
VILNIUS GEDIMINAS TECHNICAL UNIVERSITY                  
LITHUANIAN CENTRE FOR SOCIAL SCIENCES 

Tomas KARPAVIĻIUS   

STATE ECONOMIC DECISIONS FOR 
ENERGY SECURITY 

DOCTORAL DISSERTATION 

SOCIAL SCIENCES,  
ECONOMICS (S 004) 

 

 

 

Vilnius, 2026 



 

The doctoral dissertation was prepared at the Lithuanian Centre for Social Sciences 

in 2021ï2025. 

Supervisor 

Dr Tomas BALEĢENTIS (Lithuanian Centre for Social Sciences, Economics ï 

S 004). 

The Dissertation Defence Council of the Scientific Field of Economics of Vilnius 

Gediminas Technical University and Lithuanian Centre for Social Sciences: 

Chairperson 

Prof. Dr Laima OKUNEVIĻIȉTǞ NEVERAUSKIENǞ (Vilnius Gediminas 

Technical University, Economics ï S 004). 

Members:  

Prof. Dr Astrida MICEIKIENǞ (Vytautas Magnus University, Economics ï 

S 004), 

Prof. Dr Habil. Andreea Claudia SERBAN (Bucharest University of Economic 

Studies, Romania, Economics ï S 004), 

Prof. Dr Rima TAMOĠIȉNIENǞ (Vilnius Gediminas Technical University, 

Economics ï S 004), 

Prof. Dr Manuela TVARONAVIĻIENǞ (Vilnius Gediminas Technical 

University, Economics ï S 004). 

The dissertation will be defended at the public meeting of the Dissertation Defence 

Council of the Scientific Field of Economics in the Aula Doctoralis Meeting Hall of 

Vilnius Gediminas Technical University at 9 a.m. on 6 February 2026. 

Address: Saulǟtekio al. 11, LT-10223 Vilnius, Lithuania.  

Tel.: +370 5 274 4956; fax +370 5 270 0112; e-mail: doktor@vilniustech.lt 

A notification on the intended defence of the dissertation was sent on 5 January 2026.  

A copy of the doctoral dissertation is available for review at the Vilnius Gediminas 

Technical University repository https://etalpykla.vilniustech.lt, the Library of Vilnius 

Gediminas Technical University (Saulǟtekio al. 14, LT-10223 Vilnius, Lithuania), 

and at the Library of Lithuanian Centre for Social Sciences (A. Goġtauto str. 9, LT-

01108 Vilnius, Lithuania). 

Vilnius Gediminas Technical University book No. 2026-001-M 

 

https://doi.org/10.20334/2026-001-M 

 

É Vilnius Gediminas Technical University, 2026 

É Tomas Karpaviļius, 2026 

tomas.karpavicius@evaf.vu.lt 



VILNIAUS GEDIMINO TECHNIKOS UNIVERSITETAS              
LIETUVOS SOCIALINIȍ MOKSLȍ CENTRAS 

Tomas KARPAVIĻIUS  

VALSTYBǞS EKONOMINIAI SPRENDIMAI 
SIEKIANT ENERGETINIO SAUGUMO 

DAKTARO DISERTACIJA 

SOCIALINIAI MOKSLAI, 
EKONOMIKA (S 004) 

 

 

 

Vilnius, 2026 



 

Disertacija rengta 2021ï2025 metais Lietuvos socialiniȎ mokslȎ centre.  

Vadovas 

dr. Tomas BALEĢENTIS (Lietuvos socialiniȎ mokslȎ centras, Ekonomika ï 

S 004). 

Vilniaus Gedimino technikos universiteto ir Lietuvos socialiniȎ mokslȎ centro 

Ekonomikos mokslo krypties disertacijos gynimo taryba: 

Pirmininkas 

prof. dr. Laima OKUNEVIĻIȉTǞ NEVERAUSKIENǞ (Vilniaus Gedimino 

technikos universitetas, Ekonomika ï S 004). 

Nariai :  

prof. dr. Astrida MICEIKIENǞ (Vytauto Didģiojo universitetas, Ekonomika ï 

S 004), 

prof. habil. dr. Andreea Claudia SERBAN, (Bukareġto ekonominiȎ tyrimȎ 

universitetas, Rumunija, Ekonomika ï S 004), 

prof. dr. Rima TAMOĠIȉNIENǞ (Vilniaus Gedimino technikos universitetas, 

ekonomika ï S 004), 

prof. dr. Manuela TVARONAVIĻIENǞ (Vilniaus Gedimino technikos 

universitetas, Ekonomika ï S 004). 

Disertacija bus ginama vieġame Ekonomikos mokslo krypties disertacijos gynimo 

tarybos posǟdyje 2026 m. vasario 6 d. 9 val. Vilniaus Gedimino technikos 

universiteto Aula Doctoralis posǟdģiȎ salǟje. 

Adresas: Saulǟtekio al. 11, LT-10223 Vilnius, Lietuva.  

Tel. (0 5) 274 4956; faksas (0 5) 270 0112; el. paġtas doktor@vilniustech.lt 

Praneġimai apie numatomŃ ginti disertacijŃ iġsiȎsti 2026 m. sausio 5 d. 

DisertacijŃ galima perģiȊrǟti Vilniaus Gedimino technikos universiteto talpykloje 

https://etalpykla.vilniustech.lt, Vilniaus Gedimino technikos universiteto bibliotekoje 

(Saulǟtekio al. 14, LT-10223 Vilnius, Lietuva) ir Lietuvos socialiniȎ mokslȎ centro 

bibliotekoje (A. Goġtauto g. 9, LT-01108 Vilnius, Lietuva). 
 

 

https://etalpykla.vilniustech.lt/


 

v 

Abstract 

This doctoral dissertation examines the role of national economic decisions in 

shaping a countryôs 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, this research adopts a broader, policy-oriented perspective, 

viewing it as a result of strategic public interventions, regulatory choices, and eco-

nomic planning.  

The dissertation develops an integrative framework to evaluate energy secu-

rity outcomes, drawing on a combination of methodological tools: indicator-based 

assessment, policy content analysis and multi-criteria decision-making (specifi-

cally, the Kernel-based Comprehensive Assessment (KerCA) method). Four peer-

reviewed journal articles form the empirical backbone 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, analysed in the context of European 

Union (EU) climate and energy policy. A composite index was constructed to 

measure national progress across key dimensions of energy security ï namely, 

reliability, affordability, accessibility, and environmental sustainability ï while 

also classifying 65 indicators by their sensitivity to government 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 First Chapter presents a literature review of the concept, definitions, di-

mensions, and 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 (PSO) levy mechanism, development of a national energy and 

climate policy achievement index and the application of the Kernel-based Com-

prehensive Assessment (KerCA) method for the comparative evaluation of EU 

countries. The Third Chapter presents empirical results: classification of electric-

ity sector indicators by their sensitivity to public policy, a comparative analysis of 

PSO levy mechanisms, national index results for Lithuania, and a multi-criteria 

assessment of EU countries. The chapter concludes with a synthesis 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 design with measurable energy 

security outcomes. Ultimately, this research strengthens the evidence base for de-

signing robust, future-proof energy policies in times of uncertainty and transition. 
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Reziumǟ 

Ġi daktaro disertacija nagrinǟja nacionaliniȎ ekonominiȎ sprendimȎ vaidmenǱ for-

muojant valstybǟs energetinǱ saugumŃ, ypatingŃ dǟmesǱ skiriant elektros energijos 

sektoriui. Nors energetinis saugumas daģnai analizuojamas per fizinio tiekimo ir 

infrastruktȊros prizmň, ġiame tyrime taikomas platesnis, Ǳ politikŃ orientuotas po-

ģiȊris ï energetinis saugumas vertinamas kaip strateginiȎ valstybǟs intervencijȎ, 

reguliaciniȎ pasirinkimȎ ir ekonominio planavimo rezultatas. 

