available energy is the proportion of different energy sources,
including gas, oil, coal, nuclear energy and renewables, used to meet the overall national energy
needs. It affects energy prices if countries heavily reliant on certain energy sources, making them
face higher prices if there is supply disruption on those specific sources.

with the
ol
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In 2022, the energy mix in the EU is mainly consisted of five different sources: crude oil
and petroleum products, natural gas, renewable energy, solid fossil fuels and nuclear energy. The
shares of these energy sources in the gross available energy vary considerably between EU
countries. Eurostat (2024a) reports in 2022, the share of petroleum products in available energy
was highest in Cyprus, Malta and Luxembourg, while natural gas was a significant energy source in
Italy, Hungary, Ireland and the Netherlands. Figure 2 Energy mix in the EU, 2022 illustrates the
proportion of energy mix in the EU countries in 2022, which is dominated by petroleum products
(37%) and natural gas (21%).
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FIGURE 2 ENERGY MIX IN THE EU, 2022

Source: Eurostat, 2024

1.2.3.2 Primary Production

The level of primary energy production in a country is important, as it also affects its import
dependence. Primary energy production refers to the process of extracting energy products directly
from natural resources (Lee & Leal, 2014). If countries produce a significant portion of their own
energy, the risk of high import dependence may be smaller. The EU area is heavily dependent on
imports of both petroleum-based energy products and natural gas, while renewable energy and
nuclear energy are predominantly domestically produced.

The trend in primary energy production was generally negative since 2019 except for renewables
and biofuels as seen in Figure 3 Primary Production in the EU, 2019-2022.The production of natural
gas had the sharpest decline of negative 33 per cent in 2022 against the 2019 data point.

10
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FIGURE 3 PRIMARY PRODUCTION IN THE EU, 2019-2022

Source: Eurostat, 2024

1.2.3.3 Gross Inland Consumption

Gross inland consumption (GIC) represents the total energy consumed in a country, thus related to
primary energy demand (Popescu, 2016). The EU's Gross Inland Consumption for 2022 was 1.3
million tonnes of oil equivalent. This records a decrease from the previous number of 1.4 million
tonnes of oil equivalent for 2021 (CEIC, 2022). If a country has high GIC and low domestic energy
production, it will likely have high import dependence. For instance, Malta’s gross inland
consumption is nearly 19 times higher than its primary production, as shown in Figure 4.

11
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FIGURE 4 GROSS INLAND CONSUMPTION TO PRIMARY PRODUCTION, 2022
Source: Eurostat, 2024

1.2.3.4 Stock Levels for Gas Products

Having sufficient gas stockpiles helps countries with limited domestic production and high import
dependence. Therefore, the gas stock level is important especially during an energy crisis as it can
function as a buffer during supply disruptions, enable flexibility in the energy system, and provide
emergency reserves during the crisis (European Commission, 2014; IEA, 2022). Stock levels indicate
the quantity of extractable natural gas in storage at a given time, usually measured at the beginning
or end of a reporting cycle. Cushion gas is excluded from this measurement, since it is considered
difficult to access for extraction. Stock levels are more accurate to see the gas available for use when
cushion gas is excluded from the calculation (IEF, 2024).

Most EU countries have gas storage facilities on their territory. Storage capacities in five countries
(Germany, Italy, France, the Netherlands and Austria) make up two-thirds of the EU’s total capacity.
European Council mandates countries that do not have storage facilities to store 15 per cent of their
annual domestic gas consumption in stocks located in other countries (European Council, n.d.-c).
The gas storage levels reached 90.02 per cent of storage capacity in August 2024, which are
equivalent to under 92 billion cubic metres of natural gas. The stock level details for gas products
for individual countries in the EU when compared to national gas consumption is shown in Figure 5.
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Latvia and Finland show very high consumption levels, more than 20 times higher compared to their
gas stock levels.
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FIGURE 5 GAS CONSUMPTION TO GAS STOCK LEVEL 2022

Source: Eurostat, 2024

1.2.3.5 Import Dependence

Import dependence is a metric that measures the proportion of net imports in a country or region
against the gross energy supply (Eurostat, n.d.-a). It reflects the extent to which a country relies on
foreign energy sources to meet its domestic energy needs. A higher import dependence rate
indicates greater vulnerability to external supply disruptions and price weakness in global energy
markets, while a lower rate indicates greater self-sufficiency in energy production.

Figure 6 shows the import dependence rate in 2022 for each country and different energy sources
in the EU. The countries in the EU averagely had an import dependence rate of 92 per cent, 97 per
cent, and 83 per cent for natural gas, oil and petroleum, and solid fossil energy products
subsequently in 2022. Particularly for natural gas, the EU's import dependence showed a steady
increase, rising from a comparatively lower level in 1990 to reach a peak of around 97.6 per cent by
2022, as shown in Figure 7 Average energy import dependence rate in the EU, 1990 - 2022. This
growing reliance of EU countries on natural gas highlights the rationale for focusing on natural gas
as the primary energy product in this study.

13



siMICAI

Support Energy Efficiency Deployment with the
Multiple Impacts CAlculation Tool

200
180

160

80
60
40
20

0

- -
N S
o o

-
o
o

Import Dependence Index

vo%@‘g@gofﬁz}i; & Q/é@(f:&tb(;{be e}@'Z’ZQiZQ&iQ}%Q \\"}ir%(\ \iz, <<®°\§q®§;®of°\fo<&<e_o@(b;@fi O\\QJQ\%Q:$®60
S F
mNatural gas  ®Oil and petroleum products Solid fossil fuels
FIGURE 6 ENERGY IMPORT DEPENDENCE RATE FOR COUNTRIES IN THE EU, 2022
Source: Eurostat, 2024 (colour)
100 97,6
o | =T N Bl Y4
80
70

60 vA‘_\//\/

40

30

Energy Import Dependence Rate

20

10

Total Solid fossil fuels Natural gas === Qil and petroleum products

FIGURE 7 AVERAGE ENERGY IMPORT DEPENDENCE RATE IN THE EU, 1990 - 2022

Source: Eurostat, 2024

14



siMICAI

Support Energy Efficiency Deployment
Multiple Impacts CAlculation Tol

1.2.3.6 Supplier Diversity

European natural gas imports rely on a combination of pipeline and liquefied natural gas (LNG)
sources. Pipeline imports mainly come from Russia, Norway, North Africa and Azerbaijan.
Meanwhile, the main EU countries importing LNG are France, Spain, the Netherlands, Belgium and
Italy. LNG imports have increased significantly, with the EU importing more than 120 billion cubic
meters in 2023, almost 50 per cent of which came from the United States (European Council, n.d.-
d). The detailed supply flow is illustrated in Figure 8 Gas supply flows in the EU.

The energy crisis and tensions between Russia and the EU, following the escalation of the conflict in
Ukraine, have disrupted major pipelines. The Nord Stream’s pipeline supply to Eastern Europe has
been particularly affected (Letzing, 2022; Russell, 2021). Nord Stream 1, which carries most of
Russia’s gas to Europe, experienced reduced operations before Gazprom stopped the flow
altogether in August 2022. Nord Stream 2, which was intended to double export capacity, was
effectively cancelled when Germany suspended its certification process due to Russia’s invasion of
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. Eastern gas supply includes pipeline flows from Russia, Belarus, and
Turkey (originating in Russia), as well as from Ukraine.

North Sea gas supply consists of pipeline flows from Norway to EU
Countries and the UK.

North African gas supply involves pipeline flows from Algeria and Libya.

. LNG gas supply comes from various terminals in the EU, with Spain's six
terminals representing a significant aggregated source.

The Caspian gas supply involves flows from Azerbaijan via the TANAP and
TAP pipelines.

| The UK gas supply includes flows between the UK and Belgium, the
Netherlands, and Ireland.

FIGURE 8 GAS SUPPLY FLOWS IN THE EU

Source: ENTSOG, n.d. (colour)

Regarding the import share, Russia and Norway have been the primary suppliers of imports to the
EU (Eurostat, 2022). The detailed natural gas import share from seven major gas suppliers from 2019
to 2022 is shown in  Figure 9 EU Gas import origin by six major countries, 2019 — 2022. The supply
from Russia significantly decreased by 20 percentage points from 46.4 per cent in 2019 to 26.0 per
cent in 2022. On the other hand, there is a visible trend towards increasing the number of supplier
countries, especially by 2022. For instance, the United States share increased to 26.1 per cent in
2022, up from 6.6 per cent in 2019. This noticeable increase in share from the United States, Qatar,
and other countries suggests shifts in EU's import policy, potentially focusing on more stable and
diversified supply routes.
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FIGURE 9 EU GAS IMPORT ORIGIN BY SIX MAJOR COUNTRIES, 2019 - 2022

Source: Eurostat, 2022 (colour)
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1.2.3.7 Energy Price

The 5th Report of the European Commission on energy prices and costs in 2024 highlights the severe
crisis in the European and global energy markets since 2020 ((European Commission, 2024).
Wholesale gas and electricity prices reached unprecedented levels before starting to decline in
2023, partly due to the rapid joint emergency measures of the European Union. Throughout 2022,
gas prices remained very high, only gradually decreasing to more manageable levels towards the
end of the year, driven by regulatory measures, reduced demand and other market improvements.
Gas prices before government intervention are reflected by pre-tax prices.

EU countries have implemented a market correction mechanism that will limit episodes of
exceptionally high gas prices in the EU and thereby mitigate the impact of price increases on citizens
and the economy, while ensuring security of supply and market stability in the EU (European
Council, n.d.-a). The market correction mechanism applies to transactions on virtual gas trading
platforms in the EU. The Title Transfer Facility (TTF) operates as a virtual trading platform that serves
as a reference for natural gas pricing in the EU. The TTF functions as a benchmark that European gas
markets use to determine gas contract prices.

There are two energy prices of interest during the crisis: retail and wholesale. Retail or end-user
prices reflect the increase in wholesale prices, but while wholesale prices have decreased, user-level
prices usually have remained relatively stable. This impact varies across EU countries in both
magnitude and speed of transmission to consumers. This varying price can be attributed to several
factors: different approaches to managing the crisis at the national level, varying levels of policy
commitment, and differences in how countries structure their gas contracts and purchasing
strategies, such as whether they prefer long-term agreements or price protection measures.

Retail prices are the basis on which consumers base their decisions (Fraunhofer ISI, 2024). This is
influenced by many factors. These factors include changes in both fossil fuel and renewable energy
costs, the specific mix of energy technologies used in each country, the investment needed for
different types of power generation, and broader economic factors such as growth rates and energy
demand within individual countries.

1.2.3.8 Government Spending for Energy Crisis

Since the start of the energy crisis in September 2021, European countries have collectively
allocated and earmarked €651 billion to protect consumers from escalating energy costs. Of this
total, 540 billion Euro has been designated within the EU, with Germany alone accounting for 158
billion Euro (Sgaravatti et al., 2024).

