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Abstract

EU has set ambitious commitment to achieve low carbon energy and economy transition
up to 2050. This low carbon transition means sustainable energy development path based
on renewable energy sources and first of all should address the energy poverty vulnerabil-
ity and justice issues. The main goal of the paper is to develop indicators framework for
assessing low carbon just energy transition and to apply this framework for analysis how
climate change mitigation policies in households targeting enhancement of energy renova-
tion of residential buildings and promotion of the use of micro-generation technologies and
other policies are affecting household’s energy poverty and vulnerability in selected coun-
tries: Lithuania and Greece. This framework allows to assess three main dimensions of
sustainable energy development: environmental, social and economic. The paper provides
policy recommendations how to deal with just low carbon energy transition which means
addressing energy poverty issues during moving to 100% renewables in power generation
based on performed case studies.
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1 Introduction

The problem of energy vulnerability, energy poverty and energy justice are being cur-
rently widely discussed among the relevant published studies. Due to the targets set by
EU policy documents to achieve climate neutral society by 2050, it is especially important
to address low carbon transition justice and energy poverty issues. There is debate among
scientists with regards to energy poverty and low carbon energy transition signifying that
climate change mitigation policies implemented in energy and related sector will not serve
for economic and social development and energy poverty alleviation (Bowen et al., 2014;
Colenbrander et al., 2016; Larson et al., 2015; Schwanen et al., 2011). Consequently, it
was claimed that climate actions are not systematic and the costs of required actions are
too high in relation to capacities to bear these costs (Bos & Gupta, 2019; Jewell & Cherp,
2020). Therefore, Lazarou et al. (2018), Kang et al. (2020) and Zhang and Fujimori (2020)
suggest additional actions as necessary to ensure technological innovation which is due
to optimal technology portfolio selection along with financial and political incentives. In
addition, early investments in climate change mitigation in middle-income countries need
to be ensured (Colenbrander et al., 2016) as these will experience many problems (Bos
& Gupta, 2019). It was also stressed out that innovation and economic diversification are
considered key complementary measures to be implemented in preparation of successful
climate mitigation strategies and penetration of renewable energy sources (RES) in energy
markets (Edenhofer et al., 2011; Fuss et al., 2012; Massetti & Tavoni, 2011). Renewables
are valued as the main measure to alleviate energy poverty in remote areas not having
access to modern energy services (Boemi et al., 2020; Chakravarty & Tavoni, 2013; Zer-
riffi and Wilson, 2010). However, according to other studies related to the achievement of
just low carbon transition, the supportive and well targeted policies, standards and realistic
and flexible initiatives are necessary (Arabatzis & Myronidis, 2011; Grigoropoulos et al.,
2020; Kolovos et al., 2011; Ntanos et al., 2016; Yuksel, 2008). It is also noteworthy that
in low carbon transition debates it has been stressed out the importance of redesigning
of urban landscapes and protected areas, as well as the selection of energy performance
indicators and environmental criteria to achieve minimization of energy consumption at no
cost, especially at the built environment (Ardavani et al., 2020; Doulos et al., 2019, 2020;
Mavridou & Doulos, 2019; Papalambrou et al., 2019).

Similarly there are studies arguing that energy poverty alleviation in developing nations
and provision of universal access to modern energy could significantly increase energy
demand and associated CO, emissions (Chakravarty & Tavoni, 2013; Nathan & Hari,
2020). However, it is also literature-proven that win—win policies in terms of social, health
and environmental objectives may be achieved in the short-term, improving the public pol-
icies related to environmental sustainability, GHG mitigation, access to clean energy (De
Martino Jannuzzi, 2010; Drosos et al., 2020; Huang et al., 2020; Serrano-Medrano et al.,
2018; Zamparas, Kyriakopoulos, et al., 2019). It has been also literature argued that addi-
tional policies to improve access, availability and affordability of electricity and increased
awareness on energy conservation are necessary in developing nations to ensure reduction
in energy poverty and greenhouse gas(GHG) emission (Yadav et al., 2019; Boemi et al.,
2020; Sharma et al., 2019; Charlier & Kahouli, 2019; Romero Rodriguez et al., 2018).
Most of those studies analysing energy poverty issues and interaction of these with climate
change mitigation policies, they stressed importance of behavioral changes, education,
awareness rising and training to achieve success in both policy fields (Awaworyi Churchill
& Smyth, 2020; Gouveia et al., 2018; Huang et al., 2020; Middlemiss & Gillard, 2015;
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Nathan & Hari, 2020; Scarpellini et al., 2015; Sharma et al., 2019). Therefore, there is no
agreement among literature studies in terms of effect of GHG emission reduction policies
on energy poverty alleviation. The principal scientific debate is linked to various circum-
stances, techniques and indicators in assessment of energy poverty, energy vulnerability
and just low carbon transition (Awaworyi Churchill & Smyth, 2020; Charlier & Kahouli,
2019; Gillard et al., 2017; Gouveia et al., 2018; Llera-Sastresa et al., 2017; Longe & Oua-
hada, 2018; Middlemiss & Gillard, 2015; Nathan & Hari, 2020; Sadath & Acharya, 2017;
Scarpellini et al., 2015) however the comprehensive framework to address these interlinked
issues is not available. Based on the literature review the main themes that have been inves-
tigated in the climate change mitigation can be grouped and presented as follows:

— Social, in terms of synergies developed.

— Environmental, in terms of GHGs emitted.

— Agricultural, in terms of plantation and forestry management.

— Regulatory, focusing on the mitigation strategy of carbon capture and storage (CCS)
and the abiding cost-effective analyses.

1.1 Social Domain

Regarding the social domain, besides driving mitigation of GHGs, it was proven that cli-
mate change mitigation actions can deliver non-climate benefits (co-impacts assessment)
but can also cause adverse side-effects (Cohen et al., 2021). Co-impacts assessment aiming
at identifying those co-benefits and adverse side-effects, fostering our knowledge of under-
taken mitigation actions, planning interventions that realize synergistic opportunities and
contribute simultaneously to multiple objectives, and increasing the efficiency and cost-
effectiveness of climate actions (Cohen et al., 2021). Consequently, at this study it was
proposed that in the context of Sustainable Development Goals (SDGs), such a co-bene-
fits approach can cohesively incentivize stakeholders to work together to support climate
change mitigation policies and non-climate objectives. Besides, the better understanding of
adverse side-effects can ensure the recognition and control of those trade-offs with delivery
of the SDGs arising from mitigation actions (Cohen et al., 2021).