Disertacijoje sukurtas vertinimo modelis, leidģiantis Ǳvertinti energetinio sau-

gumo rezultatus, taikant keliȎ metodȎ derinǱ: rodikliȎ analizň, politikos turinio 

analizň ir daugiakriterǱ vertinimŃ ï branduolio pagrindu sukurtŃ kriterijȎ agrega-

vimo metodŃ (KerCA). EmpirinǱ tyrimo pagrindŃ sudaro keturi recenzuojamuose 

ģurnaluose publikuoti straipsniai, nagrinǟjantys skirtingus, taļiau tarpusavyje su-

sijusius valstybǟs Ǳtakos energetiniam tvarumui ir atsparumui aspektus. 

Tyrimo objektu pasirinkta Lietuva, analizuojama Europos SŃjungos (ES) kli-

mato ir energetikos politikos kontekste. Sudarytas sudǟtinis indeksas nacionalinei 

paģangai Ǳvertinti pagal keturis pagrindinius energetinio saugumo aspektus ï pa-

tikimumŃ, prieinamumŃ, ǱperkamumŃ ir aplinkosauginǱ tvarumŃ. 65 rodikliai su 

klasifikuoti pagal jȎ jautrumŃ valstybǟs politikai. Disertacijoje taip pat pateikia-

mas keturiȎ ES valstybiȎ vieġuosius interesus atitinkanļiȎ paslaugȎ mokesļiȎ 

schemȎ lyginamasis vertinimas, atskleidģiantis, kaip skirtingi politikos modeliai 

veikia energijos kainas, investicijas Ǳ infrastruktȊrŃ ir sektoriaus stabilumŃ. 

Pirmajame skyriuje pristatoma literatȊros apģvalga, analizuojanti energetinio 

saugumo sampratŃ, dimensijas, rodiklius ir valstybǟs vaidmenǱ uģtikrinant ener-

getinǱ saugumŃ. Antrajame skyriuje apraġomas tyrimo metodologinis pagrindas: 

rodikliȎ klasifikacija, vieġuosius interesus atitinkanļiȎ paslaugȎ (VIAP) mokes-

ļiȎ analizǟ, nacionalinǟs energetikos ir klimato politikos paģangos indekso suda-

rymas bei KerCA metodo taikymas ES ġaliȎ lyginamajam vertinimui. Treļiajame 

skyriuje pateikiami empiriniai rezultatai: elektros sektoriaus rodikliȎ klasifikacija 

pagal jautrumŃ valstybǟs politikai, VIAP mechanizmȎ lyginamoji analizǟ, Lietu-

vos nacionalinio indekso Ǳverļiai ir daugiakriteris ES ġaliȎ vertinimas. Skyrius 

uģbaigiamas sinteze, atskleidģianļia valstybǟs ekonominiȎ sprendimȎ poveikǱ ke-

turioms pagrindinǟms energetinio saugumo dimensijoms. 

Disertacija prisideda prie mokslinǟs literatȊros, pasiȊlydama taikomŃ verti-

nimo metodikŃ, kuri sieja politikos formavimŃ su iġmatuojamais energetinio sau-

gumo rezultatais. Atliktas tyrimas sustiprina empirinǱ pagrindŃ kuriant tvirtas,  

ateiļiai atsparias energetikos politikos priemones neapibrǟģtumo ir transformaci-

jos laikotarpiu.
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Notations 

Abbreviations 

PSO ï Public Service Obligation (liet. Vieġuosius interesus atitinkanļios paslaugos) 

RES ï Renewable Energy Sources (liet. Atsinaujinantys energijos iġtekliai) 

GHG ï Greenhouse Gases (liet. ĠESD ï Ġiltnamio efektŃ sukelianļios dujos) 

NECP ï National Energy and Climate Plan (liet. Nacionalinis energetikos ir klimato 
planas) 

NESS ï National Energy Security Strategy (liet. Nacionalinǟ energetikos saugumo strate-
gija) 

EU ï European Union (liet. Europos SŃjunga) 

MCDM ï Multi -Criteria Decision Making (liet. daugiakriteris sprendimȎ priǟmimo 
metodas) 

DEA ï Data Envelopment Analysis (liet. DuomenȎ gaubtinǟ analizǟ) 

STAMP ï Sustainability Assessment Methodology Principles (liet. tvarumo vertinimo ir 
matavimo principai) 

OECD ï Organisation for Economic Co-operation and Development (liet. Ekonominio 
bendradarbiavimo ir plǟtros organizacija) 

KerCA ï Kernel-based Criteria Aggregation (liet. Branduolio pagrindu sukurtas kriterijȎ 
agregavimo metodas) 
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Introduction 

Problem formulation  

Despite ambitious goals set by the European Union (EU) in energy security, re-

newable energy (RE) development, and climate change mitigation, the effective-

ness of national governmentsô energy policy implementation remains varied and 

ambiguous (European Commission, 2011; Council of European Energy Regula-

tors, 2018). 

Assessment of these decisions is 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 promotion. Methodological 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, 2012). 

The level of energy security depends largely on a countryôs economic deci-

sions ï public investment, regulatory policy, financial support mechanisms (PSO 

levy), and innovation promotion (Cherp & Jewell, 2014; OECD, 2020). However, 

a systematic approach is still lacking in the literature on how these decisions affect 
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the different dimensions of energy security ï reliability, accessibility, sustainabil-

ity, and acceptability. In addition, a gap exists between national decisions and the 

implementation of the EUôs common energy and climate strategy (Reddy, 2015). 

This problem becomes even more relevant in light of external shocks ï geo-

political instability, energy price spikes, fluctuations in commodity markets, and 

the challenges of transitioning to a more sustainable energy system. It is therefore 

necessary to conduct a consistent and systematic analysis of how different eco-

nomic and political measures affect energy security and of the assessment meth-

odologies that allow this impact to be measured objectively at the national level 

(Gibellato et al., 2023; Ko­aslan, 2020). 

Relevance of the dissertation  

Ensuring energy security has become a top priority in the context of current geo-

political challenges, accelerating climate change, unstable energy markets, and 

the EUôs green transformation goals. Although EU strategies set the general di-

rection, the implementation and effectiveness of energy security measures largely 

depend on national-level economic decisions taken by governments, such as fi-

nancial support mechanisms, regulatory interventions, public investment, and 

strategic planning. 

Lithuania, like other EU member states, faces a dual challenge: reducing its 

dependence on energy imports while transitioning to a resilient, low-carbon en-

ergy system. Despite the importance of this issue, scientific research still lacks a 

comprehensive approach that would link national economic decisions to clearly 

measurable 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 in the context of the EU, the dissertation proposes 

a new approach to how national policy, including composite energy security as-

sessment indicators, public service obligation (PSO) levy mechanisms, and pro-

gress assessment methods, can be systematically evaluated 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 presented may be useful to policymakers, regulators, energy planners, and 

international institutions seeking to base energy decisions on evidence and man-

age energy transformation effectively under security conditions. 
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Research object 

The research object of the dissertation is the national economic policy and its im-

pact on energy security. 

