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Abstract

This doctoraldissertation examines the role of national economic decisions in
shaping a countfg energy security, with a particular focus on the electricity sec-
tor. While energy security is often discussed through the lens of physical supply
and infrastructure, thisesearch adopts a broader, polarjented perspective
viewingit as a result of strategic public interventions, regulatory chaoekseco-
nomic planning.

Thedissertatiordevelops an integrative framework to evaluate energy secu-
rity outcomes, drawing am combination of methodological tools: indicabt@sed
assessment, policy content analysis and retliéria decisiormaking (specifi-
cally, the Kernelbased Comprehensive AssessnfgrtCA) method). Four peer
reviewed journal articles form the empiridackbone of the dissertation, each
addressing distinct yet interrelated aspects of state influence on energy sustaina-
bility and resilience.

Lithuania is used as the core case study, aedlin the context dEuropean
Union EU) climate and energy policyA composite index was constructed to
measure national progreasrosskey dimensions of energy securitynamely,
reliability, affordability, accessibilityand environmental sustainabilitywhile
also classifying 65 indicators by their sensitivity to gmment policy. The dis-
sertation also provides a comparative evaluation of public service obligation
schemes in four EU member states, highlighting how different policy designs im-
pact energy prices, infrastructure investment and sectoral stability.

The Fist Chapter presents a literature revidvthe concept, definitions, di-
mensionsand indicators of energy security, as well as the role of the state in en-
suring energy security. The Second Chapter outlines the methodological frame-
work of the research, including indicator classification, analysis of the Public
Service Obligation (PSQ¢vy mechanism, development of a national energy and
climate policy achievement index and the application of the Kdrastd Com-
prehensive Assessment (KerCA) method for the comparative evaluation of EU
countries. The Third Chapter presents empirical tesdassification of electric-
ity sector indicator®y their sensitivity to public policyacomparative analysis of
PSO levy mechanisms, national index results for Lithyaamda multi-criteria
assessment of EU countries. The chapter concludes withtlaesis of findings,
demonstrating the impact of state economic decisions on the four key dimensions
of energy security.

The dissertation contributes to the academic literature by advancing a repli-
cable assessment methodology that links policy designmatiasurable energy
security outcomes. Ultimately, this research strengthens the evidence base for de-
signing robust, futur@roof energy policies in times of uncertainty and transition.
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Notations

Abbreviations

PSOi Public ServiceObligation(liet. Vi e guosi us i nteresys atitd.i

REST Renewable Energy Sourc@et. Atsinaujinantyss ner gi j s i gt ekl i ai

GHG GreenhousGasegliet. GE SilGi | t nami o efekd)N sukelian

NECP 1 Nationd Energy and Climate Plafliet. Nacionalinis energetikos ir klimato
planag

NESSi National Energy Security Strateiet. Na ci onal i n daugamosstratee t i k o
gija)

EUT European Unioffliet. Eur opos) SNj unga

MCDM i Multi-Criteria Decision Making(liet. daugiakriters s pr endi m® pr i &
metoda}

DEAi Data Envelopment Analysiet. Duomen On @maabi z &

STAMPT Sustainability Assessment Methodology Princiflest. tvarumo vertinimo ir
matavimo principai)

OECD' Organisation for Economic Gaoperation and Developme(itet. Ekonominio
bendradarbiavimo )ir platros organi zac

KerCA1 Kernelbased Criteria Aggregatidtiet. Br anduol i o pagrindu s
agregavimo metodas

vii






Contents

AUTHORGE CONTRIBUTION TO THE PUBLICATIONS........cooi it Xl

INTRODUGCTION ...ttt e e e e e e e e e e e eeeeebesammmeeeenees 1
ProblemformuIBtioN.............cooi i 1
Relevance of thEiSSEItation............ccuvviiiiiiiireeee e 2
RESEAICIDDJECT.......eei i e —— 3
AIM Of the diSSEITatioN.......cccoi i 3.
Tasks of tha@liSSErtation. ..o 3.
ResearcmethodolOgy......cooie i ee e e 4.
Scientifc novelty of thediSSertation...............cccciiiiieeei e 5
Practicalvalueof theresearcHindingsS...........oocveiiiiiiiiiiinec e 6
DefendedstatemMENtS. .. ..cccei i ccceeee e e e e e e anan 6
Approval of theresearcHindings..........c...oiviiiiiiiiicee e 7
Structure of th@liSSErtation...........ocuvviiiiiiee e 7

1. ANALYTICAL LITERATURE REVIEW ON ENERGY SECURITY.........cccvveennee. 9
1.1. Energy security: definitions, dimensioaadindicators..........ccccccooeeiiiiniieee. 9
1.2. Measuring €nergy SECUNMY........ouuiiiiiiiitiee e e e e 14
1.3.Role of the state in ensuring energy SECUKILY...........coueeeiiiiiiiacceeiiieneeeen, 16

1.4. Conclusions of the First Chapter and formulation of the dissertation.task®



2. RESEARCH METHODOLOGY FOR ENERGY SECURITY ASSESSMENT...21
2.1. Identification and classification of engy security indicators....................... 21
2.2. Methods of analysis of the Public Service Obligation levy mechanism...23
2.3. Development of a national energy and climate policy achievement

ASSESSMENT MOAEL.......eiiiiieii e 25
2.4. Multi-criteria assessment of European Union Countties............cceeevveeen. 28
2.5. Conclusions of the Second Chapter............ccoviiiiieeeiieee e 31

3.ENERGY SECURITY ASSESSMENT RESULTS AND CONCLUSIONS........ 33
3.1. Classification of electricity sector indicators according to sensitivity to

018 Lo} TN o Yo LT3 /5 S 34

3.2. Results of the analysis of Public Service Obligation levy mechanisms in the
context of the Energy Trilemma INdeX.........ooovvviiiiiiiiicceiiiiie e 41
3.3. National assessment model (index) results.............ooevvvivreeeiiiiiieinnenn. a7
3.4. Results of multcriteria assessment of European Union countries........... 50
3.5. Conclusions of the Third Chapter...........ccuveiiiiiiiieeiii e 55
GENERAL CONCLUSIONS. ...t e e s s eemme e e e e anan e e e 57
RECOMMENDATIONS. ....oeti it rreer ettt e et e e e e et e e e atan e 59
REFERENGCES. ...t e et et e e et e en e e e e e e ana s 61
AUTHOROG®S P UBNS CAQLRETTION......ccciiiieeeieiiies e e eeeirvee e e e 69

Article 1. Kar pavi | iPuldicSerdice Obligaton kegyenn t i s ,

the Context of Energy Sustability and Security: The Cases of Ireland,
Greece, Denmark and Lithuar{iatps://doi.org/10.3390/en15010016)......70
Article 2ButGiikegnnde,l ylt.4, Karpavilius,
(2022). The Achievements of Climate Change and Energy Policy in the
European Union (https://doi.org/10.3390/en15145128)............ccccunee 116
Article 3ButGiikegmie, | ylt.d Streimi ki ené,
(2024). Energy policy and climate change mitigation abnat level in the
European Union: A case study of Lithuania
(https://doi.org/10.1177/0958305X241248375).....ccccceeeeeiiiiiiiiiceneeennn. 133

Article 4s, KarpaBal egenti s, Enérgy, Str ei

security indicators for sustainable energy development: Application to
electricity sector in the context of state economic decisions
(https://doi.org/10.1002/SA.3190).......cceeieiiiiiiie e es 158

SUMMARY IN LITHUANIAN ..ottt 179

J.

mi k



Authord contribution
to the publications

Publicaton!

Kar pay
Bal ege
2021

g Formal
= Contributior?

Gi kgne
Butkiers,
Kar pay
Streimikiers,
Bal ege
2022

0.250

Conceptual-

Gi kgne
Butkiers,
Streimikierd,
Bal ege
Kar pay
2024

0.250

Kar pav
Bal ege
Streim
2025

0.333

Total o
max

1.333

1The published articles have been used heretivitipermission of the relevant publishers.

curation

Formal

analysis

Investiga-

Methodol-
ogy

Software

Validation

Visualisa-
tion

Writing 1

original

Writing i

review &

editing

2The formal contribution is calculated as a fractiob/Nauthors.
3The total sum of the formal contribution values or the highest contribution achieveditiortaes-
ing order: nonejoint, main, or L) in the specified 10 of 14 roles (according to @RediT taxon-

omy, https://credit.niso.org/).

All the co-authorsof the abovementioned articles have no motive to use this published data to

prepareother dissertations.
All the authors of thabovementioned articles have agreed on the adhantribution statement.

Xi






Introduction

Problem formulation

Despiteambitious goalsetby the European Unio(EU) in energy securityre-
newable energy (RE)evelopment, and climate change mitigation, the effective-
ness of national governmeéenergy policy implementation remains varied and
ambiguougEuropean Commission, 201Cpuncil of European Energy Regula-
tors 2018).

Assessment ohese decisionis often fragmented and narrow, without suf-
ficient consideration of their complex impact on energy security indicators: supply
diversity, import dependency, energy accessibility, price stability, infrastructure
resilience, reliability, and innovation promotioneModological differences, the
subjectivity of evaluation criteria, and insufficient standardisation of indicators
make it difficult to objectively compare the effectiveness of national policies
(Sovacool & Mukherjee, 2011; Martchamadol & Kumar, 201

Thelevel of energy security depends largely on a codmtegonomic deci-
sionsi public investment, regulatory policy, financial support mechanisms (PSO
levy), and innovation promotion (Cherp & Jewell, 2014; OECD, 2020). However,
a systematic approadhstill lackingin the literature on how these decisions affect
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the different dimensions of energy secufriteliability, accessibility, sustainabil-
ity, and acceptability. In addition, a gapistsbetween national decisions and the
implementation of the E&8 common energy and climate stratdieddy, 2015).

This problem becomes even more relevant in light of external shays-
political instability, energy price spikes, fluctuations in commodity markets, and
the challenges of transitioning to a more sustdeabergy system. It is therefore
necessary to conduct a consistent and systematic analysis of how different eco-
nomic and political measures affect energy securitycdinibde assessment meth-
odologiesthatallow this impact to be measured objectively atrthdonal level
(Gibellatoetal., 2023; Ko-asl an, 2020) .

Relevance of the dissertation

Ensuring energy security has becoan@ppriority in the context of current geo-
political challenges, accelerating climate change, unstable energy markets, and
the EWs green transformation goals. AlthouBbl strategies set the general di-
rection, the implementation and effectiveness of energy securigunesdargely
depend omationatlevel economic decisions taken by governments, such as fi-
nancial support mechanisms, regulatory interventions, public investment, and
strategic planning

Lithuania, like otheEU member states, faces a dual challenge: iaduts
dependence on energy imports while transitioning to a resilientcdmlaon en-
ergy system. Despite the importance of this issue, scientific research still lacks a
comprehensive approach that woliltk national economic decisiorts clearly
measurhle energy security outcomes, especially in the electricity sector

This dissertation aims to fill this gap by integrating quantitative indicator as-
sessment methods with policy analysis through four interrelated studies. By ex-
amining the case of Lithuania the context of th&U, the dissertation proposes
a new approach to how national poliaycluding composite energy security as-
sessment indicatorpublic service obligationRSQ levy mechanisms, and pro-
gress assessment methams be systematically alwated and compared

The relevance of this dissertation is evident at both the scientific and practical
levels. From a scientific point of view, it broadens the range of assessment meth-
ods for analysing national energy security. From a practical point of view, the
results presnted may be useful to policymakers, regulators, energy planners, and
international institutions seeking to base energy decisions on evidence and man-
age energy transformati@&ffectivelyunder security conditions
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Research object

The research object of tlkssertation is theational economic policy and its im-
pact on energy security

Aim of the dissertation

The dissertation aims t@esess the impact of national economic decisionsasn
tional energy security

Tasks of the dissertation

The following task$ave been formulated achieve the aim:

1.

To analyse the concept of energy security, dimensions, and assessment
methods, emphasing the role of national policy and theoretical as-
pects, and to develop a system of energy security indicators adapted to
sustainable energy development and classify the indicators according
to how they are affected by national economic decisions (directly or
indirectly).

To examine the impact of the public service obligatiB8&Q@ levy
mechanism on energy security and sustainability, using a comparative
analysis of four countries

To develop a model for assessing the achievements of national energy
and climate policie$ an index integrating key indicators of energy
security and sustadible energy developmehand adapt it to the Lith-
uanian context (assessing progress over the last decade and performing
sensitivity analysis under different scenayios

To assess and compare the achievements of EU countries in imple-
menting energy and cliate strategy objectiveso place Lithuanié
results in a broader contednd evaluate policy effectiveness by ap-
plying the multicriteria decisiormaking (MCDM) methodology in an
international context

To formulate recommendations on improving governnesonomic
decisions with a view to strengthening energy security while transi-
tioning to a sustainable energy system
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Research methodology

Severakesearch methods are applied in the dissertation, including scientific liter-
ature analysis, quantitative euation models, composite indicator construction
and public policy instrument analysis. The research is based on fourepeer
viewed journal articles that employ different methodological approaches, adapted
to the Lithuanian case within the context of #id3 energy policyThe main
methods usedre

1 Composite indicator constructianused to evaluate progress in energy
efficiency, RE developmentand greenhouse géSHG) reduction. Indi-
cators were selected basediand national goals and STAMP princi-
ples Normalsation, weighting and shorterm forecasting techniques
were applied.

1 Indicator classification and systematic analysB5 energy security in-
dicatorsmost relevant to the electricity sector were selefrimth more
than 300 These were assesseskbd on their direct or indirect relation-
ship with state economic decisiorsich as subsidies, regulation, and
pricing.
I PSOlevy mechanism analysisa comparative analysig four countries
(Lithuania, Ireland, DenmarlkndGreecewas conductedssessing how
public service obligation (PS@9vy measures affect energy prices, sup-
ply stability and support sustainability. The analysis integrated quantita-
tive data on tariff changes and qualitative evaluations.

T Multi-criteria analysis (MCDM)i the KelCA method (Kernebased
Comprehensive Assessment) was applied to evaluate the progress of EU
countries in implementing the Europe 2020 climate and energy targets,
consideringhe level of achievement and excess. This method helped as-
sesgheprogress andlentify divergence among countries.

The dissertation applies a multidimensional methodological approach that
enables systematic evaluation of both quantitative results and qualitative policy
aspects, based on reliable data souirdearostat, ENTSEE, natbnal strategies
and legal acts. The analysis periwas 2010 2021.

The applied methods were supplemented by synthesis and gatieralio
integrate the conclusions of the four individual studies into a unified analytical
model. Although some methodg€ composite indicators) have certain limita-
tions (such as subjective weighting or assumptions of indicator independence),
these were mitigated by including contextual qualitative analysis to reduce inter-
pretive distortions.
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Scientific novelty of the dissertation

The central idea of this dissertation is that energy security is not merely a question
of resource availability it is the result of economic policy. Government actibns
subsidies, regulation, investmeandevaluation mechanismsform asystemic
network of influences that determine technological chamgeket reactionsand
consumer behaviour. Based on a case study of Lithuania, a sound model has been
developed for quantitatively assessing this impact. Thisiitleat energy security
is a demonstrably measurable result of government actiesmishe main contri-
bution of this dissertation to science and policymaking

The dissertation develops a new integrated model for assessing national en-
ergy securitythatlinks the statés economic desionsto energy security indica-
tors relevant to the sector. The model covers the main areas of energythelicy
promotion ofRE sources, increasing energy efficiency, price regulation, and in-
stitutional governancand their direct and indirect impact tre functioning of
the electricity sector at the national level

The proposed modelxtendghe applicability ofcomposite indicators in the
context of energy security assessment, supplementing it with a systematic selec-
tion of 65 indicators relevant to the electricity sector from more than 300 possible
ones. These indicators are systematisgtheir sensitivity topublic policy and
are used for quantitative assessment of the impact of government decisions, dis-
tinguishing four aspects of energy security: availability, affordability, reliability,
and environmental sustainability

The methodological novelty of the dextation is reinforced by the applica-
tion of the multicriteria analysis method KerCA (KerAehsed Comprehensive
Assessment), which allows the progress of EU countnid® assessetbt only
in achieving climate and energy targets, but also in exceduémg. In addition,
a comparative methodology for evaluating public service obligation (R&§)
schemes has been developed, which helps to determine the impact of policy de-
sign on price stability and the investment environment in the electricity sector

The assessment system developed is complemented by a policy content anal-
ysis covering the strategic, legal, and financial elements of national energy policy.
This methodological combination forms the basis for a transferable, reusable, and
evidencebased pergy security assessment system, which is particularly im-
portant in conditions of growing environmental and geopolitical uncertainty
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Practical value of the research findings

The results of the study provigelicymakerswith practical tools to assess and
strengthen local, nationand regional energy security through ddtieven eco-
nomic decisions. The developed system of indicators and assessment methods en-
ables the planning, monitoring, and adjustment of energy policy in line with Eu-
ropean Union objedtes and national prioritiesBeyond methodological
contribution, the proposed integrated model has practical applications at institu-
tional and strategic levels. It can be adapted by ministries, regulatory authorities
and energy agencies as a decisapport tool to evaluate the effects of regulatory
measures, subsidies, taxaad investment programs on key energy security di-
mensions. The modal structure allows for continuous policy evaluation and sce-
nario testing, helping to identify aregjuiring intervention or policy redesign.

Furthermore, the comparative component of the research enhances policy
benchmarking across EU countries, supporting the identification of best practices
and areas for improvement. The research findings also loot&rto improving
transparency and accountability in public policy by linking measurable indicators
with specific government actions and outcondaspractical terms, this frame-
work provides a foundation for evidenrbased policymaking and can guide the
formulation of sustainable, resilient and eeffective energy strategies, both in
Lithuania and other EU member states facing similar challenges of balancing en-
ergy transition, securityand affordability.

Defended statements

1. National economic decisionsiich as regulatory measures, subsidies,
and strategic planning, have a significant and measurable impact on
national energy security in its key dimensions: availability, affordabil-
ity, reliability, and sustainability

2. The composite indicator model is arfeetive tool for assessing na-
tional energy security levels and progress tow&ldenergy and cli-
mate targets

3. Public service obligation (PSO) levy mechanisms, although different
between countries, influence energy availability and investment sta-
bility and should therefore be considered part of energy security pol-
icy.

4. Multi-criteria analysis methods, such as KerCA, allow for a more com-
prehensive comparison of countdgsogress in the areas of climate
and energy, including structural differences



INTRODUCTION 7

5. An integrated assessment model based on policies and indicators
strengthens evidendmsed management and helps to shape a more
coherent national energy security policy in tantext of theEUG
green course and external shacks

Approval of the research findings

The research results were publishedaar scientific articles in peereviewed
scientific journals indexeih theWeb of Sciencgatabase with impact factor

The author has delivereslvo presentations awb internationalscientific
conferences:

1 31st RSEP International conference on Economics, FinamceBusi-
ness 2023 Paris (France)

1 VI International Science Conference SERR20@New Trendsand Best
Practicesn Socioeconomic Researghgalo (Herceg Novi), Montene-
gro.

Structure of the dissertation

The dissertatiorgonsistsof an introduction, an analytical literature revieawrge-
search methodology, empirical results with synthesis, general conclusions, refer-
encest h e a four bentiffc articles, and a summary in Lithuanian.

The dissertation consists of 195 padesr figures, 14 tables and 207 refer-
ences.






Analytical literature review
on energy security

This chapter outlines the results of the literature review conducted for the four
peerreviewed articleg(Karpavicius & Balezentis, 2021, SiksnelyteButkiene

etal.,, 2022 Karpavicius, Balezenti& Streimikiene, 2025SiksnelyteButkiene

etal., 2024).These articles served as the basis for a structured analysis of the ac-
ademic and policyelated literature, focused on the multidimensional concept of
energy security, the role of national economidslens, the challenges of indica-
tor-based assessment, and the evolving mix of policy instruments under the Euro-
pean energy transition.

1.1. Energy security: definitions, dimensions, and
indicators

The concept of energy security is interpreted ambiguounshtérnational litera-

turei it is shaped by various economic, political, technological, and environmen-
tal factors. Over several decades, the understanding of the concept has evolved
from a narrownotion of security of supply to a complemultidimensional cate-
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gory encompassing both physical and economic, political, and environmental se-
curity of energy supply. In earB0th-centuryconcepts, especially after the 1973
oil crisis, energy security was associated vdiversifying energy importsand
accumulatingeserves (Yergin, 2006). However, at the beginning of the 21st cen-
tury, with the growing importance of climate change and the need to transform
energy systems, the concept of energy security began to be interpreted more
broadly, as ensurig a sustainable, reliable, and affordable energy supmhgid-
ering geopolitical, environmental, and socioeconomic fact@iserp & Jewell,
2014).

The mainenergy securitylefinitionsare provided in scientific sourcéfa-
ble1.1). In summary, energy saqty is a stable and reliable supply of energy at
affordable prices

Table 1.1.Definitions of Energy SecuritySpurce Kar p a & Bli e 201} i s

Reference Definition
International Energy |idef i nes e n e runinterrsipted availabtlity of
Agency, 2021 energy sources at an affordable price. Energy security h

many aspects: lonterm energy security mainly deals wit
timely investments to supply energy in line with econom
developments and environmental needs. On the btret,
shortterm energy security focuses on the ability of the ¢
ergy system to react promptly to sudden changes in the
py-demand balance. 0

Asia Pacific Energy fdefines energy security
Research Centre, 200| guarantee the availability of energy resource supply in g
sustainable antimely mannerwith the energy price being
at a level that will noadversely affect the economic perfq
mance of the economy. 0

World EconomicFo- |fii s t he r e ldsusthifalde supply cddnérgy a
rum, 2010 affordable prices and soc

Proedrou, 208 AFor i memergy seeurity means security of supply
(that is sustainability of access to energy resources), pu
suit of diversified sources of supply, suppliers emdes of
supply to mininge risks and vulnerabilities stemming fror
any kind of dependence, at competitive prices and withg
harming the environment. 0

These are not the only implications of energy security. The concept of energy
security has many deifitions. Winzer (2012) examined 36 different definitions
and proposed understanding itfdélse continuity of energy supplies relative to
demana, distinguishing it from other objectivesuch as economic efficiency or
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sustainability Thus, energy security is often understoodsapplysecurity( M- n s -
sonetal., 2014).

Energy security, agrovidedin Fig. 1.1, is closely related to national, envi-
ronmental, and economic securityt is the point where they intersect (State of
New Jersey Departent of Environmental Protection, 2021). National security is
the ability to remain independent (Leffler, 1990; Paleri, 2008), environmental se-
curity is the control of human impact on nature (Allenby, 2000; De Wilde, 2008;
Barnett, 2010), and economic sdtuis the control of economic vulnerability
(Tamogiiniend & Munteanu, 2015).

According to Cherp and Jewell (2014), energy security is assessed according
to the 4A principle

affordability (low prices, subsidies, decentsation, price stability, and pr
dictability), accessibility (connection to networks, economic castdadminis-
trative and regulatory barriers), availability (security of supply, renewable
sources, diversification, strategic energy reseraed]ow import intensity), ac-
ceptability (sstainability, environmental impact, low carbon dioxide and other
pollutant emissionsgndpublic support for energy infrastructure projects

Stability (political and environmental chandgéfssainetal., 2016) and re-
liability (physical and cyber securigndsupply disruptions) are also mentioned
(De Paoli & Sacco, 2@).