In a similar, social-driven, study it was stressed out that the mobilization of pri-
vate finance in Sub-Saharan African (SSA) countries can play a decisive role to jointly
achieve both Sustainable Development Goal (SDG) 7 that call for universal energy access
and climate change mitigation goals that have been defined under the Paris Agreement
(Michaelowa et al., 2021). It is also noteworthy that among developing or emerging econo-
mies, e.g. Ethiopia, Madagascar and South Africa, the illustration of ways under which
climate finance interacts with domestic policy instruments, cannot follow a “catch all”
success model. Therefore, approaches need to be tailored to local circumstances, while
key policy insights from international market mechanisms and climate finance they are
attracting private multibillion-dollar investment in energy access and climate mitiga-
tion, even under the challenging conditions facing many SSA nations (Michaelowa et al.,
2021). Moreover, the association developed between international and regional develop-
ment programs at these developing countries with the international carbon market might
be feasibly close the financing gaps and establish synergies between climate goals and
SDGs ((Michaelowa et al., 2021). In this respect, while it is a necessity of more empirical
researches to be conducted for a better understanding the magnitude of synergistic ben-
efits between different measures, those measures related to green infrastructure, buildings,
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energy systems, and, transportation are particularly capable to provide co-benefits and to
support synergies. Besides, such a measures can be focused on urban indicators like appro-
priate levels of density, promotion of public transportation, and urban greenery, which are
all more likely to provide synergistic benefits if combined with other adaptation or miti-
gation measures (Sharifi, 2021). In this respect, while it is a necessity of more empirical
researches to be conducted for a better understanding the magnitude of synergistic ben-
efits between different measures, those measures related to green infrastructure, buildings,
energy systems, and, transportation are particularly capable to provide co-benefits and to
support synergies. Besides, such a measures can be focused on urban indicators like appro-
priate levels of density, promotion of public transportation, and urban greenery, which are
all more likely to provide synergistic benefits if combined with other adaptation or mitiga-
tion measures (Sharifi, 2021).

1.2 Environmental Domain

Regarding the linkages developed between the anticipated GHGs reduction and the imple-
mentation of climate change mitigation strategies, a systematic analysis of barriers hinder-
ing the emission reduction, e.g. climate risks, pollutants, and other adverse environmental
impacts were considered at the industrial sector (Balsara et al., 2021). However, the major-
ity of existing research has focused on the barriers to mitigation measures among devel-
oped countries. Contrarily, there are also other countries of research interest; among them,
India is one of the most important emerging economies, as the second-largest producer and
consumer of cement, facing challenges to implement emission reduction measures (Bal-
sara et al., 2021). At this study they were employed the methodologies of fuzzy analytical
hierarchy process (AHP) and fuzzy technique for order performance, in alignment with
their similarity to ideal solution (TOPSIS). Then, the barriers and solution strategies to
overcome these barriers were specifically proposed in the Indian cement industry. It can
be signified that the adoption and running of effective decision support tools to specific
industrial —thus energy intensive and heavily polluting- sectors could, first, eliminate and
overcome barriers to mitigation strategies adoption and, second, build their green image in
the market (Balsara et al., 2021).

1.3 Agricultural and Forestry Domain

Regarding the agricultural and forestry domain it is noteworthy that agriculture is a cli-
mate dependent activity, being reciprocally affected by climate change and contribute to
climate change. In particular the agricultural sector necessitates the production of more
food for a starving world, demanding large inputs of nitrogen-based fertilizers while high
GHG-generated nitrous oxide (NOx) emissions (Saavedra et al., 2021). Another GHG is
that of carbon dioxide that is beneficial for some vegetable species. Climate change is also
affected by elevated temperatures in vegetable production and distorting the physiology of
plants, the pollination cycle and the fruit set. Consequently, due to seasonal imbalances of
cold and warm periods, new zones will be incorporated to vegetable production, though it
is impossible to produce larger amounts of quality vegetable for temperature. Mitigation
of climate change is a complex task that involves many actors including government poli-
cies and, even more important, peoples’ conscience and awareness. Breeders should exert
intense efforts to generate varieties tolerant to many stresses, e.g. high temperature and low
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production, being able to respond to biotic and abiotic stresses caused by climate change
(Saavedra et al., 2021).

In a regional level of agricultural-driven analyses there were studied the climate change
mitigation policies in five major emitting economies: China, the European Union, India,
Japan and the United States (Fekete et al., 2021). In this study they were examined the
indicators of energy system and GHG emissions indicators, focusing on policies that can
reduce future emissions. Among aspects of such environmental and energy impact, that of
agriculture and forestry were examined into policies-scenarios’ deployment. In this context
it was reported that all examined countries would overachieve the emissions reduction tar-
gets in their post-2020 climate targets (Fekete et al., 2021). However, the anticipated GHG
reduction in global emissions by 2030 would not promisingly keep the world on track for
a global cost-effective pathway in terms of temperature increase below 2 °C, thus, neces-
sitating transformative policies to keep the Paris Agreement temperature limit as targeted
(Fekete et al., 2021).

Another critical issue of the agri-food sector is that of carbon neutral labeling of food
products, being a market-based approach to reduce carbon footprints. To better understand
consumers’ preferences and attitudes towards a carbon neutral label on globally traded
agri-food products, the willingness to pay (WTP) of German consumers for a carbon neu-
tral label on specialty coffee was examined (Birkenberg et al., 2021). A discrete choice
experiment was conducted in Germany, where coffee is often sold with multiple labels or
claims, showing a positive synergy effect on utility for the combination of a carbon neutral
label and a direct trade claim. In a trading point of view consumers often perceived coffee
as a “natural product” without generating any GHG emissions. Therefore, there were pro-
posed the drawing of awareness-building policies to make carbon neutral labels an effec-
tive market-based tool to reduce GHG emissions in the agri-food sector (Birkenberg et al.,
2021).

Moreover, another critical viewpoint of the aforementioned synergy is that developed
among crop production, water pollution and climate change mitigation. In particular the
developed synergies are determined between (a) climate change mitigation and water pro-
tection goals and, (b) a trade-off between pollution mitigation and crop production goals
(Sihvonen et al., 2021). Whenever a field is a significant source of GHG emissions and
an insignificant source of water pollution, atmospheric externalities are dominating over
the water externalities, even for a relatively low social cost of carbon (SCC). Besides,
whenever a field is a significant source of water pollution the SCC, in turn, would have
to be very high before atmospheric externalities dominate water externalities (Sihvonen
et al., 2021). In particular, it was also argued that GHG emissions and nitrogen and carbon
leaching mitigation efforts can be primarily targeted at coarse soils rather than clay soils,
because the marginal abatement costs are considerably lower for coarse soils (Sihvonen
et al., 2021).

1.4 Regulatory Domain

Regarding the regulatory domain it is of utmost importance to state that carbon capture
and storage (CCS) is considered one of the most promising mitigation strategies for car-
bon dioxide emissions sequestration to the atmosphere, thus, fostering the deceleration of
global warming (Bonnail et al., 2021). There is an increasing demand for CCS sites, but
there is a lack of knowledge of the environmental risk associated with potential leakage
of carbon dioxide from the storage sites and, most important, what is happening when the
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seepage stops. It remains questionable whether the environmental carrying capacity could
fully rebound, returning to the initial equilibrium (Bonnail et al., 2021).

In a geographical level, relevant analyses provided a detailed roadmap to reduce GHG
emissions and to create new climate industries through early demonstration of capture
and utilization (CCU) technology. Among the counties examined, the Korean government
established the 2030 Greenhouse Gas Reduction Roadmap in 2016 and included carbon
capture, utilization, and storage (CCUS) technology in the new energy industry sector as
a CCU technology (Jung et al., 2021). It was particularly denoted that the U.S., Germany,
and China also expect CCUS technology to play a decisive role in reducing GHGs in the
industrial sector in terms of climate and energy policy (Jung et al., 2021). Such CCU-
related policies and technological trends in the U.S., Germany, and China included major
climate and energy plans, driving roadmaps, government-led projects and institutional sup-
port systems. It was expected these regulatory tools to contribute to responding to climate
change, to promote domestic GHG reduction, to create future growth engines, being also
used as basic data for the establishment of CCU-related policies (Jung et al., 2021).

