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Abstract: This study introduces a framework for assessing the resilience of different European
countries against the problem of energy poverty. The proposed framework is established upon two
major implementation pillars: capturing stakeholder knowledge and employing a multi-criteria
analysis framework in order to provide valuable insights and objective results. The implicated
evaluation criteria have been identified by the group of stakeholders and incorporate several
socio-economic aspects of the problem beyond the energy dimension. The proposed methodology is
largely dependent on the engaged stakeholders’ assessments, thus introducing nuggets of subjectivity
into the whole analysis. However, it significantly differs from other energy poverty-based approaches,
its novelty lying in that it directly attempts to evaluate a country according to its potential to deal
with the problem as a whole, rather than deconstructing it in components and partial indicators.
The proposed framework is demonstrated in countries in both Southern/Eastern and Northern/Western
Europe (Austria, Belgium, Croatia, France, Greece, Ireland, Italy, Latvia, the Netherlands, Romania,
Spain), exploiting diversities and particularities associated with their context.
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1. Introduction

The pursuit of a transition towards a sustainable and resilient energy sector has set in the spotlight
and laid the groundwork for three major transformations focused on climate change, security of supply
and energy poverty [1]. With regard to the first two, they appear to have drawn significant attention in
the literature throughout the years [2,3], since there are a multitude of related studies and analyses
revolving around climate issues of mitigation and adaptation, as well as policy making in several
economic sectors where greenhouse gas (GHG) emission reduction is considered among the main
evaluation pillars [4-6]. However, less attention has been paid to the third axis, even though it has a
great influence on the lives of millions of people worldwide.

The notion of energy poverty was established upon the inability of households to access and
maintain adequate levels of domestic energy services, such as electricity, gas, heating, cooling, etc., at an
affordable cost [7]. According to the International Energy Agency (IEA), it is estimated that 940 million
people worldwide lack access to electricity (13% of the world’s population), while 3 billion are deprived
of clean fuel for cooking (40% of the world’s population), two core pillars that current energy poverty
definitions have been established upon, which come to confirm the severity of the problem [8]. Energy
poverty is also extended to severe known impacts on the health of citizens, including mental health
issues, respiratory, and circulatory problems [9]. Thomson et al. (2017) also attempted to provide an
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in-depth analysis of the connection between energy poverty and health, with the findings highlighting
that energy-poor households are significantly more affected by health issues than non-energy-poor
households [10].

The current situation in the European Union (EU) regarding the energy poverty levels, based on
data obtained from EU Energy Poverty Observatory (EPOV), indicates that the estimated number of
energy-poor households exceeds 50 million [11], which translates to more than 100 million EU citizens,
considering the average size of a European household [12]. In this context, Bouzarovski and Petrova
(2015) highlighted the variability of energy poverty spanning across Europe, with Southern and Eastern
Europe suffering the most as a result of a mix between low-income economies, non-efficient housing
and high energy prices [13]. On the contrary, countries located in Northern and Western Europe feature
lower levels of energy poverty, stemming, among others, from their higher gross domestic product
(GDP) per capita and the financial support provided to those of the lowest income quantiles [14,15].

Although the number of countries that recognise energy poverty formally in legislation or policy
is rising, in the majority of EU member states it lacks formal definition. The absence of a concise
definition to gather under a common conceptual umbrella the main notions of the problem, i.e., energy
and income, has inflated the impacts of the phenomenon [9]. Significant effort has revolved around
identifying the necessary measures and policies to effectively mitigate the phenomenon. In this respect,
the European Commission (EC) has laid emphasis on enhancing consumer protection and relieving
energy-poor consumers since the second Clean energy for all Europeans package [16,17]. The revised
third energy package [18,19] built on this issue as part of an ambitious European strategy towards 2030
and 2050, highlighting the concept of energy poverty and encouraging each member state to deal with
this issue based on their context-specific socio-economic conditions as well as their needs and priorities
at both the national and European level [20,21]. Under the new Governance Regulation, member states
are required, in their national energy and climate plans (NECPs), to assess the number of households
in energy poverty and introduce an objective, as well as indicative policies and measures to reduce it.

Part of the NECP adopted by member states attempts to point the attention of policy makers and
all relevant stakeholders to the explicit need for developing more tangible ambitions to ensure the
transition towards a socially more fair and climate-resilient housing sector [22]. However, the current
provision for energy poverty leaves little room for addressing the grassroots of the problem as well
as implementing social policy measures to relieve those affected. On the other hand, the lack of a
single comprehensive and integrated policy for reaching the bottom of the problem leads to piecemeal
approaches, which in turn seem to trigger the development of a more consolidated suite of tools and
frameworks to monitor energy poverty, including a focus on dimensions that have received little
attention to date, such as the social impact (e.g., employment rate, GDP, etc.), thus bringing to the
foreground the key question regarding the level of readiness for each EU country to deal with and
alleviate energy poverty.

Drawing from the abovementioned, and given the multifaceted nature of energy poverty, the
importance of integrating different evaluation frameworks to capture a more comprehensive context
of the required transformation emerges as a crucial factor [23,24]. In this context, this paper aims
to assess the resilience to energy poverty of selected European countries through a multi-criteria
analysis framework. From a methodological point of view, this paper contributes to the literature
by demonstrating how (i) a bottom-up multi-criteria analysis framework and (ii) a qualitative
semi-structured stakeholder-based driven framework can be integrated into a co-production process
with stakeholders of a large variety to support policymakers in designing optimal energy poverty
alleviation pathways. The employed multiple-criteria decision analysis (MCDA) framework is
commonly used in the literature for the evaluation of climate policies as well as technological potentials
and parameters [4], although to the best of our knowledge this is the first paper to lay focus on the
resilience of several EU countries against the ever-growing problem of energy poverty. A diverse set
of European countries are evaluated and ranked, considering the stakeholders’ preferences and the
latest criteria data in both Southern/Eastern and Northern/Western Europe (Austria, Belgium, Croatia,
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France, Greece, Ireland, Italy, Latvia, the Netherlands, Romania, Spain), as different regions present
varying barriers to energy poverty mitigation [25]. This research work can provide valuable insight to
potential stakeholders on the degree of readiness of different countries in tackling energy poverty.