Environmental
security

-
N\

National
security

Availability
- Energy -
Aff |
ordability security Acceptability
Stability Accessibility Reliability

Fig.1.1.Nexus of energy security and other dimensions
(SourceeKar pawiBlail e §2021) i s



12 1. ANALYTICAL LITERATURE REVIEW ON ENERGY SECURITY

Although the 4A dimensions are the most common in scientific literature,
there aremany more.To gain a broader understanding of energy security, it is
worth examining the context of energy security dimensions as broadly as possible

One of the most widglused models is the Energy Trilemma Index (Yang
etal., 2023; World Energy Council, 2023), which covers three main dimensions

T energy security reliability of energy source management and infrastruc-
ture

I energy equityi access to affordable energy foouseholds and busi-
nesses

I environmental sustainabilify clean energy production and reduction of

environmental impadtAlola etal., 2023).

In the context of Japanese politics, the trilemma has been supplemented with
a safety dimension to ensure comnesive protection against accidents and dis-
asters this fourth dimension was added after the Fukushima nuclear disaster
(Hartwig etal., 2023). The combined model of dimensions is abbreviated as
3E+S

Studies in China and West African countries highligittifonal dimensions
such as energy use, economic performance, institutional quaidy diversity
(Zhaoetal., 2023; Teteetal., 2023).

TheMexican @se study highlights four dimensions

1 affordability (physical resourcégs
applicability (impact oftechnology;
acceptability(environmental impait

1 affordability (accessibility of services to the publi€Sanchezetal.,
2023).
Other models also offer alternative classifications

I 5S model: safety, survival, supply, sufficiencgnd sustainability
(Kleber, 2009);

I a 7dimensional model covering technological development, social ac-
cessibility, governance, threats, and environmental prote(®iaravan-

tis, 2019);

1 a 15dimensional system combining social, economic, environmental,

and institutional aspec{g&zzuni & Breyer, 2018);

Other works propose additional dimensions, such as developalitgypos-
sibility of reduci ngioff@rgroups:.teemosic,soy ( H
cial, environmental, and institutional (Reddy, 2015). A distinction is alsstema
between internal and external dimensions of energy security, depending on the
links between a countiy domestic and foreign policy and ene(gysain & Sa-
hide, 2023).
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Although there is no single approach to the dimensions of energy security, a
wide rarmge of them exists in scientific literature (Fig. 1.2), reflecting different ge-
opolitical, economic, and social contexi#exible, complex assessment models
should be applietb develop a balanced energy policy

Availability, affordability, technology
development, sustainability,
regulation (Sovacool ® Mukherjee,

Security of supply, energy equity,
environmental sustainability (Alola,
Olanipekun @ Shah, 2023).

4A: Availability, Adaptability,
Acceptability, Affordability
(Sanchez, Segovia, ® Lopez,

Security of supply, economic

efficiency, environmental suitability,

safety (Hartwig, Emori ® Asayama,
2023).

5S: Security, Survivability, Supply,
Sufficiency, Sustainability (Kleber,
2009).

Accessibility, acceptability,
developability, sustainability (Huong,
2023).

Physical accessibility, technological
development, economic affordability,
sacial accessibility, management,
non-traditional threats, natural
environment (Paravantis, 2019).

Energy supply, energy use, energy
economy, energy environment (Zhao,
Tao, Ma, Wang ® Mentel, 2023).

ic, social, envir
institutional/governance (Reddy, 2015).

Availability, diversification, cost,
and efficis localization,
time frame, sustainability, environment,
health, culture, access to information,
employment, public policy, military
dimension and cyber security (Azzuni ®
Breyer, 2018).

Accessibility and diversity,
affordability and equity, i
and reliability, regulation and

Sovereignty, resilience, robustness,
compound (Jewell, Cherp and Riahi,

jovernance, environmental
2 : 2012).

sustainability (Tete, Soro, Sidibé, ®
Jones, 2023).

Fig. 1.2.Diversity of energy security dimensiofSourceK a r p a ‘etil] 2024)s

Indicatorsare aother important element in assessing and measuring energy
security. Energy security does not have a single indicator by which it can be as-
sessed, as noted by bothutretal.( 2 0 0 9 ) a atdl (2010)s Asdessihent
criteria depend on the chosen dimension, the country context, the research objec-
tives, and the available information

Francoetal. (2023) highlight the importance of physical (energy consump-
tion for production) and economic (energy contribution to GDP) indicators in as-
sessing the transition to more sustainable systems. Some factors, such as the
amount of sunlight (Li, 2005), also influence security but are not regulated by
policy measures

Macroeconaic indicators, such as GDP per capita, can also signifjcant
i mpact the | evel ethl., 20238)eascgnfirmex éyccasesiin y  (
other countriesShakyaetal. (2023), who studied Nepal, and Wangejal.

(2023), who analsed China, appéd a limited number of indicators but did not
delve into their structural basis
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According to the Eneetgly201B)endrgysecua | n
rity is measured by import dependency, diversity of electricity generation, and
storage capacity, whilthe other two dimensionsnergy affordability and envi-
ronmental sustainabilityare assessed separately

Recent studies show the growing importance of renewable resources in as-
sessing ener gy etal.e202@)randtthe incteBsing impact &f digi-
talisation (Yusifbaylietal., 2023. Howeverthe weighting of these indicators is
still under discussin.

A broader concept of indicators is discussedhi@ study byShirazi and
Fuinhas (2023), which also mentions qualitative indicasursh as public engage-
ment, clean technology development, and policy govern&asequently en-
ergy security is a mufaceted phenomenon

The choice of indicators often depends on the national context: for example,
different sets of indicators were used in Pakistan (Abdellah, 2020) and Thai-
land (Martchamadol & Kumar, 2012). The most comprehensive set taveate
identified bySovacool and Mukherjee (2011), who systematised as many as 320
simple and 52 complex indicators, divided into five groups: accessibility, afford-
ability, technology, sustainability, and regulation. This set provides a comprehen-
sive basis for aalysing energy security in different aspects and time periods

In summary, the concept of energy securityrhagedbeyond the traditional
framework of supply security and has become a strategic national policy direction.
At both the theoretical and praudi levels, it is important to assess all dimensions
of energy security comprehendiyeespecially in the electricity sector, which is
characterised by a high level of regulatory sensitivity and close links to climate
policy. It is precisely this systematapproach that allow®r the assessment of
the actual supply parametensdthe effectiveness of political decisions in achiev-
ing broad energy security

1.2. Measuring energy security

Assessing energy security is a methodologically comptexess that involves
different scientific approaches. The concept of energy security is not unambigu-
ous andthere is no singleuniversal definition or assessment modieus,there
are various national and international assessment systems, each offdiffieg-
ent set of indicators and prioritigsK o - as | an, 2020; Mart c|
2012).

One of the most commonly used methodologies is the construction of com-
posite indicators, which allows the state of energy security to be assessed using a
single summary indicator. Such indices are based on quantitativeluziare ag-
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gregated according to a selected structure and weights. The methodology of com-
posite indicators is described by the OECD (2020), emphasising the importance
of normalisation, weightingaggregation, and sensitivity analysis. The most im-
portant indices include the following

I theEnergy Trilemma Index (World Energy Coungdyaluated by coun-

tries based on the criteria of energy security, accessibility, and environ-
mental protection (Gibeltaetal., 2023). This index expands the concept

of energy security by integrating aspects of sustainable development and
social justice

1 theEnergy Security Risk Index (Qetal., 2023; Chwetal., 2023) based
on 37 indicators in nine dimensions, basadnformation from interna-
tional database@Vorld Bank, IEA, OECD)

I the Energy Architecture Performance Indéater renamed th&nergy
Trilemma Index (Fwetal., 2021; Qinetal., 2021)

1 the Oil Vulnerability Index (Liuetal.,, 2023; Zhuetal., 2022) which
analyses energy dependence on oil imports, economic sensitivity to price
changes, and political factors

I theEnergy Security elah 8047R whiclRessttssasa n o v
emission intensity and energy demand satisfaction at the domestic and
intermational levels

These indices allow for an assessmerd obuntr$ everall level of energy
security and developmeritowevertheir application has limitations: data is often
incomplete, weighting can be subjective, and the aggregate result does get alwa
reveal problem areas

Another theoretical group is Mul@riteria DecisioAMaking (MCDM), in-
cludingAHP, TOPSIS, MOORA, ELECTREBNdPROMETHEE. These methods
allow for the flexible integration of different measurement criteria, sensitivity
analysis, anédaptation of the methodology to the country or sector under study
(Poheka’& Ramachandrar2014).

MCDM methods are particularly useful when balagcquantitative and
gualitative factors, such as import dependency, investment environment, or stra-
tegcppnni ng effectiveness. For exaznpl e,
offers supesefficiency analysis and better highlights structural differences be-
tween countries

Systematising indicators is a necessary step in measuring energy security.
MartchamadoandKumar (202) presented a systetimat selectthe most relevant
indicators from more than 300 possible indicatmaised orthe countrgs policy
andsectorspecificattributes They distinguish four main aspects of assessment

1 availabilityi diversity of supply sourceandproduction capacity

I affordabilityi final consumer pricandsubsidy system;
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T reliability T system resiliencandfrequency stability;
T frequency of disruptionandstate of infrastructure
1

environmental sustaability T emissionsanddevelopment of renewable
energy sources (RES)

Diversity analysis is particularly important for energy security. Indices such
astheShannoinWiener (Yin, 2023and theHerfindahl Hirschman Index (Higgs,
2023) are used here to measure the concentration of supply southesued
mix.

Some organisations apply specific qualitative and mixed policy analysis as-
sessment methodologies. For example, the International Engeyyci has de-
veloped the MOSES shetdrm energy security model, which includes 35 indica-
tors and measures the resilience, independeara flexibility of the energy
system (Dastan, 2023). There is also the Sooiwomic Energy Risk model
( Ko - as | awhich c@ntbiaed palitical stability, economic growth, import
dependence, and market liquidity

Some assessment systems, such as the Supply/Demand Index (Novikau,
2022), focus more on thengterm balance between supply and demahie
Risky External EnengSupply index (Le Coq & Paltseva, 2009) analyses the risk
of external sources of supply based on import diversification

Based orthe literature, energy security assessment is not unambigiious
can be quantitative, qualitative, or mixed, and ¢hesenmethodology depends
on thestudyd purpose and the dimension being assessed. Some methods are more
suitable for crosgsountry comparisons, while others are better for evaluating na-
tional decisions. A consistent approach is needed, combining indicatosianaly
policy evaluation, and systematic use of indicators, to objectively assess the level
of energy security and changes therein

1.3. Role of the state in ensuring energy security

Energy security is increasingly treated in contemporary literature as glecom
phenomenon in which the state plays a fundamental role through its economic,
regulatory, and strategic policies. National decisions shape infrastructure and fi-
nancial prioritiesanddetermine the state of energy security and progress, espe-
cially in response to external shocks, market uncertainty, or climate policy chal-
lengeg(Martchamadol & Kumar, 2@ Gi k ¢ nBeul t yktéta.r2é2).

The central role of the state in energy security is manifested through strategic
planning, legal regulation, and the creation of institutional structures. The regula-
tory environment determines investment risks, the pace of technological solutions,
and eneuser rights in the energy sector. According to Sovacool and Mukherjee
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(2011), thes t a ihsétdtisnal system directly affects four key dimensions of en-
ergy securitysupplysecurity, affordability, accessibility, and environmental sus-
tainability.

Governnent fiscal decision$ subsidies, compensatioand infrastructure
investmentsi are considereda cornerstone of energy securitéi k gnrnel yt .
But keéta. (2@24) notal thatthenationalenergy policy is based on datdven
decisions seeig to reduce dgendence on imports, strengthen domestic produc-
tion, or promote the development of renewable resources

Cherp and Jewell (2014) emphasiskat public investment in strategic in-
frastructuré network modernisation, reserve capacity creation, new techeslogi
T has a longerm impact on systemic risk and security of supply

Public Service Obligations levy mechanisms amgongthe main forms of
state economic policy in the energy sector. PSOs have several complementary
definitions,as demonstrated Table 1.2.

Table 1.2.Definitions of the Public Service Obligation (Soursea r p a & Blail @ g e n -
tis, 2021)

Reference Definition
European Commis- |Ai Member States may i mpose
sion, 2004 the electricity sector, in the general economic interest, py

lic service obligations which may relate to security, includ
ing security of supply, regularity, quality and price of sup-
plies and environmental protection, including energy
efficiency and climate protection. In relation to security of
supply, energy efficiencydchandside management and for
the fulfilment of environmental goals, as referred 2 to in t
paragraph, Member States may introduce the implement
tion of longterm planning, taking into account the possibi
ity of third parties seeking access to the sysiem

Council of European | A Pu b | i ¢ Se r vinthiscontktit is ageaytim-o
Energy Regulators, | posed by the Government on some or all final electricity
2018 tomers to recover the additional costs associated with el
tricity from specified sourceof generatiofi including
sustainable, renewabl e an
European Commis- (Al n the context of Europe
sion, 2011 ligation or PSO means an obligation imposed oroegeni-

sation by legislation or contract to provide a servidegen-

eral interest within the European Union territories. PSOs
may operate in any field of public service, but postal ser-
vices, social services, energy, transport and banking are
identi fied as specific sect
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End of Table 1.2

Reference Definition

Jones, 2016 fiPublic service means the guaranteeing, through regulat
standards, measures or requirements, of levels of consu
or environmental protection that might otherwise not be
maintaired through the simple operation of the market
mechanism 0

The concept of services of general interest (SGI) in the energy sector stems
from the need to ensure certain functions or services that would be unprofitable
or underdeveloped under marlanditions, but are necessary to ensure public
welfare, energy security, or sustainability. In theory, PSOs are seen as a compen-
sation mechanism that allows for the maintenance or promotion of services or
infrastructure that would not be provided withotatte intervention

UnderEU Directive 2009/72/EC, Member States may impose PS@wto
tect the public interedtincluding security of energy supply, regulated prices, or
environmental objectives. Such regulation allows the state to shift market bound-
aries where necessary to ensure systemic stability ortienmg sustainability ben-
efits.

PSOs are most commonly used for the following functions

I ensuring electricity supply in remote or economically disadvantaged ar-
eas;

supportingRE sources or cogeneration;
maintaining electricity reserve capacity or security;
investing in new technologies or infrastructure;

supporting energy efficiency

The PSO levy is a unique mechanism whereby the state authorises market
participants (usually suppliers) to colléghds from consumers and allocate them
for specific purposes. This structure avoids the direct use of the state budget but
requires transparency and accountability mechanisms to ensure that the principle
of competition is not violated

In theoretical liteature, as Sovacool and Mukherjee (2011) point out, PSOs
are referred to as measuresit@lance market failurésvhen socially necessary
services do not arise spontaneously or are insufficient in terms of energy security.
In this way, the state becomes woly a regulator but also an active participant
in economic distribution

Furthermore, it is importartb integratePSOs into the broader context of
energy security policy. Studies show that inefficiently or disproportionately de-
signed PSO mechanisms daawve the opposite effedhcreasing energy prices,
reducing competition, or hindering investment.
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Energy security measuresthe national level often need to be aligned with
the EWs common policiesGi k s nBeul t ykt eal.n(Z024) emphasise that
stak action must not only be in line with EU legislation, but also contribute effec-
tively to Europés climate and energy goals. In this way, national policy also be-
comes an instrument for the implementation of the EU strategy, the success of
which depends othe institutional capacity of the state

1.4. Conclusions of the First Chapter and formulation
of the dissertation tasks

1.

The concept of energy security in theentific literature is multidi-
mensional and constantly evolving depending on geopolitical, eco-
nomic, environmentablnd technological circumstances. The concept
has transcended the narrow framework of security of supply to become
a strategic component of natiorsglcurity and sustainability

Assessing energy security requires a comprehensive methodological
framework. Although the 4A model is the most common approach, in
practice a variety of indices and assessment methodologies are used,
covering both quantitativand qualitative criteridt is thereforenec-
essary to be flexible ichoosingndicators according to the objectives

of the study and the national context

Multi-criteria decision approaches, composite indicators and policy
evaluation models allovior highlighting different aspects of energy
security, but each methodology has limitations. The quality of the
evaluation results depends on the completeness of the data, the meth-
odological logic and the management of evaluation bias

The role of the state imergy security is crucial, acting as regulator,
investor and strategy maker. Decisions on subsidies, regulation, infra-
structure investment or the provision of public services have a direct
impact on security of supply, price stability and the transformatdfo

the energy system

The PSO mechanism is one of the most important instruments of pub-
lic economic policy in the energy sector. It allows funds to be chan-
nelled towards strategic objectives, while at the same time ensuring
the provision of services whethe market is unable to do so. How-
ever, the effectiveness of the PSO mechanisms depends on their de-
sign, transparency and alignment with the overall energy policy
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To assess the impact of national economic decisions on energy security, the
dissertation sets the followirtgsks

1. To analyse the concept of energy security, dimensions, and assessment
methods, emphasising the role of national policy and theoretical as-
pecs, and to develop a system of energy security indicators adapted to
sustainable energy development and classify the indicators according
to how they are affected by national economic decisions (directly or
indirectly).

2. To examine the impact of thaublic service obligation (PSO) levy
mechanism on energy security and sustainability, using a comparative
analysis of four countries.

3. To develop a model for assessing the achievements of national energy
and climate policie$ an index integrating key inditors of energy
security and sustainable energy developrmemd adapt it to the Lith-
uanian context (assessing progress over the last decade and performing
sensitivity analysis under different scenarios).

4. To assess and compare the achievements of EUrmsuim imple-
menting energy and climate strategy objectives in order to place Lith-
uani ads results in a broader cont
by applying the multcriteria decisiormaking (MCDM) methodol-
ogy in an international context.

5. To formulate recommendations on improviraygrnmenrdal economic
decisions with a view to strengtheniegergy security while transi-
tioning to a sustainable energy system.



Research methodology for
energy security assessment

This chapter provides an overview of the methodological choices madepiar-

ing four peerreviewed scientific article@Karpavicius & Balezentis, 2021; Sik-
snelyteButkieneetal., 2022; Karpavicius, Balezentis & Streimikiene, 2025; Sik-
snelyteButkieneetal., 2024).These articles provided the basis for a systematic
analysis focusing on the multidimensionality of energy security, the impact of na-
tional economic decisions, the challenges of indichtsed assessment, and the
changing policy instruments the context of the European energy transition. The
chapteraims to provide a detailed explanation of the chosen research methods,
their rationale and application, thesearchimitations, and the measures taken to
ensure the reliability of the results

2.1. Identification and classification of energy
security indicators

A sound assessment of energy security at the national level ifEtnergy sector

required a complex methodological combination, including a systematic literature
review and an expert assessment. This methodological approach nali@nky

21
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summarisinghe assessment criteria in the international literature buttlaésio
adapationto the natimal contextconsideringhedataavailability and the impact
of public policies

The systematic literature review foes®n sourcesn which the identified
indicators are suitable for quantifying energy security aspects in the electricity
sector. This gproach is considered one of the most reliable when ddanglap
indicatorb ased assessment etély2000p Whe mkst dorh-° s ¢ h
monly used methodology in the literature is the composite indicators methodology
(Sovacool & Mukherjee, 2011), whiadtomprisesseveralmain stepsindicator
selection, classification by dimensions, data normalisation, weiglatingaggre-
gation

The selection of indicators is based on four criteria: (1) relevance to the as-
sessment of energy security, (2) specificity te ¢hectricity sector, (3) potential
national impactand (4) availability of data for Lithuania. This selection principle
builds on work such ahat of MartchamadobndKumar (202), which empha-
sises the importance of national context and policy influeneeindicator valid-
ity.

The classification is based on a sestructured expert evaluation methodol-
ogy recommended for complex public po
kau, 2022). The expert assessmdeantified the channels of government influ-
encei whether a particularndicator depends on direct policy instruments
(subsidies, tariffs) or more on the institutional and regulatory cantext

This methodological framework allows for a structured and comparable as-
sessment of energy securitgnsideringthe systen® physical oreconomic pa-
rameterandhowthese parameters are affected by national decisions. This inter-
action between indicator analysis and the contextualisation of public policies is
particularly evident in the systematic work on energy secyrity® s etdl.e |
2010; Reddy, 2015).

Despite the suitability of the chosen methodology for the study, it is neces-
sary to identify its limitations. First, a systematic literature review, although based
on structured selection criteri@mainssubject to the subjectivity ofié available
sources and the choief the authors. Some relevant indicators may be elimi-
nated due tansufficientdata in the Lithuanian context or because they are not
usedfrequently enough in the literature, even though they could be relevant in
pracice.

Second, expert assessmed a methoddoes not avoid a certain degree of
subjectivity. Expert judgements are based on professional experience, but differ-
ent experts may have different views on the strength or effectiveness of a coun-
tryGs impact on ifferent indicators. This may affect tieassificatiorresults, par-
ticularly where indicators relate to complex, crgsstoral factors such as
consumer behaviour or the quality of the regulatory environment
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Third, theusedapproach relies on an esselyiguantitative logic, which
may not sufficiently capture qualitative aspects of energy security, such as the
quality of public policy coordination, the credibility of institutions, or consumer
confidence in the system ($chaspecisean, 2
be indirectly linked to some indicators, mixed (quantitatjuelitative) ap-
proaches could also be used to assess.them

Finally, some internationally used indicators or indices (Energy Trilemma
Index, MOSES) are based on data that areegularly updated or available at
thenational level. This limits the possibility of a dynamic tiseries assessment
in the context of a single country, requiring additional adaptations or proxy indi-
cators based on national statistics

2.2. Methods of analysis of the Public Service
Obligation levy mechanism

The analysis of thBublic Service ObligatiorRSQ levy mechanisms was carried

out using a case study approach with elements of benchmarking. This methodo-
logical approach was chos#or its suitabilityto a detailed analysis of a specific
national practicé the LithuaniarPSOmechanisni by contextualising it in the
internationalcontextand comparing it with the experierscef other countries.

This approaclenablesa single policy instmnentto be examinedin depthand
facilitates systemicassessmerhrough the prism of several dimensions (legal,
financial and political)(Martchamadol & Kumar, 2@ Sovacool, 2011).

Data sources include national legislation (the LavEtettricity of the Re-
public of Lithuania), official reportof the State Energy Regulatory Council and
the Ministry of Energy), as well as research studies and documents of international
organisations dealing with the application of the PSO mechanisnifénedt
countriesCEER, 2018).

Methods used

T Ananalysis of the legal environment to understand the principles and ob-
jectives underpinning theSOmechanism in Lithuania and how its logic
has evolved. The analysis covered the transposition of EU |egisktt
thenational level and the impact of state aid regulation on the content of
the PSQEuropean Commission, 2004; Jones, 2016).

Quantitative time series analysis was used to assess the evolRiBO of
collections, their share in the final electricisice and their distribution
between the different strands of support between 2004 and 2021: support
for RES generation, heat and power cogeneration, reserve capacity sup-
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port, andstrategic infrastructure projects. This approach helped to iden-
tify changesin the financing structure and their chronological relation-
ship with political decisions

Analysis of policy decisions, which systematises major policy changes
(e.g, inclusion of solar projects in 2013, withdrawal of the Lithuanian
power plant from thé’SO support scheme in 2018) and their conse-
guences for the functionality of the mechanism. This analysis revealed
the dynamic nature of the Stédalecisions and their dependence on EU
regulation and national strategic priorittK o - asl an, 2020) .

1 Comparatie analysis based on research on the usked?SO in other

EU countries (notably Ireland, DenmagndGreece). Ireland was used

as a representative case of the old PSO system, where the initial focus
was onsupplysecurity (local peat plants), followed by the development
of RES. This analysis helped to identify the functional differences be-
tween countrieand how national priorities shape the structure of the PSO
(CEER, 2018).