Taken into consideration that actions related to climate change mitigation have attained
different costs and benefits, it is important to reveal whether climate change concerns and
personal responsibility are equally influencing all actions related to climate change mitiga-
tion, as well as whether all types of actions are guided by the same goals (JakuCionyté-
Skodiené & Liobikiené, 2021). In this context the performance of actions related to cli-
mate change mitigation is varied across European countries, especially in terms of the
cross-cultural analysis conducted (Jakucionyté-Skodiené & Liobikiené, 2021). Based on
this analysis, the majority of respondents declared that they followed regular separation of
waste to recycling, thus, reducing waste generation. In parallel, less share of respondents
performed very high-cost actions such as the purchase of low-energy homes and electric
cars, implying that personal responsibility and climate change mitigation actions are driven
by pure economic development motives, through primarily promoting low-cost actions, but
not inspired by climate change concerns. Hofstede’s cultural dimensions influence climate
change concerns, responsibility, and the number of actions differently. Considering sepa-
rate actions related to climate change mitigation, the assumption of personal responsibility
significantly and positively influenced almost all actions. Climate change concerns posi-
tively and significantly affected only low-cost actions. Because of the different costs and
guiding goals, the respondents who performed one action did not necessarily perform other
actions related to climate change mitigation (Jakucionyté-Skodiené & Liobikiene, 2021).

The paper aims to address this gap by developing indicators framework for tracking
low carbon just energy transition and applying it for two case studies in selected countries:
Lithuania and Greece. These two EU member states were selected because they are expe-
riencing similar problems of energy poverty though they have completely different climate
conditions. Lithuania represents middle income cold climate country in the East Europe.
Greece represents southern part of Europe having problems due to the recent austerity poli-
cies. The current COVID-19 pandemic across the world will have even more severe impact
on vulnerability of people and problems of just low carbon transition will become even
more challenging Though there are several studies exploring energy poverty in Greece
(Alexandri & Androutsopoulos, 2020; Dagoumas & Kitsios, 2014; Frangou et al., 2018)
and Lithuania (Kyprianou et al., 2019; Streimikiene et al., 2020) these studies do not pro-
vide clear delineation of interlined issues of climate change mitigation and low carbon
energy transition and energy poverty. The current paper also provides important contri-
bution to analysis of low carbon transition implications to energy poverty and justice in
Lithuania and Greece and extends the works carried by other research studies in this field.
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The rest of the paper has been structured in the following way: Sect. 2 presents system-
atic literature review on the topic; Sect. 3 introduces methods and data; Sect. 4 provides
results of case studies; Sect. 5 discusses results and Sect. 6 concludes.

2 Literature Review

The literature on climate change mitigation policies and their impacts on energy efficiency
improvement, use of renewable energy sources, GHG emission reduction and energy pov-
erty have been analyzed as follows. For better understanding of key-aspects of climate
change mitigation policies impacts on energy poverty, authors deployed an extensive lit-
erature search. At this literature search joint researches of relevant key-words were applied
and the search outcomes were classified into the following main thematic areas: carbon
transition- climate change mitigation- renewables and energy-poverty-household.

Each published paper was examined in term of field of analysis; methodology—concep-
tualization framework applied; identification of the main constraining points—barriers and
developmental points—drivers.

Therefore, the assessment of climate change mitigation policies was structured on the
aforementioned thematic areas and developmental criteria, offering a pluralistic integrated
framework that consists of the Tables 1 and 2. Regarding the formulation and the retrieval
history of the studies included in Table 1, the following procedure and inclusion—exclusion
criteria were applied:

— The key-words of “climate change mitigation” in “title” yielded 1513 documents, a
subtotal of 1492 of which were English-written documents. The other language-based
results were that of French 8, German 8, Spanish 2, Chinese 1.

— From the subtotal of 1492 documents, 14 documents have been published in the year
2021, while for the subtotal of 1492 documents it was applied the exclusion criterion of
publication period: 2010-2020, yielding 1272 documents, in total.

— From the subtotal of 1272, 27 documents have been published under the inclusion cri-
teria of the words “renewables”, “carbon transition” in Abstract and key-words of them.
Among them, the most relevant to the scopes of our research study have been selected
and included.

Regarding the formulation and the retrieval history of the studies included in Table 2,
the literature procedure and the inclusion—exclusion criteria of documents’ retrieval were
the same as presented above. In particular, among the documents yielded for: “climate
change mitigation” in “title”, only English-written, period of publication 2010-2020,
1272 documents were found. From the subtotal of 1272, the sum of 52 documents has
been published under the inclusion criteria of the words “energy”, “poverty”, “household”
in Abstract and key-words of them. Among them, the most relevant to the scopes of our
research study have been selected and included.

As one can notice from systematic analysis provided in Table 1 the majority of litera-
ture studies in analysis of climate change mitigation highlighted the importance of new
renewable energy technologies and analysed the specific issues necessary to be addressed
to implement climate change mitigation policies and achieve economic and social advance-
ment by these policies. The importance of climate change mitigation actions in devel-
oping nations is stressed taken into account energy demand growth and energy poverty
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alleviation. The problem of lagging behind countries is considered and specific issues for
new advanced technologies are highlighted.

The studies dealing with climate change mitigation policies alignment with energy pov-
erty are systematized in Table 2 by applying the same approach.

As one can see from information provided in Table 2 most of the studies emphasize on
addressing energy poverty issues in shaping climate change mitigation policies and making
transition to low carbon energy future. The policies to promote renewable energy technolo-
gies and energy efficiency improvements can provide for energy poverty reduction in devel-
oped and developing nations (De Martino Jannuzzi, 2010; Lakatos & Arsenopoulos, 2019;
Rodriguez et al., 2018; Serrano-Medrano et al., 2018; Sharma et al., 2019). For developing
economies it is the most important to develop win—win policy in terms of social, health and
environmental objectives can be achieved in the short-term, improving the public policies
related to GHG emission reduction and promoting long sustainable development of coun-
tries (Longe & Ouahada, 2018; Serrano-Medrano et al., 2018).

There is no doubt that energy efficiency improvements like energy renovation of build-
ings have positive impacts on reduction GHG emissions, energy vulnerability and energy
poverty (Buzar, 2007; Romero Rodriguez et al., 2018). In this context a similar research
study unveiled the relevance of applied machine learning for climate change mitigation,
focusing specifically on the fields of remote sensing, urban transportation and buildings
(Milojevic-Dupont & Creutzig, 2021). It was further denoted that the emergence of big
data and machine learning methods can support climate solution research to overcome
generic recommendations and provide policy solutions at urban, street, building and house-
hold scale, adapted to specific contexts, but scalable to global mitigation potentials and
urban infrastructure design (Milojevic-Dupont & Creutzig, 2021).

Chakravarty and Tavoni (2013) stress that energy poverty reduction in developing econ-
omies have negative impact on GHG emissions due to increase in energy consumption.

Gillard et al. (2017) analysed energy justice and argued that “fuel poverty” is not the
issue of uneven distribution of energy but the core of socio-political injustice. The study
illustrated the added value of combining the conceptualizations of justice and vulnerability,
by linking them to domestic energy efficiency schemes.