Figure 10 below illustrates the funding allocated by selected EU countries between September 2021
and January 2023. These funds were specifically targeted at shielding households and firms from
rising energy prices and the subsequent effects on the cost of living. This figure shows the scale of
intervention across different EU countries and highlights the varying capacities in responding to the
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crisis indicated by the comparison between the budget allocated and their Gross Domestic Product
(GDP). The five most budget allocated were from Germany, Italy, France, Spain, and the Netherlands
with ratio to GDP were above the EU average. These countries are also the five largest economies
in the EU.
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FIGURE 10 GOVERNMENTS EARMARKED AND ALLOCATED FUNDING DURING ENERGY CRISIS (SEP 2021 - JAN
2023) AND THE PROPORTION TO 2022 GDP

Source: Sgaravatti et al., 2023

1.2.4 Research Justification

This study begins by defining the energy crisis and its connection with energy security and import
dependence, highlighting the significance of the crisis’s impact on price spikes. Five previous studies
are analysed and compared in Table 1, each exploring different aspects of energy security. These
include exploring the costs of energy disruptions, assessing the benefits and costs of oil imports,
conducting risk assessments of oil market disruptions, examining energy security externalities, and
evaluating the impact of recent crises on EU energy independence.

The summaries of these studies provide insights into the methodologies used, key findings, and
potential areas for further research, thereby revealing several research gaps.

18



il IJ/I

Support Energy Efficiency Deplo; ym (w(hth
Multiple Impac : CAlculatio

1. Thereis astrong emphasis on studies related to oil disruptions, reflecting the energy landscape
before the transition to natural gas and before Russia’s invasion to Ukraine in 2022.

2. Costs were analysed from the lens of energy security externalities, disruption costs, and energy
poverty.

3. The quantification of energy (oil) disruptions has not accounted for the share of the total
supply from each supplying country when evaluating the impact of disruptions.

This research aims to contribute to the energy politics literature following Russia’s invasion by
analysing the impact of energy security on energy price through the lens of import dependence as
the most straightforward indicator of a country’s energy security. Supplier diversity is also
considered in the analysis. The focus is on natural gas to address the current development of its use
as a transition fuel and its increased production and consumption.

1.3 Research Objectives

The EU's dependence on energy imports has increased its vulnerability to price spikes, particularly
during crises. Understanding whether and how the diversification of energy suppliers can reduce
prices by decreasing import dependence is necessary to mitigate future energy crises. This study
aims to explore the impact of energy import dependence and supplier diversity on gas prices during
the 2022 energy crisis in EU countries. The study addresses the following key research questions:

Main Research Question
How do import dependence and supplier diversity affect gas price in EU countries in times of crises?
Sub-Research Questions
1) How does the gas price vary across different EU countries during the 2022/23 energy crisis?
2) How does the proportion of imported energy affect gas prices in EU countries?

3) How does the diversity of energy suppliers affect gas prices in EU countries?
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TABLE 1 COMPILATION OF RELEVANT PRIOR STUDIES

Authors and

Titl

e Year

Social Costs of | Costantini &
Energy Gracceva
Disruptions (2004)

Oil Imports: An | Leiby et al.
Assessment of | (1997)

Benefits and
Costs

Research Objectives

The paper explores
different ways an economy
is affected by an oil shock or
a power blackout

To identify the possible
social costs of oil imports
that are not included in the
price paid by consumers.
To discuss the possible size
of these costs; and

To highlight the reasons for
differences in cost
estimates.

Method or Framework

Literature review to
establish a theoretical
framework and conceptual
understanding of energy
security and supply
disruptions. Utilising data

from various sources,
including international
organizations and
academic studies, the
paper conducts
quantitative analysis to
estimate the economic

impacts of past energy
supply disruptions on
factors such as GDP,
inflation, and
unemployment. Through
comparative analysis, it
highlights differences and
trends between different
types of disruptions

The report utilises the
Department of Energy's Oil
Market Simulation Model
(OMS94) and the
Broadman and Hogan
model to estimate the oil
import premium
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Results

Past oil crises led to high
inflation, trade imbalances,
unemployment, and low
confidence among
businesses and consumers.
Electricity shortages cause
immediate negative
impacts and some indirect
effects, depending on
factors like the extent and
duration of the disruption,
as well as the availability of
advance warning and
information.

The study identifies the
potential premium
associated with oil imports,
focusing on the marginal
import cost and the
differences in professional
opinions regarding market
failures

Indicators Used

Inflation

Trade balance
Employment
Electricity shortage

cost of disruption

cost due to import
disruption

cost of economic losses
due to economic
dislocation

annual probability of
supply losses

energy price change
energy quantity change
expected cost of disruption

Research Gap / Future
Research

A specific assessment of the
social costs of an electricity
shortage remains a
research task for the future.

Future research in oil
imports could focus on
refining the estimation of
the import premium by
addressing  uncertainties
related to market failures
and external costs; or on
conducting analyses on the
policy interventions to
optimize import levels and
improve social welfare
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Title

An updated
assessment  of
oil market
disruption risks

Energy security
externalities -
phenomenon
description

The Impact of
the 2020-2022

Authors and
Year

Beccue et al.
(2018)

Nyga-
tukaszewska
(2020)

Rokicki et al.
(2023)

Research Objectives

Develop a risk assessment
framework and the overall
probability of a major oil
disruption; Characterise the
likelihood, effective
magnitude, and duration of
potential supply disruptions

The paper aims to explore
the externalities of energy
security. Additionally, the
paper discusses specific
measures  designed to
capture these externalities

This article aims to evaluate
the repercussions of the

Method or Framework

Decision analysis
framework, together with
the direct elicitation of
probabilities from a panel
of experts were used.
Other approaches have
been used, such as
statistical analyses  of
historical frequencies and
indirect methods (e.g.,
scenario analyses and risk
indices).

A thorough review of
existing literature
highlights the predominant
focus on energy imports
and the costs associated
with disruptions. Most
identified externalities are
of a pecuniary nature,
indicating that they do not
stem from market
inefficiencies.

The information sources
include relevant literature
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Results

The analysis indicates a
high probability of
significant disruptions in oil

supply, with varying
durations and regional
impacts

When there are disruptions
in imports, the exporting
country creates negative
effects for the importing

country. Initially, these
effects may seem to only
impact the importing

country. However, in the
long term, importing
countries implement
measures to reduce energy
usage or lower prices,
which affects the
credibility and  market
share of the exporting
country. This leads to
efforts by  importing
countries to diversify their
imports and invest in
alternative energy sources
or energy-efficient
technologies.

There were no significant
changes in the overall EU

Indicators Used

supply disruption
oil production

Energy security
externalities

Energy balance

Research Gap / Future
Research

The quantification of the
risks of oil disruptions
opens the door to a variety
of extensions of the
framework. The framework
could be extended to
analyse strategic decisions
including stockpile releases
and other types of strategic
alternatives that could
mitigate the impacts of oil
disruptions.

The interdisciplinary
approach or  empirical
analysis may give additional
insight into the problem.
The authors also believe
that the energy security
externality picture may be
incomplete as literature is
silent about positive
externality perspective and
means of internalizing
external costs. Therefore,
those areas are suggested
as future research

targets.

Research on such
relationships  during the
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Title

Crises on EU
Countries’
Independence
from Energy
Imports,
particularly
from Russia
(2023)

Authors and
Year

Source: Author, 2024

Research Objectives

crises resulting from the
COVID-19 pandemic and the
war in Ukraine on changes
to the European Union’s
reliance on energy raw
material imports,
particularly from Russia

Method or Framework

on the subject and data
sourced from Eurostat. In
conducting the analysis
and presenting the data,
several methodologies are
employed, including
descriptive, tabular, and
graphical techniques.
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Results

energy balance between
2010 and 2022, however
the war in Ukraine caused a
greater change in EU
concentration in imports of
energy raw  materials
imported from Russia.

Indicators Used

Energy raw materials

imported

Research Gap / Future
Research

COVID-19 pandemic in
other European and global
countries is lacking.

Lack of up-to-date and
detailed data available for
the last year and months
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This part discusses the methodology, data, and variables used in the study. Scope of study and data
handling process are also briefly explained.

2.1 Scope of study

This study uses a quantitative approach to analyse the relationship between energy security
focusing on import dependence and supplier diversity on gas price during the energy crisis. The
energy crisis refers to the challenging energy market conditions following Russia’s invasion of
Ukraine in 2022, which exacerbated the impacts of the COVID-19 pandemic in 2020-2021, leading
to soaring energy prices in the EU.

This study focuses on natural gas price among other energy carriers as the cost indicator of the
energy crisis for several key reasons as follows:

a) Gas is characterised by an inelastic market, particularly in residential areas. This inelasticity
means that consumers face significant challenges in switching to alternative energy sources
when gas prices fluctuate (Golding, 2022; Mastrangelo, 2007). As a result, it becomes easier
to observe and measure the impact of such price changes on consumers and the broader
economy.

b) Gas is highly dependent on infrastructure, such as pipelines, which can lead to substantial
price variations based on location and the availability of infrastructure in different regions
(Liang et al., 2012). This infrastructure dependence makes gas prices more sensitive to
factors such as supply constraints and regional disparities, especially when compared to oil.
Oil, in contrast, tends to have more uniform pricing due to its global trading nature and
relatively lower transportation costs.

c) Gas typically holds one of the highest positions in the merit order of energy sources due to
its higher marginal costs compared to alternatives like wind, solar, and nuclear power (Etpa,
n.d.). The merit order system in power grids ranks power plants from lowest to highest based
on their operational costs, dispatching cheaper plants first to meet electricity demand. As
demand increases, more costly plants, which is often gas-fired, are activated to maintain
supply. When natural gas plants are used, their higher costs often set the "marginal price"
of electricity, meaning that the price for all consumers is pegged to this higher cost. Since
gas-powered plants are important for maintaining grid stability especially during peak usage,
any increase in gas prices significantly affects electricity prices. This close relationship
between gas and electricity pricing demonstrates how changes in gas market influence
overall energy costs for consumers. Understanding this connection is essential for assessing
how the energy crisis affects both residentials and businesses.
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2.2 Data and Methods

2.2.1 Data

This section outlines the key variables and data sources used in the study. Data is sourced from
Eurostat and Enerdata ranging from 2000 to 2022 for all 27 countries in the EU level. Cyprus and
Malta were excluded from the analysis due to the unavailability of relevant data for almost all gas
price categories examined in this study. Additionally, Finland was also removed from certain gas
price category datasets for similar reasons.

The import dependence rate data was sourced directly from Eurostat, while supplier diversity was
measured using the Herfindahl-Hirschman Index (HHI), as shown in Equation 2. The HHI calculates
the sum of the squared market shares (Si) of each gas supplier in a given country.

Dependent variable or natural gas price data consists of total 11 categories: 9 categories of end-user
gas price are derived from Enerdata year of 2000-2022 and 2 categories of both end-user (from 2000-
2022) and wholesale gas price (from 2008-2022) are taken from Eurostat.