Aim of the dissertation  

The dissertation aims to assess the impact of national economic decisions on na-

tional energy security. 

Tasks of the dissertation  

The following tasks have been formulated to achieve the aim: 

1. To analyse the concept of energy security, dimensions, and assessment 

methods, emphasising 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). 

2. To examine the impact of the public 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 policies ï an index integrating key indicators of energy 

security and sustainable energy development ï and 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 EU countries in imple-

menting energy and climate strategy objectives, to place Lithuaniaôs 

results in a broader context, and evaluate policy effectiveness by ap-

plying the multi-criteria decision-making (MCDM) methodology in an 

international context. 

5. To formulate recommendations on improving government economic 

decisions with a view to strengthening energy security while transi-

tioning to a sustainable energy system. 
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Research methodology 

Several research methods are applied in the dissertation, including scientific liter-

ature analysis, quantitative evaluation models, composite indicator construction 

and public policy instrument analysis. The research is based on four peer-re-

viewed journal articles that employ different methodological approaches, adapted 

to the Lithuanian case within the context of the EUôs energy policy. The main 

methods used are: 

ī Composite indicator construction ï used to evaluate progress in energy 

efficiency, RE development, and greenhouse gas (GHG) reduction. Indi-

cators were selected based on EU and national goals and STAMP princi-

ples. Normalisation, weighting, and short-term forecasting techniques 

were applied. 

ī Indicator classification and systematic analysis ï 65 energy security in-

dicators most relevant to the electricity sector were selected from more 

than 300. These were assessed based on their direct or indirect relation-

ship with state economic decisions, such as subsidies, regulation, and 

pricing. 

ī PSO levy mechanism analysis ï a comparative analysis of four countries 

(Lithuania, Ireland, Denmark, and Greece) was conducted, assessing how 

public service obligation (PSO) levy measures affect energy prices, sup-

ply stability and support sustainability. The analysis integrated quantita-

tive data on tariff changes and qualitative evaluations. 

ī Multi -criteria analysis (MCDM) ï the KerCA method (Kernel-based 

Comprehensive Assessment) was applied to evaluate the progress of EU 

countries in implementing the Europe 2020 climate and energy targets, 

considering the level of achievement and excess. This method helped as-

sess the progress and identify 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 sources ï Eurostat, ENTSO-E, national strategies 

and legal acts. The analysis period was 2010ï2021. 

The applied methods were supplemented by synthesis and generalisation to 

integrate the conclusions of the four individual studies into a unified analytical 

model. Although some methods (like 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 ï it is the result of economic policy. Government actions ï 

subsidies, regulation, investment, and evaluation mechanisms ï form a systemic 

network of influences that determine technological change, market reactions, and 

consumer behaviour. Based on a case study of Lithuania, a sound model has been 

developed for quantitatively assessing this impact. This idea ï that energy security 

is a demonstrably measurable result of government actions ï is the main contri-

bution of this dissertation to science and policymaking. 

The dissertation develops a new integrated model for assessing national en-

ergy security that links the stateôs economic decisions to energy security indica-

tors relevant to the sector. The model covers the main areas of energy policy: the 

promotion of RE sources, increasing energy efficiency, price regulation, and in-

stitutional governance and their direct and indirect impact on the functioning of 

the electricity sector at the national level. 

The proposed model extends the applicability of composite 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 systematised by their sensitivity to public 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 dissertation is reinforced by the applica-

tion of the multi-criteria analysis method KerCA (Kernel-based Comprehensive 

Assessment), which allows the progress of EU countries to be assessed not only 

in achieving climate and energy targets, but also in exceeding them. In addition, 

a comparative methodology for evaluating public service obligation (PSO) levy 

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 

evidence-based energy 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 provide policymakers with practical tools to assess and 

strengthen local, national, and regional energy security through data-driven 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 objectives and national priorities. Beyond 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 decision-support tool to evaluate the effects of regulatory 

measures, subsidies, taxes, and investment programs on key energy security di-

mensions. The modelôs structure allows for continuous policy evaluation and sce-

nario testing, helping to identify areas requiring 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 contribute to improving 

transparency and accountability in public policy by linking measurable indicators 

with specific government actions and outcomes. In practical terms, this frame-

work provides a foundation for evidence-based policymaking and can guide the 

formulation of sustainable, resilient and cost-effective energy strategies, both in 

Lithuania and other EU member states facing similar challenges of balancing en-

ergy transition, security, and affordability. 

Defended statements  

1. National economic decisions, such 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 an effective tool for assessing na-

tional energy security levels and progress towards EU energy 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 countriesô progress in the areas of climate 

and energy, including structural differences. 
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5. An integrated assessment model based on policies and indicators 

strengthens evidence-based management and helps to shape a more 

coherent national energy security policy in the context of the EUôs 

green course and external shocks. 

Approval of the research findings 

The research results were published in four scientific articles in peer-reviewed 

scientific journals indexed in the Web of Science database with impact factors. 

The author has delivered two presentations at two international scientific 

conferences: 

ī 31st RSEP International conference on Economics, Finance, and Busi-

ness, 2023, Paris (France);  

ī VI International Science Conference SER 2023 ñNew Trends and Best 

Practices in Socioeconomic Researchò, Igalo (Herceg Novi), Montene-

gro. 

Structure of the dissertation  

The dissertation consists of an introduction, an analytical literature review, a re-

search methodology, empirical results with synthesis, general conclusions, refer-

ences, the authorôs four scientific articles, and a summary in Lithuanian. 

The dissertation consists of 195 pages, four figures, 14 tables and 207 refer-

ences. 
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1 
Analytical literature review  

on energy security 

This chapter outlines the results of the literature review conducted for the four 

peer-reviewed articles (Karpavicius & Balezentis, 2021; Siksnelyte-Butkiene 

et al., 2022; Karpavicius, Balezentis & Streimikiene, 2025; Siksnelyte-Butkiene 

et al., 2024). These articles served as the basis for a structured analysis of the ac-

ademic and policy-related literature, focused on the multidimensional concept of 

energy security, the role of national economic decisions, 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 ambiguously in international litera-

ture ï it is shaped by various economic, political, technological, and environmen-

tal factors. Over several decades, the understanding of the concept has evolved 

from a narrow notion of security of supply to a complex, multidimensional cate-
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gory encompassing both physical and economic, political, and environmental se-

curity of energy supply. In early 20th-century concepts, especially after the 1973 

oil crisis, energy security was associated with diversifying energy imports and 

accumulating reserves (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 ensuring a sustainable, reliable, and affordable energy supply, consid-

ering geopolitical, environmental, and socioeconomic factors (Cherp & Jewell, 

2014). 

The main energy security definitions are provided in scientific sources (Ta-

ble 1.1). In summary, energy security is a stable and reliable supply of energy at 

affordable prices. 