Based on literature analysis it is clear that the indicators framework to track energy
poverty reduction during low carbon transition is necessary to address these interrelated
issues like penetration of renewables and energy efficiency improvement and energy pov-
erty alleviation by implementing climate change mitigation policies. The inclusion of such
local and regional indicators could provide an uniform methodology for the assessment
of energy poverty among developing economies (Qurat-ul-Ann & Mirza, 2020). Such a
multidimensional consideration of changes in energy poverty, especially among develop-
ing economies, could be better estimated as a result of changes in energy poverty cut-off
(deprivation) scores and weights (Qurat-ul-Ann & Mirza, 2021b). The key-aspects of such
multidimensional approach are the increase in latitude and proximity of household from
nearby energy store, the incidence of households’ receiving foreign remittances and experi-
encing fluctuations in annual income, the betterment of house conditions and its location in
urban area, as well as the heterogeneity of primary data collected (Qurat-ul-Ann & Mirza,
2021a). Overall, it is important to stress the linkages between climate change mitigation
policies aiming at the promotion of new carbon free energy technologies and well as poli-
cies targeting energy poverty. These policies should support policymakers at all govern-
ment levels to alleviate multidimensional energy poverty through handling energy access
issues and drawing appropriate dynamic strategies that cater to the energy needs of local
residential areas (Qurat-ul-Ann & Mirza, 2021a). In following section of paper indicators
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framework to address just low carbon transition and policies assessment framework is be
developed.

3 Methods and Data

The proposed approach is based on indicators of just low carbon transition and policies
assessment frameworks described below.

3.1 Just Low Carbon Energy Transition Indicators Framework

In order to develop indicators framework for tracking low carbon just transition several
energy indicators frameworks were reviewed (European Commission, 2017; Finland Future
Research Centre, 2007; IAEA, 2005; Neves & Leal, 2010; Onat & Bayer, 2010; Tailor
et al., 2017; Tsai, 2010). The well-developed indicator systems can facilitate the compari-
sons in complex situations by condensing large amounts of information into low-dimen-
sional aggregates and allows for international comparisons by identifying benchmarks,
progress achieved and underlying shifts. Therefore, the application of the indicator systems
can guide policy makers to support their decisions on low carbon energy transitions (Hak
et al., 2016). The analysis provided that the most suitable energy indicators framework for
addressing just low carbon energy transition is Energy Indicators for Sustainable Develop-
ment (EISD) framework which was developed by IAEA (2005).

Based on this framework the main indicators for analysis of the main drivers of GHG
emissions and assessment of climate change mitigation policies’ impact on GHG emission
reduction, energy efficiency improvement, penetration of renewables and energy poverty
alleviation were selected and new framework was developed.

In Table 3 indicators of new framework developed for the aim of this study- to track
climate change mitigation policies impact on low carbon just transition. Below table the
description of indicators is provided with the reference to methodologies and units of
measurement of each indicator included in the framework.

ECOL1 indicator represents Gross Domestic Product (GDP) Per Capita and is an aggre-
gate indicator to measure the total output of the country’s economy that is relevant to its
population. It gives an indication of the strength of the economic activity in a country and
the overall well-being of the society (European Union Open Data Profile, 2020).

ECO?2 indicator represents the Gross Inland Energy Consumption per capita and is an
indication of the aggregate energy consumption of the country. Gross inland energy con-
sumption, sometimes abbreviated as gross inland consumption, is the total energy demand
of a country or region. It represents the quantity of energy necessary to satisfy inland con-
sumption of the geographical entity under consideration. Gross inland energy consump-
tion covers: consumption by the energy sector itself; distribution and transformation losses;
final energy consumption by end users; ’statistical differences’ (not already captured in
the figures on primary energy consumption and final energy consumption). Gross inland
consumption does not include energy (fuel oil) provided to international maritime bunkers
(European Union Open Data Profile, 2020). Although a high value of this indicator usually
means a high standard of living and is considered an indicator of the urbanization of the
society; it may as well mean an energy-inefficient society.

ECO3 is widely known as energy intensity. Energy intensity is the ratio between
Gross Inland Energy Consumption and Gross Domestic Product (GDP), calculated for
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a calendar year. To monitor trends, GDP is in constant prices to avoid the impact of
inflation, with a base year of 2015. Energy intensity is one of the main indicators to
measure the energy needs of an economy. It is often used as an approximation of energy
efficiency (EEA 2020; European Union Open Data Profile, 2020). Many factors have
impact on energy intensity, like the structure of economy and its cycle, general living
standards and weather conditions in the reference country.

ECO4 indicator addresses electricity prices for household consumers, band
2500-5000 kWh/yr consumption, all taxes and levies included (European Union Energy
Poverty Observatory 2020a, b).

ECO5 indicator addresses natural gas prices for household consumers, band
20-200GJ consumption, all taxes and levies included (European Union Energy Poverty
Observatory 2020a, b);

ENV1 indicator represents the total GHG emissions from fuel combustion The CO,
equivalent emissions of all GHG emissions from fuel combustion are summed and
applied as the main indicators of progress in implementing GHG emission reduction
commitments European Union Open Data Profile, 2020).

ENV2 indicator represents GHG intensity of gross available energy, expressed by
tCO,eq /toe. It is commonly known as the carbonization index, which is dependent on
the share of the fossil fuel in the gross available energy and the composition of the
fossil fuel mix. The target is to achieve always the lower values of the carbonization
index. The high values of the carbonization index in most countries are due to the nearly
total dependence on the fossil fuels, namely petroleum products and natural gas, and the
negligible contribution of other energy sources such as renewable and nuclear energy
(European Union Open Data Profile, 2020).

ENV3 represents GHG intensity of the economy, expressed by tCO,eq/MEUR. The
GHG intensity of GDP is an important indicator to measure the efficiency of energy
consumption and carbon content of the energy supply in country(European Union Open
Data Profile, 2020).

ENV4 addresses total GHG emission per capita expressed by kgCO,eq/capita. This
indicator together with the total GHG emissions and GHG emissions per $1 GDP (PPP)
were applied to measure Millennium development goals 7.

ENVS5 represents the share of renewables in total final energy consumption. Many
countries have set their obligations to promote the use of renewables by setting targets
to increase the share of RES in their final energy consumption (European Union Open
Data Profile, 2020).

As one can notice from Table 3 the main social indicators for just low carbon tran-
sition of countries are linked to energy affordability and energy poverty. As energy
poverty is a multi-dimensional concept that is not easily captured by a single indicator.
The approach to measuring energy poverty has been to use a suite of indicators, which
should be viewed and used in combination. There are primary energy poverty indicators
of which two are based on self-reported experiences of limited access to energy ser-
vices based on European Union Statistics on income and living conditions (EU-SILC)
data and the other two are calculated using household income and/or energy expenditure
indicators based on EU Household Budget Survey (HBS) data.

SOCI1 indicators addressed energy poverty in terms of inability to keep home ade-
quately warm indicator represents the share of (sub) population not able to keep their
home adequately warm, and is based on question "Can your household afford to keep
its home adequately warm?" (European Union Energy Poverty Observatory, 2020a, b).

@ Springer



338 D. Streimikiene et al.

SOC2 addresses energy poverty in terms of affordable heating. Arrears on energy
bills indicator represents the share of (sub)population having arrears on utility bills, it is
based on question "In the last twelve months, has the household been in arrears, i.e. has
been unable to pay on time due to financial difficulties for utility bills (heating, electric-
ity, gas, water) for the main dwelling?" (European Union Energy Poverty Observatory
2020a, 2020b).