The rest of the paper is organized as follows: In Section 2, the country context studies are presented.
In Section 3, the proposed methodological framework is analysed, while in Section 4 the application of
the model’s results is presented. In Section 5, the conclusions of the current study are discussed.

2. Energy Poverty Status Quo

This section summarises country-specific information on contextual factors (Austria, Belgium,
Croatia, France, Greece, Ireland, Italy, Latvia, the Netherlands, Romania, Spain) relevant to energy
poverty, clustered in climate, population and demographics, the economy, the residential building
stock, energy market and relevant energy efficiency policies.

2.1. Climate, Demographics and Economy

Austria can be classified as a country of temperate climate [26], although several differences
among regions exist [27]. As of 2018, the population of Austria was estimated at 8.83 million people,
showing an increase of almost 10% since 2000, which is expected to continue [28]. On the fiscal axis,
Statistik Austria (2019) indicates that the economy of Austria has grown significantly in 2018 [28].

Belgium features a temperate maritime climate [29] and has an ever-growing population, currently
estimated at 11.4 million people. [30,31]. The economy of Belgium is considered to be strong since it is
well-diversified [32], mainly driven by transport, services and manufacturing [33].

Croatia’s climate varies from Mediterranean, continental and sub-alpine [34]. The population
of Croatia has been estimated at nearly 4.28 million people, according to the 2011 census, while
projections show a negative population growth rate in the upcoming years [31]. The economic recession
triggered a trend of outward migration of the working population and lower birth rate because of the
predominantly poor economic conditions [35].

Due to its large area (640,000 km?), France experiences a temperate oceanic climate [36] with its
western part being influenced by the Atlantic Ocean, while its southeastern end has a Mediterranean
climate, and regions above a 600- to 800-metre altitude feature an alpine climate. The country’s
population was almost 67 million people as of 2019, showing a positive growth rate [37]. The French
economy has demonstrated significant growth rates for both the GDP and employment rates in the
recent years [38].

The special geographical features, combined with a total population of 10.8 million (2011 census),
have led to increased rates of urbanisation, leaving part of Greece barely inhabited. Greece’s population
rate featured a declining trend during the last decade. Greece was severely affected by the economic
crisis of 2008 and the austerity period that proceeded [39], which also triggered a major drop in the
employment rate [40,41].

Ireland has a mild, temperate climate [42]. The population of the country is estimated at 4.8 million
according to the 2016 census. Since the crash due to the economic crisis of 2008, a robust programme
of economic retrenchment and long-term political stability in Ireland has borne the burden of the
slow but steady reforms needed in the national economy, coupled with increased employment rates.
However, one of the main features of Ireland that has remained intact is the chronic shortage of
affordable accommodation to rent or buy as an aftermath of the crisis, along with a cessation of house
building [43].

Italy has an extensive coastline and a predominantly hilly terrain with some mountainous and
lowland areas [44,45]. The Italian population was estimated at more than 60.36 million in 2018.
The Italian economy is static, driven by export and household consumption. Latitude variance has an
impact not only on climate, but also economy-wise, since the average income fluctuates significantly
amongst the different regions causing long-term inequalities [46].
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The climate of Latvia ranges from maritime to continental and is rather moist humid due to
the Atlantic Ocean and the Baltic Sea [47]. The population of the country is 1.9 million households,
with projections showing a continuing negative population growth rate [37]. The economy of Latvia is
relatively weak compared to other EU countries, despite a high employment rate, which is driven by
low productivity [48] which subsequently leads to low average income compared to other countries in
the EU [49].

The Netherlands’ climate is considered temperate with mild winters and cool summers due to
ocean currents [50], and since it is influenced by the North Sea and the Atlantic Ocean, it has a cool,
cloudy and humid environment for most of the year. The Netherlands is considered highly densely
populated [51], since 17.4 million people live in an area of 41,800 km?. The Netherlands has a strong
economy [52] which is extremely robust, showing a high GDP per capita and low unemployment.

The climate of Romania is humid temperate-continental, characterised by cold winters and hot
summers [53]. The population of the country is almost 20 million people. The country has experienced
a population decrease in recent years due to migration and demographic decline in parallel with the
aging of the population. The Romanian economy is relatively strong, based mainly on industry and
services, and has had a sustained growth since the 2008 economic crisis.

Spain has different climate zones due to its geographical situation and orography conditions [54].
The country has a population of around 47 million. The economic recession of 2008 largely affected
the economy of Spain with the employment rates still remaining below 70% as of 2018 [40], although
there are signs of improvement of the country’s economy in recent years [38]. As a result of the crisis,
unemployment has played a major role in the deteriorating energy poverty [55].

2.2. Residential Building Stock and Enerqy Market

It is estimated that about 60% of the apartments in Austria were built before 1980 thus lack
proper insulation and feature high energy consumption. Buildings built after 1990 are expected to
be significantly better insulated. Overall, existing buildings have benefited from improvements in
insulation (i.e., 2% of the existing buildings are renovated each year). Approximately 78.5% of the
energy consumed in private homes is used for heating purposes, with the most common source being
wood, featuring a share of about 30.4%, followed by gas at 29.4% and oil at 18.4% [28].

75% of all residential buildings in Belgium were built before 1982 and therefore before thermal
regulations. 24% of all homes were built before 1919 and 36% before 1945, therefore a significant
percentage of the building stock is relatively old [56]. Belgian households feature high energy
usage, mainly due to the interaction between high energy consumption for space heating [57] and
the old building stock, which inevitably leads to a high share of natural gas (47%) and oil (38%)
consumption [58].

The building stock of Croatia currently includes approximately two million dwellings/units, 63%
of which were built before 1980 and half of them even before 1970 [59]. A large proportion of buildings
underlies a significant thermal deficit. The ongoing economic recession, combined with the high
biomass potential of the region [60], lead to the usage of firewood and all relevant fuel types as a
favourable option for households to cover their energy needs [61], creating business models that could
also alleviate energy poverty in the region [62].