Table 1.1. Definitions of Energy Security (Source: Karpaviļius & Baleģentis, 2021) 

Reference Definition 

International Energy 

Agency, 2021 

ñdefines energy security as the uninterrupted availability of 

energy sources at an affordable price. Energy security has 

many aspects: long-term energy security mainly deals with 

timely investments to supply energy in line with economic 

developments and environmental needs. On the other hand, 

short-term energy security focuses on the ability of the en-

ergy system to react promptly to sudden changes in the sup-

ply-demand balance.ò 

Asia Pacific Energy 

Research Centre, 2007 

ñdefines energy security as the ability of an economy to 

guarantee the availability of energy resource supply in a 

sustainable and timely manner, with the energy price being 

at a level that will not adversely affect the economic perfor-

mance of the economy.ò 

World Economic Fo-

rum, 2010 

ñis the reliable, stable and sustainable supply of energy at 

affordable prices and social costs.ò 

Proedrou, 2016 ñFor importers, energy security means security of supply 

(that is, sustainability of access to energy resources), pur-

suit of diversified sources of supply, suppliers and routes of 

supply to minimise risks and vulnerabilities stemming from 

any kind of dependence, at competitive prices and without 

harming the environment.ò 

 

These are not the only implications of energy security. The concept of energy 

security has many definitions. Winzer (2012) examined 36 different definitions 

and proposed understanding it as ñthe continuity of energy supplies relative to 

demandò, distinguishing it from other objectives, such as economic efficiency or 
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sustainability. Thus, energy security is often understood as supply security (M¬ns-

son et al., 2014). 

Energy security, as provided in Fig. 1.1, is closely related to national, envi-

ronmental, and economic security ï it is the point where they intersect (State of 

New Jersey Department 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 security is the control of economic vulnerability 

(TamoġiȊnienǟ & Munteanu, 2015). 

According to Cherp and Jewell (2014), energy security is assessed according 

to the 4A principle:  

affordability (low prices, subsidies, decentralisation, price stability, and pre-

dictability), accessibility (connection to networks, economic costs, and adminis-

trative and regulatory barriers), availability (security of supply, renewable 

sources, diversification, strategic energy reserves, and low import intensity), ac-

ceptability (sustainability, environmental impact, low carbon dioxide and other 

pollutant emissions, and public support for energy infrastructure projects). 

Stability (political and environmental changes (Hossain et al., 2016) and re-

liability (physical and cyber security and supply disruptions) are also mentioned 

(De Paoli & Sacco, 2011). 

 

 
Fig.1.1. Nexus of energy security and other dimensions  

(Source: Karpaviļius & Baleģentis, 2021) 



12 1. ANALYTICAL LITERATURE REVIEW ON ENERGY SECURITY  

 

Although the 4A dimensions are the most common in scientific literature, 

there are many 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 widely used models is the Energy Trilemma Index (Yang 

et al., 2023; World Energy Council, 2023), which covers three main dimensions: 

ī energy security ï reliability of energy source management and infrastruc-

ture; 

ī energy equity ï access to affordable energy for households and busi-

nesses; 

ī environmental sustainability ï clean energy production and reduction of 

environmental impact (Alola et al., 2023a). 

In the context of Japanese politics, the trilemma has been supplemented with 

a safety dimension to ensure comprehensive protection against accidents and dis-

asters; this fourth dimension was added after the Fukushima nuclear disaster 

(Hartwig et al., 2023). The combined model of dimensions is abbreviated as 

3E+S. 

Studies in China and West African countries highlight additional dimensions, 

such as energy use, economic performance, institutional quality, and diversity 

(Zhao et al., 2023; Tete et al., 2023). 

The Mexican case study highlights four dimensions: 

ī affordability (physical resources); 

ī applicability (impact of technology); 

ī acceptability (environmental impact); 

ī affordability (accessibility of services to the public) (Sanchez et al., 

2023). 

Other models also offer alternative classifications: 

ī 5S model: safety, survival, supply, sufficiency, and sustainability 

(Kleber, 2009); 

ī a 7-dimensional model covering technological development, social ac-

cessibility, governance, threats, and environmental protection (Paravan-

tis, 2019); 

ī a 15-dimensional system combining social, economic, environmental, 

and institutional aspects (Azzuni & Breyer, 2018); 

Other works propose additional dimensions, such as developability ï the pos-

sibility of reducing CO  intensity (Huong, 2023) ï or four groups: economic, so-

cial, environmental, and institutional (Reddy, 2015). A distinction is also made 

between internal and external dimensions of energy security, depending on the 

links between a countryôs domestic and foreign policy and energy (Husain & Sa-

hide, 2023). 
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Although there is no single approach to the dimensions of energy security, a 

wide range of them exists in scientific literature (Fig. 1.2), reflecting different ge-

opolitical, economic, and social contexts. Flexible, complex assessment models 

should be applied to develop a balanced energy policy. 

 
Fig. 1.2. Diversity of energy security dimensions (Source: Karpaviļius et al., 2024) 

Indicators are another 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 both Kruyt et al. (2009) and Lºschel et al. (2010). Assessment 

criteria depend on the chosen dimension, the country context, the research objec-

tives, and the available information.  

Franco et al. (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. 

Macroeconomic indicators, such as GDP per capita, can also significantly 

impact the level of energy security (ZajŃc et al., 2023), as confirmed by cases in 

other countries. Shakya et al. (2023), who studied Nepal, and Wang J. et al. 

(2023), who analysed China, applied a limited number of indicators but did not 

delve into their structural basis. 
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According to the Energy Trilemma Index (Ġprajc et al., 2019), energy secu-

rity is measured by import dependency, diversity of electricity generation, and 

storage capacity, while the other two dimensions, energy affordability and envi-

ronmental sustainability, are assessed separately. 

Recent studies show the growing importance of renewable resources in as-

sessing energy security (B·rawski et al., 2023) and the increasing impact of digi-

talisation (Yusifbayli et al., 2023). However, the weighting of these indicators is 

still under discussion. 

A broader concept of indicators is discussed in the study by Shirazi and 

Fuinhas (2023), which also mentions qualitative indicators, such as public engage-

ment, clean technology development, and policy governance. Consequently, en-

ergy security is a multifaceted phenomenon. 

The choice of indicators often depends on the national context: for example, 

different sets of indicators were used in Pakistan (Abdullah et al., 2020) and Thai-

land (Martchamadol & Kumar, 2012). The most comprehensive set to date was 

identified by Sovacool 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 analysing energy security in different aspects and time periods. 

In summary, the concept of energy security has moved beyond the traditional 

framework of supply security and has become a strategic national policy direction. 

At both the theoretical and practical levels, it is important to assess all dimensions 

of energy security comprehensively, especially in the electricity sector, which is 

characterised by a high level of regulatory sensitivity and close links to climate 

policy. It is precisely this systematic approach that allows for the assessment of 

the actual supply parameters and the effectiveness of political decisions in achiev-

ing broad energy security. 

1.2. Measuring energy security 

Assessing energy security is a methodologically complex process that involves 

different scientific approaches. The concept of energy security is not unambigu-

ous, and there is no single, universal definition or assessment model; thus, there 

are various national and international assessment systems, each offering a differ-

ent set of indicators and priorities (Ko­aslan, 2020; Martchamadol & Kumar, 

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 quantitative data that are 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, weighting, aggregation, and sensitivity analysis. The most im-

portant indices include the following: 

ī the Energy Trilemma Index (World Energy Council), evaluated by coun-

tries based on the criteria of energy security, accessibility, and environ-

mental protection (Gibellato et al., 2023). This index expands the concept 

of energy security by integrating aspects of sustainable development and 

social justice; 

ī the Energy Security Risk Index (Qiu et al., 2023; Chu et al., 2023), based 

on 37 indicators in nine dimensions, based on information from interna-

tional databases (World Bank, IEA, OECD); 

ī the Energy Architecture Performance Index, later renamed the Energy 

Trilemma Index (Fu et al., 2021; Qin et al., 2021); 

ī the Oil Vulnerability Index (Liu et al., 2023; Zhu et al., 2022), which 

analyses energy dependence on oil imports, economic sensitivity to price 

changes, and political factors; 

ī the Energy Security Index (Radovanoviĺ et al., 2017), which assesses 

emission intensity and energy demand satisfaction at the domestic and 

international levels. 