SOC3 indicator addresses hidden energy poverty issues by indicating abnormally
low absolute energy expenditures by households. The so called M/2 indicator presents
the share of population whose absolute energy expenditure is below half the national
median, or in other words abnormally low. This could be due to high energy efficiency
standards, but it is usually indicates under-consumption of energy by households due
to poverty. M/2 is a relatively new indicator used to complement other expenditure and
self-reported indicators. (European Union Energy Poverty Observatory, 2020a, b).

SOC4 indicator addresses energy poverty as very high share of energy expenditures
in income of households. So called the 2 M indicator presents the proportion of house-
holds whose share of energy expenditure in income is more than twice the national
median share. Where income distributions are more equal, variance in energy expendi-
ture translates to higher 2 M shares. High variance in energy/income shares can occur
due to structural differences in energy expenditure between household groups, as well
as in situations where energy is often, but not exclusively, included in rent (European
Union Energy Poverty Observatory, 2020a, b).

There are several secondary energy poverty indicators that are relevant in the context
of energy poverty, which are not direct indicators of energy poverty itself like dwellings
with leakages and damp walls. This indicator was selected for just low carbon energy
transition framework to address issues linked to energy renovation needs.

SOCS indicator addresses the energy poverty in terms of inability to renovate house.
The Dwellings with leakages and damp walls indicator represent the share of popula-
tion with leak, damp or rot in their dwelling, based on question "Do you have any of
the following problems with your dwelling/accommodation like a leaking roof; damp
walls/floors/foundation or in window frames or floor?” (European Union Energy Pov-
erty Observatory, 2020a, b).

3.2 Framework for Policies Assessment

The comparative assessment of policies’ impact on low carbon just transition and rank-
ing of selected countries will be based on assessment of effectiveness of climate change
mitigation policies in GHG emission reduction and delivering for other linked sustain-
able energy policy targets like energy efficiency increase and penetration of renewable
energy sources and alleviation of energy poverty.

The main climate change mitigation policies having impact on GHG emission reduc-
tion in households were selected based on comprehensive literature review and EU pol-
icy documents (European Commission, 2015; European Commission 2019a, b, c):

e Policies to promote energy renovation of residential buildings

e Policies to promote micro-generation technologies in residential buildings;
e Policies to promote other energy efficiency improvements in households;
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The scoring of all these policies will be performed based on analysis of achieved results
based on the main low carbon just transition indicators trends (1990-2018) analysis for
selected countries and expert surveys in selected countries.

The expert survey is often used to get qualitative assessments of policies and measures,
technologies and tools (Lu et al., 2020a; Olson, 2010; Zhang et al., 2019) especially in the
areas where quantitative data is missing. The impact of climate change mitigation policies
is one of these sensitive areas requiring experts in the field of energy and climate change
mitigation field judgement (Kornek et al., 2020).

It is advisable to select experts from the different fields (business, state, academia) to
represent broader expertise and knowledge in assessment field and opinion of different
stakeholders (Lu et al., 2020a; Zhang et al., 2019).

Based on literature review (Bowen et al., 2014; Jewell & Cherp, 2020; Kang et al. 2020;
Rock et al., 2020; Streimikiene et al. 2020) and EU policy priorities (European Commis-
sion, 2015; European Commission 2019a, b, c), the following categories of criteria (indica-
tors) were established for climate change mitigation policies assessment in households:

1. Energy efficiency improvement (decrease of energy intensity of GDP);
Penetration of renewables (increase of the share of renewables in final energy consump-
tion);

3. GHG emission reduction (decrease of GHG emissions);

4. Energy poverty reduction (reduction of Inability to pay bills, Inability to keep adequate
warmth).

The following five-point scale scores under each criterion were established (Lu et al.,
2020b):

5-very good results were achieved by implemented policies and measures according
specific criteria;

4—good results were achieved by implemented policies and measures according specific
criteria;

3—moderate results were achieved by implemented policies and measures according spe-
cific criteria.

2-limited limited results were achieved by implemented policies and measures accord-
ing specific criteria;

1-no results achieved by implemented policies and measures according specific criteria;

Expert panels were invited in each country for scoring of policies and measures based
on available information on trends of aforementioned indicators of low carbon just transi-
tion and review and critical appraisal of Lithuanian and Greek climate change mitigation
policies in households. Expert survey aimed to represent knowledge and opinion of diverse
stakeholders in energy and climate change mitigation area. Specifically, 12 experts’ surveys
were conducted in Lithuania and 19 expert’s surveys—in Greece from 21st July 2020 to
12th August 2020. Experts were contacted personally by e-mail and telephone. The main
criteria for selection was long-lasting experience (not less than 10 years) in energy and
climate change mitigation field based on personal contacts available. The 12 respondents
in the Lithuanian survey included experts from owners of companies in the private sector
(4 entrepreneurs), State administration officials with an academic title (4 policy makers)
and university professors and assistants (4 experts from academia with academic title). The
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19 respondents in the Greek survey included experts from owners of companies in the pri-
vate sector (7 entrepreneurs), State administration officials with an academic title (4 policy
makers) and university professors and assistants (8 experts from academia with academic
title).

The experts appraised the effects of the policies and measures on energy efficiency
improvement; penetration of renewables; GHG emission reduction and energy poverty
reduction in terms of the scores. For a certain expert, the ratings are stored in matrix. The
total score for i-th expert in assessing j-th policy and measure according three established
criteria are aggregated as follows:

3
X)) x/3
n=1

where X{—the total score provided by of i-th expert for assessing the impact of the j-th pol-

icy and measure according three established criteria (n=3 in our case) for specific country;
x! indicates the score of i-th expert for assessing the effect of the j-th policy and meas-
ure according to n-th criteria for specific country;

The average score of all experts in assessing j-th policy and measure according the three
established criteria are aggregated as follows:

G
X = (Z#)/G

where X/- the average score of all experts in assessing j-th policy measure according to
three criteria;

le: — the score of i-expert in assessing j-th policy measure according to three criteria;
G- total number of experts.

The policies and measures were further assessed based on X/ (the average score of all
experts in assessing j-th policy measure according to three criteria). The higher is the score
the better performance is achieved by policy and measure.

4 Results of Case Studies

4.1 Review of Low Carbon Just Transition Indicators Development Trends
in Lithuania and Greece

Analysis of trends of the main low carbon just transition indicators in Lithuania and
Greece during 1990-2018 were reviewed to track progress and underlying shift. The period
1990-2018 was selected for analysis as 1990 is base year for assessing of GHG emission
mitigation achievements according to United Nations Framework Climate Change Con-
vention (UNFCCC) and EU Energy and Climate package and framework. 2018 year or
2017 year was the most recent year where data is available (European Union Open Data
Profile, 2020). The data of EU average is used like a benchmark for assessing convergence
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of trends and also allows to define deviation from this benchmark as advantage or short-
coming in trends of indicators development.