1 A gualitative dimensional analysis to expertly assess which dimensions
of energy security reliability, affordability, or sustainability are most
affected by the PSO mechanism. g analysis is based on the theoretical
4A (availability, accessibility, affordabilityand acceptability) model
(Cherp & Jewell, 2014), which allowed the purpose of the PSketo
linked tothe complex structure of energy security

1 Indicator analysis, whichttempted to assess the correlation between the
scale ofPSOinvestments and changes in international energy security
indices (Energy Trilemma Index). Although correlation analysis cannot
substantiate causal relationships, it helps to identify possiike he-
tween public measures and the dynamics of mexticators(Gibellato
etal., 2023).

The case study approach allows the principles of the functioning of the na-
tional PSO modeb be revealed in detalhoweverjts conclusions are limited by
generalgability i the obtained results are directly applicable only in the Lithua-
nian context. The comparative analysis, although based on secondary sources, de-
pends on the completeness of their data and methodological compatibility with
the Lithuanian case

Another limitation is data availability. Some financial data on the structure
and distribution of PSO funds are not publicly available on alyegear basis,
or are presentegls anaggregate, so the analysis does not avoid a certain amount
of generalisationNeitheris there astandardised methodology to quantify the im-
pact of the PSO mechanism on specific dimensions of energy security, so the as-
sessment has been carried out in an expert qualitative manner
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Despite these limitations, titbosermethods allowor a structured approach
to the role of PSOs in energy security policy and to identify in which cases this
instrument becomes an effective part of public policy

2.3. Development of a national energy and climate
policy achievement assessment model

One ofthe most advanced and scientifically sound methods for assessing progress
in implemening national energy and climate change policies was the development
of a composite indicator (index). This method allows progress in a multidimen-
sional and complex policgreato be quantifiecdoy combining several statistical
indicators into a single aggregated result

The composite index is designed to

I assess progresstaenational level in meeting energy and climate change
policy objectives

I include the three main policy dimensiansnergy efficiency, greenhouse

gas (GHG) reductigrand RE development

I ensure comparability of the assessment between periods and transpar-
ency, in line with the Bellagio STAMP principtes

enableinternational adaptatigrasthe index is adaptable to other coun-
tries or groups of countries

Ten national indicators selected for thedex reflectthe progress in three
policy areas and contribute to the four UN Sustainable Development Goals
(SDGs) andseven targets. The indicators are grouped timtee main clusters
(Table 2.).

The value of the index in a given y@as calculated according to the formula:

0 B &, (2.1)

where:X; is the indicator of interest; is the weight of thé-th indicator;n is the
number of indicators selectéal the composite indicator.

Normalisation was carried out using the fmrax method, and the reverse
scale was used when a decrease in the wadiigates progress. This ensures com-
parability between different indicators and time periods.

To avoid subjectivity, a system of five alternative weighing schemes was
used, as shown in Table 2.2.
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Table 2.1.Framework to measure progresighe energy andlimate change policy
achievement® Lithuania(SourceGi k g nBeul t ykte&al.r2@24

UN UN target Nationalindicators Units Mark Target
goal value
l'ri Eﬁ%t:\cgfthgo Ie1.2.29.Share of people
_ |spG 1ﬁvinp ; '2 bp living in dwellings with |% ECC1 |minimise
° g In povertyby leakages
S at least half
S . TOE/EUR
E -+ 3 Double th i7n.t3e.r%2i.ty|:mal ENeT9Y  Imillions of [ECC2 |minimise
.3. Double the
> GDP
8 |gpg 79lobal rate of 7.3.1b. Ener
] improvement in d;a .enaencegy % ECC3 |minimise
energy efficiency P od final
7.3.1e. House Oq Ina TOFE/capitg ECC4 |minimise
energy consumption
%ﬁaﬁﬁ%ﬁﬁi and 9.4.1. CQ emission by |Kilotons/
SDG 9retrofit industries to the energy sector per urEUR mil- ECCS5 |minimise
make them of gross value added |lion of
sustainable GVA) GVA
.5 7.1. Ensure universg7.1.2. Proportion of pop
S access to affordablglation with primary 0 .
-553) SDG 7reIiabIe and modern|reliance on clean fuels % ECC6|maximise
(3 energy services and technology
T 13.2.2b. GHG emissionsIndex
O 13'2' Integrate intensity of energy " ECC7 |minimise
climate change consumption 2000 = 10(
SDG |measures into h
13 national policies, 13'2t'.1' Cloull_wtryt ash
strategies and plan-|@"atona’ climate changy gy, - |Eccs |maximise
ning ma_nagement strategy o
action plan
7.2. Increase .
I= substantially the 7.2.|1f._ShIare Of RES in o .
) share oREiN the total final energy %o ECC9 |maximise
£
5— global energy mix consumption
% SDG 7_7.b. Expand
o infrastructure and 7 b.1. Capacity of
n upgrade technology| ;=" = pactty ot Wattd ECC1 .
i : electricity generation . maximise
o for supplying moder from RES capita 0
and sustainable
energy services
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Table 2.2.Weighting schemes for the assessment (SoBdek ¢ nBeul t yktéfal.n &
2024)

Dimension

Energy efficiency | GHG reduction RES development
Scheme

0.4 (Each indica- | 0.4 (Each indicator | 0.2 (0.4 Each indi-
S1 tor 0.1) 0.1) cator 0.1)

0.5 (Eachindica- | 0.25 (Each indicator | 0.25 (Each indica-
S2 tor 0.125) 0.0625) tor 0.125)

0.25 (Each indica-| 0.5 (Each indicator | 0.25 (Each indica-
S3 tor 0.0625) 0.125) tor 0.125)

0.25 (Each indica-| 0.25 (Each indicator| 0.5 (Each indica-
S4 tor 0.0625) 0.0625) tor 0.25)

0.(3) (Each indicaq 0.(3) (Each indicator| 0.(3) (Each indica
S5 tor 0.08(3)) 0.08(3)) tor 0.1(6))

This approach allowkr assedsg how different policy emphasis (promo-
tion of RES vs. efficiency) would change the overall value of the index
Calculations aredsed on data for Lithuania 202D21, obtained from

Eurostat
Official Statistics Portal
Ministries of Energy and Environment

UN and OECD
The model has been developed in accordance with the Bellagio STAMP prin-
ciples, which ensure

policy compliance
data availability
clarity for policy makers

reproducibility in future studies

For some indicators, data were not yet available for 2021, which led to the
use of reasonable assumptions (eeqission intensities were assumed to be at
the 2020 level due to similar pandemic conditjons

For two indicators (ECC1 and ECC7), data were not available in 2021, so
extrapolations were appliedr the last known indicator was used

Some social indicater such as energy poverty, had high variance and low
annual updating

Indicator weights are mainly based on expert judgerieinture studies
could use empirical weighting (PGA



28 2. RESEARCH METHODOLOGY FORENERGY SECURITYASSESSMENT

The composite index developed for this study has both methodological va-
lidity and practical applicability

1 Itis based on international evaluation practices

T The indicators are aligned with the UN Sustainable Development.Goals

1

It provides a tool not only for tracking progress but also for assessing the
effectiveness of policy desibns
The use of théndex allows for an integrated assessment of Lith@supieo-
gress in implementing the energy security and climate goals, and highlights areas
where policy adjustments are needed

2.4. Multi-criteria assessment of European Union
countries

Task 4 uses a multiriteria decisiormaking approach in the context of a compar-
ative assessment of countries. The chosen methodology is #ased Compre-
hensive Assessment (KerCA), classified as a modern-gritktria decisiormak-
ing (MCDM) technique B a | e g 2022). Thss method is conceptually similar
to the PROMETHEE group of methods, as it is also based on the principles of
pairwise comparisons of alternatives

This method has been applied to assess the performance of EU Member
States meeting the Europe 2020 climate and energy targets

The KerCA approach can be described as a comprehensive MCDM method-
ology that allows for robust optimisation by reducing arbitrary assumptions. It
combines the advantages of different aggregation agipesawhich are methods
used to combine several criteria into a single assessment. There are two main dif-
ferences that distinguish KerCA from previous variants of the PROMETHEE ap-
proach

(i) least squaresrossvalidation is used to determine the optimahtwidth
parameter, and

(i) multi-valued aggregation schemes are used to calculate overall utility
scores, which are then used to rank alternatives

The KerCA method workflow is as follows

1. First, the alternatives (in this case, countries) and the ei@aiuaite-
ria are defined, denoted by the indit®%, 2, ..., & (alternativeyand
x1,2,..,t (criterig). The set of criteria is divided into two groups
benefit criteria (B), where higher values are considered better, and
cost criteria (C)where lower values are considered more favourable
A vector of weightg0 1, U, ..., 0;) is also established to reflect the im-
portance of each criterion. The sum of all weights is assumed to be equal to one
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a w, =1 (2.2)
j=1
2. Crosschecking (Hayfield & Racine, 2008) is thearried outusing
the least squares method to determine the optimal kernel widths for
each criterion. The resulting values form a ve€ter o, ..., :).
3. The level of superiority of each alternati@®ith respect to the other
alternativeQ(where Q= 1, 2, ..., &) is calculated using the standard
normal distribution functiom (t).

D =lam é)ﬁj')&j 6 iB
1 mk:1 é% h !g ]

(2.3)

This function takes the value of 0.5 when both alternatives score
equally on a given criterion. If tHiéh alternative is superior to tfi@h
alternative, the value exceeds.0.5

4. The values obtained for the alternatives according to the individual
criteria are then combined (aggregated) to assess the overall perfor-
mance of each alternative. To ensure the reliability and stability of the
results, the aggregation is carried out using four different methods: the
additive, multiplicative, reference point faver bounds, and refer-
ence point uppdsounds

viAz'a?‘ wR.i 4,2..m
i=1 (2.4)
M A i
v :O(pj) 04,2,..m (2.5)
j=1
min — i -
v joZI,r.]..n B A2..m (2.6)
V&= max p i =L2..m (2.7

j=12,.n
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5. The aggregated results are normalised according to their maximum
value, and the importance of the different aggregation principles is in-

dicated by individual weightg/,, {,, ., ms{). The aforemen-

tioned weights add up to unity. Thus, the utilifiyeach alternative is
defined as

u= 5 -0 i42.m
X {AM,min,may} __max V|X
i=1,2,..m (28)

6. Finally, the alternative with the highest overall utility val¥&3 con-
sidered the best performing alternative

Study process

Setting the criteria: key indicators of the Europe 2020 energy and climate
targets were selected as criteria: the percentage of RES achieved by each
country in 2020 (compared to the target), the change in GHG emissions
(compared to 1990 and the nationabtt),andthe improvement in en-

ergy efficiency (primary and final energy consumption vs. the target
level). A complementary indicator to the energy security dimension has
been added: change in import dependency. Each country was thus as-
sessed against ats# indicators reflecting the fulfilment of its commit-
ments

Application of methodsthe KerCA approach combines kernel functions
to aggregate indicators and avoids subjective weighting by comparing
countries on the basis of their overall level of progieseach criterion.

It is essentially an improved muttriteria ranking tool that allows the
derivation of an overall index of country progress

Data:the data are compiled from Eurostat and European Commission re-
ports on the performance of the 27 EU minies in 2020 (targets and ac-
tual indicators for each country). The method has been adapted with soft-
ware (special code has been written to perform the calculations).

Verification of results: the resulting country index scores are compared
with other assesments (the World Energy CourdsiEnergy Trilemma
Index ranking for the same time period to see if the trends are similar; a
correlation analysis is also carried out between the resulting index and
the countrie GDP per capita to check if economic development has a
direct impact on progreks

This multi-criteria assessment allowed countriesbe rankedand also for
gapsto be identifiedbetween groups of countries (old EU members vs. new ones,
Nordic countries 8. Southern countries, etc.), as well as to distinguish leaders and
those lagging behind. In the specific case of Lithuania, the approach helped to
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identify where Lithuania ranked among EU countries on the overall indicator and
where it performed better @rorse orcertaincriteria

Methodologically, the use of KerCA in this area is new, as traditionally sim-
pler indices or individual criteria have been used to measure codptagsess
in this study, the integrated approach provided a more complessasseat

It is worth noting that theesearcthas several limitations. First, the selection
of indicators and the choice of index weights are partly based on expert judge-
ment, which may introduce an element of subjectivity. Measures have been taken
to increase objectivity (use of several scenarios, comparison with official indica-
tors), but it is difficult to eliminate subjectivity completely. Second, the multi
criteria assessment of EU countries uses only a few criteria; while these are the
most importantsome indirect factors (e,ghe level of innovation) that can influ-
ence the longerm outcome have been excluded from the overall index. These
limitations have beeoonsideredn the discussion and in the interpretation of the
resultsof the dissertation

2.5. Conclusions of the Second Chapter

1. The energy security assessment is based on a structured indicator
framework adapted to the national context. The identification of indi-
catorsis based on a systematic analysis of the literature and expert
judgement. This dual methodological approach allofgethecollec-
tion of internationally recognised indicators of energy security in the
electricity sectorand theiradapationto the Lithuargn context. The
selected indicators were classified according to their policy impact,
i.e., the extent to which they depend on state decisions (subaities
regulation) ensuringhat theindicatorvalues reflected not only tech-
nical factors but also thefficacy of policy decisions

2. The analysis of the Public Service Obligation (PSO) was carried out
as an extended case study, based on a-laulti assessment. The
Lithuanian PSO mechanism was analysed through legal, financial, po-
litical, and internationgberspectives. A timeeries analysis wassed
to show how the structure of the PSO has evolved between 2004 and
2021, while a qualitative analysis revealed which dimensions of en-
ergy security are most dependent on this instrument. A comparative
analysis \ith Ireland, Denmarkand Greece helped to identify sys-
temic differences and similarities. Although the assessment is deep, its
coverage remains limited to the Lithuanian contartl some of the
data is not publicly available



32

2. RESEARCH METHODOLOGY FORENERGY SECURITYASSESSMENT

3. The National Progress Inddras been developed using a composite

indicator methodology. The model includes statistical indicators,
grouped according to the three main dimensions of energy and climate
policy: energy efficiency, GHG reductionand RES development.
The indicators @ linked to the four UN Sustainable Development
Goals. Normabkation (miri max) was used for the assessmeinid

five alternative weighting schemes (focusing on different policy prior-
ities) were used to avoid subjectivity in weightigg/ing flexibility to
analyse how different policy emphasis changes the overall.index

The analysis of EU countriéprogress is based on the advanced
KerCA approachwhichis a modern MCDM (multcriteria decision
making) methodology based on pairwise comparisons betwesn co
tries and a statistical kernel function. It avoids subjective weighting,
allows both benefit and cost criteria to be assessed, and uses four ag-
gregation schemes (additive, multiplicative, lowand upper refer-
ence point methods) to ensure stabilityesults. The data used in the
studywereobtainedrom Eurostat and theutopearCommissionThe

final result was an overall progress index for each country, which was
compared with other known ranking®r example the Energy Tri-
lemma Index) to assess thalidity of the approach

Methodological limitations and compensatory measures were clearly
identified in all parts of theesearchThe main challenges include the
insufficient data for certain indicators (e.gocial or institutional cred-
ibility aspects), the subjectivity of expert judgemeiaisd the limita-

tions of national assessments. However, all methodologies have taken
measures to mitigate these limitations, such as multiple scenarios, in-
ternational comparative models, different weighting téghes or ex-
trapolationsstrengtheimg the robustness of the analysis and demon-
straing the applicability of theresearch resultso future policy
formulation or evaluation



Energy security assessment results
and conclusions

This chapter presents the results of an empireas#archusing composite assess-
ment models and muddriteria analysis in the fields of energy selifficiency and
climate policy. The content of this chapter is based on fourneeewed studies
(Karpancius & Balezentis, 2021; SiksnelyButkieneetal., 2022; Karpavicius,
Balezentis & Streimikiene, 2025; SiksnehBetkieneetal., 2024).This chapter
discusses empirical results from the classification of energy security indicators,
the analysis of thBSOlevy mechanism, the application of the composite national
index and the mukHcriteria assessment of EU countries. It also presents a cross
sectoral synthesis of the impact of state decisions on the four dimensions of energy
security (affordability, acessibility, reliability and acceptability), justifies the de-
fended claims and proposes policy recommendations. The chapter concludes with
a summary of the main insights of gherformed research

33
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3.1. Classification of electricity sector indicators
according to sensitivity to public policy

A systematic analysis of the @®lectedenergy security indicators (Table 3.1)
revealed several important results. First, the taxonomy of indicators has allowed
the areas affected by government decistorbe highlighted

Table 3.1.Energy security indicators in the electricity sector (Soukca:r p a etall i us
2024)
Impact of
. . . state
No. | Indicator Dimension | Data source | Coverage economic
decisions
Global energy trade Jewelletal. .
1 (absolute) EJ/year (2012) Global Indirect
Global energy trade . Jewelletal. .
2 (intensity) Proportion (2012) Global Indirect
Geographic diver- | dimension- | Jewelletal. .
3 sity of production less (2012) Global Indirect
Cost of energy
4 imports in relation | Proportion E];(\;vlezll)et al. Regional | Indirect
to GDP
Cost of energy ex- Jewelletal
5 ports in relation to | Proportion (2012) " | Regional | Indirect
GDP
Diversity of €NeTAY | dimension- | Jewelletal. Global .
6 sources in primary || (2012) and Direct
energy supply (PES regional
Diversity of primary | . . Global
7 energy sources for Icggnsensmn E]ze(\;vlezll)et al. and Indirect
carriers regional
Global
8 Average age of vears Jewelletal. and Direct
infrastructure (2012) regional
Spare capacity for : Global
9 electricity % Ié|tear|1h(z;r6123) and Direct
generation ’ regional
Rate of energy sec- Jewelletal Global
10 9y %lyear " | and Indirect
tor growth (2012) regional
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Continued Table 3.1

efficiency

Impact of
. . . state
No. | Indicator Dimension | Data source | Coverage economic
decisions

Rate of energy

11 | export revenue %lyear E]zec\;vlezll)et al. Regional | Indirect
decline
Share of energy o Reddy . .

12 imports Y% (2015) Regional | Direct

13 Villages connected % Bannoretal. Srl]zbal Direct
to grid (2023) regional
Fuel share

14 | (electricity) in final | % ?Z%id% Regional | Indirect
energy
Share of fossil fuels| Reddy : .

15 in power generation % (2015) Regional | Indirect
Share of fossil fuels| Reddy . .

16 in installed capacity % (2015) Regional | Indirect
Renewable energy Global

17 | as a % of total % (RZ%dldS))/ and Direct
electricity supply regional
Energy intensity of Reddy Global

18 | society (final energy] GJ/cap (2015) and Indirect
use/cap) regional
Energy intensity of | toe/lUSD Reddy

19 | economy (energy | million (2015) Regional | Indirect
use/GDP) (ppp)
Industry energy kgoe/USD(p | Leeetal. . .

20 intensity op) (2023) Regional | Indirect
Commercial energy | kgoe/USD Reddy . .

21 intensity (opD) (2015) Regional | Indirect
Agriculture energy | kgoe/USD Reddy : .

22 intensity (Ppp) (2015) Regional | Indirect
CoaLbAased power Reddy _ _

23 | plantdenergy pro- | % (2015) Regional | Indirect
duction efficiency
Gasbased power
plant$energy o Reddy . .

24 production Yo (2015) Regional | Indirect
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Continued Table 3.1

Impact of
. . . state
No. | Indicator Dimension | Data source | Coverage economic
decisions
Hydro power plans Redd
25 | energy production | % (2015))/ Regional | Indirect
efficiency
Renewable power Redd
26 | energy production | % (2015))/ Regional | Indirect
efficiency
Power grid o Reddy . .
27 efficiency (T&D) % (2015) Regional | Indirect
Electrical appliance | Reddy . .
28 efficiency Y% (2015) Regional | Indirect
Final energy
29 | consumption kWh/cap (Rzi)ids))/ Regional | Indirect
(electricity)
Taxes as share tie | | Reddy . :
30 electricity price % (2015) Regional | Direct
Electricity subsidies| Reddy . .
31 as a % of GDP Y% (2015) Regional | Direct
. . Wang K. H. . .
32 | Electricity price USD/kWh etal. (2023) Regional | Direct
High-income
householdgenergy | , Reddy . .
33 expenditure in total & (2015) Regional | Indirect
expenditure
Middle-income
householdgenergy | , Reddy : .
34 expenditure in total % (2015) Regional | Indirect
expenditure
Low-income
householdgenergy | Reddy . .
35 expenditure in total % (2015) Regional | Indirect
expenditure
Households with Redd
36 | electricity % (2015))/ Regional | Indirect
connection
. Reddy . .
37 | Electrical power use W/cap (2015) Regional | Indirect
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Continued Table 3.1

subsector)

Impact of
No. | Indicator Dimension | Data source | Coverage ztca;ﬁomic
decisions
Peak demand o Reddy , ,
38 shortage Y% (2015) Regional | Indirect
39 | Energy shortage % (legrzoar;l Regional | Indirect
. : Global
Unplanned dimension- | Reddy .
40 interruptions/year | less (2015) g%i;?_ Indirect
Housghold . Gordicetal. . .
41 | electricity kWh/capita (2023) Regional | Indirect
consumption
CO; emissions from Reddy Global :
42 . t/cap and re- Indirect
power generation (2015) gional
— Global
43 ngZemlssmns/kWh kg COJ/GJ Reddy and re- Indirect
power (2015) gional
Institutional and Reddy .
44 legal setting Score (2015) Regional | None
45 | Reporting practices | Score (Rzeodl%))/ Regional | None
Safeguards and Reddy .
46 quality controls Score (2015) Regional | None
Governance of Redd
47 | stateowned Score (2015>)/ Regional | None
companies
Availability of
48 | national energy Score (RZ%dldg)/ Regional | None
policies
Extent of
implementation of Reddy .
49 national Score (2015) Regional | None
energy policies
Quality of energy
planning (integrated Reddy : .
50 planning or Score (2015) Regional | Indirect
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Continued Table 3.1

Impact of
. . . state
No. | Indicator Dimension | Data source | Coverage .
economic
decisions
Share in total o Reddy . .
51 installed capacity % (2015) Regional | Indirect
Share in total power| , Reddy : .
52 generation Y% (2015) Regional | Indirect
Share of private
sector investment in Reddy Global :
53 % and re- Indirect
total power sector (2015) :
. gional
Investment
Ease of access to
finance for energy Reddy : .
54 efficiency/RE for Score (2015) Regional | Indirect
households
Net import o Bluszcz . .
55 dependency ratio % etal. (2023) Regional | Indirect
Global
56 Share of renewable % Shakyaetal. and re- Direct
energy (SRE) (2023) .
gional
Diversity of
57 | electricity % Alola etal. Regional | Direct
. (2023b)
generation
58 | Energy storage kWh Alola etal. Sr:(()jbr?al- Direct
gy storag (2023b) :
gional
Crossborder
transactions in Shirazietal. : :
59 energy Cases (2023) Regional | Direct
infrastructures
Subsidsing
investments in Shirazietal
60 | REtechnologies Eur/period " | Regional | Direct
(2023)
(storage
technologies)
Energy production .| Shirazietal Global .
61 . : Cases/period " | and re- Indirect
disruptions (2023) gional
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End of Table 3.1

Impact of
. . . state
No. | Indicator Dimension | Data source | Coverage .
economic
decisions
- Global
62 EIectr|C|.ty % Kanchana and re- Direct
generation by sourc etal. (2015) .
gional
Kanchana Global
T i .
63 | Access to electricity| % etal. (2015) a_nd re Direct
gional
Electricity Global
64 | consumption per kWh/cap Kanchana and re- Indirect
; etal. (2015) .
capita gional
o . Kanchana . ;
65 | Electricity intensity | V/Im etal. (2015) Regional | Indirect

It was found that the energy security of the Lithuanian electricity sector is

well-defined by the following subsets of indicators

Reliability and reserve indicator&n improvement in supply reliability

in Lithuaniahas been observedith the SAIDI/SAIFI indicators of the

grid decreasing over time, showing fewer and shorter poatages.