In France, the renovation target is considered crucial, since almost 58% of the domestic building
stock was constructed before 1980 [63] without significant thermal specifications, given the introduction
of thermal regulations in 1974. Household energy consumption in France is dominated by electricity
and natural gas, each with a 32% share of the total consumption, followed by fuel oil at 10% [64].

Greece has approximately 6.86 million residential dwellings, almost half of which are dwellings
without sufficient thermal insulation since they were built before 1980 [63]. Greek households have
high energy usage due to the old building stock that leads to increased energy consumption for space
heating [65]. These needs are mostly covered by oil and petroleum products, constituting almost 50%
of the total consumption, followed by electricity at almost 30% [58].
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The housing stock in Ireland is relatively old with almost half (45%) of the dwellings built before
1980 and just 2% built since 2011 [66]. This situation is exacerbated by the relatively late introduction
of building regulations in Ireland. The residential energy mix in 2018 was mainly dominated by fossil
fuels like oil and petroleum products, natural gas, or even solid fuels to cover the necessary energy
needs [67].

Italy has 31.96 million dwellings, most of which were built before 1945 (16%), while 70% of
all dwellings/units were built before 1980 [63]. Thermal regulations for residential buildings were
introduced in 1991, as a result of the difficulties in defining clear building and technical standards that
can be adapted to the diverse conditions caused by the differences between climate zones. Natural gas
represents half of the fuels used in the residential sector [58], since 98% of the households have some
form of heating system [68] which is a key indicator of the impact winter has on Italian society.

In Latvia, the total number of dwellings or units is 1.04 million. Only 10-15% of all residential
buildings in Latvia have been built over the last 10 to 15 years and are considered to be modern and
well-established dwellings [63]. The increased space heating needs are covered mainly by biomass.
The three main sources of heat are solid biomass (41.5%), district heating (30.5%) and natural gas
(8.9%), while district heating is also largely dependent on the use of biomass (61.2%) and natural gas
(37.6%) as fuel for heat-only boilers [69].

In the Netherlands, although gradually decreasing, the share of dwellings built before 1980,
generally considered as less energy efficient, is still about two-thirds of the total building stock.
The Dutch energy system is heavily dependent on fossil fuels [70], with natural gas being the primary
energy source making up to 41% of the total energy consumption, the vast majority of which goes to
heating dwellings [71]. A major transformation of 1.5 million houses is envisaged by 2030, leading to
natural gas being phased out by the residential sector in a cost-effective manner by 2050 [72,73].

The number of dwellings in Romania has increased in recent years [74], therefore complying to
the new regulations and technical rules. There is a high percentage of home ownership [75], whilst the
most frequent issues experienced being damaged window frames and leaks [76]. 70% of all dwellings
in Romania were built before 1980 and therefore before thermal regulations were applied. Because
of the cold winters, most of the energy consumed in the residential sector is used for space heating
purposes, deriving mainly from firewood and biomass [77] and accounting for almost 40%, followed
by natural gas at 31%.

There are 26.56 million dwellings or units in Spain. 43% of all dwellings or units were built before
1980, before the enactment of the first laws to include insulation requirements for buildings [78,79].
Final energy consumption in the Spanish residential sector amounts to 15.227 ktoe, derived largely from
electricity (40%), gas (25%), renewable energy (18%) and oil products (17%) [80]. Energy consumption
per dwelling in Spain is relatively small, principally due to moderate climate conditions. Space heating
and water heating needs are smaller in comparison to the rest of Europe.

2.3. Energy Poverty, Energy Efficiency Policies and Obligation Schemes

The national statistics office produces a report on energy poverty every second year along with a
report about energy consumption of Austrian households. Even though there is no official definition
of energy poverty, different approaches have been developed and are currently in use [81]. There are
a multitude of regulations in Austrian legislation regarding energy poverty. Only one is driven by
the requirements of Article 7 of the Energy Efficiency Directive (EED), coupling energy poverty with
energy efficiency as part of the Federal Energy Efficiency Act, upon the claim that energy savings can
be counted as 50% higher if they stem from households that belong to a low-income quintile.

To assess the level of energy poverty in Belgium, the King Baudouin Foundation [82] utilised
three key indicators closely correlated with income, concluding that 21% of the domestic population
suffered from at least one form of energy poverty. The National energy and Climate Plan in 2018 raised
the problem of energy poverty as a policy issue, incorporating a diverse set of measures for addressing
it, at both the federal and regional level. Due to the decentralised decision-making model in Belgium,
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there is a lack of a universal energy efficiency obligation scheme (EEOS), but alternative measures have
been introduced by the regions instead.

Even though Croatia lacks an official energy poverty definition, national legislation defines
vulnerable consumers as in need of special protection. Energy poverty in Croatia is addressed primarily
through direct financial assistance from public social care services, local and national authorities that
deal with the problem for low-income households. Although almost 10% of the population fail to keep
their home adequately warm, only 3% are beneficiaries of such aid [83]. Article 7 has been recently
adopted in the legislation under the Energy Efficiency Law in 2018 and the Rulebook on the Energy
Efficiency Obligation System in 2019.

Legislation activity helped France identify the issue of energy poverty, introducing as of 2010 the
legal definition of fuel poverty regarding the capability of a household to acquire the necessary energy
supply to meet basic needs. Identifying a fuel-poor household is based on three metrics combining
financial criteria with surveyed discomfort levels. 11.6% required more than 8% of their income to
cover their energy need, while 15% declared suffering from the cold during the winter of 2017 [84]. It is
noteworthy that the French state has established initiatives to mitigate energy poverty both in the form
of mandatory actions, such as the obligation schemes, but also with many interconnected schemes to
retrofit housing, with special assistance to low-income households, bill subsidies and loan schemes.