Dynamics of economic indicators (ECO1-ECOS5) of just low carbon transition in Lithu-
ania, Greece and EU-27 average is provided in Figs. 1, 2, 3, 4, and 5. These indicators are
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Fig.4 Dynamics of household’s electricity prices (ECO 4) in Greece, Lithuania and EU average. Source:
(European Union Energy Poverty Observatory, 2020a)

closely linked with energy poverty issue and can be treated as the main drivers of energy
poverty in low carbon energy transition.

Data plotted in Fig. 1 shows that Lithuania has significantly lower GDP per capita
than EU-27 average though income per capita was steadily growing in the country. The
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Fig.5 Dynamics of household’s natural gas prices (ECO 5) in Greece, Lithuania and EU average. Source:
(European Union Energy Poverty Observatory, 2020a)

economic recession was the reason of this indicator decline in 2009. In Greece the GDP
per capita is slightly higher than in Lithuania, however the impact of economic crisis was
prolonged in Greece. GDP per capita is an important driving force of energy poverty alle-
viation and the increase of GDP per capita is necessary to ensure just low carbon energy
transition.

The dynamics of another important economic indicator of low carbon energy transi-
tion—gross inland energy consumption per capita indicates big fluctuations in Lithuania
(Fig. 2). The most recent trend of increase shows positive trend and drivers energy poverty
reduction during low carbon energy transition. In Greece due to prolonged economic reces-
sion this indicator was decreasing showing some negative trends linked to energy poverty.
In EU-27 energy consumption per capita was almost stable during investigated period and
higher than in Lithuania since 1992.

Energy intensity has declined in Lithuania significantly during investigated period how-
ever it is still higher than in Greece and EU-27 (Fig. 3). In Greece and EU-27 this indicator
was almost stable during investigated period showing negative trend towards low carbon
energy transition.

Households electricity prices dynamics indicate constant growth of electricity prices in
Greece and EU-27 though in Lithuania these prices are lower than in Greece and signifi-
cantly lower than EU-27 they also were declining since 2013 showing positive trends for
energy poverty reduction in Lithuania (Fig. 4).

Households natural gas prices were decreasing since 2014 in all analysed countries
(Fig. 5). Especially significant decline can be observed in Greece in 2017 then the level of
households natural gas prices in Greece dropped below Lithuanian prices. Therefore, posi-
tive trends towards just low carbon transition can be noticed in case of households natural
gas prices.

Comparative analysis of economic indicators of just low carbon energy transition in
Greece, Lithuania and EU-27 show that Lithuania distinguishes with significantly lower
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GDP per capita than EU-27 average though income per capita was growing. In Greece
due to prolonged economic recession this indicator was decreasing. Energy intensity has
declined in Lithuania significantly during investigated period, however it is still higher than
in Greece and EU-27, though in Greece it was almost stable during all investigated period.
Households electricity prices were constantly growing in Greece. Although in Lithuania
these prices were significantly lower than in Greece and EU-27 they also were declining
since 2013. Households natural gas prices were decreasing since 2014 in both analysed
countries and EU-27.

Dynamic of the main environmental indicators of just low carbon transition is presented
in Figs. 6,7, 8, 9, and 10 below.

Lithuania has achieved the highest reduction of GHG emissions since 1990 (Fig. 6). In
Greece GHG emissions were even growing until 2008 though they were reducing in Lith-
vanian and EU-27 average. In Lithuania since 2009 GHG emissions were almost stable.
Overall, the trend of GHG emission since 1990 is positive for low carbon just energy tran-
sition in all analysed countries (Fig. 6).

GHG intensity of energy was declining in Greece and EU-27 during all investigated
period, however Lithuanian GHG intensity of energy was the lowest during the same
period. The positive trend towards low carbon energy transition is obvious in all investi-
gated countries (Fig. 7).

GHG intensity of GDP was sharply declining in Lithuania and also modestly declining
in Greece and EU-27 during investigated period (Fig. 8). The positive path towards low
carbon transition can be noticed from these trends, though carbon intensity of GDP in 2017
in EU-27 was slightly lower than in Greece and Lithuania.

GHG emissions per capita were declining in Greece and EU-27 from 2006 however in
Lithuania since 2012 the negative trend of increase can be noticed though GHG emissions
per capita in Lithuania were still lower than in Greece and EU-27 average in 2017 (Fig. 9).
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Fig.6 Total GHG emission dynamics (ENV1) in Greece, Lithuania and EU-27, index 1990, %. Source:
(European Union Open Data Profile, 2020)
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The share of renewables in final energy consumption was increasing in all investi-
gated countries and in 2017 the highest share of RES in final energy consumption was in
Lithuania. All countries showing positive trends towards in low carbon energy transition
(Fig. 10).

As data presented in Figs. 6, 7, 8, 9, and 10 show, Lithuania has achieved the highest
reduction of GHG emissions since 1990 comparing with Greece and EU-27. In Greece
GHG emissions were even growing until 2008. GHG intensity of energy was declining in
Greece during all investigated period, however Lithuanian GHG intensity of energy was
the lowest and almost stable during the same period. GHG intensity of GDP was sharply
declining in Lithuania and also modestly declining in Greece. GHG emissions per capita
were declining in Greece from 2006, though in Lithuania since 2012 the negative trend of
increase can be noticed. At the same time GHG emissions per capita in Lithuania were still
lower than in Greece and EU-27 average in 2017. The share of renewables in final energy
consumption was increasing in all investigated countries and in 2017 the highest share of
RES in final energy consumption was achieved by Lithuania.

Dynamics of social indicators which are representing energy poverty and just transition
component in just low carbon transition framework in Greece, Lithuania and EU average is
given in Figs.11, 12, 13, 14, and 15 below.

Dynamics of inability to keep home adequately warm in investigated countries show
positive trends of decline since 2015 in Greece, since 2016 in Lithuania and since 2013
in EU-27 (Fig. 11). It is necessary to stress that the share of households unable to keep
home adequately warm in Lithuania is significantly higher than in EU-27 and higher than
in Greece though positive trends of energy poverty decline are obvious showing positive
impact on just low carbon transition, however more Lithuania needs to put more efforts to
catch other EU member states according this indicator of energy poverty.

The share of households with arrears on energy bills was declining in Greece since
2016 and in EU-27 and Lithuania since 2014. However, Greece distinguishes with very
high share of arrears on energy bills comparing with Lithuania and EU-27, therefore more

W Lithuania
® Greece
W EU-27 average

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

40

35
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o

N
wv

2

= =
o [V,] o

Inability to keep home adequately warm, %
w

Fig. 11 Dynamics of inability to keep home adequately warm (SOC1 indicators) in Greece, Lithuania and
EU average. Source: (European Union Open Data Profile, 2020)
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Source: (European Union Open Data Profile, 2020)

25
g
55
égzo
Z3
g =
= =15
;‘:‘3 W Lithuania
=4
%-; " Greece
§§ 10 EU-27
23 " EU-27 average
G
5.z
=
H8 s
2%
(=7
S5
0

2010 2015

Fig. 13 M/2 indicator (SOC3 indicators) in Greece, Lithuania and EU average in 2010 and 2015. Source:
(European Union Open Data Profile, 2020)

efforts are necessary for Greece to catch other EU member states according this indicator
of energy poverty (Fig. 12).