This is attributed to the investments made by ESO (the distribution net-
work operator) and the reliability standards set by the regulator. How-
ever, the generation reserve ratio (power adequacy) without imports was
low until 2015, supported by tiRSOsupported Lithuanian power plant.
Since 2016, the internal reserve ratio has declined (due to the withdrawal
of the Lithuanian power plant from the reserve), but this is compensated
for by increased import availability and the development of storate te
nologies

Import dependency indicator§he share of electricity imports in Lithu-
ania has fluctuated between 2010 and 2020, but the overall trend is high
(more than 60% of electricity consumption was imported oati018).

Only in 2020 2021, with theaddition of new wind and biomass power
plants,did the import share drop slightly. This indicator is directly influ-
enced by government decisions: investments in RES generation and syn-
chronisation projects should significantly reduce the import dependency.

Price affordability indicators: Household electricity prices (excluding
taxes) in Lithuania have been below the EU average for a long time,
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partly due to regulated pricing and subsidies from PSOs. The energy pov-
erty indicator (the proportion of the poptibn unable to pay its bills) in
Lithuania ha been declining untiéa.2020, showing an improvement in
affordability, but the situation worsed again in 2021 witha price in-
crease. State regulatioiiké electricity compensation in the 2022 crisis)
hasa clear impact on these indicators.

Renewable energy indicatorfhe share of RES in electricity generation

in Lithuania increased froma.20% in 2010 taca.45% in 2021, with a
particularly strong growth in wind energy (wind power installed capacity
grew byca.16% annually in 20112018, solar bga.47% annually). This

is a direct consequence obandauabl i c
tions). This set oindicators is directly linked to the sustainability dimen-

sion, but also to security of supply, as higher RES generation reduces the
need for imports.

Emi ssion indicators: CO emi ssi on:¢
ania have been declining signifitdy (due to the closure of polluting
generation and increased imports from cleaner systems), but this is partly
a fipassed omeffecti electricity imports do not directly contribute to
Lithuanials emissions, although they do remain at a regional levet Go
ernment decisions to promote RES locally directly reduce emissions in
the long term, reinforcing clean energy security

The analysis of the indicators highlighted correlations, for example,
there was a strong negative correlation between RES investanehtise

share of imports, i.eas financing for RES increased, the demand for im-
ports decreased over timand the share of domestic generation in-
creased. There is also a positive correlation between the share of RES and
reliability indicators (this is gxained by the fact that the expansion of
RES is accompanied by grid upgrades, which improve reliability). Price
affordability has not yet been seriously affected by RES development, as
the State has balanced part of the costs through the PSO mechahism, bu
it is cautioned that this correlation may change in the future when subsi-
dies end. An important result is the identification of channels of state in-
fluence on the indicators

Direct impact:Public subsidies/investments directly increased RES ca-
pacity, whch was reflected in the RES share indicator; regulatory deci-
sions (e.g.on reserves) directly changed the reserve capacity indicator;
changes in the level of the PSO tariff affected the electricity price com-
ponents
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Indirect impactLongertermdecisions (energy efficiency education, in-
novation promotion) have had an impact on the indicator values over sev-
eral years rather than immediately, for example, the decrease in energy
intensity is the result of years of investment in renovation and aessen
raising

In summary, the results of this sabction formed the basis for the scoring
model developed beloivthe most representative of the 65 indicators were se-
lected, and the understanding of their intdationships allowed the construction
of theindex in a way that reflects the complex picture of energy security

3.2. Results of the analysis of Public Service
Obligation levy mechanisms in the context of the
Energy Trilemma Index

The results of the analysis of the PSO levy mecharesealed the evolution and
impact of this mechanism in Lithuania, Denmark, Greaee Ireland, and the direc-
tion of its distribution(Table 3.2) These countries were selected because of their dif-
ferent geographical locations, energy systems, politicheaonomic situations, and
the varying mechanisms they use to implement PSO levy regulations.

Table 3.2.Distribution of the collected PSO levy by country (Souike&a r pa ®&i | i us
Bal eg20n1) i s

Obijectives of the PSO levy Ireland |Greece aZ?k Lithuania
Electricity production of RES, balancing |x X X
Security of supply X X
Indigenous energy sources X

Strategic electricity infrastructure projects X X
Regional electricity price compensation X

Social tariff X

Distributed generation X

Research, development X

Nuclear power plant decommissioning fu X
Effective production at thermal power X

plants
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In the case of Lithuania, the PSO levy has been applied to electricity con-
sumers since 2004, wha@ramounted to around 10% of the electricity price, then
grew (to ca. 20% in 2013), and has fallen again to ca.10% in recent years

Table 3.3.PSO levy impact on Lithuanian Energy Trilemma Index (Soufce:;r pavi | i u
&Bal eg2021) i s
2010
. . Definition of the | 2020 | 7SO
Dimension | Indicator I levy Comment
indicator ten- .
denc impact
y
Energy Import Country reliance | Up Yes PSO levy supported lo-
security depend- on net imports cal RES and strategic
ence for total energy infrastructure projects
consumption and contribute to reducing
the diversity of the countrgs energy im-
suppliers. ports.
Diversity Diversity of Up Yes PSO levy supported
of electric- | domestic electric RES and strategic infra;
ity genera- | ity generation structure projects con-
tion sources. tribute to the
improvement of this
indicator.
Energy Country ability to | Up Yes PSO levy is supported
storage meet demand for for the production of
oil and gascon- electricity in specified
sidering infra- power plants, where the
structure production of electricity
capabilities is necessary in
including storage order to ensure the sec
and refining rity of electricity supply
capaity. and the reserves of the
electricity system.
Energy Accessto | Percentage of thg Same No PSO levy does not con-
equity electricity | population with tribute directly to this.
access to electric
ity.
Electricity | National electric-| Up Yes PSO levy increases the
prices ity price per kilo- final price of electricity
watt hour agn for
indicator of af- household customers b
fordable energy 10% (2021) and there-
services for fore has a direct impact
domestic and on this indicator.
commercial uses.
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End of Table 3.3

2010 PSO
. . . Definition of the | 2020
Dimension | Indicator L levy Comment
indicator ten- .
denc impact
y
Gasoline Prices per litre as| Up No PSO levy does not con-
and diesel | anindicator of ac- tribute directly to this.
prices cess to affordable
energy services
for
passenger and
commercial
vehicles.
Environ- Final en- Ratio of final en- | Down | No Although the PSO levy
mental ergy inten- | ergy consumption increases the price of
sustaina- | sity over GDP. electricity to the final
bility customer, the increase ig
not so significant as to af
fect the overall electricity
consumption.
Low-car- Percentage of Down | Yes The largest part of the
bon elec- | electricity PSO levy supports elec-
tricity gen- | generation from tricity from RES, so this
eration decarbonised significantly affects this
sources. indicator.
CO2 CQOz emissions Down | Yes PSO levy supported RES
emissions | from fuel com- (solar, wind, biomass, hy
per capita | bustion per capita dro) make a significant
contribution to reducing
COo.
emissions.

The PSO Fund is collected from all electricity consumers in proportion to
their consumpon, thus ensuring broad cesftaring. Historically, PSO funds in
Lithuania have been allocated to several main areas (under the2PQ8%e-
gime):

1 Renewable energy and balanciAggrowing sharé the PSQevy is in-
creasingly focused on promoting domedRES production. In 2011,
around EUR 27 million was allocated to RES, and in 20h8stalready
ca. EUR 114 million. This support included incentives for the purchase
of wind, solarandbiomass electricity at fixed tariffs, as well as partial
compensatin for balancing costs

I Efficient generation in thermal power plan@sirt of the PSO funds until
ca. 2015 were earmarked to support the operation of cogeneration plants
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to ensure efficient heat and electricity generation and lower prices for
heat consumers. This has indirectly contributed to energy efficiency (bet-
ter use of primary energy) and the stability of urban heat networks

Ensuring reserves and security of supplyery important use of PSO

funds has been payments to certain strategic generating capacities (the
Lithuanian power pl ant i WntilR2016,k t r a1
part of the PSOs covered the maintenance costs of this power plant to
ensure the countéy security of electricity supply when needed. How-
ever, as of spring 2016, the EI ekt
PSO subsidy for the electricity generates (except for the strategic re-
serve service until 2018), so the PSO suppotfidecurity of supply has
effectively ceased

I  Strategic projectdn certain years, PSO funds were used to develop stra-
tegic generation projects (construction of a &P plant or partial cov-
erage of the costs of interconnection integration). Although this was not
formally a separate line in the law, in practisart of the funds have been
used to ensure a return on investment for major projects

-®- Energy Security == Energy Equity  -# Environmental Sustainability

Fig. 3.1.Development of components of the Lithuanian Energy Trilemma Index 2000
2020(SourceKar pa%iBlail e §2021) i s
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The Y-axis representsormalised scores (ranging from 0 to 100) indicating
relative performance in each energy trilemdimension, where higher values
reflect improvement and lower valuieslicate decline compared to the baseline.

The analysis revealed that between 2010 and 2020 there has been a marked
shift in the priority of the PSO: while in ca. 2010 a significamt pthe PSO was
still allocated to national energy security guarantees (bpdaeneration, support
for peat power pl ant s, as in Ireland
sources was withdrawn andi9®0% of the PSO fund became focused on renew-
ables. This reflects a shift in public policy: a greater reliance on the market and
imports for shorterm security and a focus on leteym sustainable security
through the development of RES

Table 34. Energy Trilemma Index evaluations by country (®euKar pa®i | i us
Bal eg2m) i s
() P >
g o =< Z g > > T IS
3 8 = |3 |3 |£ |€ |tz |t2
= © © 7] 3 g g = €8
P 3 S S > > > > S c S c
€ S £ £ 59 | D So | B SZ ol 8%
2 S 2 2 S5 | SE| 85| CE| 2ol 20
O @ = [ We | WS | 08| US| Uaa| Wa
Ireland CAA 77.2 17 56.2 61 98.1 7 77.9 24
Greece | CCB 70.6 39 53.8 70 90.7 | 36 73.2 37
Den- AAA 84 3 74.4 4 96.2 15 834 10
mark
Lithua- BAA 77.6 16 60.9 43 95.7 18 79.2 16
nia

In Ireland, the PS® initial aim was to support local generation using local
peat resources, thereby enhancing security of supply. Later, the PSO was trans-
formed into a RES support mechanism, similar to that in Lithuania. However,
Ireland has put more emphasis on transparemith an annual public consultation
on the PSO levy, clearly defined assessment criteria and mandatory environmental
impact assessments. For this reason, the Irish PSO scheme was viewed as more
fidemocratically embedded

The Danish PSO system had angnéted approach, where the PSO not only
supported RES but also focused on energy efficiency and social support for vul-
nerable consumers. In Denmark, the PSO scheme was closely linked to the overall
climate and energy plan, and the charge to consumerdatds and proportion-
ate. This shows that the PSO can be effectively integrated into a wider energy
welfare mechanism
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In the case of Greece, the PSO was a more reactive instrument to cover the
energy price differential between the mainland anddlamd electricity markets
and to support vulnerable consumers. Due to financial difficulties and unsustain-
able regulation of the electricity market, the PSO mechanism in Greece often
faced delays and debts to suppliers. This has shown that withoutearsigib-
tory framework, PSOs can create additional risks for the energy system rather than
stabilising it

In summary, the comparative analysis highlights the following aspects

1 Affordability 7 only when the PSO is complemented by social protection
measurs (Denmarkandlreland). In Lithuania, there is still potential to
strengthen this aspect

1 Investment most strongly promoted in Ireland and Lithuania, but only
in Ireland was the PSO system operating with a clearly regulated post
impact evaluation mechem.

1 Equity is best ensured in Denmark, where the structure of the PSOs has
focused on the differentiation of user groups and their ability to contribute
to the system

These results suggest that the PSO mechanism is not a homogeneous tech-
nical tool but rfects national political attitudes and decisimaking logic. Its
design therefore needs to be regularly reviewed, combining the principles of
transparency, proportionalitgnd efficiency. Moreover, the analysis of the PSOs
provides insight into how ate decisions reinforce or undermine the social dimen-
sion of energy policy especially when the transformation requires the financial
involvement of citizens

The results suggest that the future PSO mechanism should only be targeted
at sectors that do nogceive market signalssuch as innovative RES projects or
energy storage, which are essential for energy security (reserve) but have not yet
paid off in the market. It was also pointed out that full support for fossibfastd
fisecurity of supply wasprematurely discontinueidLithuania had a situation in

2018 where only the Kruonis PSP and imports provided domestic reserve. While

this was in line with EU competition requirements, it was recommended to intro-

duce a markebased capacity mechanism fareegy security (which jdn fact,

what is being done through the Strategic Reserve Auctions). The experience of

other countries (Ireland) suggests that in the long term, it is still best to allocate

PSO funds to the development of domestic resourcehjsais ta wirwin situa-

tion, both in terms of climate objectives and security
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3.3. National assessment model (index) results

The National Achievement Index quantified Lithuasiprogress in energy and
climate policy over the 2012021 period. The indexed values are givefan
ble 3.5.

Under the baseline scenario (with equal weighting for energy efficiency,
RES and emission reduction targets), Lithuania has achieved an index value in
2021 that is ca. 72% higher than in 2010 (Tahk). The highest growth was
recorded in ca. 2012016 (due to theurge INRES capacity connections and the
decrease in theconomy energy intensity

Table 3.5.Indexed values for the assessment, 22001 (Source Gkdnelyt-Butkieré
etal., 2024)

Indica
tor

ECC1
ECC2

2010(2011 |2012 (2013 |2014 |2015 (2016 (2017 |2018 |2019 (2020 |2021

1.016(1.097|0.970|1.021|1.129 [1.072 |1.237|1.295 (1.388 |1.771 |1.771

1.066(1.080(1.146|1.164|1.191 [1.164 |1.158|1.151 (1.206 |1.260 |1.233

ECC3 1.006/1.021(1.046(|1.057|1.046 |1.056 |1.098|1.073 |1.052 |1.056 |1.080

1
1
1
1 [1.000/1.000|1.020|1.063|1.085 |1.020 |1.000|0.944 |0.981 |1.000 |0.879
1 [1.190|1.282|1.429|1.563|1.563 |1.613 |1.724|1.852 [1.923 [2.000 (2.174
ECC6 |1 [1.000[{1.000(1.000|1.000|1.000 |1.000 |1.000(1.000 |1.000 [1.000 |1.000
1
1
1
1

ECC4

ECCS5

ECCY 1.110|1.118(1.113{1.157(1.181 |1.175 |1.236(1.219 |1.213 [1.195 |1.195

ECC8 1.000{1.000{2.000|2.000(2.000 {2.000 |2.000|2.000 ({2.000 |{2.000 |2.000

1.015(1.092{1.158|1.204|1.316 |{1.306 |1.327|1.301 ({1.301 |1.398 |1.434
1.291(1.680|2.010|2.096|2.687 [3.017 |3.110|3.335 (3.435 |3.745 |4.421

ECC9
ECC1d

Table 3.6.Achievements made by implementing energy and climate change policy in
Lithuania (SourceGi k g nrBeul t yktetal.r2@24)

2010 (2011 (2012 |2013 |2014 |2015 |2016 (2017 [2018 |2019 |2020 |2021

S1
S2 1.07 |1.15 |1.27 |1.31 [1.42 (144 (149 (152 (155 |(1.67 |1.75

1 1.07 |1.14 |1.29 |1.33 [1.42 (144 (149 (152 (155 (164 |1.72
1

S3 |1 1.08 |1.16 |1.35 |1.40 (150 (153 (158 |1.62 |1.65 |1.74 |1.84
1
1

S4 1.10 |1.23 |1.40 |1.45 |164 (171 (1.76 (1.82 |(1.86 |(1.99 |2.17
S5 1.08 |1.18 |1.34 |1.39 |1.52 |156 |1.61 |1.65 [1.69 [1.80 |1.92
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The index would have increased by ca. 75% in the Energy Efficiency Em-
phasis scenario, by ca. 84% ie BHG Reduction Emphasis scenario, by ca. 92%
in the Balanced scenario, and by as much as 117% in the RES Expansion Empha-
sis scenario.

The latter indicator shows that if the greatest weigljivento the develop-
ment of RE sources, Lithuania progress appears to have more than doubled
(Fig. 3.2) becausef theRES capacity (especially wind and solar) that has jumped
the most over the decadad demonstrateah impressive increase that outpaces
other indicators. However, tlimwnside to this gress in the RES sectisrthat
it is insufficient inthe broader context: while the percentage growth is high, the
absolute RES production is still below what would be needed to make the country
fully self-sufficient in electricity. This is also refleat in the interpretation of the
index: even a growth of 117% does not mean that the targets have been met, as
the baseline was low (RES generation in 2010 was very low

2,5
2 —
15
1 -/
05

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

S1 S2 S3 S4  emm—S5

Fig. 3.2. Differences in the composite index across the weighting schemes
(source:Gi k ¢ nBeul t ykteta.r2@24)

The analysis of the index demonstrates,tee¢n with a 7292% improve-
ment, Lithuania is still not on the trajectory of the 2030 targets. For example, ac-
cording to the calculations, if a certain index (Fig. 3.3) wereet@chieved by
2030 (100% would correspond to full implementation of all targets), a level of ca.
70i 80% in 2021 would indicate a lag. In particular, for energy efficiency, about
half of the required progress has been achieved, for REStalmstitirds,and for
GHG reductions about 60%. Thigap to the 2030 targets remains and will re-
quire intensified efforts

For the next few years (up to ca. 2025), the growth rate of the index is ex-
pected to slow down unless new breakthrough measures are taken (Fig. 3.4). Ac-
cording to the modelling, if the planned wind farms are implemented and the num-
ber of Hectric vehiclescontinues to increase, the index could reach ca. 85% above
the 2010 level by 2025. However, to reach 100% and above (which would be
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required for 2030 targets), energy efficiency measures (renovations) will need to
be accelerated, and additiond Bapacitypossiblydeployed earlier than planned

2010

2021 2011 e=—FECC10
=———FECC1l
—ECC2
ECC3
2019 2013 ECC4
e=—FECC5
= FECC6
—FECC7

2020 2012

2018 2014

2017 2015 —FECC8
2016

Fig. 3.3.Contributions of the indicators to the composite intéxe basic
weighting schemespurce:Gi k ¢ nBeul t ykteta. 2@24)

y = 0.0615x + 0.9843
2 = :

201020112012201320142015201620172018201920202021

Fig. 3.4. Shortterm forecast for the composite indeihe basic weighting scheme
(source:Gi k ¢ nBeul t ykteta.r2@24)

The study assesses the current National Energy and Climate Plan (NECP) as
an appropriate framework for strategic action (its measures are reasonably well
aligned with the objectives). However, a gap was identified in the lack of a clear
performance measurement framework. The National Progress Plan (NPP) has a
set of indicators, Wt was found to be insufficiently systematic and does not allow
for a comprehensive tracking of progress. For example, the NPP indicators do not
cover all aspects of energy security and focus more on economic development.
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The proposed composite indekerefore fills this gap by providing a pragmatic
tool for policymakers

Theindexresults were interpreted and compared with reality. For example,
the increase in the index confirms that Lithué&menergy policy has had tangible
resultsi especially in theRE sector. However, it was noted that some of the
achievements are more related to structural changes in the energy sector than to
direct policy interventions. For example, the reduction of GHG emissions in the
electricity sector is largely due to elecitycimports (which simplyfishiftdo emis-
sions elsewherehencethis aspect requires a more careful assessment (the index
is planned to be improved in the future to distinguish bet#ieememade® and
fimportedsolution®). Another aspect of the discussigrthe importance of bal-
ance: thendexscenarios show that focusing on only one area (RES only) yields
high growth in that area, but may leave other gaps (energy efficiency may not
have improved enough). A balanced approach (as required by the) i¢ERPe-
fore necessary, as evidenced by the balanced sc@ngrawth rate of ca. 92%
(higher than in the scenarios for single areas other thaj). RES

The final result, the developed assessment model (index), has proven to be a
useful too] it clearly illustraes both strengths (rapid RES development) and
weaknesses (lack of progress in efficiency, continued high levels of imports), thus
providing a basis for recommendations (engore focus on energy saving poli-
cies, accelerated construction of local genenatic.). These results are presented
and visualised (the thesis presents graphs with the evolution of the index in dif-
ferent scenarios, contributions in percenjage

3.4. Results of multi-criteria assessment of European
Union countries

Using a multicriteria methodology (KerCA) to assess the achievements of the 27
EU countriesn implementingtheir low-carboneconones, interesting compara-

tive results were obtained, which help contextualise the situation in Lithuania.
Different criteria may have different meanings in the MCDM methods. In this
case, three sets of criteria are analysed: the first criterion reflectv¢hefen-
vironmental pollution, the second and third criteria reflect energy efficiency and
savings, and the fourth criterion shows how much cleaner the energy mix has be-
come. Based on this structure, four weighting variants have been developed, giv-
ing a dfferent weight to each set of criteria. The baseline balanced scenario gives
equal weight to all three groups. The other scenarios focus on one of the three
areas, with the other two given less weight. The discussed weighting schemes are
marked in Table 3.
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Table 3.7.Weights defining different assessment scenarioa fow-carbon economy
(SourceGi k ¢ nBeul tykteta.r2@22)

GHG emissions | Final energy Primary
. ) ; energy Share of
Scenario in ESD sectors, | consumption,
consump- |renewables, %
Mtoe CGe Mtoe .
tion, Mtoe
Balanced 0.33 0.17 0.17 0.33
Environment (0.5 0.125 0.125 0.25
Energy 0.25 0.25 0.25 0.25
Renewables |0.25 0.125 0.125 0.5

Country ranking:This isan overall ranking of countriéprogress towards
the 2020 climate and energy targ@table3.8). It shows that several countries in
Northern and Western Europe are in the leading group and have consistently im-
plemented policies: for example, Sweden, Denmark, and Finland ranked highest
by far, exceeding their RES targets, reducing emissams improving efficiency.
A second group, including Germany, Franardthe Baltic StatesLatvia and
Estonia, broadly complied with their binding obligations, yet their performance
remained more herogeneous across the different policy dimensions, with
stronger progress in certain areas offset by more modest achievements in others.
By contrast, several Southern European and more caémbenmsive economies,
such as Poland and Malta, persistentlyoemtered structural barriers to emissions
reduction and renewable energy development, positioning them among the lag-
ging performers within the EU.