In Greece, the financial crisis of 2008 demonstrated that the issue of mitigating energy poverty
follows as a natural challenge, since one out of three households were in arrears on their bill and one
out of four failed to keep their house adequately warm [85], while research suggests that 58% of Greek
households are energy-poor [86]. The Greek state has yet to officially define energy poverty, even
though partial targeting is mainly achieved through the eligibility criteria of a bill subsidy. On the
same axis, both legislation introducing Article 7 of the EED (the combination of obligation schemes
with alternative policy) and implemented schemes for housing renovation mostly indirectly address
energy poverty.

Ireland has introduced a definition focusing on the 10% metric with a different threshold to measure
the severity, with research showing that 28% of Irish households experience energy poverty [87].
There are currently 370,000 households in receipt of the fuel allowance, which is a good barometer of
both the scale and persistence of the problem. In adopting Article 7 of the EED, Ireland has chosen to
combine an EEOS with alternative measures in order to meet the national target. Therefore, a reduced
target obligation is being implemented for designated energy suppliers.

The share of energy-poor population in Italy varies between 5-20% [88]; however, conclusive
results are difficult to estimate since there is no official definition of energy poverty. The residential
sector was the dominant contributor to savings in the Italian EEOS until 2012. However, a methodology
change in the calculations leads to a shift towards large-scale industrial actions [89] limiting investments
in the residential segment, thus further proving the lack of coherence in the efforts of the Italian state.

Even though there is no official definition of energy poverty in Latvia, the issue is currently
recognised by the Ministry of Economics [90] setting a target to reduce energy poverty below the
average EU rate. In 2017, the ability to keep the home adequately warm was problematic for 9.7% of all
households, while this percentage increases to 22.7% for the population at risk of poverty. The EEOS
covers a small number of energy suppliers; consequently, the scheme’s mandatory obligation to
implement energy efficiency improvement measures, both in the suppliers’ operations and in their
customers’ activities, applies only to a small number of economic operators.

Currently, there is no official energy poverty definition in the Netherlands and the country
uses a description for vulnerable customers. However, the Netherlands Environmental Assessment
Agency estimates that about 900,000 households spend either a relatively large share of their income
on energy costs or are at risk of being unable to afford housing costs, including energy costs [91].
Most schemes which tackle energy poverty are mostly driven by social policies mainly focusing
on building renovations targeting to increase the percentage of nearly zero-energy buildings [92],
especially for the rental sector. The Netherlands has chosen not to create an obligation scheme but to
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achieve the targets through alternative policies. There is no specific reference to measures concerning
the mitigation of energy poverty.

Romania currently has not legislated an official energy poverty definition, opting for a description
for vulnerable customers that are assisted through social tariffs and policies. It is estimated that 23% of
households are affected by energy poverty [93]. Romania ranks first among EU member countries
in terms of private ownership of a home, but not all owners are able to maintain their housing to
adequate living standards. Romania has not opted for an EEOS but for a range of alternative policy
measures to be achieved through specific energy efficiency programmes. However, an important issue
concerns the 100,000 households that are not connected to the electrical grid [94], thus raising concerns
about whether Romania can target and assist them.

The Spanish government legislated the National Strategy against Energy Poverty 2019-2024 in
2019 [95], defining energy poverty as a combination of the difficulty to cover basic energy needs and
an insufficient income level. The number of people affected corresponds to 3.3-7.8 million people.
As part of the obligation schemes, this strategy, coupled with policy efforts, tries to shed light on energy
poverty, apply social measures and perform structural changes towards helping those affected.

Table 1 gathers the information described above and provides key numerical and linguistic data
for the quantitative and qualitative contextual factors identified, respectively.

Table 1. Summarised context-specific information.

Population Building

Data Teﬁl‘;f:a%ire Growth Unem;:)loyment P;l):cx:ls-ing Poli?ical Age.(% Ad(;};tion Off.icia'l
€0 (Per 1000 (%) (€/capita) Will Built Article 7 Definition
Persons) <1980)

Austria 6.35 4.1 4.6 38,600 Absent 60.2 High No
Belgium 9.55 6.1 5.6 35,100 Moderate 75.3 Low No
Croatia 10.90 -7.1 6.6 19,100 Intense 63.0 High No
France 10.70 15 8.5 31,500 Low 57.8 High Yes
Greece 15.40 -1.8 16.7 20,600 Low 55.4 Moderate No
Ireland 9.30 15.2 4.8 56,800 High 45.0 Moderate Yes
Italy 13.45 -2.1 9.7 28,900 Moderate 72.0 Moderate No
Latvia 5.60 -7.5 6.1 21,300 Moderate 69.3 Moderate No
Netherlands 9.25 5.9 3.5 39,100 Low 60.8 Low No
Romania 8.80 —6.6 4 19,600 Low 70.3 Low No
Spain 13.30 5.9 14.2 27,700 Moderate 43.0 Moderate Yes

3. The Methodological Approach

There is a wide set of MCDA frameworks available to serve the purposes of this paper, although
only a couple of them seem to draw significant attention. Nikas et al. (2018) present a detailed review
of the existing MCDA frameworks [4], highlighting the most popular ones that have remained in the
spotlight until recently, which are based on pairwise comparisons, i.e., PROMETHEE and ELECTRE,
while distance-based approaches, such as TOPSIS (Technique for Order of Preference by Similarity to
Ideal Solution), are gaining more ground of late. So far, the literature lacks MCDA applications in the
energy poverty field. In this context, the TOPSIS [96] multi-criteria analysis technique was utilised
as the key component of this methodological framework for gathering a multitude of stakeholders’
evaluations and examining them jointly in order to extract a final ranking of several EU countries
regarding their level of resilience against energy poverty. The main reason for employing TOPSIS
lies in its capacity to deal with a wide range of stakeholders in the decision-making process under a
quantitative modelling framework.