These indices allow for an assessment of a countryôs overall level of energy 

security and development; however, their application has limitations: data is often 

incomplete, weighting can be subjective, and the aggregate result does not always 

reveal problem areas. 

Another theoretical group is Multi-Criteria Decision-Making (MCDM), in-

cluding AHP, TOPSIS, MOORA, ELECTRE, and PROMETHEE. These methods 

allow for the flexible integration of different measurement criteria, sensitivity 

analysis, and adaptation of the methodology to the country or sector under study 

(Pohekar & Ramachandran, 2014). 

MCDM methods are particularly useful when balancing quantitative and 

qualitative factors, such as import dependency, investment environment, or stra-

tegic planning effectiveness. For example, the KerCA method (Baleģentis, 2022) 

offers super-efficiency analysis and better highlights structural differences be-

tween countries. 

Systematising indicators is a necessary step in measuring energy security. 

Martchamadol and Kumar (2012) presented a system that selects the most relevant 

indicators from more than 300 possible indicators based on the countryôs policy 

and sector-specific attributes. They distinguish four main aspects of assessment: 

ī availability ï diversity of supply sources and production capacity; 

ī affordability ï final consumer price and subsidy system; 
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ī reliability ï system resilience and frequency stability; 

ī frequency of disruptions and state of infrastructure; 

ī environmental sustainability ï emissions and development of renewable 

energy sources (RES). 

Diversity analysis is particularly important for energy security. Indices such 

as the ShannonïWiener (Yin, 2023) and the HerfindahlïHirschman Index (Higgs, 

2023) are used here to measure the concentration of supply sources or the fuel 

mix. 

Some organisations apply specific qualitative and mixed policy analysis as-

sessment methodologies. For example, the International Energy Agency has de-

veloped the MOSES short-term energy security model, which includes 35 indica-

tors and measures the resilience, independence, and flexibility of the energy 

system (Dastan, 2023). There is also the Socioeconomic Energy Risk model 

(Ko­aslan, 2020), which combines political stability, economic growth, import 

dependence, and market liquidity. 

Some assessment systems, such as the Supply/Demand Index (Novikau, 

2022), focus more on the long-term balance between supply and demand. The 

Risky External Energy Supply index (Le Coq & Paltseva, 2009) analyses the risk 

of external sources of supply based on import diversification. 

Based on the literature, energy security assessment is not unambiguous. It 

can be quantitative, qualitative, or mixed, and the chosen methodology depends 

on the studyôs purpose and the dimension being assessed. Some methods are more 

suitable for cross-country comparisons, while others are better for evaluating na-

tional decisions. A consistent approach is needed, combining indicator analysis, 

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 a complex 

phenomenon in which the state plays a fundamental role through its economic, 

regulatory, and strategic policies. National decisions shape infrastructure and fi-

nancial priorities and determine the state of energy security and progress, espe-

cially in response to external shocks, market uncertainty, or climate policy chal-

lenges (Martchamadol & Kumar, 2012; Ġikġnelytǟ-Butkienǟ et al., 2024). 

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 end-user rights in the energy sector. According to Sovacool and Mukherjee 
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(2011), the stateôs institutional system directly affects four key dimensions of en-

ergy security: supply security, affordability, accessibility, and environmental sus-

tainability. 

Government fiscal decisions ï subsidies, compensation, and infrastructure 

investments ï are considered a cornerstone of energy security. Ġikġnelytǟ-

Butkienǟ et al. (2024) noted that the national energy policy is based on data-driven 

decisions seeking to reduce dependence on imports, strengthen domestic produc-

tion, or promote the development of renewable resources. 

Cherp and Jewell (2014) emphasised that public investment in strategic in-

frastructure ï network modernisation, reserve capacity creation, new technologies 

ï has a long-term impact on systemic risk and security of supply. 

Public Service Obligations levy mechanisms are among the main forms of 

state economic policy in the energy sector. PSOs have several complementary 

definitions, as demonstrated in Table 1.2. 

Table 1.2. Definitions of the Public Service Obligation (Source: Karpaviļius & Baleģen-

tis, 2021) 

Reference Definition 

European Commis-

sion, 2004 

ñMember States may impose on undertakings operating in 

the electricity sector, in the general economic interest, pub-

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 efficiency/demand-side management and for 

the fulfilment of environmental goals, as referred 2 to in this 

paragraph, Member States may introduce the implementa-

tion of long-term planning, taking into account the possibil-

ity of third parties seeking access to the system.ò 

Council of European 

Energy Regulators, 

2018 

ñPublic Service Obligation: In this context, it is a levy im-

posed by the Government on some or all final electricity cus-

tomers to recover the additional costs associated with elec-

tricity from specified sources of generation ï including 

sustainable, renewable and indigenous sources.ò 

European Commis-

sion, 2011 

ñIn the context of European Union law, a public service ob-

ligation or PSO means an obligation imposed on an organi-

sation by legislation or contract to provide a service of gen-

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 

identified as specific sectors where the concept is relevant.ò 
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End of Table 1.2 

Reference Definition 

Jones, 2016 ñPublic service means the guaranteeing, through regulatory 

standards, measures or requirements, of levels of consumer 

or environmental protection that might otherwise not be 

maintained through the simple operation of the market 

mechanism.ò 

 

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 market conditions, 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 without state intervention. 

Under EU Directive 2009/72/EC, Member States may impose PSOs to ñpro-

tect the public interestò, including 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 or long-term sustainability ben-

efits. 

PSOs are most commonly used for the following functions: 

ī ensuring electricity supply in remote or economically disadvantaged ar-

eas; 

ī supporting RE sources or cogeneration; 

ī maintaining electricity reserve capacity or security; 

ī investing in new technologies or infrastructure; 

ī supporting energy efficiency. 

The PSO levy is a unique mechanism whereby the state authorises market 

participants (usually suppliers) to collect funds 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 literature, as Sovacool and Mukherjee (2011) point out, PSOs 

are referred to as measures to ñbalance market failuresò when socially necessary 

services do not arise spontaneously or are insufficient in terms of energy security. 

In this way, the state becomes not only a regulator but also an active participant 

in economic distribution. 

Furthermore, it is important to integrate PSOs into the broader context of 

energy security policy. Studies show that inefficiently or disproportionately de-

signed PSO mechanisms can have the opposite effect, increasing energy prices, 

reducing competition, or hindering investment. 
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Energy security measures at the national level often need to be aligned with 

the EUôs common policies. Ġiksnelytǟ-Butkienǟ et al. (2024) emphasised that 

state action must not only be in line with EU legislation, but also contribute effec-

tively to Europeôs 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 on the 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 the scientific literature is multidi-

mensional and constantly evolving depending on geopolitical, eco-

nomic, environmental, and technological circumstances. The concept 

has transcended the narrow framework of security of supply to become 

a strategic component of national security and sustainability. 

2. 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 quantitative and qualitative criteria. It is therefore nec-

essary to be flexible in choosing indicators according to the objectives 

of the study and the national context. 