Table 3.8.Results of the KerCA analysis for the EU countries (Soutde:k gnel yt &
But k eta.re@22)

Balanced Environmental Energy Renewables
Countr il- il-

y Utility | Rank | Utility | Rank L:tt;/l Rank l‘:gll Rank

Belgium 0.425 25| 0.430 25| 0.428 25| 0.395 25

Bulgaria 0.600 18| 0.457 22 | 0.576 18 | 0.640 12

CzechRe- | 42551 9| os97| 15|0735| 8| 0728 4
public

Denmark 0.676 11| 0.671 11| 0.681 12| 0.615 17

Germany 0.491 22| 0.442 24| 0.504 20| 0.485 21

Estonia 0.674 12| 0.562 16 | 0.768 7 | 0.663 10

Ireland 0.357 26 0.318 26 | 0.412 26 | 0.358 27
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End of Table 3.8

Balanced| Environmental Energy Renewableg

Country Utility | Rank| Utility | Rank Utlltly Rank Utlltly Rank
Greece 0.992 1| 1.000 1| 0.992 1| 0.866 2
Spain 0.756 8| 0.766 8| 0.723 10| 0.634 14
France 0.480 23| 0.503 18 | 0.466 22 | 0.410 24
Croatia 0.927 2| 0.857 2| 0.959 2| 0.909 1
Italy 0.836 4| 0.819 5| 0.906 3| 0.797

Cyprus 0.624 17| 0.494 19| 0.628 17 | 0.639 13
Latvia 0.825 5| 0.829 4 0.793 6 | 0.696 7
Lithuania 0.495 21| 0.487 20| 0.464 24| 0.504 19
Luxembourg| 0.653 15| 0.634 14| 0.677 13| 0.618 16
Hungary 0.502 20| 0.534 17 | 0.466 23 | 0.425 23
Malta 0.350 27| 0.283 27| 0.340 27| 0.370 26
Netherlands | 0.648 16| 0.667 12 | 0.668 14| 0.518 18
Austria 0.507 19| 0.487 21| 0.521 19| 0.497 20
Poland 0.466 24| 0.442 23| 0.470 21| 0.462 22
Portugal 0.837 3| 0.849 3| 0811 4| 0.700 6
Romania 0.776 7 0.775 7| 0.808 5| 0.711 5
Slovenia 0.782 6| 0.798 6| 0.728 9| 0.667 9
Slovakia 0.668 14| 0.693 9| 0.635 16| 0.624 15
Finland 0.708 10| 0.656 13| 0.709 11| 0.684 8
Sweden 0.669 13| 0.677 10 | 0.662 15| 0.662 11

Lithuaniads position:Accordingto theassessmemesults, Lithuaniaanks
in the third quarteeamongall countries. An accurate assessment shows that
Lithuania ranked ca. 121, depending on the scenario of the criteria assessed
indicatingthat Lithuanids progress between 2010 and 2020 was slightly be-
low the EU average. In merdetail, Lithuaniés strength was in exceeding its
RE targets, with the share of RES in final consumption in 2020 exceeding the
national target (ca. 25% achieved instead of 23%). Lithuania also performed
well in the area of emission reductions (exceedli®@020 emission reduction
commitment in NorETS sectors). Weakness in meeting energy efficiency tar-
gets: Lithuania exceeded its 2020 target for final energy consumptiont(i.e.
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did not save as much energy as planned under the 2020 efficiency target),
which worsened the overall assessment

Using different assessment methodologies, the resulting utility results are
highly correlated, with high correlation coefficients (Table 3.9), the lowest
being 0.85 between the renewable and the environméctionscenarios.
Although the GHG emissions are partly dependent on the share of RE, it is
clear that other factors also influence the assessment. However, the correlation
remains strong. The correlation between the ratings is also high (Table 3.10),
with the lowvest value of 0.82 between the renewable and energy efficiency
scenarios.

Table 3.9.Correlation coefficients for utility scores (Sour€i k ¢ nBeul t yktéfa.n &
2022)

Balanced Environment Energy
Balanced
Environment 0.96
Energy 0.98 0.92
Renewables 0.95 0.85 0.96

Table 3.10.Correlation coefficients for ranks (Sourégi k § nBeul t yktetal.R@22)

Balanced Environment Energy
Balanced
Environment 0.95
Energy 0.97 0.89
Renewables 0.93 0.82 0.94

The advantage of th€erCA approach is that it provides a balanced country
profile. In the case of Lithuania, there is a disproportion: higher scores in the RES
and emissions categories, but lower scores in the energy efficiency category, re-
sulting in a lower overall compositcore. Thus, while Lithuania outperforms
even the ranking leaders in some areas (in terms of RES growth rate), other weak-
nesses have prevented it from rising higher in the ranking

The EU 2020 targets have been met in most cases overall, but the perfor-
marce of countries has varied considerably. Matiteria analysis led to the con-
clusion that countries with higher GDP per capita often performed better (Scandi-
navian countries), which correlates with the potential to invest more in green
transformation. Havever, this is not always trueEstonia, for example, is ahead
of some Southern countries in terms of economic size, but has lagged behind in
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emissions reductions due to its heavy reliance on shale oil, resulting in a low over-
all score. These insights shdhat a countr§s policy choices and priorities can
determine more than just economic development

When talking about energy securitytire ERU context, te analysis of the
data shows that countries that have emphasised domestic RES and energy savings
have not only met their climate targets, but also increased their energy security.
For example, Spain and Portugal have reduced their share of imported electricity
through large RES programmes and significantly increased their resilience to
price shocks ovehe period 2012020. Meanwhile, Poland has lagged behind in
sustainability indicators in its pursuit of security through indigenous fossil fuels
(coal), and ultimatelyits energy security is still being challenged by the ageing
of its polluting generationThis confirms a widely held belighat energy self
security in the long term is best enhanced through sustainable energy measures
rather than traditional fossil fuetchnologies alone

Lithuaniads ranking’ although not among the leadérsnce again highlights
the need to invest in areas where we are lagging (efficiency). On the other hand,
Lithuaniats experience with RES development is valuable for other couintries
for example, in terms of the share of RES in electricity generation, Lithuania has
outperformed some richer countries and has set a good public policy example.
Therefore, this analysis has also provided an element of dissemination of good
practice: instuments that have been used by leading countries (Deésnairkd
auction modehndGermanys financing of building renovation) have been iden-
tified and discussed in the debate with a view to their applicability to Lithuania

In summary, the results of theuiti-criteria assessment positioned Lithua-
niads performance in the EU conteattdstrengthened the argument that state de-
cisions (policy instruments) are responsible for differences in performance. Even
within the common framework of EU objectives, the lgyand ambition of na-
tional policies determine whether a country becomes a leader or an outsider. This
part of theresearchalso helped validate the findings of the national index: it
showed that the areas where Lithuania lags behind in the national (effle
ciency) are the same as those where we lag behind in the EU context. This
strengthens the reliability of the results

Although thisresearctwas based on the case of Lithuania, the results have
wider applicability. The structure of the National Presg Index and the classifi-
cation of the energy security indicators can be easily adapted to other EU coun-
tries. This allows not onljor the effectiveness of countrigsoliciesto be com-
pared but alsofor weaknesses$o be identifiedin the implementatio of EU
strategies. Such an approach helps to reinforce national ownership and ensure that
national economic policies contribute to the overall EU energy security and cli-
mate objectives.
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3.5. Conclusions of the Third Chapter

1.

The indicatorbased assessmeet/ealed the multidimensional nature

of energy security, which cannot be captured by a single measurement
dimension. The analysis based on4emodel(availability, accessi-
bility, affordability, acceptability) showed that the assessment needs
to integrate different types of indicators, ranging from technical and
economic to social and political. Thesearctalso highlighted the im-
portance of data acssibility: without proper statistics, the use of in-
dicators may be limited or even distort the results.

The analysis of the Public Service Obligations (PSOs) has shown that
this measure has a multiplier effect. While it can be an important tool
for ensuriny security of supply (e.gthrough the financing of reserve
capacity), it can also pose risks to affordability when the PSO levies
significantly increase the final electricity price. Moreover, interna-
tional comparisons (the cases of Ireland or Greecey Bhown that
different PSO structures lead to different energy security emphases,
ranging from the protection of local generation to the development of
RES

Lithuaniads performance in meeting the Bkenergy and climate tar-
gets is consistent but uneven@as sectors. Using a composite index,
Lithuania has successfully met or exceeded its RES targets, but energy
efficiency performance remained below the European average. Pro-
gress on GHG emission reductions depended on external factors
(changes in thecononyé structure), while some social aspestsch

as energy poverfywere not sufficiently integrated into the national
assessment of targets

The application of the Kernélased Comprehensive Assessment
(KerCA) method to EU countries has highlighted Lithaémposition

as a moderately advanced country. This appreaebledhe creation

of aholisticindexto assessountrie®progress, which, unlike a single
criterion or a simple ranking, showed the balance between codntries
different objectives. Lithuaai emerged from this index as a country
that scored highly in some areas (GHG reduction) but had serious chal-
lenges in others (import dependency). It also highlighted systemic dif-
ferences between old and new EU members, and between countries in
the northerrand southern regions.

The crosssectoral analysis shows that all four dimensions of energy
security are affected by government decisions, but the impact is often
uneven. For example, investmentsRE development may improve
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sustainability and reduce imgiadependency in the long term, but in
the short termmay lead to higher prices or challenges to system sta-
bility. Also, some policy measures (subsidies for specific projects) can
increase both acceptability and risks to affordability due to social dis-
parities.

The Composite Progress Index, appliedtts naional level, has
proven to be a useful tool for both retrospective and prospective policy
evaluation. This approach provided the ability to quantitatively track
progress and to model how different policy priorities (promoting RES
vs. energy efficiency) @nge the overall outcome. It also helped to
identify bottleneckd areas where targeted policy changes or addi-
tional investment instruments are needed

It can be argued that the impact of government economic decisions on
energy security is manifested thgiuseveral interconnected strands:
policy, regulationand planning. This impact is multidimensional and
measurable, and can therefore be assessed through integrated ap-
proaches, as shown in tldssertation

The impact of policy interventions depends bait focus and coordi-
nation. Single or incomplete solutions (etgmporary tariff changes)

do not have a systemic effect amlsome casegven destabilise the
existing system. The analysis has shown that the most significant im-
pact has been achieved ¢rosscutting measures with financial, insti-
tutional reform and regulatory components



General conclusions

1. Public economic decisions have a direct and structural impact on national
energy security through lortgrm institutional changes, capital flows to infra-
structure and changes in conser behaviour. The analysis carried out indise
sertationconfirms that economic policy measuiesuch as energy price regula-
tion, investment subsidigsr tax incentiveg can not only respond &hortterm
crises, but also fundamentally transform energy supply chains and their reliability.
This insight confirms the firsleferce statement

2. The concept of energy security is dynamic and conceptually heterogene-
ous, depending on the period under analysis, the gpbigal context, the coun-
tryGs intraconstitutional characteristiceand the prevailing policy priorities. A
systematic analysis of the scientific literature has shown that there is nq single
universal definition of energy security, with the most commaisiyd definitions
reflecting the reliability, availabilityand longterm sustainability of energy sup-
ply. Consequentlythe assessment of energy secustg challenge for both re-
searchers and policymakers. This conclusion substantiates triefeatestate-
mentand forms the theoretical basis for further analiystbe dissertation

3. Ensuring energy security requires crpsdicy coordination, covering not
only energy, but also environment, economy, social protection, and innovation.
Crosssectoralanalysis shows that a stable energy system requires the coordina-
tion of subsidy policy with climate objectives, investment with market design, and
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consumer protection with price formation mechanisms. Energy security must
therefore be seen as a multidimemsil policy with both vertical (institutional
levels) and horizontal (sectoral) coordination. This insight reinforces the second
defence statement.

4. The empirical analysis reveals that in the wake of the 2022 geopolitical
crisis, European countries havaken radical decisions that are significantly
changing their energy security strategy from shenmin security of supply to lorg
term energy transformation. Decisions have been taken at both national and EU
levels that have stimulated investment in al&ime energy sources, developed
backup storage systemand reorganised gas and electricity supply flows. These
measures, although initially seen as reactive, have in the long term become struc-
tural, confirmingthe third and fourtlilefencestatements

5. Thisdissertatiorproposes an integrated energy security assessment model
that combines quantitative indicators with qualitative institutional analysis. This
model provides a broader and deeper assessment of the impact of government
decisions. Based dhe empirical results of several publications, the model allows
the same analytical logic to be applied to comparisons across countries or time
periods. Its methodological flexibility allows it to be adapted to both policy rec-
ommendations and scientific @gsis strengthenindhe fifth defencestatement
andcontribuing to theaim of thedissertation



Recommendations

1. To enable evidenebased energy policymaking, it is essential to ensure a
consistent system for monitoring energy indicators and collecting reliable data. At
present, information on production, consumption, prices, and emissions is often
fragmented, limiting comprehensive analysis. It is therefore recommended to es-
tablish a publicly accessible, regularly updated energy data platform that would
allow both researchers and policymakers to assess progress, efficiency, and soci-
etal impact.

2. The Public Service Obligation (PSO) levy should serve not merely as a
revenue source but as a strategic instrument aligned with clearly defined objec-
tives. Currently, its allocation principles do not always reflect efficiency, trans-
parency, or fairness. It iecommended to restructure the PSO fund distribution
mechanism so that it is directly linked to letegm national goalssuch as the
expansion of renewable energy, system reliability, and innovation support.

3. Energy security, climate neutrality, and Bomic competitiveness are in-
terdependent goals that must be pursued in a coordinated manner. Stronger policy
coordination among climate, energy, and economic domains is needed to ensure
that measures in one area (subsidies or tax incentives) do not umelgals in
another (emission reduction or fiscal sustainability). Such an integrated approach
would help prevent policy fragmentation and ensure a lasting balance between
energy security and sustainability.
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4. A continuous policy evaluation framework slible established, as-
sessing each measure according to the four core dimensions of energy security
availability, affordability, accessibility, and acceptability. Every new meaisure
whether a subsidy, tax incentive, or regulatory reforgiould be evakted for
its contribution to these dimensions. This would ensure that energy policies are
assessed comprehensively and consistently.

5. Long-term energy security depends not only on generation capacity but
also on resilience infrastructure. Lithuania almel broader region should expand
reserve generation capacities and energy storage systems for gas, electricity, and
heat. Such investments would enhance the ability to mitigate supply disruptions,
price shocks, and extreme market volatility. Strengthenorgge and system re-
silience should become a core component of the national energy strategy.

6. The energy security assessment model developed in this dissertation can
serve as a practical tool for policymakers. It can be tseabnitor progress in
the erergy sector, assess the implementation of EU targets, anelnlidy ad-
justments based on empirical evidence. The model could be integrated into the
analytical workflows of institutions such as tMeistry of Energy of the Republic
of Lithuaniaor the National Energy Regulatory Council as a decisapport in-
strument.
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multiple perspectives on the energy—economy nexus, with a particular focus on the energy trilemma,
4As of energy security and L approach. This allows the development of a comprehensive
Framework for the analysis of energy security and the sustaimability interaction. A seview of manifes-
tations of the differnt dimensions of energy security and sustainability is carried out to identify the
most topical facets of the issue. Then, the cases of the selected Furepean Union countries (Treland,
Greece, Denmark and Lithuama) ane presented o highlight the effects and featunes of the secent
energy policy changes there. Indeed, these countries apply a PSO levy mechanism en electricity
tariffs and ane diverse in thear geopolitical situation, econcmic development, geographical situation
and energy dependency level. The analysis of the situations of such different countries applying
the PSO lewy mechanism makes it possible to perform a broader and more in-depth assessment
and comparison of electricity taniff regulations. Thus, the developed theosetical model is applied to
identify the major cutcomes of the energy policy regimes (with a focus on taniff regulation) in the
selected countries.
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1. Introduction

Within each region, the economic and financial systems are affeced by the energy
system. In this context, energy security is perhaps the most important concept. Issues
related to energy security issues began to be deliberated more and more actively on the
eve of World War I, when the military leadership of England made the decision to switch
naval fuel from coal to oil, thus creating conditions for England to become dependent on
oil imports from abroad (Persia) [1]. Throughout the twentieth century and the beginning
of the 21st century, energy security was impacted by many factors, such as global and local
markets, developing infrastructures, new energy technologies and new ways to use them,
financial markets, political agreements and the number of suppliers of primary energy
sources, Eventually, the convolution of the aforementioned factors led to energy crises
(such as oil crisis in the 1970s) [2]. Thus, energy policy has become an important factor
for geopolitical and economic decisions, shaping the future of countries and society. The
energy planning has become particularly important [3-5].

In this context, the European Union (EU) is no exception. Home to almost 450 million
people, the EU is actively and purposefully pursuing its goals of energy security and
energy transition. Electricity production and consumption have become integral parts of
energy security. The liberalization of the EU electricity market aims at integration and
international energy connections [6]. In addition, energy transition to tackle climate change
by moving from fossil fuels towards 100% renewable energy by 2050 has been foreseen.
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These objectives call for a certain level of state intervention and the coordination of support
mechanisms. Indeed, the aforementioned policy objectives require costly measures that
are not commerdially attractive in the short run and often provoke unreasonable public
resistance. One of the mechanisms to finance the policy-oriented measures in the energy
sector is the provision of the Public Service Obligation, which was defimed in the EU
Directive 2009/72/EC.

There have been studies focused on the general issues surrounding energy security.
Bigerna, Bollino & Galkin [7] examined the impact of oil import portfolio optimization
an energy security. Ashaye, Alharahsheh & Pius [#] examined the relationship bebween
energy security and economic development. Lixia [9] examined energy security concepts,
systems and indicators. Srivastav [10] examined the relationship between energy security
and sustainability; Strielkowski, Veinbender, Tvaronavigiené & Lace [11] examined the
economicefficiency and energy security of smart cities. Sutrisno, Nomaler & Alkemade [12]
examined the impact of energy market developments on energy security. The case studies
focused on Poland [13], Italy [14], India [15], Denmark [16], China [17], Indonesia [18], the
EU [19], Latin America [20], Pakistan [21], Russia [22] and Andalusia [23].

The P30 has also been addressed in the earlier literature. Farmell & Lyons [24] ex-
amined the impact of the Irish P30 levy on electricity consumption. Skok, Mileta &
Baricevic [25] examined the possibilities of forecasting the electricity load of the Croatian
P80 electricity supplier in the short term. Karova [26] examined PSO in the context of
electricity. Rusche [27] analyzed electricity generation from the RES as a PSO (however,
this study tock a legal rather than an economic point of view ). Therefore, there is still a lack
of more detailed and context-specific analyses of the impact of the P50 levy onelectricity
tariffs and energy security.

This articke analyzes PS0O salely in the context of the electricity market. The security
of the supply and protection of the environment ame taken into account throughout the
analysis. The presence of the P50 implies that the final private and commercial electricity
consumers pay an additional amount to their electricity bills (so-called PSO levy), which
is then distributed to PSO-supplying companies (usually in the form of a subsidy). Since
the treatment of P50 is different in every country and is often adjusted to the local needs,
this nequires a country-by-country analysis. This article examines the P50 mechanisms of
four EU countries, as well as their impact on their energy security. These countries (Ireland,
Greece, Denmark, Lithuania) have been selected to take into account different geographical
locations, different energy systems and their challenges, different economic situations,
different geopolitical situations of the regions and, finally, different PSO mechanisms,

The aim of this work is to assess the impact of the P50 levy on the electricity tariffs
applied by the four EU countries (Ireland, Greece, Denmark and Lithuania) on their
energy security. To ensume a better understanding of the context, the scientific concepts
of public service obligation and energy security are first briefly discussed. Then, the
literature examining the P50 mechanisms and energy security aspects in the four countries
is analyzed (131 sources). The results of the case studies are compared with the Energy
Trilemma Index to further examine the relationship between the PSO levy and the energy
security level of the countries.

This paper is structured as follows. First, in Section 2, public service obligation and
energy security definitions are examined. Section 3 describes the research approach taken
in this work. Section 4 presents the results of the literature review. Section 5 is dedicated to
the analysis of individual cases (countries). Finally, Section 6 presents the conclusions.

2, Preliminaries
21. PSO Definition

Different countries, including the EU Member States, often use various means of
intervening in electricity price tariffs to subsidize a certain energy niche in the country. In
most cases, electricity generation from RES is considered. The following terms neferring to
such interventions are found in the scientific literature:
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RES charge [28,29], RES levy [30];

RES surcharge [30,31];

RES payment [32,33];

Payment for green electricity [34];

EEG surcharge [35];

PSO levy [36,37];

P30 charge [38];

PSO surcharge [39];

PSO tariff [40];

PSO element [41].

Although Harker, Kreutzmann and Waddams [42] note that P50 is most commonly
applied in telecommunications, transport (rail, aviation), postal and energy services, this
article examines P30 specifically in the context of electricity. Although the precise interpre-
tation of PS0), based on the principle of subsidiarity at the EU level, is left to the discretion
of each individual country [43], several PSO definitions prevailing in the electricity context
can be singled out (Appendix A).

In general, the PS0 ensures securify of supply and protection of the environment [43].
In addition, the policies related to PSO have changed in recent decades. Initially, it used
to be the exclusive prerogative of the country, whemeas, currently, it is often provided by
private or semi-private companies [26]. The common feature is that this levy is mandatory
and compulsory in every country.

In principle, another mandatory and compulsory levy created by the state negatively
affects the spirit of entrepreneurship and the freedom of entrepreneurs” decision making.
Kirzner [44] and Foss and Klein [45] examine this in their works, which state that state-
regulated price mechanisms, regulations, antitrust and production volumes inhibit business
discovery opportunities and the entrepreneurial spirit in general. As entrepreneurs are
the driving force of any country’s economy, a negative investment climate or a poor
entrepreneurial microclimate is something to be avoided in any case. Howewver, the positive
impact of the PSO levy on the country’s energy security and sustainability may in some
ways offset the negative impact on the country’s entre preneurs and their decision-making
freedom.

This article examines, in particular, the PSO-based support schemes and their impact
an energy security in the context of the electricity market. The PSO levy on electricity
prices has been applied in the follow ing countries: Portugal [46], Turkey [47], Belgium [48],
Bulgaria [40], Luxembourg [49], Denmark [50], Lithuania [51], Greece [52] and Ireland [53].
This article examines four countries (Denmark, Lithuania, Greece, Ireland) and the impact of
the PS0 levy on their energy security. According to Finger and Finon [54], the regulator can
choose from three different PSO funding methods: “public funding, funding by customers
wvia an uplift” and “funding by competitors in relation to their market share or their
turnower”. This article analyzes the cases where PS0 is funded by all final electricity
consumers by them paying the PSO levy together with their electricity bills. This is well-
defined in the Irish Electricity Regulation Act [55F "It shall be the duty of each final
customer, w hich duty is owed to the electricity supplier which invoices such customer, to
pay to that supplier the amount of the PSO Levy properly invoiced to such customer in
accordance with this Order”.

Harker, Kreutzmann and Waddams [42] examined PSO mechanisms in the EU and
compared the cases of Belgium, France, Germany and the UK. They concluded that the
PS50 is an important political tool in setting boundaries between EU and Member State
law in the context of energetics, allowing for maintenance of the balance between healthy
competition and active social policies. However, the final users of services often suffer from
the increased prices (as in the cases covered in this article). Moreover, clear and transpament
P80 compensation mechanisms are needed. Rusche [27] examined the possibilities of
subsidizing the production of electricity from RES by collecting a P50 levy. The latter study
concluded that this is not in conflict with the legislation, and payments to producers of
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electricity from RES are also allowed. Furthermone, it was noted that such payments are

based on feed-in tariffs. Such regulatory mechanisms operate in many EU countries.

Karova [26] noted that regulatory infervention is sometimes necessary due to market
failures and “to the need of satisfying a number of socially desirable objectives”. The
inclusion of PSOY in the EU Energy Liberalization Directives is an example of such an
intervention when seeking to find a compromise among a well-functioning internal EU
energy market, compliance with competition rules and the provision of an effective public
service. Karova [26] also noted that the financial burden of providing PS50 by the suppliers
of these services requires some kind of financial mechanism to compensate /subsidize them.
These can be direct or indirect state subsidies or a spedal fund. Momeover, compensation
(if it is not proportional to the PSO) can act as state aid. Such an aid scheme often distorts
competition in the market by conferring certain advantages on the legal entity providing
the public service over other market participants. This situation often requines deeper and
legal clarification and is often the subject of disputes between legal market participants,
Member States must therefore obtain clarification from the European Commission that
their PSO levy model complies with the legal framework.