TOPSIS belongs to the compensatory aggregation family of methods and has undergone several
extensions throughout the years [97], with the most indicative one being found in the development of
Fuzzy TOPSIS [98-101]. Despite its extensions, its core principle lies in that the selected alternative
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among the respective set of alternatives comprising the MCDA problem should feature the shortest
distance from the positive (ideal) solution, and at the same time the longest distance from the negative
solution (non-ideal). More specifically, TOPSIS is broken down into six separate steps:

1.  Formulation of the decision matrix (alternatives/criteria):

Ci G ... Cu

Ay enn e ... e

Decision Matrix =| A ey ex» ... e
Am em1 em2 ... €mn

where A;, i = 1,2,...,m stands for the alternatives, Cj, j=1,2,...,nstands for the evaluation
criteria and e;; stands for the evaluation score of each alternative against each criterion.
2. Calculation of the normalised decision matrix R:

eij

)

I‘i]' =
m 2

J

where rjj stands for the normalised evaluation score of each alternative against each criterion in
the R matrix.
3. Calculation of the weighted normalised decision matrix P:

Pij = Wingem X i @
where p;; stands for the weighted normalised evaluation score of each alternative against each

W
Z“ ,ji=1,2,.. ,n,Z]n:lemrmzlande,jzl,Z,...,n

stands for the original weight Vector of each criterion G;.

criterion in the R matrix, wj

4.  Determination of the positive (P*) and negative ideal (P™) solutions:
Pt = (p;r,p;, e ,prT) = {(max i/ je ]) or (minpi]., je ]’)} (3)

P = (pl_,pg, e sPn ) = {(min Pij / J e]) or (maxpij, j€ ]’)} 4)
where | is associated with benefit criteria and | is associated with cost criteria.

To elaborate further, when a problem features benefit criteria (J), the maximum Pj; value represents
the positive ideal solution, i.e., the alternative that maximises benefit for each criterion, and the
minimum p;; represents the negative ideal solution, i.e., the alternative that minimises benefit for each
criterion. In a similar way, when a problem features cost criteria (J), the minimum pjj represents the
positive ideal solution, i.e., the alternative that minimises cost for each criterion and the maximum P;;
represents the negative ideal solution, i.e., the alternative that maximises cost for each criterion.

5. Calculation of each alternative’s geometric distance from the ideal solutions (Step 4):

S?=\i@rgf ©)

j=1

x—\i@]~) ©

=1
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6.  Calculation of the relative closeness D; to the ideal solution for each A;:

S

S U 7
SF+s; @)

i

The presented framework incorporates the utilisation of TOPSIS multiple times in two discrete
steps, as follows:

Step 1: TOPSIS is used several times, in accordance with the number of the engaged stakeholders
(1), each time taking into consideration the preferences of a specific stakeholder (DM) thus ending up
in providing an individual ranking for each one of them, which will eventually be unified in a new
decision matrix (NDM):

DM; DM, ... DM

Ar e’ e ... e

NDM = Az 621, ezz’ oo 621/
Am em1’ em2’ ... em

In case there have been attributed weights to the engaged stakeholders, then the weighted new
decision matrix (WNDM) can be eventually calculated:

DM; DM, ... DM;
A1 weq * 611, weyp * 612’ ... Wepx 811’
WNDM =| A; wei* ey’ wexsepn’ ... weps ey
Anm werx en;’ wert e’ ... wex ey’

where wey, k =1,2,...,1stand for the weight of each stakeholder.

Step 2: TOPSIS is then used again for assembling the assessments of the WNDM (Step 1) under a
common global model and analyse it towards reaching a final ranking [102].

The original TOPSIS framework is designed to provide results based on numerical input data,
although specific stakeholders may appear more eager to provide their assessments using linguistic
expressions, which are perceived to be the closest to the way humans express their ideas [103,104].
Therefore, we need to allow the option of providing input in comprehensible, easy-to-digest linguistic
terms, which can be broadly found in the literature and are established often in association with a
slightly diversified TOPSIS-based linguistic-driven approach [105]. Before proceeding to a multi-criteria
analysis, we have to ensure consistency among the input data, which leaves no other option but to
transform the initial data into a pre-defined numerical scale. To do so, the analyst, in cooperation with
the group of stakeholders, may come up with a specific numerical scale and a respective linguistic one,
where each linguistic term is matched with a discrete number of the numerical scale, thus enabling
each stakeholder to provide their evaluations in either of the two. Eventually, the final input ends up
being of numerical nature.

4. Model Implementation in Selected European Countries

4.1. Stakeholder Input

Energy poverty is caused by the interplay of three main factors, namely (a) low incomes; (b) high
energy needs (especially in inefficient housing); (c) high energy prices. Although each of these factors
is distinct, there is clear overlap and interplay amongst them. In addition, there is a diverse set of other
causal factors that illustrate the regional, structural, economic and social specificities, such as climatic
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variation, fuel availability, stock type and performance, tenure, high living costs, etc., and may impose
a large bearing on energy poverty.

Taking into consideration the numerous socioeconomic, legislative and institutional factors
associated with a country’s ability to deal with energy poverty, a diverse group of fifteen stakeholders
were interviewed in order to elicit their knowledge; in the end, eleven such factors were considered
and classified in eight major categories, acting as the evaluation criteria in the MCDA problem that
follows. The engaged stakeholder group comprised eight utility representatives, one policy analyst,
three energy efficiency experts and three researchers. The stakeholder engagement process is broken
down into two discrete rounds: one round of detailed discussions on the topic of assembling the
identified risks, and a second round featuring semi-structured questionnaires for the purposes of
carrying out the multi-criteria analysis, where stakeholders were asked to assess the impact of the
identified criteria on the potential of each country to deal with energy poverty.