The dependent variable, natural gas price data, comprises eleven distinct datasets, or data
categories. These include nine end-user gas price categories sourced from Enerdata and two
categories sourced from Eurostat. The detailed natural gas price categories, along with other data
used in this study, such as control variables including primary production, gross inland consumption,
gas stock levels, real GDP per capita, the Harmonised Index of Consumer Prices (consumer index),
and the inflation rate, are presented in Fehler! Verweisquelle konnte nicht gefunden werden.. The
descriptive statistics for all these variables are provided in Table 3 Descriptive statistics.
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TABLE 2 DATA SOURCES

Variable Data Source Year

Energy import dependence by products Eurostat 2000-2022
Complete energy balances Eurostat 2000-2022
Natural Gas Prices (Enerdata) Enerdata 2000-2022

1. Household with consumption of <20 GJ (A), >20-<200 GJ (B), and >200G)
(C), excluding tax

2. Household with consumption of <20 GJ (A), >20-<200 GJ (B), and >200G)
(C), excluding VAT

3. Household with consumption of <20 GJ (A), >20-<200 GJ (B), and >200G)
(C), including tax

4. Industry with consumption of <1000 GJ (A), >1000-<10000 GJ (B), >10000-
<100000 GJ (C), >100000-<1000000 GJ (D), >1000000-<4000000 GIJ (E), and
>4000000 GJ (F), excluding tax

5. Industry with consumption of <1000 GJ (A), >1000-<10000 GJ (B), >10000-
<100000 GJ (€), >100000-<1000000 GJ (D), >1000000-<4000000 GJ (E), and
>4000000 GJ (F), excluding VAT

6. Industry with consumption of <1000 GJ (A), >1000-<10000 GJ (B), >10000-
<100000 GJ (€), >100000-<1000000 GJ (D), >1000000-<4000000 GJ (E), and
>4000000 GJ (F), including tax

7. Natural gas imported
Industry and household combined, excluding tax

9. Industry and household combined. Including tax

Natural Gas Prices Eurostat 2000-2022
10. End-user price, excluding tax 2008-2022
11. Wholesale price

Imports of natural gas by partner country Eurostat 2000-2022
Primary production Eurostat 2000-2022
Gross inland consumption Eurostat 2000-2022
Gas stock level Eurostat 2000-2022
Real Gross Domestic Product per capita Eurostat 2000-2022
Harmonised Indices of Consumer Prices Eurostat 2000-2022
Inflation rate Eurostat 2000-2022

Source: Author, 2024
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https://ec.europa.eu/eurostat/databrowser/view/sdg_07_50/default/table?lang=en&category=t_nrg.t_nrg_sdg_07
https://ec.europa.eu/eurostat/databrowser/view/nrg_bal_c__custom_12076388/default/table?lang=en
https://energy.ec.europa.eu/data-and-analysis/energy-prices-and-costs-europe/dashboard-energy-prices-eu-and-main-trading-partners-2023_en
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TABLE 3 DESCRIPTIVE STATISTICS

Observations Mean Standard Deviation Minimum Maximum
Variables Absolute Difference  Absolute Difference Absolute Difference Absolute Difference Absolute Difference
value value value value value value value value value
Import Dependence (%) 621 75 73.255 87.278 46.525 25.260 -120.970 16.630 149.119 149.119
HHI Index 547 73 6986.156 6058.278 3008.143 3181.780 1355.097 1450.435 10000.000 10000.000
Import Dependence x HHI Index 547 73 556256.616 505558.965 364458.973 303349.024 -551532.677 94241.888 1491190.000 1491190.000
Primary Production (Terajoule) 621 75 139,505 64,472 402,481 140,176 0 0 2,726,927 728,365
Closing Gas Stock (Terajoule) 621 75 90,089 121,241 155,739 182,536 0 0 848,600 848,600
Gross Inland Consumption (Terajoule) 621 75 527,142 547,897 794,336 784,927 0 12,229 3,319,959 3,231,445
Gas Stock to Consumption 621 75 0.164 0.219 0.204 0.299 0 0 1.489 1.489
Real GDP Per Capita (in €) 581 75 24,750 28,499 16,789 18,977 2,990 6,400 88,120 86,540
Consumer Index 621 75 92.727 112.732 14.417 8.776 28.010 101.170 137.570 137.570
Inflation Rate (%) 611 73 2.922 5.042 3.673 5.012 -1.700 -1.300 45.700 19.400
Gas Prices (in €/G)J)
Household 1-3 Excl. Tax 509 72 13.142 4.630 5.689 7.523 3.353 -2.974 61.826 31.807
Household A-C Excl. VAT 509 72 14.679 4.290 6.613 6.930 4.009 -3.011 69.606 34.528
Household A-C Incl. Tax 509 72 17.432 5.108 8.053 8.390 4.488 -3.458 87.008 43.159
Industry 1-6 Excl. Tax 532 75 9.055 6.822 4.601 8.914 1.991 -6.454 39.965 32.503
Industry A-F Excl. VAT 532 75 9.935 6.618 4.989 8.767 2.315 -6.974 47.744 29.204
Industry A-F Incl. Tax 532 75 12.127 8.354 6.429 11.086 2.589 -6.909 59.680 50.479
NG Imported Incl. Tax 432 57 259.887 334.195 222.043 525.497 0.098 -311.324 2256.183 2096.812
NG Industry & Resident Excl. Tax 529 75 500.227 255.929 240.933 372.046 119.390 -136.789 2204.878 1409.895
NG Industry & Resident Incl. Tax 528 75 611.893 271.031 347.488 413.983 0.000 -139.653 3208.398 1781.109
End-User Prices 515 72 11.576 5.103 5.059 7.570 0.000 -2.222 47.405 29.753
Wholesale Prices 357 73 29.345 22.284 18.966 40.520 9.423 -20.950 173.817 178.052

Source: Author, 2024
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2.2.2 Methods

The study began with the data collection process, followed by data cleaning to ensure accuracy and
consistency. Afterwards, the gathered data underwent descriptive statistical analysis and
visualisation to identify any patterns or relationships within the datasets. Extrapolation and
regression were conducted to examine the interrelationships between variables using Python.
Finally, the interpreted data were utilised to draw conclusions and address the research questions.
The overview of the methodology and data sources analysis process is summarised in Figure 11
Overview of methodology and data sources analysis process below.

' ™ 4 ™ e N e
Calculation of Comparison with Panel OLS
Herfindahl- Counterfactual factual gas analysis to
Hirschman Index analysis on gas prices 2020- explore the
(HHI) for _ ZOBrZICt%cha(I)czlﬁ_ate 2022 impact of import
supplier diversity the differences . Data source for dependence and
« Data source for EU factual gas prices: supplier diversity
. value between _ .
gas import ; Enerdata (2000 on gas price
suppliers: Eurostat estimated and 2022) and Eurostat during 2022
2000-2022 actual gas prices (2008-2022) energy crisis
\ y \ y \ y \ y

FIGURE 11 OVERVIEW OF METHODOLOGY AND DATA SOURCES ANALYSIS PROCESS

Source: Author, 2024

2.2.2.1 The Herfindahl-Hirschman Index (HHI)

Import of natural gas data from Eurostat was used to calculate the supplier diversity (HHI) using
Equation 2 Herfindahl-Hirschman Indexin sub-chapter Fehler! Verweisquelle konnte nicht
gefunden werden.. The HHI for gas products in EU countries is summarised in Figure 12 below.

The HHI values for most countries show a significant decline in 2022 compared to 2019, reflecting
an increase in the number of suppliers and greater diversification of gas supply sources. In 2019,
nine countries had a maximum HHI score of 10,000, indicating reliance on a single natural gas
supplier. By 2022, this number had decreased to just three countries, highlighting increased in
natural gas supplier diversity in overall EU countries.
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FIGURE 12 CALCULATION OF HERFINDAHL-HIRSCHMAN INDEX FOR GAS, EXTRA-EU, 2022

Source: Author’s calculation, 2024

2.2.2.2 Counterfactual analysis on gas prices 2020-2022

The study uses gas price data from 2000 to 2019 to predict the impact of the 2022 energy crisis on
gas prices. It compares estimated counterfactual gas prices for 2020-2022 (i.e. what prices would
have been without the energy crisis) to the actual gas prices reported by Enerdata and Eurostat
(Enerdata, 2024; Shammugam et al., 2022). The cut-off year of 2019 allows for the pre-crisis events
to analyse how the energy market developed and how they culminated in the 2022 without crisis.

The counterfactual analysis employs third-degree polynomial extrapolation to simulate hypothetical
gas price scenarios before and after the energy crisis, holding all other conditions constant (Pearl et
al.,, n.d.). The goal is to isolate the impact of that one factor by comparing what actually happened
to what would have happened under a different set of circumstances.

To account for outliers and leverage points in the historical data, the analysis uses Weighted Least
Squares (WLS) (Chatterjee & Machler, 1997). WLS gives more "weight" or importance to recent
years, preventing the model from being overly influenced by older data points that may not reflect
current market dynamics. The weight for each year is calculated as:

EQUATION 3 WEIGHT CALCULATION

2019 — Yeart)z

Weight for Year; = (— z
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This weight is applied to the gas price data. To extrapolate gas prices for 2020-2022, third-degree
polynomial extrapolation was used, with gas prices as the dependent variable and years as the
independent variable. The fitted model’s coefficients were then used to predict gas prices for the
target years. Thus, the counterfactual analysis of estimated gas price P(x)i for country i at year x
is calculated as follows:

EQUATION 4 EXTRAPOLATION MODEL (3-DEGREE POLYNOMIAL)

) _ 2 3
P(x); = ag + a1x; + ayx{ + azx;

2.2.2.3 Panel Data Regression

To further analyse the importance of import dependence and supplier diversity on gas prices during
energy crisis, a panel data linear regression model or Ordinary Least Squares (OLS). The OLS aims to
capture the approximate linear relationship between the dependent variable and the independent
variable(s) (Ba et al., 2021).

The main model to analyse the effect of import dependence and supplier diversity on gas prices
category j, country i, and year t is expressed as follows:

EQUATION 5 REGRESSION MODEL
Gas pricesjiy = Bo+ B1ID + B,HHI; + B3ID X HHIy +y; + 6, + €;¢

Where:

e ID :Import Dependence

e HHI :Supplier Diversity

o Y : Country (or entity) fixed effects to control for unobserved heterogeneity

across countries.
e §; :Time fixed effects to account for shocks common to all countries at each time
point.
e €; :Errorterm.

Import dependence and supplier diversity are the main variables of interest, representing the share
of a country's total energy needs met by imports and the variety of energy sources used in a country,
respectively. The interaction term between import dependence and supplier diversity is also
included. The interaction term is the extension of the standard linear regression model aimed at
relaxing the assumptions that the relationship between the predictors and response are additive
(James et al., 2023; Vittinghoff et al., 2005). In this case, the additive assumption implies that the
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impact of import dependence on gas prices is the same regardless the level of supplier diversity.
However, this relationship may not always be additive, meaning that the impact of import
dependence on gas prices might change when supplier diversity varies, therefore the interaction
term is added in this model. Time and entity effects were used in the model to capture unobservable
characteristics relating to the model variables.

Gas prices refer to the 11 datasets of natural gas prices. The input data for gas prices as the
dependent variable are drawn from two sources, i.e. (i) the absolute values of gas prices from 2000
to 2022, and (ii) the gas price difference between actual and estimated gas prices specifically for
2020 to 2022. This distinction allows for a comparison between historical price trends over time and
how prices behaved differently during crisis period.

The gas price difference is the deviation of between the actual gas prices and the estimated gas
prices form the extrapolation, observed after the crisis from 2020 to 2022. Equation 4 is used to
calculate the difference between actual and estimated values of gas prices category j of country i
in year t:

EQUATION 6 DIFFERENCE BETWEEN ACTUAL AND ESTIMATED PRICE

gas price dif ference;;, = gas price(act);. — gas price(est);

This section presents findings that address the research questions. The trend analysis examines how
gas prices varied across EU countries during the 2022/23 energy crisis. The regression analysis
assesses the impact of import dependence and supplier diversity on gas prices, focusing on how
varying levels of imported energy and supplier diversity influence gas prices across the EU.