According hidden energy poverty indicator (M/2) the best results were achieved by
Lithuania during 2010-2015 period (Fig. 13). In Greece hidden energy poverty increased
during investigated period showing negative trend towards just low carbon energy transi-
tion. In EU-27 this indicator was almost stable during investigated period.
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(European Union Open Data Profile, 2020)
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Fig. 15 Dynamics of the share of population living in dwellings with leakages and damp walls or rots in
Greece, Lithuania and EU average. Source: (European Union Open Data Profile, 2020)

2 M indicator dynamics shows positive trend in Greece and EU-27 during 2010-2015
however in Lithuania this indicator remained stable during investigated period (Fig. 14).
Overall, the trend of this energy poverty indicator shows quite positive trend towards just
low carbon transition in investigated countries.
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The trends of indicators of dwellings with leakages and damp walls or rots since 2015
show some negative trends in Greece though in EU-27 this indicator was declining during
investigated period (Fig. 15). In Lithuania positive trends of decline can be noticed until
2011 and were almost stable during 2012-2016. Overall, this indicator was the highest in
Lithuania.

The data presented in Figs.11, 12, 13, 14, and 15 show very positive trends of the main
social indicators decline since 2015 in Lithuania and EU-27. It is necessary to stress that
the share of households unable to keep home adequately warm in Lithuania is significantly
higher than in EU-27 and Greece. Though the positive trends of energy poverty decline
can be seen in Lithuania, the country still needs to put more efforts to reduce this energy
poverty indicator and to reach the level of other countries and EU-27 average. The share of
households with arrears on energy bills was declining in Greece since 2016 and in Lithu-
ania, however Greece distinguishes with very high share of arrears on energy bills compar-
ing with Lithuania and EU-27. So, Greece needs more efforts to reduce this energy poverty
indicator to be in the same level of other member countries. According to hidden energy
poverty indicator (M/2), the best results were achieved by Lithuania during 2010-2015
period. In Greece hidden energy poverty increased during investigated period showing
negative trend towards just low carbon energy transition. 2 M indicator dynamics shows
positive trend in Greece during 2010-2015 however in Lithuania this indicator remained
stable during investigated period. The trends of indicators of dwellings with leakages and
damp walls or rots since 2015 show some negative trends in Greece though overall this
indicator is higher in Lithuania.

4.2 Analysis of Climate Change Mitigation Policies to Address Energy Poverty
in Lithuania and Greece

Nowadays, there is need of research to addreess climate change mitigation policies and
energy poverty issues in a national and international context. It is also anticipated that
such a multifaceted contextualization to support electricity providers to dedicate their
future products and services so as to keep their industrial and domestic customers satis-
fied (Drosos et al., 2020). In this respect, it is noteworthy to signify the following climate
change mitigation policies and measures able to address energy poverty:

1. Financing and funding of improvements in the energy situation of households is the
most popular way to solve energy poverty problems by facilitating the improvement of
building insulation, cooling and heating systems, household appliances and increased
use of renewable energy technologies. There main financing and funding mechanism
can be done through Tax incentives, Grants and Loans, Public funding Private funding,
Public—private partnerships or levies (Electricity levy, Natural gas levy or Heating oil
levy. It is necessary to stress that electricity levies that are used to fund solar panels can
have regressive impacts on energy poverty as energy poor households spend a relatively
larger share of their income to pay these levies, while they are usually not applying for
solar panels funding.

2. Energy audits are also preferable climate change mitigation measure as it allows to
ensure energy and costs savings in energy poor households. The visits to energy vul-
nerable households are able to provide direct advice on how to improve their specific
situation linked to energy consumption (Boemi et al., 2017; Papada & Kaliampakos,
2020). These measures are successful in reaching households, because they are often
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carried out in cooperation with other social organisations, for example social workers
or health professionals.

3. Information and awareness are measures that indirectly facilitate energy poor house-
holds to improve their situation by providing advice, information or education how to
save energy, apply curtailment behavior practices (Balouktsis & Kekkeris, 2013; Boemi
et al., 2017; Theodosiou & Ordoumpozanis, 2008).

There are three additional policies and measures dealing with energy poverty, however
these measures do not address the structural problems of energy vulnerability and are effec-
tive in lowering the burden of energy costs of households in the short-term, but do not pro-
vide long-term solutions to the problem. These measures also have negative impact on climate
change mitigation efforts.

1. Disconnection protection measures provides protection against energy supply discon-
nection for vulnerable households, often in colder months during wintertime (Boemi
et al., 2017; Papada & Kaliampakos, 2020).

2. Social support provides general income support for households to cover more general
expenses such as housing or living costs, including energy costs.

3. Financial or fiscal assistance to reduce energy bills can be given in two ways. Social
tariffs lower the energy bill that has to be paid by households, while energy bill support
provides financial assistance to pay the energy bill. Fiscal assistance in terms of reduced
taxes (VAT) is mainly applied for district heating and electricity.

In approaching the aforementioned climate change mitigation policies in households, a
multifaceted literature overview of residential buildings in Lithuania and Greece was con-
ducted. (Table 4).

The comparative analysis of energy poverty alleviation policies in Greece and Lithuania
showed few important differences, which are mainly linked to long-term poverty alleviation
policies. In Lithuania policies targeting energy poverty alleviation include short-term energy
poverty reduction measures like disconnection protection; financial assistance to reduce
energy bills by reduced VAT to district heating for all residents and compensations on heating,
cold and hot water costs for households with low income. In Greece main short-term policies
are quite similar: use of Social Residential Tariffs introduced to protect vulnerable groups of
population and disconnection protection.

Yet, Greece distinguishes with limited long-term energy poverty alleviation measures
especially in the field of Financing and funding of improvements in the energy situation.
Measures of Information and awareness are dominating in the country. Conversely, there are
diverse long-term energy poverty alleviation policies implemented in Lithuania like financ-
ing measures under Modernization programme for promotion of RES in residential buildings;
soft loans with fixed 3% interest rate for promotion of energy efficiency and use of RES in
residential buildings from Multi-apartment Buildings Renovation Programme, promotion of
renewables by Feed-in tariff for Photovoltaics in residential houses and promotion of prosum-
ers of renewable energy sources based on Lithuanian legal acts.
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5 Discussion of Results

Expert survey was conducted in each country in order to assess the effectiveness of climate
change mitigation policies in the country based on four criteria (energy efficiency improve-
ment; penetration of renewables, GHG emission reduction, energy poverty reduction) and
ranking scores described in Sect. 4.2.

In Table 5 results of experts’ survey in Greece are provided.

Based on Table 5 at the Greek context and the outcomes yielded in the fields of “overall
impact” and “means”, it is denoted that the policies to promote other energy efficiency
improvements in households are slightly more advantageous, comparing to that of promot-
ing micro-generation technologies in residential building, and that of promoting energy
renovation of residential building. It is also important to note that the highest and the low-
est rates were reported at the policies to promote other energy efficiency improvements
in households, given by a state administration-respondent for the criterion “penetration of
RES” (4.5/5.0) and by a business-respondent for the criterion “energy poverty reduction”
(1.7/5.0). From this wide spread of rates given by the state administration and the business
experts, it is also stressed out from the other fields and criteria surveyed, it can be inferred
that there is a poorly connectivity developed between advancements driven from academia
and their applicability prospects at technological (Kyriakopoulos et al., 2019), organisa-
tional (Kapsalis et al., 2019), environmental (Zamparas, Kapsalis, et al., 2019), business
and state administration (Lazarou et al., 2018), domains. However, taken into consideration
that both these fields of state administration and business are offering their funding aid to
a large-scale materialization of these academic advancements, it is crucial the nurturing
of a close collaborative environment among all three fields (business, state administration,
academia) studied. Regarding the ordering profile of the policy of energy poverty reduc-
tion among the three fields of expertise it can be concluded that the highest rate was noted
at the promotion of “other energy efficiency improvements in households”, followed by
the promotion of “micro-generation technologies in residential buildings”, and then, the
promotion of “energy renovation of residential buildings”. Besides, these policies are con-
sidering insufficient thermal insulation, low income, and high energy costs, as the main
constraints resulting from the continuing economic recession in Greece.