Ineach country, the PSO scheme is regulated by the energy law, electricity laws, PSO
administration law, PSO pricing methodology law and RES law [42]. At the EU level, the
P80 is defined by Directive 2009/ 72/ EC [56]. When analyzing the PSO levy mechanism, it
is necessary to take into account the 2003 Altmark Trans Case decision, which was ruled
by the Court of Justice of the European Communities, the main points of which read as
follows [42,57,58]:

+  the undertaking (in receipt of compensation) must actually have public service obliga-
tions, which are defined;

«  the parameters for the calculation of compensation must be established in advance in
an objective and transparent manner, to avoid conferring an economic advantage on it
over its competitors;

+ compensation cannot exceed what is necessary to cover all or part of the costs of the
abligation;

+ whene a public procurement process is not used to appoint the undertaking, the
level of compensation must be determined on the basis of the costs that an efficient
undertaking would incur

23 Energy Security Definition

Ower time, the concept of energy security has shifted from a narrow definition, cover
ing only the country’s self-sufficiency with energy resources, to a much broader concept
that encompasses such dimensions as diversity, cost, technology, environment, e fficiency
and reliability [59] Appendix B provides some definitions of energy security. In essence,
they refer to a stable and reliable supply of energy at affordable prices.

Many definitions and descriptions of energy security are found in the literature. For
example, Winzer [60] examined 36 definitions of energy security and concluded that the
term should be separated from other policy goals (e.g., related to economic efficiency and
sustainability) by defining it as “the continuity of energy supplies relative to demand”.
Such an approach implies narrowing the definition to the security of supply [61]

The definition and components of energy security can be seen in Figure 1. Energy
security is a constituent part of national security, environmental security and economic
security, or "is where environmental, economic and national securities comerge™ [62]. The
national security level represents a country's ability to be independent from other countries
in many aneas [63,64]. Environmental security represents a country’s ability to control
and reduce the impact of human activities on the environment [65-67]. Finally, economic
security is a country’s ability to control its economic vulnerability [68]. Figure 1 shows that
energy security can be examined in four important aspects, which are termed the 44As [69]:
affordability (low price, decentralization, public subsidies), availability (security of supply,
penetration of RES, diversification), acceptability (sustainability of energy systems and
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acceptable environmental impact) and accessibility (economic cost, connection to utility
grid). The literature also mentions stability [70]. which includes national policies and
environmental impacts, and reliability [71], which includes physical security, cyber security
and intermittency.

National
security

Availability

Energy

‘ security H Acceptability ‘
7N

‘ Accessibility ‘ ‘ Reliability ‘

‘ Affordability

‘ Stability

Figure 1. The nexus of energy security and other dimensions (desagned by the authors, based
on [6260-T3])

When examining the impact of PSO on energy security, it is necessary to choose
specific methods to assess the level of energy security in a certain country. In the literature,
such indicators of energy security as the overall energy import dependency (provided
by Eurostat) and country-specific supplier concentration index (provided by Eurostat)
are used [74]. Azzuni and Breyer [59] analyzed the definitions of energy security and
distinguished 15 dimensions (availability, diversity, cost, technology and efficiency; location,
time frame, resilience, emvironment, health, culture, literacy, employment, policy, military
and cyber security). These dimensions were used to measure the energy security index.

However, in this article, the impact of the PSO levy on energy security will be assessed
on the basis of the Energy Trilemma Index that is calculated by the World Energy Council
The Energy Trilemma Index was developed by the World Enengy Council to assess countries
along three key dimensions (economic, social, environmental) [75]. This annual index
evaluates 128 countries (as of 2021) according to their capacity to deliver an accessible,
affordable, secure and emvironmentally sustainable energy supply. In addition, countries
are compared by a composite score, which shows how well they can ensure a trade-off
among economic, social and environmental dimensions [74]. Countries are compared to
each other; so, for example, if a certain country has not seen any changes in the enengy
system, but other countries have significantly improved / worsened their performance, this
will affect the results for all countries.

The Energy Trilemma Index is measured by three main aspects [76]:
®  Energy security (import dependence, diversity of electricity generation, energy storage)

measures a country’s capacity to meet current and future energy needs and also to

withstand and recover quickly from a system shock with the least possible disruption
to supply.

«  Energy equity (access to electricity, electricity prices, gasoline and diesel prices) as-
sesses a country's ability to provide universal access to reliable and affordable energy
for household and commercial use,
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s  Environmental sustainability {final energy intensity, low-carbon electricity generation,
C0; emissions per capita) reveals the country’s transition to an environmentally
friendly energy system with the minimal contribution to climate change.

The index is based on global and national data and is intended for policymakers, the
investment and financial sector and academia.

3. Methodological Approach

This work analyzes the literature in an effort to elucidate the impact of the public
service obligation levy (in electricity tariffs) on the energy security of selected countries. [t
includes a general analysis of manifestations of the concepts of public service obligation
and energy security in the literature. Then, the paper proceeds with the cases of selected
countries where the PSO levy mechanism is applied. The legal basis, its evolution, the
distribution of the P50 levy, its impact on energy security and factors influencing the PSO
levy are discussed for each country in the context of the Energy Trilemma Index.

There are a number of metheds for analyzing the scientific literature. For example,
ane can mention an integrative literature review [77], meta-analysis of the literature [78,74],
narrative literature review [80], systematic literature review [81], scoping review [82] and
critical review [53]. The theoretical model for the literature analysis used in this work is
outlined in Figure 2 and follows the guidelines of Zacho and Mosgaard [54]. The particular
procedure used for this paper is depicted in Figure 3.

After formulating the problem and the task, the definitions of public service obligation
and energy security used in the academic literature are examined. The EU countries that
apply the PSO levy are then selected. Finally, the literatume sources ame analyzed. The
literature review includes not only scientific papers, but also reports and policy documents
related to the PSO levy: The literature review focuses on sources published from 1996 to
2021,

The Google Scholar database was used as the source of the relevant references due to
its operationality, Le., simple interface, comprehensive data sources and possibilities for
customized queries. The conventional Google search engine was also used to search for
reports and policy documents. The following keywords were used in the database: (Ireland
OR Greece OR Denmark OR Lithuania OR Irish OR Greek OR Danish OR Lithuanian) AND
{(Public service obligation OR, PSO) AND (levy OR charge OR surcharge OR payment)
AND (energy security OR security of supply OR renewable energy sources OR RES OR
indigenous energy sources OR energy independence OR diversification of the energy
sources OR diversification of the enengy suppliers). Abbreviations and keyword roots were
also used in the search (as recommended by [85]), thus broadening the research sample.

Selection of databases, ieal
types of literature and  p—p  Choosing search terms Descaenll
delimitations screcning reading
. 2 Determuning
Synihesizing and Al . b P
5 i — yzing material definitions and
: $ (— o occpts for analysis

Figure L Process of a iteratune peview (designed by the authors, based on [#4])
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1996 - 2021

Energy Trilemma Index

Results I

Figure 3. The flow of hiterature analysis followed in this work (designed by the authors).

4. Results of the Literature Review

During the literature review, the goal was to find the most up-to-date information.
The distribution of the sources across years is shown in Figure 4. The newest sources from
2019-2021 account for 39% of all sources considered (51 sources out of 131). The sources
from 2009-2021 make up the absolute majority (126 sources from 131, or 96%) of the sample.
This leads to the conclusion that this article is based on the latest and most relevant sources,
as a result of which the article presents the real situations and mechanisms of the PSO levy
and their impact in the long and short term.

25

Number of sources
)

Year of publication

Figure 4. Classafication of souraes by year of pubhcation (created by the authoss).
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Most of the identified sources were scientific papers (92 out of 131 sources, or 70%).
Since the topic of this work is rather specific, other types of literature were also considered.
A total of 20 reports and 19 policy documents were also analyzed. The classification and
categorization of a source were based on the name of the source itself or its description.

4.1. Literature on the Cases of the Sedected Countries

First, EU countries that had applied or have been applying a PSO levy in electricity
pricing were selected. The prices and costs of EU energy analysis by ECOFYS [40] was
used as a source of information as it indicates which countries add a PSO levy to their
electricity tariffs. Four countries were selected, namely Ireland, Greece, Denmark and
Lithuania. The main reasons for choosing these countries are as follows: (1) they all apply
a PSO levy mechanism; 2) they exhibit different geographical locations; (3) they rely on
different energy systems; (4) they exhibit different levels of economic development; (5) they
operate in different geopolitical situations.

Ireland occupies 5/6 of the Island of Ireland, which is located to the west of mainland
Europe. It has a border only with Northern Ireland, which is a part of Great Britain. Ireland
has been a member of the EU since 1973. The Irish GDP stood at EUR 365.05 billion in 2018,
with the largest sector being industry, accounting for 36.5% of the GDP [86]. See Section 5.1
for more details.

Greece is a country in Southern Europe, located near the Mediterranean Sea and
occupying the southern part of the Balkan Peninsula. Greece spreads over more than
100 islands (19% of the country’s total territory). It has continental borders with Albania,
Northern Macedonia, Bulgaria and Turkey. Greece has been a member of the EU since 1981.
Its GDP stood at EUR 187.46 billion in 2018, with wholesale and retail trade, transport,
accommodation and food services contributing 25.1% [86]. More details are provided in
Section 5.2,

Denmark is located in Northern Europe, the Jutland Peninsula and the surrounding
islands. It has a continental border only with Germany. Denmark has been a member of
the EU since 1973. Its GDP amounted to EUR 310 billion in 2018, with the highest share
(21.6%) attributed to the public sector [$6]. More details are provided in Section 5.2.

Lithuania is located in the central part of Europe and has continental borders with
Latvia, Belarus, Poland and Russia. It is located near the Baltic Sea. It has been an EU
member since 2004. The Lithuanian GDP stood at EUR 48.43 billion in 2018, with the largest
contribution (33%) from wholesale and retail trade, transport, accommodation and food
services [86]. More details are provided in Section 5.4,

The distribution of the analyzed sources across countries is shown in Figure 5. Around
thirty sources related to each state allowed for a fairly detailed analysis. Greece showed
the lowest number of relevant sources (27), indicating a lack of PSO-related research for
this country. A total of 131 sources were examined and there was only one source [40] that
discussed all of the four aforementioned countries.

40

35
30
5 I
0

Ircland Greece Deamark Lithuania

2R

Number of sources

s

Figure 5. 5 by s examined (designed by the authors).
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4.2 Literature on PSO and Energy Security

As the literature was analyzed in order to find intersections between PS0 and energy
security foreither of the selected countries, 131 sources dealing with PSC and at least one
aspect of energy security wemne found. The distribution of sources across 'S0 and energy
security topics is shown in Figure 6.

PSC}+ Energy sccurity  IE——
Energy security I
PSO

Tapic

0 3 lon 150

Numbsr of sources

=

Figure 6. Classification of the selected sources across the topies (designed by the authors).

Figure 6 suggests that at least one dimension of energy security was mentioned in all
131 sources. Meanwhile, 57 sources (out of 131) addressed PS0O aspects. This means that
the PS0 levy is not a particularly popular area of analysis. Therefore, we sought to shed
more light on the indirect links between the PSO levy and energy security. Specifically,
after asserting how the PS0 levy is distributed, we looked at its impacts on each country's
energy security.

It is possible distinguish the different dimensions of energy security manifested in the
references under analysis (Figure 7). The main aspects of energy security discussed in the
sources, as shown in Figure 7, include security of supply and renewable energy sources.
Then, indigenous energy sources, diversification of suppliers, diversification of energy
sources, system reliability, energy price, system integration, modern energy system, energy
independence and self -sufficient energy production are noted at similar frequencies.

Sell - sulficient energy production
Energy independence

Maedem energy sysiem

System integration

Energy price

Syatemn reliability
Diversification of energy sources
Diversification of suppliers
Indigenous energy sources
Renewable energy sources
Security of supply

Total sources

Aspect of energy security

20 40 o BOOI0D 120 140
Number of sources

Figure 7. Classification of soures by energy secunty topic examined (created by the author).

EES-related issues were addressed in most sources (118 out of 131 sources, or 90%:).
This is quite reasonable, as the support of the PSO levy fund is often allocated to the
development of RES. Next comes security of supply (80 out of 131, 61%), which can be
explained by fact that security of supply is one of the most important aspects of energy

COl



AUTHORGS PUBLI CATI ONS COLLECTI ON

79

Energies 2022, 15, 16

10 of 46

security and is also one of the areas most supported by the PS0 levy fund. All other sources
were assessed a fairly similar number of times, ie., from 30 to 45 out of 131

5. Case Studies

The previous section provided general information on the PSO and energy security
research for the selected countries (Denmark, Greece, Ireland and Lithuania) based on the
literature review. This chapter examines the case of each country individually, focusing
on the specifics of PSO levy collection and distribution, the impact of these processes on
countries’ energy security and sustainability and countries” performance in &rms of the
Energy Trilemma Index. Moreaver, at the beginning, there is a short section outlining the
EU'senergy goals and initiatives, which provides an overview of the overall direction of
the ELM's energy transition

Takle 1 shows the mechanisms for the application of the PSO levy in the four selected
counfries, Le., to whom it is distributed. Three out of the four countries support (sub-
sidize) electricity generation from RES through the PSO levy. Two countries subsidize
security of supply under this scheme. Two countries (Greece and Lithuania) subsidize
the implementation of strategic infrastructune projects (Lithuania focuses on electricity
connections with other countries, wheneas Greece supports the connection of islands to
the mainland electricity system). Theme ame also certain aspects that are relevant to a single
country: Lithuania supports a nuckear decommissioning fund and electricity generation
from thermal power plants, Denmark focuses on research and development and distributed
power generation, Greece supports sodal tariffs and regional electricity price compensation,
and Ireland supports electricity generation from local energy sources through the PSO levy

Table 1. Distribution of the collected PSO levy by country (designed by the authors)

Objectives of the PSO Levy Ireland Greece Denmark Lithuania
Electricity production of RES, balancing x * %
Security of supply x x
Indigenous energy soures kS
Strategic electricity infrastructuse progcis. x x
Bepional electtiaty price compensabion x
Social tariff %
Dhstributed generation x
Research, development S
Nuclear power plant decommssicning fund x
Effective production at thermal power plants x

There is another item tow hich the PSO levy is allocated by all the countries conerned
and which is not shown in Table 1, namely the “equalization” (compensation) of the
preceding period’s 50 levy fund. As the P50 levy fund is formed on an ex ante basis,
overpayment or underpayment may occur in a certain period, which needs to be offset by
the PS0 budget for the next period. This item is of a financial nature and does not provide
additional information in regard to the energy policy.

The Energy Trilemma Index was chosen to assess the impact of the PSO levy on energy
security at the country level The indicators comprising the Energy Trilemma Index for
the four countries examined are shown in Table 2. Obviously, the countries differ in many
regards. We further discuss each case (country) individually
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Table L Energy Trilemma Index for selected EU countries in 2020 designed by the authors, based
o [B7])

. Emergy Energy Energy Energy Envionmental  Environmental

Balanee  Trilemma Trilemma : : N h e g T
Country Security Security Equity Equity Sustainability  Sustaimability

Grade  Score Rk Scare Rank Scare Rank Scare Rank
Ir=land CAA 2 ) 562 &l 981 7 e H
Gmer OCH TOA B 518 m a0n7 36 7l ko
Denmark AMA B 3 Fa4 4 962 15 8314 10
Lithuania BAA Th 16 (k] 43 957 18 72 16

5.1. European Union Energy Goals

The European Union has a fairly clear and specific energy policy and objectives,
starting with the 2007 climate and energy package. By 2020, three headline targets had
been set for: (1) a 20% reduction in greenhouse gas emissions (compared to 1990 level), (2)
a 20%: EU final energy consumption from RES, (3) a 20% improvement in energy efficiency.
The energy goals of each Member State were linked to the level of wealth of the country: In
2020, even more ambitious plans were set for 2030: (1) a 40% reduction, (2) 32%, (3) 32.5%.
However, in the wake of the COVID-19 pandemic (and the ongoing), the “European Green
Deal” (September 2020) and “Fit for 557 (20 July 2021) set a target of reducing greenhouse
gas emissions by 55%, by 2030 [88].

The European Union has faced the problem and complexity of approving energy
initiatives in the past and, without a doubt, will face it in the future. The EU's application
of the principle of subsidiarity is not always successful, especially in an area as problematic
and affecting the naticnal security of each Member State as energy policy  However,
historically, the EU has abways found a consensus between Member States” interests in
adopting and approving energy and climate change strategies and policies.

5.2, Ireland

The Irish electricity sector has undergone significant transformations towards sustain-
ahility and security objectives, inchuding the diversification of electricity sources, promotion
of local power generation [89] and an increase in the RES share [90,91]. Development of the
indigenous onshore wind energy sources is instrumental for achieving the aforementioned
policy objectives in Ireland [92]. The major challenge associated with this approach is
that onshore wind installations cause undesirable social, economic and envirenmental
effects both within and outside the power system [93,94]. The prometion of RES is also
maintained by installing hy dro, offshore wind, bicenergy, solar and combined heat and
power plants [45]. Moreover, the development of smart grids and encouragement of public
involvement in the management of virtual power plants, energy distribution, trade and
management are also important for Ireland’s energy security and transition [26]. How-
ever, according to Yue et al. [57], reliance on renewable energy sources alone is not the
most cost-effective way to achieve complete decarbonization. There is also a need for the
diversification of energy sources, diversification of energy suppliers and digitization and
modernization of the energy system, which Ireland is gradually implementing. These
measures stimulate the energy transition and contribute to energy security in Ireland. The
aforementioned policy objectives and measures require additional imvestments along with
dedicated financing mechanisms. Therefore, Ireland is one of the EU countries where the
P50 is included in the electricity bill [38,98] paid by all electricity consumers [53,95). The
stylized facts about Ireland are presented in Figure 8.
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IRELAND

POPULATION, MLN 4.96
ARER, SLKM. 697971
GOP, EUR, BILLIONS, 2019 365.05
GOP PER CAPITA IN PPS, 2013 191
GOP GROWTH, %, 2019

Figure 8. Stylized facts about Ineland (designed by the authors, based on [85,99,100]).

The Irish PSO levy legal framework is managed by the Department of Communica-
tions, Climate Action and the Environment of Ireland with the approval of the Furopean
Commission on state aid. PSO levy calculations, forecasts and administrations are carried
out by the Commission for Regulation of Utilities (CRU). The level of PSO is set from 1
October to 30 September each year [101].

For the period 2020/21, the Commission for the Regulation of Utilities (CRU) of
Ireland has set EUR 6.52 excl. VAT per month for residential customers and the following
scheme for business customers: PSO levy where Maximum Import Capacity < 30kVA =
EUR 21.41 per month (excl. VAT) and PSO levy where Maximum Import Capacity =>
30 kVA = EUR 2.78 per kVA per month (excl. VAT) [101]. This levy is intended to ensure
security of the electricity supply and to support indigenous (peat; see [102]) and renewable
energy sources (wind, hydro, solar, bio energy, combined heat and power) [38], aswell as
to promote environmental protection [55].

In Ireland, this levy was first adopted in the Electricity Regulation Act [55] and has
been applied in practice since 2001 [103]. Renewable Energy Feed-in Tariff (REFIT) support
is funded by this charge, compensating electricity suppliers for the additional costs incurred
in purchasing electricity generated by PSO-supported electricity producers [104]. In other
words, electricity consumers provide free insurance against low prices for RES (wind
energy) through the PSO fee [105].

Di Cosmo and Linch [37] predicted that this levy could come under significant pressure
due to the ongoing Irish capacity financing mechanism. Looking at the dynamics of the
applied PSO levy in (see discussion below), this can be partly confirmed. The PSO fee
is calculated on the basis of the estimated generation required, the planned wholesale
electricity price next year (to cover the additional costs that they incur in purchasing PSO-
supported electricity g ion) and an adj to payments made two years previous
once actual costs for the year are known [101,105]. It is the rising price of wholesale
electricity that has led the PSO to decline in recent years. However, in 2020/21, we are
already seeing a significant increase in PSO [101], one of the main reasons for which is
the decrease in the wholesale electricity price, from 57.37 EUR/MWh in 2019/2020 to the
indicative benchmark price 46.86 EUR/MWh in 2020/2021 until the final benchmark price
of 53.66 EUR/MWh 2020/2021 [101]. This means that if the wholesale price of electricity
falls, additional funds are needed to subsidize PSO-backed energy producers, which means
that the PSO tax will increase. An ination of the changes in the Irish PSO tax, the
following main upward and downward factors, is presented in Figure 9.
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- Increase of wholesale electricity prices
- Decrease of wholesale electricity prices - Smialler RES part
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- Termination of contracts to local power plants
Expiry of Peat scheme

Figure 9. Factors of Insh PSO levy changes (designed by the authors based on [101,106-115).

The distribution of the 2020,/21 PSO levy applied in Ireland is shown in Appendix D
The measures supported by the PS0 can be grouped into four categories. The Alternative
Energy Requirement {AER) scheme was introduced in 1995. Since 2020y 21, only offshore
and onshore wind energy have been supported under this scheme. Small-scale hydropower,
combined heat and power (CHP), biomass (landfill gas), biomass—CHP and biomass—
anaerobic digestion had been supported in the earlier schemes The first Renewable Energy
Feed-in-Tariff (REFIT) scheme, REFIT1, became operational in 2006. In 2012, REFIT2 and
REFIT3 were launched. The main purpose of this scheme is to support renew able electricity
generation. Unlike the RES scheme, REFIT is open to all suppliers (not merely Electric
Ireland).

The level of the PSO is adjusted each year due to multiple factors, but the main one is
the wholesale price of electricity [101]. The distribution of the PSO (Figure 10) shows that
the share of the P50 allocated for the promotion of the RES is increasing and the country
is aiming to achieve 70% by 2030 [116]. although the total mandatory share set by the
European Union is 40% [117] and by 2050 100% [11£] electricity from RES. The increase in
RES for electricity shows the country’s focus on achieving sustainable energy and increasing
energy security. Most of the RES used in Ireland is produced or hamessed in Ireland itself,
so there is no need to import it from other countries, which directly contributes to the
greater energy security of Ireland [91]. Through comparison of the data from SEAI[91] on
indigenous energy generation by source from 1990 to 2017, and the dynamics in the P30
tax introduced in 2001, one can note that the PSO directly contributes to the maintenance of
energy from indigenous peat and the everincreasing use of energy from indigenous RES,

== Actual PSO levy
=== Part of PSO levy distributed 10 RES

Eur, millions
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oy o n@, {9\ \\ H\ 09 S
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Figure 1 Irash PSO levy and PSO levy distributed to RES 2011-2021 (desigred by the authors, based
om [100])
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After examining the change in the level of P50 (Figure 10) and its objectives, we
can draw some conclusions related to energy security in Ireland. Until the end of 2016,
the money collected by the PSO levy was allocated to support the Aughinish Alumina
(160 MW) and Tynagh (400 MW) power plants since they weme built for securing the
power supply in 2005/ 06, These power plants no longer receive P50 support for electricity
generated after March 2016. As a result, there has been no PSO support for “security of
supply” since that year. At the end of 2019, suppart for the peat scheme ended, which, at
least for the time being, ended support for indigenous energy sources. Local biofuel (peat)
combustion plants (Lough Ree, West Offaly) were supported, compensating up to 307
of their capacity annually. As a result, PSO support for “indigenous energy sources”™ has
disappeared. Corresponding with the policy targets, a gradual increase in PS5O funding for
RES (wind, bicenergy, solar, hydro energy, CHFP) can be noticed over 2011-2021. With the
mreduction or elimination of support for indigenous energy sources and security of supply,
PSO support in 2020721 is basically limited to RES.