3.1 Extrapolation Trend Analysis and OLS Regression Results

3.1.1 Data Distribution and ANOVA Test

To check whether the data has a meaningful variance to further explore, an ANOVA test was
conducted with the results in

Table 4 ANOVA test results. The ANOVA test is based on data from 2000 to 2022 for a group of
countries across multiple variables.
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Category F-statistic p-value
Import Dependence 152.055 0.000
HHI Index 79.660 0.000
Import Dependence * HHI Index 86.566 0.000
Gas Prices:
Household 1-3 Excl. Tax 11.656 0.000
Household A-C Excl. VAT 20.375 0.000
Household A-C Incl. Tax 21.039 0.000
Industry 1-6 Excl. Tax 1.224 0.213
Industry A-F Excl. VAT 2.621 0.000
Industry A-F Incl. Tax 5.380 0.000
NG Imported Incl. Tax 1.681 0.031
NG Industry & Resident Excl. Tax 7.965 0.000
NG Industry & Resident Incl. Tax 20.595 0.000
End-User Prices 7.300 0.000
Wholesale Prices 0.533 0.967

Source: Author’s analysis, 2024

The results show high F-statistics and low p-values (<0.05). This result indicates that for all variables,

the countries or groups’ variance is real and not due to chance, except for the gas price variables in

the wholesale price category and gas price for industry 1-6 excluding tax. These results provide a

good starting point to further explore the impact of import dependence and supplier diversity on

gas prices, particularly during the 2022 energy crisis.

Figure 13 Data distribution for independent and control variables shows the data distribution for

the variable of interests which are import dependence, supplier diversity, their interaction term, as

well as some control variables. The data shows that import dependence is predominantly centred

around 100, indicating a high level of dependence across the sample. Similarly, supplier diversity

centres around 10,000, suggesting high market concentration and consequently low diversity

among suppliers.
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FIGURE 13 DATA DISTRIBUTION FOR INDEPENDENT AND CONTROL VARIABLES

Source: Author’s analysis, 2024

Figure 14 presents the data distribution across all years and countries for 11 categories of gas prices.
Among these categories, nine are derived from Enerdata and two from Eurostat databases. Analysis
shows that the gas price distributions across most datasets are roughly normally distributed.
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3.1.2 Gas Price Trend Analysis and Extrapolation Results

3.1.2.1 Gas Price Trend

The average annual growth rate of prices across all countries from 2019 to 2022 is 27.53 per cent
(household) and 59.91 per cent (industry), respectively. These rates are much higher than the
average prices in the last three years (2015-2018), which were -1.36 per cent and -1.71 per cent for
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ttern is similar to other categories of data,

including NG imports and wholesale prices. The price change is particularly higher for industry, as

shown in Figure 15 below, showing more price volatility
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FIGURE 15 GAS PRICE CHANGE RATE ANNUALLY BETWEEN HOUSEHOLD AND INDUSTRY - BASED ON THE
CATEGORY OF HOUSEHOLD 1-3 EXCLUDING TAX AND INDUSTRY 1-6 EXCLUDING TAX

Source: Author’s analysis, 2024

If within one sector, the tax treatment is compared, the result shows that the gas price change rate
is higher without tax than with tax by 20.4 percentage points for households and 26.25 percentage

points for industry, as shown in Figure 16.
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FIGURE 16 GAS PRICE CHANGE RATE ANNUALLY BETWEEN HOUSEHOLD AND INDUSTRY — BASED ON THE
CATEGORY OF HOUSEHOLD 1-3 EXCLUDING TAX AND INDUSTRY 1-6 EXCLUDING TAX

Source: Author’s analysis, 2024
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A comparison of gas price changes between the Enerdata (9 dataset) and Eurostat (2 dataset) is

illustrated in Figure 17 Gas price changes between different gas price categories. The comparison

aims to assess the consistency of movement across different gas price categories. The graph

indicates that the end-user price data from Eurostat aligns well with the majority of the price

categories from the Enerdata source. However, the wholesale price shows a different pattern,

suggesting that its characteristics diverge from the other gas price categories.
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FIGURE 17 GAS PRICE CHANGES BETWEEN DIFFERENT GAS PRICE CATEGORIES

Source: Author’s analysis, 2024

3.1.2.2 Extrapolation Results

To further analyse how the trendline might have developed without the COVID-19 pandemic and

energy crisis, gas prices for 2019 to 2022 were estimated using polynomial extrapolation based on

2000-2019 data. All 11 categories of gas price data show a significant increase in gas prices from

2019 to 2022, possibly due to the COVID-19 disruption and the energy crisis. As an example, Figure

18 and 19 show the price trends for one category of household and industrial gas prices excluding

tax. Majority of EU countries had gas price spike from 2020 onwards as indicated from the actual

data points far exceeding the estimated data points in gas price value.
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Source: Author’s analysis, 2024

TABLE 5 AVERAGE GAS PRICE PER CATEGORY, ACTUAL VS ESTIMATED VALUE IN €/G]

2020 2021 2022
Gas Price Categories
Actual Estimated Actual Estimated Actual Estimated
Household 1-3 excl tax 11.46 11.37 13.19 11.05 23.83 10.75
Household A-C excl VAT 13.11 13.41 15.25 13.43 25.91 13.54
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2020 2021 2022
Gas Price Categories
Actual Estimated Actual Estimated Actual Estimated

Household A-C incl tax 15.25 15.39 17.41 15.46 26.67 15.61
Industry 1-6 excl tax 18.22 18.34 20.82 18.27 31.14 18.25
Industry A-F excl VAT 7.22 7.82 10.88 7.79 25.88 7.90
Industry A-F incl tax 8.63 9.31 12.44 9.40 27.13 9.64
NG imported incl tax 10.62 11.10 15.16 10.89 32.06 10.78
NG industry&resident excl 153.38 971.09 344.53 1098.69 1127.96 1241.75
tax

NG industry&resident incl 477.12 490.97 595.80 484.66 1151.34 480.84
tax

Wholesale Prices 613.83 633.21 767.01 630.39 1326.94 631.08
End-User Prices 11.66 20.07 36.16 22.28 85.99 25.93

Source: Author’s analysis, 2024

The extrapolation results show that the estimated or the projected prices are lower than actual
prices in most cases, particularly in 2021 and 2022. Table 5 shows the average gas price value for
each category between the actual value and the estimated value in 2020 to 2022. For instance, as
shown in Table 5 Average gas price per category, actual vs estimated value in €/GJ, in 2022 the
actual gas price for Household 1-3 exclude tax category was averagely 13.09 €/GJ higher or more
than two times of the estimated prices. This is also similar for Industry 1-6 exclude tax category
where the actual gas price was 12.89 €/GJ higher than the estimated prices.

These differences between estimated and actual prices suggest the impact that the pandemic and
energy crisis had in driving up gas prices, far beyond what historical trends would suggest. Similar
patterns can be observed consistently across all other price categories. The trendline for each gas
price category is visualised in Annex 1.

3.1.2 OLS Regression

This sub-section presents the regression results, where the models used examine different gas price
categories, including household and industrial prices, both excluding and including taxes. There are
two regression input method in this study as mentioned in Section 2.2 Data and Methods using
absolute value of gas prices from 2000-2022 and difference value of projected and actual gas prices
in 2020-2022. The regression examines gas prices recorded by Enerdata and Eurostat across
different categories. A robustness check is conducted to ensure the reliability of the findings.

3.2.2.1 Impact of Import Dependence and Supplier Diversity on Gas Price

In the main regression (Model 1), the coefficients for import dependence, supplier diversity, and
their interaction term are generally not statistically significant across most gas price categories, with
one exception i.e. the industry 1-6 excluding tax category. In the Wholesale Price category, only
import dependence demonstrates some level of significance. Since not all variables of interest show
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significant results, the Wholesale Price category will not be discussed further in the subsequent
sections.Fehler! Verweisquelle konnte nicht gefunden werden. presents regression analysis results
from six specifications (Models 1-6). Models (1) to (4) use the absolute value of gas prices from
2000-2022 with time and entity fixed effects. Models (5) to (6) use the difference value of projected
and actual gas prices in 2020-2022.

Model (1), the main specification, examines the relationship between import dependence, supplier
diversity (HHI), and their interaction on gas prices. Model (2) extends the analysis by incorporating
additional control variables, i.e., Primary Production, Closing Gas Stock, Gross Inland Consumption,
Gas Stock to Consumption, Real GDP Per Capita, Consumer Index, and Inflation Rate. These variables
are included to account for country and year specific broader economic and sectoral factors that
could influence the gas price dynamics. Model (3) builds upon Model (1) by introducing a crisis event
dummy variable for 2020-2022, capturing the effects of COVID-19 and the energy crisis. Model (4)
incorporates a lag model to examine the relationships between the dependent variable and the
independent variable in the previous year(t-1). Lag model considers that changes in import
dependence or supply diversity might not immediately affect prices in the same period but rather
in the future period. Given that gas prices are highly autoregressive (strongly correlated with
previous prices), the lag of gas price was also included. In contrast to Model (1) to (4), Model (5)
explores the relationship between import dependence, supplier diversity (HHI), and their
interaction on gas prices using the gas price difference value (actual against estimated). Lastly,
Model (6) adds the control variables to Model (5).

In the main regression (Model 1), the coefficients for import dependence, supplier diversity, and
their interaction term are generally not statistically significant across most gas price categories, with
one exception i.e. the industry 1-6 excluding tax category. In the Wholesale Price category, only
import dependence demonstrates some level of significance. Since not all variables of interest show
significant results, the Wholesale Price category will not be discussed further in the subsequent
sections.
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Dependent Variable Category - Enerdata