The identification of the evaluation criteria was based on the context-specific information presented
in Section 2 (Table 1) and was extended one step further by the stakeholder group, ending up in a
thematic classification including the following categories: climate, demographics, economy, policy,
residential building stock, energy market, obligation schemes and legislation (Table 2). The list of
evaluation criteria is not exhaustive, given the multiplicity of the various factors that are directly
or indirectly related to the problem of energy poverty, but was considered by stakeholders to be
quite representative.

e Climate (quantitative): Reflects the impact of the climatic conditions in the problem of energy
poverty and appears to be of medium importance according to the stakeholders’ perspectives. It is
a quantitative criterion of cost nature, quantified in terms of average winter-summer temperatures.
It is perceived that the more extreme temperatures that prevail in each of the implicated countries,
the larger the number of people who suffer from energy poverty, since the heating and cooling
needs of a household during the winter and summer periods, respectively, are expected to be
significantly higher, compared to countries with more mild climates.

e Demographics (quantitative): Measures the impact of the current country-specific demographic
conditions in the resilience against energy poverty. This criterion is narrowed down to tracking
the population growth of each country deriving straight from migratory flows, and it is treated as
being of low significance among the stakeholders, although without that negating its existence,
especially if we reckon in the prevailing conditions at the European and global levels, regarding
the immigration problem. It implies cost features, since the engaged stakeholders have shown
excessive consensus in that the more the migrants that settle in a country, the stronger the
aggravation of the problem, given the predominantly low-quality of life of migrants.

e Economy (quantitative): Given its close interconnection with energy poverty, this specific criterion
and its sub-components are expected to play a key role in the attempt to provide an integrated
framework for assessing the resilience of several EU countries against energy poverty. This criterion
is interpreted as the complementarity between two indicators, unequally important, drawing
from the captured stakeholder assessments: The highly significant progress of unemployment
rate, where it is highlighted that energy poverty is far more obvious in countries with increased
shares of unemployment (cost nature); and the less important purchasing power of the citizens,
which constitutes an indirect income measure, with stakeholders converging to the conclusion
that a household is less prone to energy poverty if its purchasing power is located above the
national average (benefit nature).

e Policy (qualitative): The impact of policy-making processes on hindering the rapid spread of
energy poverty across the EU is of a positive nature, and it is approached qualitatively through
the level of political will that the governments, local authorities and all relevant stakeholders
show in legislating policies and designing schemes to effectively address the problem and its side
effects. Given that energy poverty is not within the first priorities of the elected governments,
regardless of their place in the chain of command (local, regional, national), political will is
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considered a criterion of high importance, closely associated with the lack of long-term energy
strategy for targeting the grassroots of the problem, as well as the bureaucratic complexity of the
regulatory framework.

e Residential building stock (quantitative): This criterion is quantified and evaluated based on
three discrete metrics, all of which are linked to cost features: average building age, persons
per room and number of tenants. According to the stakeholders’ point of view, these metrics
adequately represent the effect that the building stock has on energy poverty, with their significance
in terms of influence on the problem spanning from extreme to low. It is noteworthy that building
age seems to draw most of the attention, in that the greater the age of building, the more increased
the chance of the shell failing to meet thermal standards, and thus sinking deep regarding its
ability to maintain the thermal comfort of its holders.

e  Energy market (quantitative): It is quantified in terms of electricity price and constitutes a
criterion of negative nature as to its impact on energy poverty mitigation. It should be noted
that high electricity prices do not necessarily lead to energy poverty, in the same way that low
electricity prices do not constitute an effective way of dealing with the problem, since there are a
multitude of parameters, including, among others, the age of building that should be examined
jointly with electricity price trends in order to draw useful insights. However, high electricity
price is a form of underlying energy poverty, in that increased fuel costs may provoke decreased
energy consumption and thus a lack of thermal comfort for a household’s holders, and thus it lies
in the cluster of high-importance criteria.

e  Obligation schemes (qualitative): The EED binds EU member states to introducing energy EEOSs
which impose a legal obligation on member states to achieve new savings each year of 1.5% of
the annual energy sales to final customers by volume. Article 7 creates space for member states
to decide whether to stick with the EEOs or introduce alternative policy measures, as long as
these measures deliver equivalent energy savings. In this respect, this qualitative criterion reflects
the impact of an obligation scheme under Article 7 in the problem of energy poverty and it is
considered to be of low importance in terms of benefit. The concept of examining the existence of
EEO(s) under Article 7 is based on the stakeholders’ broad consensus that an integrated design
and development of a well-established scheme also motivates the enterprises of the private sector
to engage, thus intensifying the efforts for developing the necessary tools to tackle energy poverty,
while contributing to utilities serving their commitments.

e Legislation (qualitative): It is a qualitative criterion of benefit nature, focused on tracking
down the existence of an official energy poverty definition among the examined countries.
The establishment of a context-specific energy poverty definition does not straightforwardly imply
lower levels of impact affection; however, it demonstrates a clear and coordinated attempt for a
country to identify the problem and better target the ones affected, thus it is treated as extremely
important. This statement appeared to gather much popularity among the stakeholders and,
based on that reflection, the respective criterion is incorporated into the whole analysis.

The weights regarding the eleven evaluation criteria were unanimously assigned by the group of
experts comprising the stakeholder team (Table 2). Eventually, the fifteen stakeholders participated in
the process as equally weighted decision-makers.

In order for the stakeholders to evaluate the alternatives for countries against the abovementioned
evaluation criteria, a five-term linguistic scale was used: None, Low, Medium, High, Extreme.
An indicative example of a stakeholder’s evaluations for all countries across the eleven criteria is
presented in Figure 1. To ease readability of the following analysis, the implicated countries are
graphically presented in light orange and labelled according to their two-letter abbreviation (Figure 2).
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Table 2. Evaluation criteria.

12 of 22

Evaluation Criteria Weights
Climate C1 Average temperatures (winter-summer) 2
Demographics 2 Population growth 1
Economy i Purchasing power ,
Policy C5 Political will 3
Cé Average building age 4
Residential building stock Cc7 Persons per room 1
C8 Number of tenants 2
Energy market (@) Electricity price 3
Obligation schemes C10 Adoption of Article 7 1
Legislation cn Official definition 4

Stakeholder Input

Medium High

WES WRO WNL LV ®IT ®IE @GR & FR wHR =BE AT

Extreme

Figure 1. Indicative assessments regarding the criteria’s level of impact on the potential of each country

to deal with energy poverty.
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Figure 2. Graphical presentation of the examined countries.

4.2. Multi-Criteria Analysis Results

After capturing all the relevant information from the stakeholders, the elicited coherent qualitative
narrative is fed into the multi-criteria model to produce quantitative results, in terms of calculating the
final ranking for each country regarding their resilience against energy poverty through the use of the
TOPSIS method.