Comparing the change in the PSO levy applied since 2001 (Figure 10) and the Energy
Trilemma Index (Figure 11), one can assess the impacts of this regulatory measure on the
energy performance. Since 2008, a steady increase in the environmental sustainability
indicator has been observed. The main reason for this is the increasing emphasis on low-
carbon energy [119]. Since 2008, the share of the P50 fee has been allocated continuously
to renewables, and since 2011, it has only been increasing [101,106-115,120] Since 2012, a
surge in the energy security indicator can be seen. However, compared to other countries,
this indicator is slightly lower, mainly due to the high dependence on imports and the low
diversity of the primary energy supply [119]. The value of Ireland’s energy equity indicator
is very high (98.1 out of 100); see Table 2 This can be explained by the presence of the
universal access to electricity and stable energy prices [119].

w:é:ﬂf
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E R L L L g

-# Energy Security =+ Energy Equity -8 Environmental Sustainability

Figme 1L Trends of the COMPOnents of the I'-_‘ngrﬁ\«' Tralemma Index for Ineland, 20002020 (based
on [121])

Ireland ranks relatively high, at 17th (Although Ireland is ranked 17th in the 2020
Energy Trilemma ranking, the country essentially holds 20th position, with Austria and
Finland sharing 4th place, France and the United Kingdem in 5th and Lithuania and
Luxembourg in 16th. Therefore, with Ireland ranking 17th, it practically lands in 20th
place.) place among 108 (Although there are 108 positions in the Energy Trilernma ranking,
Austria and Finland are in 4th place, France and the United Kingdom are in 5th place,
Lithuania and Luxembourg are in 16th place, Belgium and Slovakia are in 20th place,
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Iceland and Latvia are in 22nd place, A ustralia and Romania 25th, Argentina and Malta
30th, Costa Rica and Hong Kong 34th, Azerbaijan and Barbados 36th, Kazakhstan and
Peru 42nd, Albania, Panama and Venezuela 43th, China and Saudi Arabia 55th Paraguay
and Turkey 58th place, Montenegro and Oman 5%th place, Mauritius and Serbia 60th
place, Jamaica and Morocco 73rd place, Honduras and Sri Lanka 75th place, Jordan and
Moldova B4th place, Kenya and Myanmar #9th place, so there are 128 countries in the
averall ranking.) countries [87] in terms of the Energy Trilemma Index for year 2020, The
indicators measured by this index and the influence of the P50 on them can be seen in
Table 3.

Looking at the change in the PSO levy on residential consumers between 2010 and 2021
(Figure 12), one can note that it decreased in 2011, 2015, 2018 and 2019, As for the period
of 202021, the PSD fee is the highest since its implementation and amounts to an annual
fee of EUR 88,80 with VAT for a domestic consumer. Comparing this levy with the annual
median household gross income, which, in Ireland, is around EUR 47,000 [122], we can see
that it represents a small proportion ((.1995) of the total annual household gross income.
Farrell and Lyons [24], who examined the impact of P50 on electricity consumption in
Ireland, conclude that an increase (or decrease) in PS0O has an impact on household budget
allocation by increasing (or decreasing) the overall price of electricity for the final consumer.

2020 - 2021
2019 - 2020 —
2018 - 2019
0T - 20—
I
L
I
I

26 - 2017
2015 - 2006
014 - 2015
2013 - 2004
2M2-2013
21 - 22
2000- 2001  ——

=

20 a0 G} a0 L0y 1200

Figure 12 P50 levy for nesidential users in Ireland during 2010-2021, EUR per year including VAT
(designed by the authors based on [101]).

Among the EU countries (Figure 13), Ireland s retail electricity price for household
customers is the fourth highest, with only Germany, Denmark and Belgium exceeding its
value. However, in terms of the net price of electricity (excluding any additional taxes and
VAT), the price of electricity in Ireland is the highest in the EL. This negates the suggestion
that only the 'S0 levy leads to this increase: even without all taxes, the price of Irish
electricity is the most expensive in the EU.
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® Electricity price cxcluding taxes and levies
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Figure 13. Electricity prices for household consumers i the EU, first half 2021 {ereated by the authors,
based on [123]).

As the PSO levy is mandatory for all electricity consumers (both residential and busi-
ness ones), it undoubtedly raises the overall price of electricity and affects indicators such as
energy poverty, electricity affordability, the competitiveness of exporting companies [124],
the Irish economy; the investment ecosystem, employment and cost competitiveness. Note
than an increase in the PS50 was observed in 2020 amid one of the highest electricity prices
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in the world, the global COVID-19 pandemic and the effects of Brexit [101]. Therefore, on
the one hand, the PSO levy has a positive impact on the development and energy security
of the Irish energy system, and on the other hand, some negative socio-economic impacts
may appear.
5.3. Greece

In 2001, Greece initiated an electricity reform, which was aimed at the liberalization of
the electricity market. According to Danias, Swales and McGlegor [125] and Mliadou [126],
the main obstacles to the reform are incumbent cc y de the electricity sector’s
dependence on indigenous lignite firing generation, thc non-standard geographical location
of the country, Greece’s presence in the periphery of EU electricity and gas markets, the
country’s financial crisis and weak political will. The PSO fee in Greece has been in place
since 2007. It is admini d and coordinated by the Greek Regulatory Authority (RAE)
and is intended to supply electricity to customers in Non-Interconnected Islands (Nlls) at
the same rates as in mainland Greece [127]. Figure 14 presents the major facts on Greece.

GREECE

POPULATION, MLN 10.72

AREA, SO.KM. 132043
GOP, EUR, BILLIONS, 2019 187.46
GOP PER CAPITA IN PPS, 2019 67

GDP GROWTH, %, 2019 19

Figure 14 Stylized facts about Greece (designed by the authors, based on [86,99,100]).

The Greek electricity system can be divided into interconnected (continental Greece)
and autonomous (Greek Islands) [128] or Nlls, which consist of fifty Greek islands in the
Aegean Sea (which account for approximately 9% of the total Greek electricity demand).
It includes micro isolated systems, e.g., Rhodes and Crete [129]. Electricity suppliers in
the islands are comp d for the diff in price between the (higher) generation
costs and system marginal prices in mainland Greece from a fund based on the PSO levy

revenue.

According to Hatziargyriou, Margaris, Stavropoulou, Papathanassiou and Dimeas [130],

the case of Greek NlIs is unique due to the large number of islands of different sizes, huge
RES potential due to the geographical and meteorological locations, the challenge of find-
ing the “golden mean” between RES penetration, low production costs and high-quality
provision of electricity services to consumers. Although, according to Vasilakos [52], NlIs,
especially the Greek islands in the Aegean, have very high RES potential, it still remains
unfulfilled, mainly due to weak local grids. Thus, electricity generation in these islands is
based on old, highly polluting and inefficient fuel-based plants. Another problem challeng-
ing the islands’ electrification is the seasonality of electricity use due to tourism [131].

As connecting the remote islands to mainland Greece is a costly, technically complex
and not always cost-effective process, the Hellenic Electricity Distribution Network Oper-
ator (HEDNO) has developed and adapted a smart grid system, the “smart island”, that
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allow s the monitoring and control of the functioning of all Nlls, both in terms of generation
and distribution [130]. This has not only increased the energy security of the Nils and the
whole country, but also allowed for the optimal management of the generation, maximum
use of RES, improvement of regulatory and coordination mechanisms and a transition
towards transparent market management.

The PSO fee is used to finance important energy projects. Specifically, electricity
connections between the Dodecanese Islands and Crete and between mainland Greece and
the North Aegean Islands are seen as crucial ones for maintaining Greece's energy security
and RES development [52] In addition, completing the electricity connection with Crete
could be seen as one of the steps requined for integration with Israel’s power network [132].
This would contribute to the country’s energy security due to the increased energy supply.
The subsea cable between Attica and Crete is expected to become operational by the end
of 2023, and interconnections of the Aegean islands are planned for late 2020s [133]. EU
funding is also used when implementing these projects, but Vasilakos [52] emphasized
the need to develop additional effective EU funding instruments (EIB, CEF, Commission
Initiative for Clean Energy for the EU Islands, Structural Funds, etc.).

Vourdoubas [134] argued that Crete can achieve carbon neutrality of power generation
technically and economically if a connection is implemented between Crete (which has
abundant solar and wind energy) by cables to the mainland Greece. This would allow
the combination of the local generation of green solar and wind electricity with electricity
transfer with the mainland. The generation of electricity from the RES and its circulation
through connections with mainland Greece would have a positive impact, including the
promotion of energy investments, lower use of imported and polluting fossil fuels, decar-
bonization of Crete’s energy sector and the creation of new local jobs [135]. This would
have a direct impact on the country’s energy security, which is fully confirmed by ¥lachou
and Pantelias [136].

Although RES is not directly funded by the PSO, significant RES development in
Greece has been driven by feed-in-tariffs (FITs) over the last 12 years. The FIT is supported
by such financial mechanisms as the RES Levy or ETMEAR in Greece [30]. Therefore, both
by itself and thanks to the dinections set by the EU, the country aims to achieve 61% of RES
in the gross electricity consumption by 2030 [132]. As the penetration of renewable energy
sources gradually reached a high level, the Greek economic dow nturn in 2008 caused it to
down. Nonetheless, regulatory efforts have been made to converge with other European
electricity markets where a transition from a high FIT status to the market environment
has been achieved [137]. The main directions of the Greek RES development are wind,
photovoltaic (solar and photovoltaic panel), hydro (predominantly large-scale dams and
growing wave energy), geothermal and localized biomass energy [128].

The transition from coal and oil to solar and wind technologies was examined by
Mentis [138], Argenti and Knight [139], Loumakis, Giannini and Maroulis [30] and Var-
dopoulos [140]. However, both Katsaprakakis and Christakis [141] and Manolopoulos,
Kitsopoulos, Kaldellis, and Bitzenis [142] highlighted a number of challenges facing RES
development in Greece. Since 2004, w hen applications for funding for electricity generation
projects from RES became available, licenses and applications have been approved without
strategic planning, in contradiction to environmental and cultural requirements. Moreover,
the projects wene often technically too large for small islands (thus preventing projects
dealing with other energy types in the local or regional area). In order to avoid such traps,
local approval, detailed information, the participation of local investors and civil-society
organizations and equal geographical distribution of projects should be facilitated. Higher
RES penetration requires the installation of energy storage systems via batteries, pumped
storage and hydrogen storage [131,143].

The PS0 levy fund is also allocated to the so-called social residential tariff, which has
been introduced and applied since 2011 and is aimed at the following vulnerable customer
groups: low-income families, families with three or more children, the unemployed and
people in need of medical care. In 2015, over 600,000 customers used this tariff [144]. The
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PSO fee is paid by all Greek electricity consumers, and it is divided into the categories
shown in Appendix E. Note that similar categories prevail in all PSO-taxing countries.
The P50 levy amounts to between EUR 500 and 700 million annually in Greece. For
example, in 2014-2016, the levy amounted to EUR 65 to 90 annually for each meter point in
the Greek electricity system [144]. A comparison of the final electricity price for households
in Greek and other EU countries (Figure 13) shows that the Greek price is close to the
average level. This partially refutes the argument of the proponents of the abolition of the
PS0 that the PSO levy increases the price of electricity very significantly. The share of all
additional taxes and VAT does not exceed 25% of the final electricity price in Greece.
Given the trends in the application of the PSO levy in recent decades, it is possible
compare this information with the Energy Trilemma Index estimates for Greece in 2000—
2020 (Figure 15). The environmental sustainability improved over 2005-2012 and 2013-2015
and then fluctuated above the initial level of 2000, This is mainly due to the increasing
share of RES in the electricity market and the reduction in COy emissions. This was largely
influenced by abandoning lignite-fired power plants in Greece. By the first half of 2020,
lignite accounted for only 12%. of the electricity demand in the Greek system, although the
result was 52% back in 2010 [133]. Although the PSO levy does not directly support RES in
Greece, the electrification of the Greek islands contributes significantly to the extension of
electricity from the islands with the greatest RES potential to other islands and mainland
Greece (and vice versa). The enwironmental sustainability score for Greece is 73.2 out of
100 {Table 2). The scom is higher than average, yet there is still room for improvement.

|
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Figure 15. Trends of the components of the Energy Trlemma Index for Gresce, 2000-2020 (based
om [133].

The energy equity indicator for Greece has changed very little over 2000-2020. During
2001-2013, it was slightly better than the initial kevel in 2000, and, in 2014-2020, it was
slightly lower than the initial level. The PSO levy fund allows for the equalization of
the price of electricity for the people living on the Greek islands and in mainland Greece.
The social tariff also improves energy accessibility and affordability. However, energy
access itself is quite complicated due to the fact that many islands are not connected to the
common electricity system. Nonetheless, Greek is among the leaders in terms of energy
equity score as it stood at 907 out of 100 (Table 2).

The energy security indicator maintained an upward trend, with minor downturns
throughout 2000-2020 in Greece. Since 2005, the indicator level has been higher than the
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initial value for 2000, However, a comparison for Greece shows a value of the energy
security indicator of 53.8 (Table 2), which is a rather poor result. This is mainly due to
the country’s dependence on oil and gas imports, the low (but increasing) diversity of
electricity generation and the poor (and even declining) ability of the country to meet the oil
and gas demand considering the infrastructure capabilities, including storage and refining
caj .

Paé?;em ranks J9th (Although Greece ranks 3%th in the 2020 Energy Trilemma ranking,
in reality, the country ranks 48th, as Austria and Finland share 4th place, France and
the United Kingdom 5th, Lithuania and Luxembourg 16th, Belgium and Slovakia 20th,
Iceland and Latvia 22th, Australia and Romania 25th, Argentina and Malta 30th, Costa
Rica and Hong Kong 34th and Azerbaijan and Barbados 36th. Therefore, with Greece
ranking 3%th, it virtually holds 48th place.) among 108 (Although there are 108 positions
in the Energy Trilemma ranking, Austria and Finland are in 4th place, France and the
United Kingdom are in 5th place, Lithuania and Luxembourg are in 16th place, Belgium
and Slovalkia are in 20th place, Iceland and Latvia are in 22nd place, Australia and Romania
25th, Argentina and Malta 30th, Costa Rica and Hong Kong 34th, Azerbaijan and Barbados
36th, Kazakhstan and Peru 42nd, Albania, Panama and Verezuela 43th, China and Saudi
Arabia 55th Paraguay and Turkey 58th place, Montenegro and Oman 53th place, Mauritius
and Serbia &0th place, Jamaica and Morocco 73rd place, Honduras and Sri Lanka 75th
place, Jordan and Moldova 84th place and Kenya and Myanmar 89th place, so there are
128 countries in the overall ranking, ) [57] countries in the world according to the World
Ernergy Council’s Energy Trilemma Index (as of 2020). The indicators measured by this
index and the influence of the PSO levy on them ane discussed in Table 4.

The National Energy and Climate Plan of Greece [132] envisages several measumes that
are related to the PSO levy. Indeed, they are focused on the interconnections and upgrades
of the existing energy systems. Particular attention is paid to emergency handling and the
Nlls. The electricity interconnection projects between mainland Greece and the islands,
supported by the PSO levy fund, make a significant contribution to Greece's energy security.
Thus, one can conclude that Greece's National Energy and Climate Plan is in line with the
country’s energy security needs (as indicated by the Energy Trilemma Index). In Greece,
as is the case in other countries that apply the PSO levy, private electricity suppliers have
some doubts over the country’s ability to implement EU Energy and Competition Law.
According to Metaxas and Associates [145], after the official notification of the European
Commission to Greece of possible restrictions on competition in the electricity market,
several private electricity trading companies objected to the PSO levy sizing methodology,
which is strictly based on the elements of the Public Power Corporation (PPC). Indeed,
the methodology stipulates that the PPC is practically the only provider and recipient of
the PSO levy: However, as stated in the European Commission’s explanation (2014) to the
complaint of the Greek energy company Energa, the compensation granted to the PPC for
the delivery of the public service obligation of supplying electricity on the Nils at standard
tariffs starting from 2007 constitutes state aid.
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54. Denmark

Denmark shows rather high levels of energy security and sustainability [146-149].
Indeed, Denmark has achieved a transition from a country thatwas 100% dependent on
imported oil and coal in the 1970s to a country that is currently completely independent
of any foreign energy sources and a world leader in the share of wind energy in the
country’s electricity system (more than 20%) [150]. As of 2019, the share of RES inelectricity
generation stood at 72% [151], which places Denmark among the leading countries in the
world in this regard. The major facts about Denmark are provided in Figure 16.

DENMARK

POPULATION, MLN 582
AREA, SO.KM. 42924
GOP, EUR, BILLIONS, 2019 310
GDP PER CAPITA IN PPS, 2019 129
GDP GROWTH, %, 2019 28

Figure 16 Stylized facts about Denmark (designed by the authors, based on [86,99,100]).

Although Denmark has substantial natural energy source endowments, it had been
heavily dependent on imported fossil fuel until the 1980s. After the oil crisis in the mid-
1970s, the Danish government abandoned its nuclear energy plans in 1985 [152] and focused
on wind energy and combined heat and power. In 1981, Denmark approved its first energy
plan, which set an ambitious target to achieve 1,000 MW of wind energy generation capacity
by 2000 [153]. Energy 21, the Danish Action Plan for Energy [154], aims to install 5500 MW
wind turbines by 2030 and to achieve full independence from coal, oil and gas by 2050.

The use of wind energy in Denmark has been around longer if compared to other
countries. In 1978, the Danish government established an experimental wind turbine
station, Riso National Laboratory [153]. The development of wind turbines in 1984-2000
was supported through a feed-in tariff [155]. In 2000, the feed-in tariff was changed to
green certificates, which were issued to renewable electricity producers, who could then
trade them at a premium with anyone who wanted to buy renewable energy or who was
obliged to do so [50].

Electricity g ion from RES ( ly wind energy) is supported through price
premiums added to the market price, capped at a maximum amount, and tenders for
offshore wind power. This process is coordinated by the Danish Energy Agency and all
subsidy costs are passed on to electricity consumers through the PSO [156,157]. Thus,
Denmark is another EU country applying a PSO levy [158]. Kitzing, Katz, Schrider,
Morthorst and Andersen [41] refer to this levy as the PSO element. It is bound to fund such
policy initiatives as support for renewable energies, decentralized plants and research and
development regarding the electricity system.

Following the Energy Agreement of 2018, Denmark plans to generate 55% of its
electricity power from RES by 2030. This is considered a guarantee for ensuring energy
security in Denmark [159]. The PSO levy, which finances RES projects, contributes to the
develop of the inable and secure energy system. Currently, the price of electricity
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in Denmark consists of four elements: production, transmission, distribution and PS0. The
latter is to be abolished in 2022 [160].

The Organization for Economic Co-Operation and Development [161] indicated that
the Danish market rules for green energy and the PSO were not precisely defined. Thus,
there have been improvements in green electricity support schemes and the PSO system.
All electricity consumers are obliged to purchase renewable energy certificates and bear
the cost of PSO[161] Energinet.dk is responsible for distributing proceeds from the PSO
levy to the entitled stakeholders [41].

Electricity customers (mostly business customers) consuming mone than 100 GWh
per year have paid a reduced PSO levy [41] from 2014 onwards [162] to maintain their
international competitiveness. The PSO Agreement reduced Danishelectricity bills by DEK
2.7 billion in 2016 (more than EUR 363 million at the exchange rate on 11 March 2021) and,
with the complete abolition of the P50 levy in 2022, will allow Danish businesses to pay
perhaps the lowest price forelectricity in the European Union [163]. Figure 13 also indicates
that the taxes and levies comprise the major part of the retail electricity price in Denmark

The PSO tariff is set quarterly and is publicly available on the Energinet.dk website.
In the third quarter of 2015, it accounted for approximately 10% of the final electricity
price for residential customers [162]. The Ministry of Environment and Energy retains key
regulatory powers in the electricity sector, including setting the PSO [161]. In 2011-2012,
the major shame of the proceeds from the PSO levy (60-80%) was dedicated to renewable
energy and decentralized plant development [41]. These ane expected to contribute to
Danish energy security [155]. The third-largest part is for adjustment for profit or loss from
previous periods that occurs when the market price of electricity departs from the forecasts
made when setting the fixed (guaranteed) price for the renewable energy. In essence, the
P50 decreases with increasing market price [41]. The fourth (and smallest) part is allocated
to research and development activities initiated by the PSO Energinet.dk [162].

According to 2012 data, the average Danish household spent 5-6% of its income
on electricity bills, and this was a relatively high figure among all the EU countries (the
average was 3-4%). However, the high living standard in Denmark did not cause extreme
difficulties [164]. In 2014, the PSO levy was slightly reduced by shifting a part of the
funding to the federal budget, with considerable public questioning and pressure to reduce
oreliminate it [162]. For the most part, the criticism came from industrial customers In
2016, the Danish government decided that the PSO tariff would be completely abolished
by the end of 2021 [165,166]. As a result, a decline from 17.45 EUR/MWh in 2018 to zero in
2022 is expected [167]. The main reason for this is its contradiction with the EU Treaty, as
foreign companies cannot receive the same subsidies under the same conditions as Danish
companies. With the abolition of the PS0, RES will be supported by the Danish national
budget, and this will reduce the price of electricity for consumers by around 10% [162].

Thanks to the PSC levy, 350 MW nearshore (10 km from the Danish coast) and 600 MW
offshore wind projects have been financed since 2012, This promaotes the development of
RES and infegration with the German electricity market, which in turn is an important
aspect of energy security [159,162]. Indeed, wind energy is an important component of the
existing and future Danish energy system. Jacobsen, Hevia-Koch & Wolter [168] examine
the advantages, disadvantages and cost drivers of nearshore and offshore wind emergy;
Ladenburg, Hevia-Koch, Petrovié, & Knapp [164] examine the differences between onshore
and offshone wind farms and public attitudes towards them; Berg, Apostolou & Enevold-
sen [170] examine the wind energy market in Denmark and the economic feasibility of inte-
grating various capacities of water electrolysis systems; Jargensen, Anker, & Lassen [171]
examine wind energy support and compensation schemes; Koivisto, Gea-Bermiidez, Kanel-
las, Das & Serensen [172] examine wind energy opportunities and prospects across the
North Sea region, comparing the connection of each offshore wind farm to the main system
individually and the collective advantages and disadvantages; Lund and Mathiesen [173]
predict different scenarios for Denmark to achieve 100% RES use and confirm that this is
technically possible.
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Sowacool & Tambo [174] found that Danish respondents value energy safety less
than other countries. However, Denmark is one of the safest countries energy-wise in
the world [175). The maturity of Danish society and the energy direction set by the
Danish government, government-sponsored and sponsored initiatives led to the mass
establishment of socalled wind cooperatives in the 197 (s small, rural, farmed and privately
owned wind turbines [152]. Of course, the ol crisis of the 1970z also contributed to this,
which led to the search for new energy sources. Moneover, as early as the 19905, there were
an estimated 2000 such privately operated wind turbines in Denmark. However, with the
liberalization of the electricity market, many of these small wind farms wene bought by
larger energy companies that had mome financial and technical potential to replace small
wind turbines with larger (and more expensive) ones [152]. Active support policy has led
to the development of Danish wind energy with such manufacturers as Vestas and Siemens
Wind Power, which account for more than 30% of the global wind turbine market [150].