Dependent Variable
Category - Eurostat

Regression Model Independent
Input ode Variables Household 1-  Household Household  Industry 1-6 Industry A-F  Industry A-F NG imported NG industry NG industry | Wholesale End-user
3 excl tax A-C excl VAT  A-Cincl tax excl tax excl VAT incl tax incl tax & resident & resident Price Price
excl tax incl tax
Absolute gas (1) Import Dependence -0.011 0.057 0.059 -0.069** -0.038 -0.047 0.697 -0.889 3.047 0.158* -0.023
price value (0.04) (0.039) (0.047) (0.033) (0.041) (0.049) (2.5) (1.546) (2.387) (0.089) (0.045)
HHI Index -0.001 0.001 0.001 -0.001** -0.001 -0.001 -0.009 -0.008 0.027 0.002 -0.001
(0) (0) (0.001) (0) (0) (0.001) (0.024) (0.019) (0.024) (0.001) (0.001)
Import  Dependence 0.001 -0.001 -0.001 0.001* 0.001 0.001 0.001 0.001 -0.001 -0.001 0.001
and HHI Index (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)
Constant 14.267*** 9.74%** 12.451%** 16.265%** 14.438%** 17.279%** 211.767 564.224%** 311.529 10.344 13.255%**
(3.56) (3.412) (4.25) (3.136) (3.78) (4.543) (230.215) (139.457) (212.532) (9.794) (4.077)
Observations 475 475 475 498 498 498 403 495 494 339 481
R-squared 0.001 0.016 0.015 0.043 0.023 0.017 0.035 0.002 0.017 0.023 0.004
(2) Import Dependence -0.037 -0.042 -0.055 -0.068 -0.061 -0.074 -0.585 -1.602 1.419 0.033 -0.033
(0.082) (0.053) (0.066) (0.094) (0.089) (0.101) (0) (3.069) (1.65) (0.213) (0.086)
HHI Index -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.018 -0.012 0.017 0.002 -0.001
(0.001) (0) (0.001) (0.001) (0.001) (0.001) (0.015) (0.024) (0.011) (0.002) (0.001)
Import  Dependence 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 -0.001 -0.001 0.001
and HHI Index (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)
Primary Production -0.001 -0.001* -0.001* -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.001
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)
Closing Gas Stock -0.001 -0.001*** -0.001*** -0.001* -0.001** -0.001** -0.001 -0.001 -0.001** -0.001 -0.001
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)
Gross Inland |  -0.001** -0.001** -0.001* -0.001 -0.001 -0.001 0.001 -0.001 -0.001 -0.001 0.001
Consumption (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)
Gas Stock to 0.298 -0.561 0.554 -0.202 0.035 0.716 149.292 32.498 35.012 12.289%* 1.821
Consumption (2.748) (1.968) (2.854) (1.721) (1.651) (2.606) (178.668) (123.852) (122.528) (5.452) (2.389)
Real GDP Per Capita 0.001 0.001 0.001 -0.001 -0.001 -0.001 0.005 0.001 0.001 -0.001 -0.001
(0) (0) (0) (0) (0) (0) (0) (0.002) (0.003) (0) (0)
Consumer Index -0.056 -0.083 -0.095 0.047 0.045 0.066 4.55% -1.796* -2.213 0.157 -0.121*
(0.075) (0.069) (0.074) (0.036) (0.041) (0.054) (2.511) (0.996) (1.846) (0.193) (0.067)
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Dependent Variable Category - Enerdata Category - Eurostat
Regression del Independent
Input Mode Variables Household 1-  Household Household  Industry 1-6  Industry A-F  Industry A-F NG imported NG industry NG industry | Wholesale End-user
3 excl tax A-C excl VAT  A-Cincl tax excl tax excl VAT incl tax incl tax & resident & resident Price Price
excl tax incl tax
Inflation Rate -0.029 -0.024 -0.055 -0.028 -0.021 -0.036 4.215%* -3.341 -3.563 -0.134 -0.128
(0.114) (0.104) (0.12) (0.051) (0.037) (0.05) (1.755) (4.661) (4.161) (0.368) (0.122)
Constant 23.421%* 28.394*** 34.133*** 12.38 13.75 15.658 -202.587 852.974%** 702.126%** 6.176 26.9%*
(11.992) (9.192) (10.17) (9.751) (10.08) (11.543) (148.144) (313.503) (258.202) (24.654) (11.919)
Observations 466 466 466 489 489 489 397 486 485 330 472
R-squared 0.031 0.107 0.090 0.083 0.071 0.065 0.126 0.026 0.061 0.043 0.060
(3) Import Dependence 0.077 0.144** 0.165* 0.024 0.062 0.073 13.168** 3.589 8.355%** 0.281%** 0.072
(0.063) (0.067) (0.085) (0.055) (0.051) (0.066) (5.087) (3.095) (1.126) (0.076) (0.048)
HHI Index 0.001 0.002 0.002 -0.001 0.001 0.001 0.078*** 0.015 0.059*** 0.001 0.001
(0.001) (0.001) (0.001) (0.001) (0.001) (0.001) (0.03) (0.034) (0.022) (0) (0.001)
Import  Dependence -0.001 -0.001 -0.001 -0.001 -0.001 -0.001 -0.002*** -0.001 -0.001*** -0.001 -0.001
and HHI Index (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)
Crisis Event (2020- 4.725 4.683* 5.422* 5.611 5.985 6.987 245.051 233.208 266.393* 18.236 4.699*
2022=1) (2.877) (2.52) (2.827) (4.205) (4.119) (4.768) (193.335) (152.657) (152.437) (17.334) (2.828)
Constant 6.79 2.02 2.919 8.707 6.071 7.15 -836.874** 215.594 -121.878 7.782 5.112
(6.319) (6.868) (8.649) (5.608) (5.289) (6.779) (408.781) (313.094) (182.434) (5.541) (5.104)
Observations 475 498 475 498 498 498 403 495 494 339 481
R-squared 0.202 0.239 0.228 0.262 0.288 0.276 0.274 0.228 0.267 0.221 0.186
() Import Dependence 1- 0.049 0.057* 0.057 -0.002 0.016 0.023 -0.035 2.072 4.305%** -0.018 0.054
year Lagged (0.038) (0.032) (0.038) (0.036) (0.038) (0.046) (3.105) (1.718) (1.434) (0.092) (0.046)
HHI  Index 1-year 0.001 0.001 0.001 -0.001 -0.001 0.001 -0.022 0.024 0.04* -0.002 0.001
lagged (0) (0) (0) (0) (0) (0.001) (0.03) (0.022) (0.022) (0.001) (0)
Z;’Z";tl_” Ig:gf"ld;gi -0.001 -0.001 -0.001 0.001 0.001 -0.001 0.001 -0.001 -0.001* 0.001 -0.001
lagged (0) 0) (0) (0) (0) (0) (0) (0) (0) (0) (0)
Gas  Price  1-year| 0.734*%** 0.751%** 0.839%** 0.528*** 0.663*** 0.662%** 0.274* 0.712%** 0.824*** 0.997*** 0.625%**
lagged (0.2) (0.196) (0.206) (0.193) (0.21) (0.207) (0.15) (0.112) (0.122) (0.116) (0.101)
Constant -1.065 -1.651 -2.447 5.145 3.041 3.032 241.32 -68.612 -289.478* 9.498 -0.468
(4.806) (3.667) (4.524) (3.915) (4.171) (5.047) (307.174) (180.194) (153.161) (9.405) (4.545)
Observations 462 462 462 483 483 483 388 482 481 313 469
R-squared 0.377 0.465 0.507 0.191 0.336 0.332 0.119 0.365 0.507 0.345 0.319
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Dependent Variable Category - Enerdata

Dependent Variable
Category - Eurostat

Regression del Independent
Input Mode Variables Household 1-  Household Household  Industry 1-6  Industry A-F  Industry A-F NG imported NG industry NG industry | Wholesale End-user
3excltax  A-Cexcl VAT A-Cincl tax excl tax excl VAT incl tax incl tax & resident & resident Price Price
excl tax incl tax
Gas price 5) Import Dependence -0.244 -0.293*** -0.38%** -0.221*** -0.229%** -0.312** -1.729 -8.066 -6.516 -73.449* -0.241
difference (0.163) (0.088) (0.1) (0.072) (0.079) (0.125) (8.195) (7.837) (9.139) (37.465) (0.172)
value (actual -
estimated) HHI Index -0.001 -0.002 -0.003* -0.002 -0.002* -0.003 -0.064 -0.06 -0.054 0.769** -0.001
(0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.156) (0.096) (0.104) (0.348) (0.002)
Import  Dependence 0.001 0.001* 0.001** 0.001** 0.001** 0.001** 0.001 0.001 0.001 0.011** 0.001
and HHI Index (0) (0) (0) (0) (0) (0) (0.002) (0.001) (0.001) (0.005) (0)
Constant 23.726 29.666*** 37.936%** 24.715%** 26.028*** 34.849%** 602.677 874.382 758.314 -0.001* 22.957
(16.397) (9.187) (10.59) (7.768) (8.3) (12.819) (899.036) (824.655) (935.249) (0) (17.654)
Observations 70 70 70 73 73 73 55 73 73 71 70
R-squared 0.203 0.228 0.223 0.209 0.171 0.131 0,013 0.072 0.043 0.099 0.215
() Import Dependence -0.464*** -0.419*** -0.537*** -0.253*** -0.259*** -0.351%** 1.959 -11.229 -0.445%*** 0.976 -12.578
(0.135) (0.078) (0.096) (0.067) (0.065) (0.101) (10.595) (10.447) (0.159) (0.593) (8.524)
HHI Index -0.003 -0.004** -0.004*** -0.002 -0.002 -0.002 0.137 -0.083 -0.003 0.015** -0.1
(0.002) (0.001) (0.001) (0.001) (0.001) (0.001) (0.255) (0.117) (0.002) (0.007) (0.106)
Import  Dependence 0.001** 0.001*** 0.001*** 0.001** 0.001** 0.001** -0.002 0.002 0.001* -0.001 0.002
and HHI Index (0) (0) (0) (0) (0) (0) (0.003) (0.001) (0) (0) (0.001)
Primary Production -0.001* -0.001 -0.001 -0.001 -0.001 -0.001 0.005 -0.002 -0.001* 0.001 -0.005*
(0) (0) (0) (0) (0) (0) (0.006) (0.002) () () (0.002)
Closing Gas Stock 0.001 0.001 0.001 -0.001 -0.001 -0.001 -0.005 -0.001 0.001 -0.001 -0.001
(0) (0) (0) (0) (0) (0) (0.005) (0.002) (0) (0) (0.002)
Gross Inland 0.001 0.001 0.001 0.001 0.001 0.001 -0.001 0.001 0.001 -0.001 0.001
Consumption (0) (0) (0) (0) (0) (0) (0.002) (0.001) (0) (0) (0.001)
Gas Stock to 15.572* 7.734* 13.707** 8.759** 10.678** 15.257* 1943.843*** 572.42 15.508 42.696 602.988
Consumption (8.67) (4.387) (5.927) (4.008) (5.253) (7.861) (504.017) (718.858) (10.341) (36.226) (554.868)
Real GDP Per Capita -0.001* -0.001 -0.001 -0.001 -0.001 -0.001 0.022 -0.028* -0.001* 0.001 -0.028
(0) (0) (0) (0) (0) (0) (0.027) (0.014) (0) (0.002) (0.018)
Consumer Index -0.975** -0.764** -1.064** 0.015 0.335 0.241 102.731 -17.333 -1.043** 4.693 -16.765
(0.385) (0.358) (0.444) (0.464) (0.699) (0.956) (83.095) (30.426) (0.401) (3.287) (36.316)
Inflation Rate 0.94 0.632 0.968 0.178 -0.354 -0.284 -125.93 8.443 1.323%* -4.836 0.384
(0.639) (0.573) (0.753) (0.645) (1.022) (1.407) (118.837) (43.086) (0.613) (4.972) (50.047)
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Dependent Variable Category - Enerdata Category - Eurostat
Regression del Independent

Input Mode Variables Household 1-  Household Household  Industry 1-6  Industry A-F  Industry A-F NG imported NG industry NG industry | Wholesale End-user

3excltax  A-Cexcl VAT A-Cincl tax excl tax excl VAT incl tax incl tax & resident & resident Price Price

excl tax incl tax
Constant 156.61%** 121.792** 167.281*** 28.205 -10.256 13.048 -11334 3868.15 160.737*** -544.567 4044.202
(51.64) (46.101) (54.558) (56.746) (84.631) (113.084) (11267.83) (3926.277) (54.417) (381.252) (4602.564)
Observations 69 69 69 72 72 72 55 72 72 70 69
R-squared 0.518 0.444 0.486 0.336 0.293 0.248 0.597 0.209 0.236 0.41 0.528

Note: The null hypothesis is the absence of a relationship. ***, ** * denote significance at the 1%, 5% and 10% levels, respectively. Panel data is run with both entity-fixed effects and times-fixed effects. Clustered
robust standard error in parentheses.

Source: Author’s analysis, 2022
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For the Industry 1-6 excluding tax category, Model (1) finds that:

e Import dependence has a significant negative relationship with gas prices in this sector (-
0.069, p < 0.05), suggesting that each additional unit of import dependence corresponds to
a 0.069 €/GJ reduction in gas prices, holding other factors constant.

e Supplier diversity is also statistically significant with a negative coefficient of —0.001 (p <
0.05), indicating that each additional unit of the HHI Index (greater market concentration) is
associated with a 0.001 €/GJ decrease in gas prices, holding other factors constant.

e The interaction between import dependence and supplier diversity is significant, with a

positive coefficient of 0.001 (p < 0.05). This suggests that when both import dependence and

HHI increase jointly by one unit, gas prices rise by 0.001 €/GJ, holding other factors constant.