3. Multi -criteria decision approaches, composite indicators and policy 

evaluation models allow for 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. 

4. The role of the state in energy 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 transformation of 

the energy system. 

5. 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 where the 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 following tasks: 

1. To analyse the concept of energy security, dimensions, and assessment 

methods, emphasising 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). 

2. To examine the impact of the public 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 policies ï an index integrating key indicators of energy 

security and sustainable energy development ï and 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 EU countries in imple-

menting energy and climate strategy objectives in order to place Lith-

uaniaôs results in a broader context and evaluate policy effectiveness 

by applying the multi-criteria decision-making (MCDM) methodol-

ogy in an international context. 

5. To formulate recommendations on improving governmental economic 

decisions with a view to strengthening energy security while transi-

tioning to a sustainable energy system.
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2 
Research methodology for 

energy security assessment 

This chapter provides an overview of the methodological choices made in prepar-

ing four peer-reviewed scientific articles (Karpavicius & Balezentis, 2021; Sik-

snelyte-Butkiene et al., 2022; Karpavicius, Balezentis & Streimikiene, 2025; Sik-

snelyte-Butkiene et al., 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 indicator-based assessment, and the 

changing policy instruments in the context of the European energy transition. The 

chapter aims to provide a detailed explanation of the chosen research methods, 

their rationale and application, the research limitations, 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 in the e-Energy sector 

required a complex methodological combination, including a systematic literature 

review and an expert assessment. This methodological approach not only allows 
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summarising the assessment criteria in the international literature but also their 

adaptation to the national context, considering the data availability and the impact 

of public policies. 

The systematic literature review focuses on sources in which the identified 

indicators are suitable for quantifying energy security aspects in the electricity 

sector. This approach is considered one of the most reliable when developing an 

indicator-based assessment framework (Lºschel et al., 2010). The most com-

monly used methodology in the literature is the composite indicators methodology 

(Sovacool & Mukherjee, 2011), which comprises several main steps: indicator 

selection, classification by dimensions, data normalisation, weighting, and aggre-

gation. 

The selection of indicators is based on four criteria: (1) relevance to the as-

sessment of energy security, (2) specificity to the electricity sector, (3) potential 

national impact, and (4) availability of data for Lithuania. This selection principle 

builds on work such as that of Martchamadol and Kumar (2012), which empha-

sises the importance of national context and policy influences on indicator valid-

ity. 

The classification is based on a semi-structured expert evaluation methodol-

ogy recommended for complex public policy evaluations (Ko­aslan, 2020; Novi-

kau, 2022). The expert assessment identified the channels of government influ-

ence ï whether a particular indicator depends on direct policy instruments 

(subsidies, tariffs) or more on the institutional and regulatory context. 

This methodological framework allows for a structured and comparable as-

sessment of energy security, considering the systemôs physical or economic pa-

rameters and how these 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 security (Lºschel et al., 

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 criteria, remains subject to the subjectivity of the available 

sources and the choices of the authors. Some relevant indicators may be elimi-

nated due to insufficient data in the Lithuanian context or because they are not 

used frequently enough in the literature, even though they could be relevant in 

practice. 

Second, expert assessment, as a method, does 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-

tryôs impact on different indicators. This may affect the classification results, par-

ticularly where indicators relate to complex, cross-sectoral factors such as 

consumer behaviour or the quality of the regulatory environment. 
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Third, the used approach relies on an essentially quantitative 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 (Ko­aslan, 2020; Reddy, 2015). While such aspects can 

be indirectly linked to some indicators, mixed (quantitative-qualitative) 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 are not regularly updated or available at 

the national level. This limits the possibility of a dynamic time-series 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 the Public Service Obligation (PSO) levy mechanisms was carried 

out using a case study approach with elements of benchmarking. This methodo-

logical approach was chosen for its suitability to a detailed analysis of a specific 

national practice ï the Lithuanian PSO mechanism ï by contextualising it in the 

international context and comparing it with the experiences of other countries. 

This approach enables a single policy instrument to be examined in depth and 

facilitates systemic assessment through the prism of several dimensions (legal, 

financial, and political) (Martchamadol & Kumar, 2012; Sovacool, 2011). 

Data sources include national legislation (the Law on Electricity of the Re-

public of Lithuania), official reports (of 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 mechanism in different 

countries (CEER, 2018). 

Methods used: 

ī An analysis of the legal environment to understand the principles and ob-

jectives underpinning the PSO mechanism in Lithuania and how its logic 

has evolved. The analysis covered the transposition of EU legislation at 

the national level and the impact of state aid regulation on the content of 

the PSO (European Commission, 2004; Jones, 2016). 

ī Quantitative time series analysis was used to assess the evolution of PSO 

collections, their share in the final electricity price 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, and strategic infrastructure projects. This approach helped to iden-

tify changes in the financing structure and their chronological relation-

ship with political decisions. 

ī Analysis of policy decisions, which systematises major policy changes 

(e.g., inclusion of solar projects in 2013, withdrawal of the Lithuanian 

power plant from the PSO support scheme in 2018) and their conse-

quences for the functionality of the mechanism. This analysis revealed 

the dynamic nature of the Stateôs decisions and their dependence on EU 

regulation and national strategic priorities (Ko­aslan, 2020). 

ī Comparative analysis based on research on the use of the PSO in other 

EU countries (notably Ireland, Denmark, and Greece). Ireland was used 

as a representative case of the old PSO system, where the initial focus 

was on supply security (local peat plants), followed by the development 

of RES. This analysis helped to identify the functional differences be-

tween countries and how national priorities shape the structure of the PSO 

(CEER, 2018). 

ī A qualitative dimensional analysis to expertly assess which dimensions 

of energy security ï reliability, affordability, or sustainability ï are most 

affected by the PSO mechanism. This analysis is based on the theoretical 

4A (availability, accessibility, affordability, and acceptability) model 

(Cherp & Jewell, 2014), which allowed the purpose of the PSO to be 

linked to the complex structure of energy security. 

ī Indicator analysis, which attempted to assess the correlation between the 

scale of PSO investments and changes in international energy security 

indices (Energy Trilemma Index). Although correlation analysis cannot 

substantiate causal relationships, it helps to identify possible links be-

tween public measures and the dynamics of macro-indicators (Gibellato 

et al., 2023). 

The case study approach allows the principles of the functioning of the na-

tional PSO model to be revealed in detail; however, its conclusions are limited by 

generalisability ï 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 a year-by-year basis, 

or are presented as an aggregate, so the analysis does not avoid a certain amount 

of generalisation. Neither is there a standardised 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, the chosen methods allow for 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 of the most advanced and scientifically sound methods for assessing progress 

in implementing national energy and climate change policies was the development 

of a composite indicator (index). This method allows progress in a multidimen-

sional and complex policy area to be quantified by combining several statistical 

indicators into a single aggregated result. 

The composite index is designed to: 

ī assess progress at the national level in meeting energy and climate change 

policy objectives; 

ī include the three main policy dimensions ï energy efficiency, greenhouse 

gas (GHG) reduction, and RE development; 

ī ensure comparability of the assessment between periods and transpar-

ency, in line with the Bellagio STAMP principles; 

ī enable international adaptation, as the index is adaptable to other coun-

tries or groups of countries. 

Ten national indicators selected for the index reflect the progress in three 

policy areas and contribute to the four UN Sustainable Development Goals 

(SDGs) and seven targets. The indicators are grouped into three main clusters 

(Table 2.1). 