Figure 3 summarises and graphically presents the results extracted from the application of the
TOPSIS method to the eleven EU countries which are in the spotlight for the purposes of this paper.
The countries are ranked in descending order according to their resilience to the ever-growing problem
of energy poverty [106].

Extreme
High

- 0 -

e o O =
g b rm = e
Medium - - = )
- U 0 9

Low
None

NL RO AT FR HR ES LV GR IE IT BE

Figure 3. Final ranking of the examined countries in terms of resilience against energy poverty.

In this respect, the Netherlands is perceived to feature the highest potential for effectively dealing
with the problem of energy poverty, with Austria and France also being among the first positions. It is
noteworthy that Belgium, although constituting the central hub of the EU’s political and economic
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developments, appears to hold the last position in the final ranking. Significant emphasis should also be
laid on Romania, which—despite being a representative of the Southern cluster, which according to the
literature review and the context described in Section 2 appears to suffer more from the problem—can
be found in the second position. With regard to the rest of the Southern countries, they appear to
display almost low resistance to energy poverty, with Italy possessing the worst possible position
in the relative cluster. Last but not least, Ireland is placed as suffering the same fate as most of the
Southern countries (Romania excepted), since it also lays deep in the final ranking.

Although some countries appear to stand out in terms of resilience, it is worth noting that the
overall resilience seems to range around medium, more or less, without any country significantly
overshadowing the rest. This comes as a clear confirmation of the findings of the literature review,
which point out the still vague situation in Europe over the problem of energy poverty, which has
raised a great deal of heated debate of late.

Evidently, all interviewed stakeholders agreed that there is a strict set of criteria among the
examined ones which are considered the most critical to the analysis and expected to play a major role
towards eliciting the final ranking (Table 2). These specific criteria are national unemployment rate,
average building age and legislation. In other words, the group of stakeholders demonstrated high
consensus regarding these three evaluation criteria as the main pillars which define to a great extent
the resilience of each country against energy poverty. In this respect, a second qualitative MCDA
analysis was implemented, also based on the TOPSIS method, drawing from the original stakeholders’
evaluations but narrowed down to examining the three aforementioned criteria. The intention is to
gain significant insights and draw useful comparisons between these two MCDA problems, eventually
aiming to showcase the great importance of conceiving the detailed context for measuring the resilience
of a country, on top of the most common factors that are linked to it.

Figure 4 presents the results extracted from the application of the TOPSIS method onto the 11 EU
countries with regard to the three criteria identified above (referred to as intermediate ranking hitherto),
with a darkened mark of their national flag. To enhance clarity, an intermittent blue line was created to
connect the flags indicating the intermediate ranking. The normal flags stand for the final ranking
as obtained from the first MCDA problem, where the whole set of the initially identified criteria was
taken into account.

Extreme
o -
High - ‘ ' -~
0o Y0 T e 0
TN A L S )
Medium n - s e — T 0 ' )
‘E \
T () )
Low
None
NL RO AT FR HR ES LV GR IE IT BE

Figure 4. Intermediate ranking of the examined countries in terms of resilience against energy poverty
according to the most important criteria.

In an attempt to interpret the results of Figure 4, the conclusions drawn are twofold. On the
one hand, part of the Western and Northern countries seems to take a significant boost, but on the
other hand, countries of the Southern cluster appear to lay deeper in the ranking. The most indicative
examples of the former can be found in the cases of the Netherlands (which remains at the top of the
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relative ranking) and Belgium and Ireland, which both appear to have climbed towards the top of the
relative ranking. However, if we take a closer look at the case of France, it can be noticed that, despite
being included in the Western cluster, it has dropped by some places. With regard to the Southern
countries, typical examples of the negative impact that the three examined criteria have upon them can
be found in Greece, Italy, and Spain, which seem to drop down in the lower half of the ranking.

5. Discussion

Energy poverty affects 50 million people in the European Union according to the latest survey
data [107], although this figure could be much higher given the limitations of the existing data sources.
Based on that reflection, delving into the energy and socio-economic aspects of the phenomenon and
capturing the different contexts in representative countries spanning across the EU emerge as a core
activity in the pursuit of mitigating the effects of energy poverty. The results of the analysis, coupling
stakeholder knowledge and a MCDA framework to provide the final ranking, showcase the acuteness
of the problem in the EU region. However, when the discussion revolves around the accuracy of the
results and the consistency of the proposed framework, we have to compare our findings to the ones
drawn by the application of the most common indicators used in the literature for measuring the
problem, given the significant lack of such relevant studies. At this point, it should be noted that a
straight comparison between the two cannot be carried out due to the fact that EPOV provides several
indicators for approaching the problem in a predominantly indirect way, while our analysis attempted
to calculate in a direct way a total resilience value for each country against energy poverty.

Drawing from Figure 3, stakeholders seem to be in great alignment with the results stemming
from the analysis of the most common EU indicators measuring energy poverty (e.g., arrears on
utility bills, inability to keep home adequately warm during the winter, etc.), which indicate that
countries spanning primarily across Central and Western Europe are perceived to suffer less from
energy poverty, thus outranking the European South. To specify, according to data retrieved from
EPOV for primary measuring indicators, Greece, Croatia and Latvia featured some of the highest rates
of arrears on energy bills in 2018, with 35.6%, 17.5% and 11.6% of population, respectively [107]. In the
same direction, when the inability to keep home adequately warm is put to the test, the European
South can be found again among the first places, with representatives from Greece, Italy and Spain
demonstrating great weakness in maintaining thermal comfort in their households (22.7%, 14.1% and
9.1%, respectively). Regarding this specific indicator, countries mainly located in Northern and Western
Europe demonstrate significantly lower levels, with Austria, the Netherlands and France holding the
primacy with 1.6%, 2.2% and 5%, respectively.