These results seem counterintuitive, as the assumption is that higher import dependence or greater

market concentration would lead to higher prices and vice versa. However, the findings show the

opposite, with the note that the combined impact of high import dependence and low supplier
diversity (the interaction term) aligns with higher prices.

Model (2) incorporates control variables to account for additional influencing factors when
analysing the relationship between variables of interest and the dependent variable. These control
variables include Primary Production, Gas Stock, Gross Inland Consumption, Gas Stock to
Consumption, Real GDP per capita, and Consumer Index. The results indicate that the coefficients
for the variables of interest remain mostly not statistically significant, suggesting no relationship
between import dependence and gas prices even with controls. The previously significant results
for Industry 1-6 excluding tax become insignificant in Model (2), though the coefficients maintain
similar values to Model (1).

The inclusion of control variables also affects coefficient directions. Import dependence coefficients
become more negative in some cases (e.g., -0.037 for Household 1-3 excluding tax) and reverse signs
in others (e.g., from 0.057 in Model (1) to -0.042 for Household A-C excluding VAT). Supplier diversity
coefficients are consistently negative across all categories in this model, suggesting that increased
HHI (lower supplier diversity) correlates with slight reductions in gas prices. However, these
coefficients are small and statistically insignificant. The interaction term between import
dependence and supplier diversity remains positive in Model (2), indicating that higher import
dependence slightly modifies the relationship between supplier diversity and gas prices toward
price increases. However, this interaction term has no statistical significance across all sectors,
indicating the lack of predictive power of the model.

Some control variables, including Gross Inland Consumption, Gas Stock, Consumer Index, and
Inflation Rate, show significant negative coefficients for gas prices in some categories, though the
effects are small (significant at -0.001, p < 0.01), suggesting these factors might play a minor role in
price determination.
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Model (3) aims to isolate the crisis events from 2020-2022 related to COVID-19 and the energy crisis.
Based on observations from the trendline analysis in Section 3.1 Extrapolation Trend Analysis and
OLS Regression Results, a notable spike in gas prices occurred after 2021 across all categories. Model
(3) introduces a dummy variable to represent crisis events, where 1 represents the crisis period
(2020-2022) and 0 represents the non-crisis period.

The results show statistical significance for all variables of interest in two categories: NG (Natural
Gas) Imported including tax as well as NG Industry and Residential including tax. The results for the
two categories are:

e Import dependence shows significant positive coefficients for both NG imported prices
(13.167) and NG prices for industry and residents (8.355), indicating that higher import
reliance correlates with higher prices.

o Supplier diversity (HHI) demonstrates significant and positive but smaller effects on both
price categories, suggesting fewer suppliers correlate with higher prices.

e The interaction term between import dependence and supplier diversity on both price
categories shows a slight significant and negative relationship, indicating that high
dependence combined with fewer suppliers does not correlate with higher gas prices in
either category.

e The Crisis dummy variable shows a significant and positive coefficient only for NG prices for
industry and residential users, indicating that the crisis effect is significant only in prices for
industries and households. The EU spent approximately 78 billion Euro on gas imports, with
27 billion Euro attributed to imports from Russia. This represents a significant increase
compared to the 16 billion Euro spent in the previous year. During the same period, energy
costs in Europe have also increased for households and industries (European Commission,
2022; 2024). Since natural gas import prices represent what countries pay to import natural
gas from other countries, the crisis likely had more direct effects on local pricing dynamics
that affect households and industries.

Similar to Model (2), the previously significant results for Industry 1-6 excluding tax become
insignificant in Model (3).

Model (4) shows that most variables of interest still lack significance, except in the NG Industry and
Residential including tax category. The results for this category are:

¢ Import dependence has a significant, positive coefficient (4.305, p < 0.01), indicating higher
import reliance correlates with higher prices.

e Supplier diversity (HHI) has a positive but lower coefficient (0.04, p < 0.1), suggesting fewer
suppliers correlate with higher prices.

e The interaction term shows a low and negative interaction (-0.001, p < 0.1), indicating that
high dependence paired with fewer suppliers does not correlate with higher gas prices.
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e The lagged gas price has a significant positive coefficient (0.824, p < 0.01), indicating that
previous period prices strongly influence current prices.

The previously significant results for Industry 1-6 excluding tax also become insignificant in Model

(4). Though, the category of NG Industry and Residential including tax shows consistency as in Model

(3).

Model (5) shows significance in several categories. Import dependence is negatively correlated with
gas prices in the following categories: Households A-C excluding VAT, Households A-C including tax,
all three industry categories, and wholesale prices. Supplier diversity is also negatively correlated
with gas prices in the Households A-C including tax and Industry A-F excluding VAT categories, but
positively correlated with the wholesale price category. If the positive correlation in the wholesale
price category is not considered, this suggests that reduced import dependence and reduced HHI
(higher supplier diversity) are associated with increased gas prices. The interaction term shows
opposite directions but maintains significance in the same categories as the import dependence
results alone. Although these differ from the individual results for import dependence and supplier
diversity, the interaction term results support the initial assumptions that reduced import
dependence and reduced HHI can lead to reduced gas prices in those specific categories.

Model (6) with control variables shows greater significance than Model (5). Import dependence is
negatively correlated with gas prices across all three household categories, all three industry
categories, and NG industry & resident incl tax category. Supplier diversity is also negatively
correlated with gas prices in the Households A-C excluding VAT, Households A-C including tax, and
Industry A-F excluding VAT categories, but positively correlated with the wholesale price category.
The interaction term shows opposite directions but maintains significance in the same categories as
the import dependence results alone, similar to Model (5).

Compared to Models (1) to (4), which use absolute gas prices, Models (5) and (6) show more
significant results, although some correlations are negative, and the coefficients are also
inconsistent across categories.

3.2.2.2 Impact of Import Dependence and Supplier Diversity, Robustness Check

A diagnostic test using the Durbin-Watson (DW) statistic was calculated to check the model's
residuals (errors). For both the absolute and differenced values of gas price, most values are well
below 2, which is in the range of 1.94 to 2.28 for model (3) using absolute price and around 1.94—
2.28 for model (5) using differences. The details of the results are attached in Annex 2. This indicates
that autocorrelation is minimal. The Variance Inflation Factor (VIF) scores for import dependence
and supplier diversity in both models indicate high multicollinearity. These variables may correlate
with other predictors, making it difficult to isolate individual effects. The interaction term between
Import Dependence and Supplier Diversity has a VIF in both models, showing significant
multicollinearity likely due to the combination of its components. To address the multicollinearity,
removing the interaction term was tested by eliminating the additional correlation it might have.
The regression results without the interaction term (import dependence*HHI) are shown in Table 7
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Summary of robustness check, specifically in Models (3a) and (5a), to assess the robustness of
Models (3) and (5). Model (3) represents the regression using absolute gas prices, while Model (5)
represents the model using differenced prices. Removing the interaction term in these two models
aims to test whether their significance results remain robust. Model (3a) shows positive significance
for import dependence across most price categories: all three household categories, Industry A-F
excluding VAT and including tax, NG imported, and the combined household and industry categories
with and without tax. This indicates that higher import dependence negatively correlates with
increased gas prices across these categories. Conversely, supplier diversity has negative coefficients
in all categories. While most coefficients are not statistically significant, there are a few cases with
minor significance in the categories of Industry 1-6 excluding tax, Industry A-F excluding VAT, and
Industry A-F including tax. These results suggest that the effect of supplier diversity is limited
compared to that of import dependence. The 'Crisis Event' dummy variable shows a positive
significant coefficient in the categories of all three households and NG Industry & Resident including
tax, indicating that prices were higher during the 2020-2022 crisis period across these categories.
Removing the interaction term from Model (3) appears to strengthen the model’s predictive power,
resulting in more significant coefficients.

In contrast, removing the interaction term from Model (5) appears to weaken the predictive power
in Model (5a), as there is only one category (Industry 1-6 excluding tax) showing significance for
import dependence, although the coefficient is negative.

In summary, the analysis regarding the research questions outlined in Section Fehler! Verweisquelle
konnte nicht gefunden werden. shows that EU gas prices significantly exceeded historical forecasts.
Specifically, household prices were 13.09 €/GJ above estimated levels of 10.75 €/GJ, while industrial
prices surpassed the estimated value by 12.89 €/GJ.

Through regression analysis, statistically significant results emerged across various price categories,
particularly in household and industry prices (both for scenarios excluding VAT and including tax),
natural gas import prices, and combined household and industry prices with tax included. However,
the influence of import dependence and supplier diversity remains inconclusive, as different
regression models and gas price categories display varying directions of relationship. For example,
in Model (3) for the natural gas import including tax category, a positive relationship occurred where
a one-unit increase in import dependence corresponds to a 13.16 €/GJ increase in gas prices. But in
Model (5) for the industry A-F include tax gas price category, a negative relationship emerged as
one-unit increase in import dependence corresponds to 0.312 €/GJ reduction in gas price.

Regarding the HHI (supplier diversity), the coefficients are generally small, negative, and often not
statistically significant. In Model (3), the significant coefficients range from 0.001 to 0.078, indicating
that an increase in the HHI corresponds to a 0.001 to 0.078 €/GJ increase in gas prices. The
directional results are consistent for import dependence in the robustness check for the Model (3),
which remains positive. For supplier diversity, the directions of the coefficients change to be
negative after the interaction term is removed.
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. Dependent Variable
Dependent Variable Category - Enerdata Category - Eurostat
Regression .
Model Independent Variables
Input Household Household Household Industry 1-6 Industry A-F Industry NG Imported NG Ind.ustry NG Inc?ustry Wholesale End-User
1-3 Excl. A-C Excl. A-C Incl. Excl. Tax Excl. VAT A-FIncl. Incl. Tax & Resident & Resident Prices Prices
Tax VAT Tax ' ’ Tax ’ Excl. Tax Incl. Tax
Absolute (3a) Import Dependence 0.029%** 0.044*** 0.054*** 0.021 0.029%** 0.036*** 3.433* 1.431%* 2.338%** 0.156 0.022
Value (0.003) (0.01) (0.01) (0.017) (0.011) (0.013) (1.818) (0.643) (0.653) (0.112) (0)
HHI Index -0.001 -0.001 -0.001 -0.001* -0.001**  -0.001** -0.019 -0.011 -0.012 -0.002 -0.001
(0) (0) (0) (0) (0) (0) (0.013) (0.012) (0.014) (0.002) (0)
Crisis Event (2020-2022 = 1) 4.775* 4.789* 5.539* 5.614 6.021 7.028 250.929 235.501 273.265* 18.275 4.753*
(2.877) (2.526) (2.825) (4.182) (4.1) (4.742) (197.112)  (152.022)  (153.154) (17.293) (2.827)
Constant 11.277**%*  11.416***  13.312*%**  8.938*** 9.181***  10.69*** 74.921 417.348%** 439.634*** | 19.827** 9.813***
(1.88) (2.066) (2.471) (1.179) (0.575) (0.717) (0) (100.957) (107.463) (9.545) (1.502)
Observations 475 475 475 498 498 498 403 495 494 339 481
R-squared 0.198 0.226 0.217 0.261 0.287 0.274 0.260 0.225 0.251 0.220 0.183
Difference (5a) Import Dependence -0.123 -0.105 -0.124 -0.066* -0.058 -0.073 1.662 -0.764 0.06 0.191 -0.117
Value (0.079) (0.073) (0.092) (0.034) (0.036) (0.054) (5.463) (2.872) (2.834) (0.173) (0.077)
HHI Index 0.001 0.001 0.001 0.001 0.001 0.001 -0.013 0.028 0.026 0.004 0.001
(0.001) (0.001) (0.001) (0) (0) (0.001) (0.028) (0.033) (0.032) (0.002) (0.001)
Constant 11.674 11.045 12.634 9.357** 9.106** 11.217** 261.716 151.963 107.921 -16.305 10.739
(7.524) (7.033) (8.733) (3.595) (3.568) (4.966) (439.465) (317.43) (307.699) (19.403) (7.421)
Observations 70 70 70 73 73 73 55 73 73 71 70
R-squared 0.183 0.167 0.151 0.142 0.096 0.069 0.009 0.036 0.020 0.074 0.195

Note: The null hypothesis is the absence of a relationship. The sign ***, ** and * denote the statistical significance at the 1%, 5% and 10% levels, respectively. Clustered standard error in parentheses. Panel data

is run with both entity-fixed effects and times-fixed effects.