The value of the index in a given year ὸ is calculated according to the formula: 

 Ὅ В ‍ὢ ,          (2.1) 

where: Xit is the indicator of interest; ɼ is the weight of the i-th indicator; n is the 

number of indicators selected for the composite indicator. 

Normalisation was carried out using the minïmax method, and the reverse 

scale was used when a decrease in the value indicates 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 progress of the energy and climate change policy 

achievements in Lithuania (Source: Ġikġnelytǟ-Butkienǟ et al., 2024) 
 

UN 

goal 
UN target National indicators Units Mark 

Target 

value 

E
n

e
rg

y
 e

ff
ic

ie
n

c
y 

 

SDG 1 

1.2. Reduce the  

proportion of people 

living in poverty by 

at least half 

1.2.2g. Share of people 

living in dwellings with 

leakages 

% ECC1 minimise 

SDG 7  

7.3. Double the 

global rate of  

improvement in  

energy efficiency 

7.3.1a. Final energy  

intensity 

TOE/EUR 

millions of 

GDP 

ECC2 minimise 

7.3.1b. Energy  

dependence 
% ECC3 minimise 

7.3.1e. Household final 

energy consumption  
TOE/capita ECC4 minimise 

G
H

G
 r

e
d

u
c
ti
o

n 

SDG 9  

9.4. Upgrade  

infrastructure and  

retrofit industries to 

make them  

sustainable 

9.4.1. CO2 emission by 

the energy sector per unit 

of gross value added 

(GVA) 

Kilotons/ 

EUR mil-

lion of 

GVA 

ECC5 minimise 

SDG 7  

7.1. Ensure universal 

access to affordable, 

reliable and modern 

energy services 

7.1.2. Proportion of popu-

lation with primary  

reliance on clean fuels 

and technology 

% ECC6 maximise 

SDG 

13 

13.2. Integrate  

climate change 

measures into  

national policies, 

strategies and plan-

ning 

13.2.2b. GHG emissions 

intensity of energy  

consumption 

Index, 

2000 = 100 
ECC7 minimise 

13.2.1. Country has  

a national climate change 

management strategy or 

action plan 

Yes/No ECC8 maximise 

R
E

S
 d

e
v
e

lo
p

m
e

n
t

 

SDG 7 

7.2. Increase  

substantially the 

share of REin the 

global energy mix 

7.2.1. Share of RES in  

total final energy  

consumption 

% ECC9 maximise 

7.b. Expand  

infrastructure and  

upgrade technology 

for supplying modern 

and sustainable  

energy services 

7.b.1. Capacity of  

electricity generation 

from RES 

Watts/ 

capita 

ECC1

0 
maximise 
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Table 2.2. Weighting schemes for the assessment (Source: Ġikġnelytǟ-Butkienǟ et al., 

2024) 

  Dimension 

 

Scheme 

Energy efficiency GHG reduction RES development 

S1 

0.4 (Each indica-

tor 0.1) 

0.4 (Each indicator 

0.1) 

0.2 (0.4 Each indi-

cator 0.1) 

S2 

0.5 (Each indica-

tor 0.125) 

0.25 (Each indicator 

0.0625) 

0.25 (Each indica-

tor 0.125) 

S3 

0.25 (Each indica-

tor 0.0625) 

0.5 (Each indicator 

0.125) 

0.25 (Each indica-

tor 0.125) 

S4 

0.25 (Each indica-

tor 0.0625) 

0.25 (Each indicator 

0.0625) 

0.5 (Each indica-

tor 0.25) 

S5 

0.(3) (Each indica-

tor 0.08(3)) 

0.(3) (Each indicator 

0.08(3)) 

0.(3) (Each indica-

tor 0.1(6)) 

 

This approach allows for assessing how different policy emphasis (promo-

tion of RES vs. efficiency) would change the overall value of the index. 

Calculations are based on data for Lithuania 2010ï2021, obtained from: 

ī Eurostat; 

ī Official Statistics Portal; 

ī Ministries of Energy and Environment; 

ī UN and OECD. 

The model has been developed in accordance with the Bellagio STAMP prin-

ciples, which ensure: 

ī policy compliance; 

ī data availability; 

ī clarity for policy makers; 

ī reproducibility in future studies. 

For some indicators, data were not yet available for 2021, which led to the 

use of reasonable assumptions (e.g., emission intensities were assumed to be at 

the 2020 level due to similar pandemic conditions). 

For two indicators (ECC1 and ECC7), data were not available in 2021, so 

extrapolations were applied, or the last known indicator was used. 

Some social indicators, such as energy poverty, had high variance and low 

annual updating. 

Indicator weights are mainly based on expert judgement ï future studies 

could use empirical weighting (PCA). 
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The composite index developed for this study has both methodological va-

lidity  and practical applicability: 

ī It is based on international evaluation practices. 

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

ī It provides a tool not only for tracking progress but also for assessing the 

effectiveness of policy decisions. 

The use of the index allows for an integrated assessment of Lithuaniaôs pro-

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 multi-criteria decision-making approach in the context of a compar-

ative assessment of countries. The chosen methodology is Kernel-based Compre-

hensive Assessment (KerCA), classified as a modern multi-criteria decision-mak-

ing (MCDM) technique (Baleģentis, 2022). This 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 in 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 approaches, which 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 squares cross-validation is used to determine the optimal bandwidth 

parameter, and 

(ii) 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 evaluation crite-

ria are defined, denoted by the indices Ὥ=1, 2, ..., ά (alternatives) and 

Ὦ = 1, 2, ..., ὲ (criteria). 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 weights (ύ1, ύ2, ..., ύὲ) 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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2. Cross-checking (Hayfield & Racine, 2008) is then carried out using 

the least squares method to determine the optimal kernel widths for 

each criterion. The resulting values form a vector (1, 2, ..., ὲ). 

3. The level of superiority of each alternative Ὥ with respect to the other 

alternative Ὧ (where Ὧ = 1, 2, ..., ά) is calculated using the standard 

normal distribution function ū (ẗ). 
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This function takes the value of 0.5 when both alternatives score 

equally on a given criterion. If the Ὥth alternative is superior to the Ὧth 

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 for lower bounds, and refer-

ence point upper bounds. 
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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 weights ( , , , )A M min maxl l l l. The aforemen-

tioned weights add up to unity. Thus, the utility of each alternative is 

defined as 

 
{ }, ,min,max

1,2,...,

, 1,2,..., .
max

i
i

A M i
i m

v
u i m

v

x

x x
x

l
Í

=

= =ä
     (2.8) 

6. Finally, the alternative with the highest overall utility value ὟὭ is con-

sidered the best performing alternative. 

Study process: 

ī 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 national target), and the 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 a set of indicators reflecting the fulfilment of its commit-

ments. 

ī Application of methods: the KerCA approach combines kernel functions 

to aggregate indicators and avoids subjective weighting by comparing 

countries on the basis of their overall level of progress in each criterion. 

It is essentially an improved multi-criteria ranking tool that allows the 

derivation of an overall index of country progress. 

ī Data: the data are compiled from Eurostat and European Commission re-

ports on the performance of the 27 EU countries 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). 

ī Verification of results: the resulting country index scores are compared 

with other assessments (the World Energy Councilôs Energy 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 countriesô GDP per capita to check if economic development has a 

direct impact on progress). 