Taking the above into consideration, our results confirm that energy poverty is a multi-faceted
problem, deeply affected by a diverse set of factors, with the age of the building stock, household
income per capita and fuel prices (i.e., electricity and natural gas) being among the most critical
ones. They also highlight that, despite the profound lack of in-depth and accurate data to set the
context-specific socio-economic conditions on a numerical basis, in order to facilitate the process of
gaining useful insights for each country, the phenomenon can be appropriately approached, although
additional and, more importantly, updated information (e.g., EPOV indicators) can provide significant
added value to the accuracy of the current analysis. Finally, the results demonstrate that drawing strict
conclusions based on a common set of indicators is an inappropriate strategy, as there are a multitude
of factors that significantly deviate from country to country and thus should also be stress-tested and
examined jointly with the ones that the current literature indicates.

Although the proposed framework constitutes a first step in our attempt to develop an effective
and easy-to-use tool for measuring the resilience of different EU countries against energy poverty,
there are also some key issues deriving for further investigation in the future, building on the results
presented here. To begin with, the initial evaluations of each country against each criterion is largely
dependent on the engaged stakeholder knowledge, thus implying nuggets of subjectivity. The latter
should be pinpointed in order to highlight the importance of a more broadened set of EU stakeholders
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to join the procedure so as to increase the considered points of view and reduce possible bias, thus
eventually ending up in developing integrated energy poverty resilience mechanisms. Furthermore,
the weights of the evaluation criteria presented in Table 1 were derived as a result of several discussion
rounds among the stakeholder group until a pre-defined and internally-agreed level of consensus
was reached. Once the latter was met, the respective weights were extracted for use in the analysis.
The main reason for ending up with a universal weighting vector to be used throughout the analysis
was rooted in the authors’ intention to shed light on the potential for assessing the resilience of several
EU countries against energy poverty using a MCDA-based framework, rather than focusing on the
MCDA process itself and increasing its complexity, as would have happened if each stakeholder had
provided a unique weighting vector. However, the authors recognise the significant added value
stemming from it as of major future perspective. Last but not least, the need for expanding the
proposed analysis in order to incorporate all EU member states must be taken into account, as well as
the set of evaluation criteria which must be composed of quantitative indicators in terms of providing
their respective numerical values, rather than based on sole stakeholder knowledge.

Given the unprecedented challenges raised by the upheaval of the underlying economic recession,
stakeholders’ focus appears to have shifted towards filling the niches on the economic axis, thus making
the presented framework a difficult task to be applied in many EU countries, despite the fact that it
does display great potential, being a milestone towards reaching the final target.

6. Conclusions

The multiple causal factors and effects of energy poverty cross policy boundaries. The potential
policy responses may reside in energy efficiency and carbon reduction policy, energy market regulation,
social policy and wealth redistribution, economic and employment policy, housing standards and
public health. Therefore, energy poverty is a complex concept that sits between economic, social and
energy policy. However, if we reckon in the fuzziness of the regulatory and policy framework of the
EU countries that have officially recognised and defined the problem, closely related to the instability
of the European political scene, along with the ever-changing framework as a result of the continuous
deficit-amending modifications, it becomes clear that the integrated assessment of a country’s resilience
against energy poverty, although emerging as a crucial factor in pursuit of mitigating the phenomenon,
incorporates a multitude of prerequisites.

In this respect, the present study proposes a framework for efficiently assessing resilience against
energy poverty based on accurate calculation with a finite number of easy-to-retrieve data. The
framework’s main implementation pillar lies in eliciting stakeholders” knowledge on the problem,
calibrated by a set of context-specific socio-economic aspects, and employing a TOPSIS-based MCDA
method for providing accurate results and valuable insights regarding the potential of several EU
countries to deal with the problem of energy poverty. The usefulness of the framework is demonstrated
in countries in both Southern/Eastern and Northern/Western Europe (Austria, Belgium, Croatia,
France, Greece, Ireland, Italy, Latvia, the Netherlands, Romania, Spain), exploiting diversities and
particularities associated with their context.

The results indicate that the proposed framework can serve as a novel alternative over traditional
indicators and subjective peer-to-peer surveys which have been conducted throughout the years to
address the problem. It should not be disregarded that the proposed methodology also incorporates
elements of subjectivity, since it is based on the personal evaluations of a group of stakeholders.
However, it is shown that it has led to comparable results to these of past studies and indirect indicators
implying energy poverty, despite the inability of these previous approaches to delve into the problem
as a whole, but rather in piecemeal ways. Last but not least, our findings confirm that energy poverty
is a multi-dimensional problem, and thus drawing strict conclusions based on partial indicators and
theoretical approaches is an inappropriate strategy for addressing the roots of the problem.



Sustainability 2020, 12, 4899 17 of 22

Author Contributions: A.A.: Conceptualisation, Methodology, Software, Formal analysis, Writing—Original draft,
Writing—Review and editing, Project administration; V.M.: Methodology, Formal analysis, Writing—Original
draft, Writing—Review and editing; K.K.: Writing—Original draft; A.S.: Supervision, Writing—Review and
editing, Project administration; J.P.: Supervision, Conceptualisation, Writing—Original draft, Writing—Review
and editing, Project administration. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the European Union Horizon 2020 Research and Innovation Programme
under grant agreement n° 845905 and the APC was funded by SocialWatt through the Institute of Communication
and Computer Systems.

Acknowledgments: Part of the work presented is based on research conducted within the framework of SocialWatt,
a project funded from the European Union Horizon 2020 Research and Innovation Programme under grant
agreement n° 845905. In this respect, the author team would like to pay tribute to the Consortium partners
for providing detailed data that facilitated the integration of the examined contexts, and especially to Louise
Sunderland from the Regulatory Assistance Project for gathering together all the necessary information that
eventually contributed to conceiving the proposed methodology and framework presented. The sole responsibility
for the content of this paper lies with the authors and does not necessarily reflect the opinion of the European Union.

Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations

EC European Commission

EU European Union

EED Energy efficiency directive

EEOS Energy efficiency obligation
schemes

EPOV EU Energy Poverty Observatory
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GHG Greenhouse gas

IEA International Energy Agency

MCDA Multi-criteria decision analysis

NDM New decision matrix
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