Source: Author’s analysis, 2024
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3.2 Discussion: Impact of Import Dependence and Supplier Diversity on
Gas Price

The analysis in the previous section shows that import dependence generally affects gas prices in
the EU when the crisis events from 2020—-2022 are isolated. This is evident in Model (3), which uses
a dummy variable with absolute gas prices, and in Models (5) and (6), which use a regression input
based on the differenced value between the projected and actual gas prices. However, whether it
is preferable to use an interaction term depends on the model in question. The robustness check
reveals varying results: in Model (3), removing the interaction term supports the model’s prediction,
even increasing the significance of previously insignificant coefficients in other categories. In Model
(5), however, removing the interaction term weakens the model, as previously significant
coefficients become insignificant. This suggests there might be lack of evidence of structural validity
as expected from the main model before the robustness check as described by Lu & White (2014).

Regarding the significance results, three data-related factors have been observed to influence these
results, including whether prices include VAT or other taxes, the data sources used, and the type of
gas price sector.

1. Different gas price categories with and without taxes and VAT

Following Russia's Ukraine invasion, 25 of 27 EU countries reduced energy taxes or VAT to protect
consumers. Sgaravatti et al. (2023) classified reduced energy tax or VAT as one of the response
types during the energy crisis in EU countries, with 25 out of 27 countries reducing energy tax or
VAT. Based on the gas price data used in this study, there are three category of price: 1) gas prices
excluding tax, 2) gas prices excluding VAT, and 3) gas prices including tax. Gas prices that include
VAT or taxes are typically higher, as they reflect additional government-imposed costs beyond
the base cost of gas itself.

Models (1) to (4) do not show any patterns in import dependence's significance regardless of
whether the category includes tax and VAT or not, but Models (5) and (6) do. The significance
results are seen in categories excluding VAT and including tax, while those excluding tax are
mostly insignificant. This suggests that excluding VAT in gas prices might show import
dependence relationships without government intervention effects. As the nature of VAT differs
from other taxes where VAT is typically a fixed rate, including taxes in gas prices has a different
rationality. Including taxes in gas prices can help understand price sensitivity when fluctuations
occur, as it reflects the final costs faced by end users (European Commission, n.d.-c, n.d.-b). These
factors help explain why categories that exclude VAT and include tax show more significance than
those that exclude tax.

2. Different gas price data sources
The data input for this study is sourced from Enerdata and Eurostat. Both sources define the
consumption bands for households and industry as well as the price levels for taxes and VAT in
the same way (Eurostat, n.d.-b). These price levels are divided into prices: prices excluding taxes
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(Level 1), prices excluding VAT (Level 2), and prices including all taxes (Level 3). All data from
Enerdata reflects end-user prices, while Eurostat provides both end-user and wholesale prices.

The wholesale price category shows significance in some of the models, but the end-user price
category is not significant in any models. Wholesale prices are typically more responsive to
changes because the prices are closer to the early stages of the supply chain. In contrast, end-
user prices are typically less responsive because they incorporate multiple additional cost
components, such as taxes, which can moderate or reduce the impact of import-related costs.

3. Different gas price sectors

From the data, there are three sectors of gas prices, which are gas prices for households, gas
prices for industries, and gas prices for imports. Gas prices for imports might show direct
relationship with import fluctuations (European Council, 2024b). This can explain the significance
results found in the NG import category under several models. On the other hand, industry prices
are more market-driven and influenced by international price-level differences and wholesale
prices (Sachverstaendigenrat, n.d.), Thus, changes in import dependence may correspond more
directly with gas prices for industries compared to household prices, as seen in the significance
results in Models (5) and (6).

Regarding directional effects, results vary across models. Table 8 Summary of coefficient and
direction of gas price categories with significant below summarises the direction of categories with
significant coefficients in each model. The significance coefficients for import dependence and
supplier diversity are all positive under crisis conditions (Models 3 and 4) but tend to be negative in
Models (5) and (6). This directional difference between Models 3-4 and Models 5-6 might be
attributed to the use of differenced gas prices from 2020-2022 as the regression input in the latter
models. A positive direction is generally observed for the wholesale category across most models,
with one exception in Model (5) showing a negative coefficient of -73.449*. The interaction term's
direction typically reverses compared to import dependence and supplier diversity alone across
models. This indicates that the effects of import dependence on prices are moderated by the level
of supplier diversity. For instance, while higher import dependence typically suggests rising gas
prices (a positive relationship), the interaction with supplier diversity indicates that this relationship
can be mitigated in markets with low supplier diversity.

The positive coefficients observed in Models (3) and (4) indicate that increased import dependence
and reduced supplier diversity lead to higher gas prices. Conversely, the negative coefficients in
Models (5) and (6) suggest that increased import dependence and reduced supplier diversity may
be associated with lower gas prices. While this appears counterintuitive, a possible explanation lies
in economies of scale, where fewer suppliers can offer lower prices (Liang et al., 2012). In a gas
pipeline system, a single supplier can provide services at lower costs than multiple competing
suppliers due to the high costs associated with building parallel pipelines. Additionally, the cost-
effectiveness of imports may explain these resulting lower gas prices (Brandle et al., 2021).
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TABLE 8 SUMMARY OF COEFFICIENT AND DIRECTION OF GAS PRICE CATEGORIES WITH SIGNIFICANT RESULTS

Model Category DerI::r?g:nce Div?z:lspif;i?:lHl) Int?l'frcr:;ion

Model 1 Industry 1-6 Excluding Tax -0.069** -0.001** 0.001**
Wholesale Price 0.158*

Model 2 None

Model 3 Households A-C Excluding VAT 0.144*
Households 1-3 Including Tax 0.165*
NG Imported Including Tax 13.167* 0.078** -0.002***
NG Industry & Residential Including Tax 8.355** 0.059*** -0.001***
Wholesale Price 0.281***

Model 3a  Household A-C Excluding VAT 0.044***
Households A-C Including Tax 0.054***
Households 1-3 Excluding Tax 0.029***
Industry A-F Excluding VAT 0.029*** -0.001**
Industry A-F Including Tax 0.036*** -0.001**
Industry 1-6 Excluding Tax -0.001*
NG Imported Including Tax 3.433*
NG Industry & Residential Excluding Tax 1.431*
NG Industry & Residential Including Tax 2.338***

Model 4 NG Industry & Residential Including Tax 4.305*** 0.04** -0.001***
Households A-C Excluding VAT 0.057*

Model 5 Households A-C Excluding VAT -0.293*** 0.001*
Households A-C Including Tax -0.38*** -0.003* 0.001**
Industry A-F Excluding VAT -0.229*** -0.002* 0.001**
Industry 1-6 Excluding Tax -0.221*** 0.001**
Industry A-F Including Tax -0.312* 0.001**
Wholesale Price -73.449* 0.769** 0.011**

Model 5a  Industry 1-6 Excluding Tax -0.066*

Model 6 Households A-C Excluding VAT -0.418** -0.003** 0.001**
Households A-C Including Tax -0.537*** -0.004** 0.001***
Households 1-3 Excluding Tax -0.464** 0.001*
Industry A-F Excluding VAT -0.258*** -0.002* 0.001**
Industry 1-6 Excluding Tax -0.253** 0.001***
Industry A-F Including Tax -0.351*** 0.001**
Wholesale Price 0.015*

Source: Author’s analysis
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External factors that might help explaining the variability of the direction results are also identified
as three:

1. Government interventions
During energy crises, EU and national governments implemented various measures like

subsidies, price caps, and strategic reserve requirements that affect the overall economic
performance of the country. When considering the economic performance indicators, the
direct impact of import dependence and supplier diversity on gas prices might become more
pronounced. For instance, a strong GDP growth might drive higher consumption and higher
imports, subsequently higher prices. Model (6)'s results demonstrate these situations with
control variables related to economic performance indicators strengthening the model's
predictive power. However, the direction of Model (6)'s results is counterintuitive because,
despite the strengthened significance, the relationship is negative. This suggests that while
strong GDP growth might drive higher consumption and imports, it corresponds to lower
prices. Moreover, control variables may interact differently between Model (6)’s differenced
values compared to Model (2)'s absolute values, as Model (2) shows no significant
coefficients.

2. Market integration in the EU
Market integration in the EU Europe's gas market features interconnected capacity through

pipelines and trading hubs such as the Title Transfer Facility (TTF), enabling seamless gas
trading across the EU. For example, Germany benefits from multiple gas supplier alternatives
during the energy crisis as an EU member. This flexibility allowed Germany to counter
reduced Russian gas exports by purchasing gas through Trading Hub Europe (TBE) in 2022
(Labunski, 2023). Conversely, non-EU countries with limited supplier diversity, such as
Moldova, remain heavily dependent on single neighbouring countries for gas imports. During
energy crises, such countries face greater risks of significant price increases or shortages due
to limited alternatives (Rosenberg, 2021).

The two examples help explain why the results differ between Model (3) and Model (5) after
removing the interaction term in the robustness check. Model (3) likely assumes an additive
relationship that captures the direct impact of import dependence on gas prices. The
interaction term is less impactful because supplier diversity is minimal. Without substantial
supplier diversity or market integration in Moldova, the impact of import dependence on
gas prices remains strong and direct. This strengthens the model’s prediction, as seen in the
more significant results in Model (3a) after the interaction term is removed.

In contrast, removing the interaction term in Model (5) weakens the relationship between
import dependence and gas prices, making previously significant results insignificant. This
reflects the effect of Germany's high import dependence on prices, which is moderated by
access to a variety of suppliers within the integrated market. The non-additive assumption
is evident in Germany's case, where supplier diversity moderates the effect of import
dependence.
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3. Trade-off for energy security
Countries seeking to minimise their import dependence could face substantial associated

costs beyond the price of imported gas. These costs may include finding alternative
suppliers, implementing stricter import criteria for democratic suppliers to mitigate supply
disruptions, investing in LNG infrastructure, and optimising domestic production capacity,
though the latter presents significant challenges (Loskot-Strachota et al., 2024; Vivoda,
2009). Vivoda emphasises that import reduction through diversification is not a silver bullet
for energy security, as it cannot eliminate inherent market risks.