In Table 6 results of experts’ survey in Lithuania are provided.

As one can see from Table 6 the policies to promote energy savings in buildings were
assessed by experts at highest scores in terms of providing to just low carbon transition
in Lithuania and delivering the best results in energy savings, penetration of renewables,
GHG emission reduction and energy poverty alleviation. This is fully understandable as
energy promotion of energy renovation of buildings has huge energy conservation potential
and allows significant reduction of GHG emission and provides additional benefits like sav-
ings of energy expenditures and increased of living comfort in renovated houses together
with reduction of energy poverty indicators. In Lithuania implemented Multi-apartment
Buildings Renovation Programme showed great success and experts evaluated this policy
and measure with high score.

The policies to promote renewables were evaluated by expert with the lowest total mean
score showing that these policies currently implemented in Lithuania have not provided
for good results towards just low carbon transition first of all because implementation of
renewables in households in Lithuania is in initial stage and requires additional support
due to low awareness and high costs of renewable energy microgeneration technologies.
The policies and measures to promote energy efficiency in households not linked with
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renovation of apartment buildings received very low scores by Lithuanian experts due
to the facts that these measures are mainly linked to behavioral changes and sustainable
energy consumption behaviors which need additional measures to overcome main behavio-
ral barriers like asymmetric information, bounded rationality, split incentives etc.

6 Conclusions and Future Research Areas

Just low carbon transition indicators framework was developed based on analysis of scien-
tific literature by addressing the gap of knowledge in tracking low carbon energy transition.
The created indicators framework consists of 15 indicators addressing economic, social
and environmental issues linked to just low carbon energy transition.

Economic indicators are selected as the main driving force indicators for just low car-
bon transition: GDP per capita, energy intensity of economy, overall energy consumption
per capita and household’s energy prices (electricity and natural gas). The main environ-
mental indicators of just low carbon transition are driving force indicators like the share of
renewables in final energy consumption and state indicators like GHG intensity of energy;
GHG intensity of GDP, GHG emissions per capita and total GHG emission reduction. The
main social indicators of just low carbon transition were selected to address state of energy
poverty, vulnerability and justice in just low carbon transition and include such state indi-
cators as inability to keep home adequately warm; arrears on energy bills, dwellings with
leakages and damp walls or rot, M2 and M/2 indicators.

The developed just energy transition indicators framework was applied in Greece and
Lithuania to analyse the main trends of just energy transition and to identify the main prob-
lems and provide policy recommendations.

The comparative analysis of the main trends of economic indicators of low carbon
just transition in Lithuania and Greece revealed that economic indicators which are the
main drivers of energy poverty reduction in Lithuania are showing more favorable trends
comparing to Greece. However, it is necessary to stress, that the achieved level of these
indicators is Lithuania is lower than in Greece and also EU-27 average. One exclusion is
energy prices which were significantly lower in Lithuania than in Greece and EU-27 dur-
ing all investigated period and were also declining. Environmental indicators of just low
carbon transition in Lithuania also showed very positive trends and achieved level indi-
cates significant progress towards low carbon energy transition. Country has achieved the
highest reduction of GHG emissions since 1990, reached lowest GHG intensity of energy
and highest share of renewables in final energy consumption comparing with Greece and
EU-27 and also it has the lowest GHG emissions per capita though the trend of increase
can be noticed due to decline of population.

Analysis of social indicators in Lithuania showed very positive trends of decline since
2015 though the share of households unable to keep home adequately warm in Lithuania
is significantly higher than in EU-27 and higher than in Greece. Greece distinguishes with
very high share of arrears on energy bills comparing with Lithuania and EU-27 and also
with negative trends of almost all social indicators.

The comparative analysis of energy poverty alleviation policies in Greece and Lithu-
ania showed that countries have implemented similar short-term policies like protection
of vulnerable groups of population by reduced energy tariffs and disconnection protec-
tion. However, Greece distinguishes with quite limited long-term energy poverty alle-
viation measures especially in the field of financing and funding of improvements in the
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energy situation. Measures of information and awareness are dominating in the country.
Conversely, there are diverse long-term energy poverty alleviation policies implemented
in Lithuania like well-developed financing measures to promote energy renovation and
RES technologies in residential buildings.

Assessment of climate change mitigation policies in households based on the main
criteria of just low carbon transition: energy efficiency improvement, penetration of
renewables, GHG emission reduction, and alleviation of energy poverty conducted by
experts in Greece and Lithuania also revealed different results. In Lithuania the poli-
cies to promote energy savings in buildings were assessed by experts at highest scores
in terms of providing to just low carbon transition and with the lowest total mean score
in Greece. The policies to promote energy efficiency improvements in households were
evaluated by Lithuanian experts with the lowest total mean score showing that these
policies currently implemented in Lithuania have not provided for good results towards
just low carbon transition. However, these policies received the highest scores in Greece
indicating that according to expert’s opinion, they are delivering the best results in
energy savings, penetration of renewables, GHG emission reduction and energy poverty
alleviation therefore fit the best the just low carbon transition targets.

The main policy implications of conducted study are linked with recommendation of
new policies. Policies and measures to promote energy efficiency in households requires
more attention by Lithuanian policy makers as these policies and measures were evalu-
ated by experts with the lowest total according to all criteria showing the ’efficiency
gap’ which can be largely explained by a combination of market and behavioral fail-
ures. Nudging or boosting policies can help to overcome important behavioral barri-
ers of energy saving in households like asymmetric information, bounded rationality,
split incentives etc. The policies to promote renewables in Lithuanian households need
also more attention by policy makers as use of renewable energy micro generation tech-
nologies is currently in initial stage and requires additional support due to low aware-
ness and high costs of renewable energy microgeneration technologies therefore, new
financial support and awareness rising mechanisms are necessary. Policies and meas-
ures to promote renovation of residential buildings needs to be strengthened in Greece
based on expert evaluations and good Lithuanian practices. Having in mind negative
trends of economic and social indicators of low carbon just energy transition framework
in Greece, the additional measures to promote energy renovation of residential build-
ings would allow country to achieve win—win solutions: energy savings, GHG emission
reduction and energy poverty alleviation together with economic growth and increase of
employment.

The limits of this study are mainly linked to the subjectivity in analysis of policies and
measures performed by experts. The future research is necessary in order to integrate some
additional policy analysis tools like decomposition of GHG emissions by sectors and the
main drivers (GDP per capita, energy intensity of GDP and carbon intensity of energy sup-
ply and based on the Kaya identity. These more robust techniques like fuzzy-Monte Carlo
simulation to address uncertainties in experts’ evaluation, econometric modeling or regres-
sion analysis would allow to extend the scope of the study and to generate additional find-
ings and policy implications.
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