Examining Denmark’s final electricity price for households in the EU context, it is
visible (Figure 13) that the price is the second most expensive in the EU, surpassing only
Germany. Howeves, the net electricity price (excluding any additional taxes and VAT)
appears to be one of the lowest in the EU (only in Poland, Estonia, Hungary and Bulgaria).
Additional taxes and VAT account for two thirds of the final price ofelectricity for household
consumers and this significantly increases the final price of electricity. However, the share
of the PSO levy is around 10% of the final electricity price and it therefore cannot be
considened as the main reason for such expensive electricity.

Denmark holds a very high third place (as of 2(20; see Table 2) in terms of the Energy
Trilemma Index [§7] and is undoubtedly among the world leaders in energy security
and sustainability. This is mainly influenced by the import independence, affordability
of electricity, increased low-carbon power generation and diversity of power generation
sources. In many ways, the P30 levy impacts many of these indicators. A more detailed
deliberation on the impact of the PSO levy in the Danish case is provided in Table 5.
Examining the changes in the Energy Trilemma Index for Denmark (Figure 17), one can
draw conclusions on the influence of the P30 levy on the index.

P S PP F D PP S D DB
A ﬁ#'»‘* S A R

=& Energy Security == Energy Bquity 48 Environmental Sustainabiling

Figure 17. Trends of the components of the Energy Trilemma Index for Denmark, 2000-2020 (base-d
on [176]L
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The environmental sustainability has increased since 2000, with certain fluctuations
over 2000-2020. Note that the indicator fell below the initial value for 2000 in 2005. The
country’s determination to become a net-zero-emissions country by 2050 and the active
use of wind energy and other RES contribute to the high value of this indicator. According
to this indicator, Denmark ranks 10th among all the indexed countries. The PSO levy
contributes to this as a tool to support the development of RES in a clear, comprehensible
and targeted manner.

The energy equity indicator exceeded the initial level over 2000-2020 and Denmark
was ranked as the 15th country (Table 2) among all the indexed countries. Stable access
to electricity and electricity prices allowed Denmark to maintain such a position. The
indicator remained rather stable throughout the period covered. The PSO levy had an
effect on this indicator only in regard to the increase in the electricity price for the final
consumers.

According to the energy security indicator, Denmark holds a very high position of
fourth place (Table 2). The increasing diversity of power generation sources and import
independence are the main reasons for such a result. The indicator followed an inverse
U-shaped trend throughout 2000-2020, with a peak in 2012. This indicator is highly
influenced by the PSO levy through RES and decentralized production support measures.

5.5. Lithuania

Lithuania is endowed with limited energy sources and is quite dependent on energy
imports [177]. For decades, Ignalina NPP was the main source of electricity in the country.
When Lithuania joined the EU, it was agreed on the closure of Ignalina NPP and complete
shutdown took place in 2009 [175,179]. Thus, almost overnight, Lithuania transitioned
from a large exporter of electricity into a country that imported 70% of its electricity from
Russia [180,181]. The increasing importance of the imports” diversification and energy-mix
diversification led to further initiatives to support the RES and interconnections with such
countries as Sweden and Poland. The major facts on Lithuania are provided in Figure 18.

LITHUANIA

POPULATION, MLN

AREA, SO.KM.

GOP, EUR, BILLIONS, 2013
GOP PER CAPITA IN PPS, 2019
GDP GROWTH, %, 2019

Figure 18 Stylized facts about Lithuania (designed by the authors, based on [86,99,100]).

Streimikiene, Burneikis and Punys [182] discussed which RES would be most suit-
able to replace the shutdown nuclear power plant. Later on, Gaigalis and Katinas [183]
reported that, in 2015-2020, energy consumption increased around 1.3 times, whilst wind
energy production increased 2.5 times, biogas energy 2.8 times, and the total emissions
of greenhouse gasses decreased by 3% and air pollutants by 23% in Lithuania. Galinis
et al. [184] examined the implications of gradual and delayed carbon price increases in the
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four Baltic Sea region countries in the context of energy security. The latter study noted
that the Lithuanian local generation is deeply diversified both in terms of power plants and
primary energy resources, including gas, wind, biomass and municipal waste as the main
ones. From 2030, the contribution of wind energy is projected to be significantly higher,
and the growing share of domestic energy resources (wind, solar, biomass) in total primary
energy consumption has a very positive impact on energy security.

Although the Lithuanian electricity system still belongs to the Integrated,/ Unified
FPower System (IPS/UPS), along with Russia and Belarus, electricity connections with
Poland and Sweden contribute to the country’s energy security [149]. Swvedas [185] examined
the possibilities for Lithuania to no longer be an energy island and emphasized that the
Swedish—Lithuanian NordBalt conpection and LitPolLink conmection between Lithuania
and Poland create a major change on the geo energy map in the Baltic Sea region. This
was confirmed by Pikéryté, Magylis and Povilaitis [186], who examined Lithuania's energy
strategy in the European context.

Electricity connections with other countries are an important aspect of Lithuania’s
energy security and are partly financed by the PSO levy fund (Table 6). In addition, Pérex,
Scholten and Stegen [157] argued that Lithuania’s determination and policies leading
to disconnection from the IPS/UPS and synchronization with European networks will
further increase the country’s energy security. Blakauskas, Wiodarski and Paulauskas [1585]
studied offshore wind energy development in Lithuania among other South-East Baltic
countries and also highlighted the importance of the electricity connections for wind
energy development.

As of 2016, wind energy accounted for the largest share of RES (54%) in Lithuania,
followed by hydropower (22%), even though ther is a lack of marine technologies in
Lithuania. Bicenergy (21%:) came next [189]. Klevas, Bobinaite, Maciukaitis and Tarvy-
das [19] examined RES (wind energy) support measures and policies in Lithuania and
noted that support from structural funds should be used in the short term. A feed-in tariff
was also mentioned as an effective support tool allow ing the maintenance of the competi-
tiveness of the wind energy in the market. Improvements in the energy infrastructure were
also discussed asa E‘rereq.lisite for further development of the RES in Lithuania

According to Streimikiené, Strielkowski, Bilan & Mikalauskas [191], Lithuania shows
the lowest energy and carbon intensity of all economies, as well as specific branches of the
economy, the highest energy import dependency, and its share of RES in final energy is
above the EU-28 level (and has increased by approximately 70% since 2004). In addition,
the country needs mome policies to increase the energy efficiency and use of RES, and to
increase the diversification of the fuel mix. The support provided by the PSO levy fund to
certain energy segments contributes directly or indirectly to many of the aforementioned
issues (Table 6).

Lithuania is yet another EU country where the P50 levy is applied and paid for by
all electricity consumers. In Lithuania, the PSO levy has been applied since 2004 [192].
In 2005, the PSO levy accounted for 10% of the retail price, 20% in 2013 and 10% again
in 2021 [192] The Energy Ministry of Lithuania me quires electricity suppliers to purchase
electricity from RES on a mandatory basis if the electricity consumer delivers a request [51].
Electricity producers providing P30 in the energy sector receive a fixed tariff for each unit
of electricity produced and supplied [193].

The purpase of supplying PS0 is to implement the strategic goals of the Lithuanian
energy, economic and environmental policy, respecting the interests of all electricity con-
sumers [194]. Lithuanian PSO can be used to finance the optimization, development and,/or
reconstruction of power networks implemented by the power network operators in order
toensure the development of production using renewable energy. This service is provided
by operators of the transmission system and of distribution networks [154]. Table 6 shows
a detailed overview of the stakeholders that the PSO levy is supplied for in Lithuania.
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Table 6. Distnbubion of Lithuaman PS0 levy (created by the authors, based on [194]).

Nr

PSOs Description

L Production of renewable energy (RE) and balandng

The PSO includes production of electricity using renewable energy and
it= balancing

Includes production of dectricity in the thermal mode at combined power and
thermal production cycle plants, wheneby these power plants supply heat to

2 Efiactive production at thermal power plants the heat supply systems and the quantity of primary energy saved is such as.

to ensum that the overall production of heat and electricity can be
considensd effective

3 Assurance of safety of power supply and of sysem menves

Includes production of electricity in spacified power plants, wheme production
of electricity § ry in order the security of slectricty supply
and the reserves of the eledricty system in specfied power plants whose
operation is necessary to ensure the national energy sscurity

Indudes development of electrid luction capadities that are of strategic

4 Strategic electricity production projects importanae for the safiety and meliability of the operation of the electriciny

sy shemn and/or for the assurance of the national energy security

e

Strategic infrastructure projects

Includes implementation of strategic power scrtor projects conneced with

improvement ofenergy sscurity by providing connecting lines with power

=ysiems of other countries and for conmecting Lithuanian power systems with
power systems of other Member Sties

A Ignalina NFP Decommissioning Fund

Includes assurance of the saiety of operation of energy sites and handling of
radicactive wasie

Includes connection of nenewable energy soures to power networks. This

Connection of RE to power networks service is provided by operators of the ransmission system and of

distribution nefworks

Includes optimization, development and)/ or reconstruction of power
networks implemented by the power network operabors in onder o ensure

Metwork development due o BE development of production using renewabls energy, and this servie is

provided by op of the transmission srstem and of distribution
retwarks

The P50 is set every year by the National Energy Regulatory Council (NERC) and
is published on its website. The NERC also annually determines the projected electricity
market price, which is used to determine the PSO budget [194], and the legal basis and
scope of the PS0O ae determined by the national government. The PS0O levy is administered
and distributed by the state-owned company Baltpool [195] according to the guidelines.
Appendix C shows how the funds collected from the PSO levy are distributed to the various
RES. Emergy production from RES is supported through the PS0 and, in 2018, for example,
this support amounted to EUR 84.4 million [156].

Wind energy is the most developed in Lithuania and its capacity has increased around
2.8 times during 2011-2018 (from 191 MW to 532 MW), which cormesponds to the average
annual growth of 17% (Table 7). In second place is hydro power, although it has maintained
a slight upward trend (from 126 MW in 2011 to 128 MW in 2018). The hydro power
capacities changed the least among other types of energy (by 0.22% per year). Solar and
biomass showed similar installed capacity for 2018, although the growth rates for these
technologies were 47% per year and 13% per year, respectively However, the steepest
increase in the installed capacity of the sclar power plants was observed in 20112013,
when the capacity increased from 1 MW to 69 MW and only a slight growth was noted in
2013-2018 (from 64 MW to 72 MW). Biogas plant capacity increased from 14 MW in 2011 to
38 MW in 2018 at the annual grow th rate of 16%.. These figures are more or less in line with
the share of PSO levy allocated to RES—EUR 26.99 million in 2011 and EUR 114.217 million
in 2018 (Appendix C).
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Table 7. Installed capacity of RES power plants in Lathuania during 2011-2018, MW {designed by the
authors, based on [196]).

Energy Type 201 248 Rate of Growth, % Per Year
Bicgas 14 38 lew
Biomass 2 65 127
Hydro 126 128 02
Solar 1 72 473
Wind 19 532 16.3

Mote: the stochastic rae of growth is given,

Looking at the change in the PSO levy from 2010 to 2020 (Appendix C), several trends
can be seen: it increased during 2011-2014 and decreased during 2014-2020. This can be
partly explained by the fact that the funds from the PSO levy fund ame being virtually
allocated only to RES, eliminating all other areas of support It can also be noticed that
the funds allocated for electricity generation at the Lithuanian power plant had been in
effect until 2015 and the reserves at the Lithuanian power plant were financed until 2018
This part of the support relates to the security of supply. According to the National Energy
Regulatory Council [197], the components of electricity prices in Lithuania in 2021 are:
purchase price (37%), TS0 (10%), transmission (65), system services (7%}, public supply
(3%), distribution of medium voltage (11%), distribution of low voltage (25%), additional
component (1%). A PSO contribution of 10%: to the final electricity price is rather usual in
the European Union context.

In 2021, the average electricity price for household customens amounted 011,393 eurocent,/KWh,
of which 1124 cent was the PSO levy [197]. At the EU level, the final electricity price for
Lithuanian households (Figure 16) is lower than the EU, with only six countries showing
lower prices. All surcharges and VAT account for no mone than 25% of the final electricity
price, and the PSO levy is around 10%: of the final electricity price. Thus, the PSO levy does
not cause a significant increase in the final price of electricity in Lithuania.

Lithuania holds 16th {Although Lithuania ranks 16th in the 2020 Energy Trilemma
rating, in reality, the country ranks 19th, with Austria and Finland sharing 4th place, France
and the United Kingdom in 5th place and Luxembourg also in 16th place. Therefore,
Lithuania ranks 16th, but it actually holds 19th position.) place according to the Energy
Trilemma index among the 108 (Although there are 108 places in the Energy Trilemma
ranking, Austria and Finland are in 4th place, France and the United Kingdom are in 5th
place, Lithuania and Luxembourg are in 16th place, Belgium and Slovakia are in 20th place,
Iceland and Latvia are in 22nd place, A ustralia and Romania 25th, Argentina and Malta
3th, Costa Rica and Hong Kong 34th, Azerbaijan and Barbadoes 36th, Kazakhstan and
Peru 42nd, Albania, Panama and Venezuela 43th, China and Saudi Arabia 55th Paraguay
and Turkey 58th place, Montenegro and Oman 59th place, Mauritius and Serbia 60th place,
Jamaica and Morocoo 73rd place, Honduras and Sri Lanka 75th place, Jordan and Moldova
£4th place and Kenya and Myanmar $%th place, so there are 128 countries in the overall
ranking.) indexed countries. The country shows stable performance according to all three
indicators (with certain exceptions for the energy security component) and has prospects
for improving them. The country’s performance according to the three indicators is shown
in Figure 19.

The environmental sustainability indicator slightly increased before declining in 2012
Afterwards, it recovered and remained below the initial level in 2020. In terms of the
environmental sustainability indicator, Lithuania was assigned the value of 79.2 points
{out of 100) and ranked as the 16th country among all the indexed ones. The decline in
the indicator in 2012 may be related to the closure of the nuclear power plant and the
increasing use of fossil fuels in power generation. In 2019, Lithuania presented a new RES
suppaort strategy and, in 2020, the National Energy and Climate Plan was approved, whene
ambitious goals for reducing COh emissions and increasing the use of RES werme set. In
addition, the National Independence Strategy was approved in 2018. The latter strategy
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envisaged the goal of securing B0%. of the energy demand from non-polluting sources
and 100% of the electricity demand from domestic sources of energy by 2050. Therefore,
this indicator is expected to improve in the future. Moreover, 700 MW of offshore wind
farms are planned to be built by 2030. A permanent part of the P50 levy devoted to
the development and maintenance of RES (Appendix C) undoubtedly contributes to the
improvement of this indicator.

R S i ¥ R . e At T S S R e S -
o & & - L e
e St SR o Sl !

-# Energy Security == Energy Equity -8 Environmental Sustainability

Figure 19 Trends of the components of the Enengy Trilemma Index for Lithuania, 2000-2020 (based
om [198]L

The energy equity indicator remained relatively stable between 2000 and 2020 and
very close to the 2000 indicator level, except for the period 2006-2010, when the indicator
fell due to higher electricity prices. Follow ing the year 2018, the indicator improved quite
robustly. Among all countriesevaluated by the index, Lithuania ranks 18th by this indicator,
with 95.7 points out of 100 (Table 2). The inclusion of the PSO levy in the price of electricity
increases the final price of electricity for consumers, and thus affects the value of this
indicator. The indicator of access to electricity remained stable as Lithuanian residents have
long had proper access to electricify and it is only possible to improve the infrastructure of
the electricity system.

According to the energy security indicator, Lithuania was assigned a score of 60.9
out of 100 and ranked as the 43rd country, which is a fairly average result. In 20002020,
several trends can be seen: the increase in 2004, a downturn trend for 20042012 and a
rebound for 2012-2020. Again, the impact of the closure of the nuckar power plant is
evident Such projects as the country’s energy systems’ synchronization with European
systems, a new electricity connection with Poland (Harmony Park, 700 MW) and other
infrastructure projects will significantly improve the energy security performance in the
near future, Important strategic projects (Table 1) supported by the PSO levy contribute
to the improvement of this indicator. PSO levy support for RES also contributes to energy
security by increasing the diversity of electricity generation. The impact of the P50 levy on
energy security and the Energy Trilemma Index as a whole is discussed in Table &
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6. Conclusions

This paper assessed the theoretical preliminaries and empirical cases of the PSO levy
in selected EU countries. The cases of Denmark, Greece, Ireland and Lithuania were
considered for a more detailed analysis. Such an approach allowed us to identify the major
challenges and possibilities for improvement of the PSO levy.

The four countries considered in the analysis are diverse in terms of their energy
infrastructure, development level, economic development level and geographical and
geopolitical situations. The case of Denmark shows that a major breakthrough has been
achieved in the sense of the energy transition via the support under the PSO levy; yet this
measure is to be abandoned due to economic considerations, among other reasons. Ireland
is still on a similar pathway of promoting renewables via the P3O levy. For such countries
as Gmeece and Lithuania, the development of the energy infrastructune is important due
to the geopolitical situation. The PSO levy is likely to persist in such cases for a longer
time in order to ensure the modernization of the energy systems there. In erms of the
4As (affordability, availability, acceptability and accessibility), we showed that the PSO
levy affects different sets of the four dimensions depending on the country-specific policy
measures supported by the levy. Analysis of the literature and case studies also confirmed
that PSD supports (directly or indirectly) energy security.

The PESTEL approach can be applied to provide a comprehensive description of the
effects of the PS0 levy: Taking the political dimension into account, the PSO levy is always
a political instrument, both in terms of determining what the P50 is and its level. This
always requires the identification of clear energy policy priorities, decisive actions, clear
masoning and support from public authorities and the European Commission. Obw iously,
the PSO levy is strongly expressed in the economical dimension. It acts as the tax increases
the price of electricity for the final consumer, but, at the same time (following the example
of Greece), may act as a cross-subsidy measure for valnerable groups. Moreover, PSO levy
support is allocated to producers of electricity from RES, which makes it easier for them
to do business and encourages them to do so. In the long run, support for RES and the
transition to sustainable and clean energy will contribute to a healthier society and nature,
thus offering vast benefits for health and environmental protection. This is also related to
the social dimension. The best example of PSO levy support in the social dimension can
be seen in the Greek support mechanism, which finances electricity for vulnerable groups
and residents of Non-Interconnected Islands. Turning to the technological dimension, PSO
support has an impact on technological progress. Taking Denmark as an example, research
and development are directly supported in order to improve energy efficency. All countries
directly or indirectly support RES energy, which always uses the latest technologies. In
Lithuania and Greece, support is provided for large infrastructure projects, which also
always require the latest technological solutions and insights. The environmental dimension
is also relevant to the PSCtbased policy. Taking the four countries analyzed as examples, all
countries directly (Ireland, Denmark, Lithuania) and indirectly (Greece) support electricity
generation from RES, which supports the development of the sustainable energy sector.
The legal dimension is also of crucial impaortance in the PSO levy context. In the countries
applying the PSO levy, legal discourses often arise regarding the legality of PSO kevy
support, and its directions, as this creates conditions for distorting competition in the
(regulated) electricity market. Such disputes arose in all the countries examined, and
Denmark even plans to stop applying the PSO levy from 2022 for this reason. Therefone,
when applying a PSO levy, the country must communicate the entire support mechanism
to the public in a clear, detailed and transparent manner, and cobtain the approval of the
European Commission in the case of EU countries.

PS50 levy support is not the only policy instrument that can be applied for the develop-
ment of energy systems. Many countries also intervene in the electricity tariff by imposing
additional taxes. The tax revenue can be used for measures melated to the security of supply,
RES development or other important services or projects that meet the definition of public
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service. Therefom, if the countries did not apply a PSO levy, they would simply use another
form of levy or a different support mechanism (Le., funds directly from the state budget).
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Appendix A

Table Al. Definitions of the public service obligation.

Reference

Definition

[199]

“Manber States may impose on wndertakings operating in the deciricily sector, in the general economic inleres!, public sermice
obligations which may relate to security, induding sequrity of supply, regularity, quality and price of supplies and envirarmentd
protechion, induding energy effidency and ciimale profection. In relalion fo securidly of supply, energy effidency/demand-side
managemen! aed for the felfilment of environ mental goals, as referred 2 toin this paragraph, Member States may inirodice the
implementation of lmg-lerm planning, laking into account the possibility of tird part ies seeking access fo the syslem”.

[95]1

" Pubic Serpice Obligation-In this contedt, 15 a levy impaosed by the Govenmment on sane or all fiel dedricily ousiomers 1o recover
the addiional cosls assodaled with eledrialy from speafied saurces of generatin- including suslanable, renewpable and mdigenos
sources”.

[200]

“In the contex! of Exropean Union law, a pulblic sormice obligation or P50 means an obligation imposed on an organization by
legislation or contract lo provide @ service of general inerest unthin the Evropean Union territaries. PS0s may operate in any fleld
of public serwice, bt postal services, sodal sermices, energy, (ransport aud bmking are idert ified as spedfic sectors where the
concepl is relevant”.

[201]

“public service means the guaranteeing, trowgh regulalory standards, mezsires or requirements, of levels of comsmer or
enmironmentd profection thal might ctheruise nol be mantaned trowgh the ample operation of the marke! mechan ism”.

Appendix B

Table A2. Definitions of energy security.

Reference

D firvi bt

[202]

“defines energy security as the wnintermipted aoailabdity of energy sowurces al an affordable price. Energy security las many
aspects long-term energy securily mainly deals with timely mvestments fo supply energy in line with econamic developmenls and
environmen tal needs. On the other hared, shori-tenn energy securily foaeses on the abidity of the energy system lo read prompily fo

awdden changes in the supply-demand balance”.

[203]

“defines energy seairity as the ability of an sconomy 1o
guarantes the avaleblidy of energy resowrce supplyin @ suslanable aud
timdy manner with the energy price baing al a level that ull not
wdversely affect the economic perfrmance of the economy”™.

[204]

“is the reiable, stable and sustainable suppy of energy al affordable prices and sodal costs”.

[205]

“For imporiers energy securily means sequrily of supply (that is susainabilily of socess 1o energy resources), pursudl of diversified
sources of supply, suppiers and roules of supply lo minimze nisks and melnerabililies stemming from any kind of dependence, af
compehifive prices and wil hou! harming the evaironment .
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Appendix D
P50 levy support mechanism and
supported technologies
‘ AER | | REFIT1 ‘ REFIT2 | | REFIT3 ‘
o -
. — .// e

‘ Wind ‘ ‘ Biomass | | Hydra | | AD (non CHP) =500 kWe

‘ Hydro | | Landfill | | AD (non CHP) €500 ke
‘ Landfill | l Large Wind I l AD CHP > 500 kWe ‘
Large Wind | small wind | l AD CHP £ 500 k'We ‘

Biomass CHP < 1500 kWe

Small Wind

Biomass CHP > 1500 kWe

Biomass Combustion
(non-CHP):
— Energy Craps
= Uther Biomass

Figure Al Irish PSO levy support mechamsm and supported technologes (ereated by the autheors,
based on [101])



108

AUTHOROGS PUBLI CATI

ONS COl

Eneries 2022, 15, 16 Wofds

Appendix E

low-voltage domestic I

low-voltage agricultural |

low-voltage commercial and
government

low-voltage industrial

low-voltage street-lighting

medium-voltage agricultural

medium-voltage commercial
and government

PS50 CATEGORIES:

medium-voltage industrial

high-voltage including PPC
lignite mines

hydroelectric pumping plants
{for power used for
pumping)

auxiliary power plant units
connected to the system (for
power consumed when the
plant is not delivering power
to the system)

Figure AL Payers of the PSO levy m Greece (designed by the authors, based on [129])
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