This is exemplified by Germany's experience, where despite reduced import volumes, the
country's import costs more than doubled from 35.4 billion euros to 74.0 billion euros in
2022, as it shifted to sourcing piped gas from neighbouring countries and expanded LNG
import capacity (Reuters, 2022). Moreover, lifting fracking bans in Germany to boost
domestic gas production could reduce import dependence (E. Berger et al., 2022). However,
the cost of extracting gas through fracking might be higher compared to importing it. These
situations may explain the negative correlation between import dependence and gas prices
observed in Model (5) and (6), suggesting that reducing import dependence can
paradoxically lead to increased gas prices.

In conclusion, the analysis addresses key research question on how import dependence and supplier
diversity influence gas prices across EU countries, with particular focus on the 2022 energy crisis.
During this period, significant price increases occurred, with household gas prices and industrial gas
price (exclude tax) went above 13.09 € and 12.89 € per gigajoule, respectively, compared to their
forecasted value of 10.75 €/GJ and 18.25 €/GJ. These deviations show how vulnerable gas prices are
to supply disruptions and emphasise the necessity of understanding the relationship between price
volatility and both import dependence and supplier diversification.

Analysis shows that import dependence generally impacts EU gas prices when examining the 2020-
2022 crisis period in isolation, including the possible effects of COVID-19. Though, this impact varies
depending on the model and price category examined, thus can be considered as inconclusive.
Model (3) shows that increased import dependence corresponds to higher prices in specific natural
gas categories, particularly those that include tax. This finding supports the initial assumptions that
countries heavily dependent on imports face greater exposure to price fluctuations, especially
during crisis periods. However, Model (5) shows a contrasting result, where higher import
dependence actually corresponds with price decreases.

Regarding supplier diversity, the analysis shows a relationship with gas prices that is either minimal
or negative. Specifically, Model (3)'s HHI coefficients show that increased market concentration
(equivalent to decreased supplier diversity) only marginally affects gas prices. This finding indicates
that while supplier diversity is important for maintaining energy security, its impact consistently
differs from import dependence. Models (5) and (6) further support this conclusion, suggesting
supplier diversity's limited direct influence on prices across various categories. However, both
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findings on import dependence and supplier diversity should be interpreted with caution, as the
coefficients show inconsistencies even when differenced values are used as the regression input.
Models (5) and (6) do not show consistent values. For example, Model (5)'s coefficients for import
dependence are ranging from -73.449 to -0.293 while Model (6)'s are ranging from -0.537 to -0.253,
from most negative to least negative.

The study's regression results can be influenced by several factors, including variations in gas price
categories, different data sources, and different gas price sectors. Tax-inclusive prices show more
sensitivity to end-user prices increases due to tax calculation methods, while VAT-exclusive prices
provide clearer insight into import dependence effects without government fiscal intervention
influences. End-user prices from Enerdata and Eurostat show varying levels of significance based on
control variable inclusion, as shown in Model (6), which captures both economic performance
effects. Furthermore, industrial and wholesale gas prices, typically determined in more market-
driven environments, tend to fluctuate with global and regional prices, resulting in more
correlations with import dependence.

The directional effects of import dependence on prices show notable variation across models, with
Models (3) and (4) indicating positive significance while Models (5) and (6) show negative
correlations. This variation possibly stems from economies of scale or high import costs in situations
with low supplier diversity. These results are further linked to government interventions, EU gas
market integration, and energy security trade-offs. Markets within the EU that maintain diverse
supplier networks help buffer against import reduction impacts, while countries heavily dependent
on imports experience more direct price effects. Lastly, efforts to reduce import dependence can
paradoxically result in higher prices due to energy security trade-offs, influencing the observed
relationships between import dependence and gas prices in the regression analysis.
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4.1 Conclusion

The trend analysis shows that gas prices in EU countries during 2021 and 2022 were significantly
higher than expected, attributed to the impacts of COVID-19 and the energy crisis. Using historical
data from 2000 to 2019, the analysis predicted that gas prices should have been 50 per cent lower
if these disruptions had not occurred.

The findings show that import dependence relationship varies across different models and price
categories. Specifically, while Model (3) indicates that higher import dependence correlates with
increased prices, especially in categories including taxes, Model (5) surprisingly suggests a potential
decrease in prices linked to higher import dependence. Supplier diversity, on the other hand,
appears to have a minimal direct impact on gas prices, with increased market concentration showing
only marginal effects. This suggests that while supplier diversity is important for energy security, it
does not consistently have the same influence as import dependence. However, the findings should
be interpreted with caution, as the coefficients show inconsistencies even when using the same
data inputs for regression analysis, such as when comparing results between absolute values and
difference values.

Analysis for the possible explanation of the results might be attributed to influences from varying
gas price categories, data sources, and sectors. Prices that include taxes displaying more sensitivity
on the variables of interests by showing more significance correlation in several price categories and
models. Further, the variability of significance and direction can be linked to the government
interventions and the integration of the EU gas market, which collectively shape pricing dynamics.
Integrated markets with diverse suppliers offer a buffer against price volatility, while heavily
dependent countries face more severe price pressures. Efforts to reduce import dependence must
also be balanced with the recognition of potential trade-offs in energy security, which could
inadvertently also lead to higher prices even if there is reduction in imports or increased supplier
diversity.

4.2 Recommendations for Future Research

This study was conducted at the EU level, which might overlook detailed information that could be
captured at the country level, including individual country policies aimed at mitigating gas price
spikes. Therefore, future research could focus more on country-by-country comparisons.
Methodologically, this study was purely quantitative, aimed at testing whether import dependence
and supplier diversity impact gas prices during an energy crisis. Several possible explanatory points
are identified to ignite future research on this topic, such as the role of government interventions
and the integrated gas market in the EU in shaping gas prices. Future research could extend the

55



iMICAI

Support Energy Efficiency Deployment with the
Multiple Impacts CAlculation Tool

method to gain a more qualitative understanding of the costs trade-off between gas domestic
production and imports or to further investigate tax and VAT inclusion effects in gas prices.
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ANNEX 2A DIAGNOSTIC TEST FOR MODEL (5) USING DIFFERENCED VALUE

Dependent Variable Durbin-Watson Breusch-Pagan Breusch- Variance Inflation Factor (VIF)
LM p-value Pagan F-stat
p-value
Household 1-3 Excl. 2.205771 0.254101 0.263393 Feature VIF
Tax 0 const 123.277588
1 Import Dependence 9.080149
2 HHI Index 16.221918
3 Import Dependence * HHI Index 16.727692
Household A-C Excl. 2.17254 0.892997 0.899454 Feature VIF
VAT 0 const 123.277588
1 Import Dependence 9.080149
2 HHI Index 16.221918
3 Import Dependence * HHI Index 16.727692
Household A-C Incl. 2.102259 0.926235 0.93092 Feature VIF
Tax 0 const 123.277588
1 Import Dependence 9.080149
2 HHI Index 16.221918
3 Import Dependence * HHI Index 16.727692
Industry 1-6 Excl. Tax 2.276113 0.797366 0.807521 Feature VIF
0 const  128.513935
1 Import Dependence 9.171935
2 HHI Index 17.158097
3 Import Dependence * HHI Index 18.390420
Industry A-F Excl. VAT 2.249351 0.390589 0.403651 Feature VIF
0 const 128.513935
1 Import Dependence 9.171935
2 HHI Index 17.158097
3 Import Dependence * HHI Index 18.390420
Industry A-F Incl. Tax 2.090907 0.870484 0.877728 Feature VIF
0 const  128.513935
1 Import Dependence 9.171935
2 HHI Index 17.158097
3 Import Dependence * HHI Index 18.390420
NG Imported Incl. Tax 1.941839 0.053419 0.051935 Feature VIF
0 const  545.592490
1 Import Dependence 35.813406
2 HHI Index 61.256812
3 Import Dependence * HHI Index 48.442846
NG Industry & 2.116343 0.03351 0.031756 Feature VIF
Resident Excl. Tax 0 const 128.513935
1 Import Dependence 9.171935
2 HHI Index 17.158097
3 Import Dependence * HHI Index 18.390420
NG Industry & 2.015921 0.238172 0.246412 Feature VIF
Resident Incl. Tax 0 const 128.513935
1 Import Dependence 9.171935
2 HHI Index 17.158097
3 Import Dependence * HHI Index 18.390420
End-User Prices 2.232148 0.067866 0.067475 Feature VIF
0 const 123.277588
1 Import Dependence 9.080149
2 HHI Index 16.221918
3 Import Dependence * HHI Index 16.727692
Wholesale Prices 2.095003 0.135723 0.139073 Feature VIF
0 const 125.028619
1 Import Dependence 9.126029
2 HHI Index 16.459568
3 Import Dependence * HHI Index 17.230385
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ANNEX 2B DIAGNOSTIC TEST FOR MODEL (3) USING ABSOLUTE VALUE

. Breusch- Breusch-
Dsgfiggfent ‘?vi:gg'n Pagan LM p-  Pagan F-stat VIF
value p-value

Feature VIF

0 const 545.592490

1 Import_Dependence  35.813406

NG_imported_incl_t 2 HHI_Index  61.256812
ax 1.944426314 0.037889158 0.035620336 3 Import_Dependence*HHI_Index 48.442846

Feature VIF

0 const 123.277588

1 Import_Dependence 9.080149

Household_A- 2 HHI_Index  16.221918
C_incl_tax 2.01063046 0.98971395 0.990448007 3 Import_Dependence*HHI_Index 16.727692

Feature VIF

0 const 123.277588

1 Import_Dependence 9.080149

Household_A- 2 HHI_Index  16.221918
C_excl_VAT 2.057225681 0.867287082 0.874992062 3 Import_Dependence*HHI_Index 16.727692

Feature VIF

0 const 128.513935

1 Import_Dependence 9.171935

NG_industry&reside 2 HHI_Index  17.158097
nt_incl_tax 2.057333674 0.033082555 0.031317532 3 Import_Dependence*HHI_Index 18.390420

Feature VIF

0 const 123.277588

1 Import_Dependence 9.080149

Household_1- 2 HHI_Index  16.221918
3_excl_tax 2.090486822 0.555205931 0.570437736 3 Import_Dependence*HHI_Index 16.727692

Feature VIF

0 const 128.513935

1 Import_Dependence 9.171935

NG_industry&reside 2 HHI_Index  17.158097
nt_excl_tax 2.135973041 0.083835741 0.084288089 3 Import_Dependence*HHI_Index 18.390420

Feature VIF

0 const 128.513935

1 Import_Dependence 9.171935

Industry_A- 2 HHI_Index  17.158097
F_excl VAT 2.209734615 0.793316807 0.803611179 3 Import_Dependence*HHI_Index 18.390420

Feature VIF

0 const 128.513935

1 Import_Dependence 9.171935

Industry_A- 2 HHI_Index  17.158097
F_incl_tax 2.216103553 0.936952588 0.94085953 3 Import_Dependence*HHI_Index 18.390420

Feature VIF

0 const 128.513935

1 Import_Dependence 9.171935

Industry_1- 2 HHI_Index  17.158097
6_excl_tax 2.222301447 0.521692423 0.536275564 3 Import_Dependence*HHI_Index 18.390420

Feature VIF

0 const 123.277588

1 Import_Dependence 9.080149

2 HHI_Index  16.221918
End-user_Prices 2.228084852 0.087046878 0.087689933 3 Import_Dependence*HHI_Index 16.727692

Feature VIF

0 const 125.028619

1 Import_Dependence 9.126029

2 HHI_Index  16.459568
Wholesale Prices 2.277455478 0.369878018 0.382846341 3 Import_Dependence*HHI _Index 17.230385
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