This multi-criteria assessment allowed countries to be ranked and also for 

gaps to be identified between groups of countries (old EU members vs. new ones, 

Nordic countries vs. 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 or worse on certain criteria.  

Methodologically, the use of KerCA in this area is new, as traditionally sim-

pler indices or individual criteria have been used to measure countriesô progress ï 

in this study, the integrated approach provided a more complex assessment.  

It is worth noting that the research has 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 important, some indirect factors (e.g., the level of innovation) that can influ-

ence the long-term outcome have been excluded from the overall index. These 

limitations have been considered in the discussion and in the interpretation of the 

results of 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-

cators is based on a systematic analysis of the literature and expert 

judgement. This dual methodological approach allowed for the collec-

tion of internationally recognised indicators of energy security in the 

electricity sector and their adaptation to the Lithuanian context. The 

selected indicators were classified according to their policy impact, 

i.e., the extent to which they depend on state decisions (subsidies and 

regulation), ensuring that the indicator values reflected not only tech-

nical factors but also the efficacy of policy decisions. 

2. The analysis of the Public Service Obligation (PSO) was carried out 

as an extended case study, based on a multi-level assessment. The 

Lithuanian PSO mechanism was analysed through legal, financial, po-

litical, and international perspectives. A time-series analysis was used 

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 with Ireland, Denmark, and Greece helped to identify sys-

temic differences and similarities. Although the assessment is deep, its 

coverage remains limited to the Lithuanian context, and some of the 

data is not publicly available. 
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3. The National Progress Index has been developed using a composite 

indicator methodology. The model includes ten statistical indicators, 

grouped according to the three main dimensions of energy and climate 

policy: energy efficiency, GHG reductions, and RES development. 

The indicators are linked to the four UN Sustainable Development 

Goals. Normalisation (minïmax) was used for the assessment, and 

five alternative weighting schemes (focusing on different policy prior-

ities) were used to avoid subjectivity in weighting, giving flexibility to 

analyse how different policy emphasis changes the overall index. 

4. The analysis of EU countriesô progress is based on the advanced 

KerCA approach, which is a modern MCDM (multi-criteria decision-

making) methodology based on pairwise comparisons between coun-

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, lower, and upper refer-

ence point methods) to ensure stability of results. The data used in the 

study were obtained from Eurostat and the European Commission. The 

final result was an overall progress index for each country, which was 

compared with other known rankings (for example, the Energy Tri-

lemma Index) to assess the validity of the approach. 

5. Methodological limitations and compensatory measures were clearly 

identified in all parts of the research. The main challenges include the 

insufficient data for certain indicators (e.g., social or institutional cred-

ibility aspects), the subjectivity of expert judgements, and 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 techniques, or ex-

trapolations, strengthening the robustness of the analysis and demon-

strating the applicability of the research results to future policy 

formulation or evaluation.
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3 
Energy security assessment results 

and conclusions 

This chapter presents the results of an empirical research using composite assess-

ment models and multi-criteria analysis in the fields of energy self-sufficiency and 

climate policy. The content of this chapter is based on four peer-reviewed studies 

(Karpavicius & Balezentis, 2021; Siksnelyte-Butkiene et al., 2022; Karpavicius, 

Balezentis & Streimikiene, 2025; Siksnelyte-Butkiene et al., 2024). This chapter 

discusses empirical results from the classification of energy security indicators, 

the analysis of the PSO levy mechanism, the application of the composite national 

index and the multi-criteria 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, accessibility, reliability, and acceptability), justifies the de-

fended claims and proposes policy recommendations. The chapter concludes with 

a summary of the main insights of the performed research. 
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3.1. Classification of electricity sector indicators 
according to sensitivity to public policy 

A systematic analysis of the 65 selected energy security indicators (Table 3.1) 

revealed several important results. First, the taxonomy of indicators has allowed 

the areas affected by government decisions to be highlighted.  

Table 3.1. Energy security indicators in the electricity sector (Source: Karpaviļius et al., 

2024) 

No. Indicator Dimension Data source Coverage 

Impact of 

state  

economic 

decisions 

1 
Global energy trade 

(absolute) 
EJ/year 

Jewell et al. 

(2012) 
Global Indirect 

2 
Global energy trade 

(intensity) 
Proportion 

Jewell et al. 

(2012) 
Global Indirect 

3 
Geographic diver-

sity of production 

dimension-

less 

Jewell et al. 

(2012) 
Global Indirect 

4 

Cost of energy  

imports in relation 

to GDP 

Proportion 
Jewell et al. 

(2012) 
Regional Indirect 

5 

Cost of energy ex-

ports in relation to 

GDP 

Proportion 
Jewell et al. 

(2012) 
Regional Indirect 

6 

Diversity of energy 

sources in primary 

energy supply (PES) 

dimension-

less 

Jewell et al. 

(2012) 

Global 

and  

regional 

Direct 

7 

Diversity of primary 

energy sources for 

carriers 

dimension-

less 

Jewell et al. 

(2012) 

Global 

and  

regional 

Indirect 

8 
Average age of  

infrastructure 
Years 

Jewell et al. 

(2012) 

Global 

and  

regional 

Direct 

9 

Spare capacity for 

electricity  

generation 

% 
Lienhard 

et al. (2023) 

Global 

and  

regional 

Direct 

10 
Rate of energy sec-

tor growth 
%/year 

Jewell et al. 

(2012) 

Global 

and  

regional 

Indirect 
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Continued Table 3.1 

No. Indicator Dimension Data source Coverage 

Impact of 

state  

economic 

decisions 

11 

Rate of energy  

export revenue  

decline 

%/year 
Jewell et al. 

(2012) 
Regional Indirect 

12 
Share of energy  

imports 
% 

Reddy 

(2015) 
Regional Direct 

13 
Villages connected 

to grid 
% 

Bannor et al. 

(2023) 

Global 

and  

regional 

Direct 

14 

Fuel share  

(electricity) in final 

energy 

% 
Reddy 

(2015) 
Regional Indirect 

15 
Share of fossil fuels 

in power generation 
% 

Reddy 

(2015) 
Regional Indirect 

16 
Share of fossil fuels 

in installed capacity 
% 

Reddy 

(2015) 
Regional Indirect 

17 

Renewable energy 

as a % of total  

electricity supply 

% 
Reddy 

(2015) 

Global 

and  

regional 

Direct 

18 

Energy intensity of 

society (final energy 

use/cap) 

GJ/cap 
Reddy 

(2015) 

Global 

and  

regional 

Indirect 

19 

Energy intensity of 

economy (energy 

use/GDP) 

toe/USD 

million 

(ppp) 

Reddy 

(2015) 
Regional Indirect 

20 
Industry energy  

intensity 

kgoe/USD(p

pp) 

Lee et al. 

(2023) 
Regional Indirect 

21 
Commercial energy 

intensity 

kgoe/USD 

(ppp) 

Reddy 

(2015) 
Regional Indirect 

22 
Agriculture energy 

intensity 

kgoe/USD 

(ppp) 

Reddy 

(2015) 
Regional Indirect 

23 

Coal-based power 

plantsô energy pro-

duction efficiency 

% 
Reddy 

(2015) 
Regional Indirect 

24 

Gas-based power 

plantsô energy  

production  

efficiency 

% 
Reddy 

(2015) 
Regional Indirect 
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Continued Table 3.1 

No. Indicator Dimension Data source Coverage 

Impact of 

state  

economic 

decisions 

25 

Hydro power plantsô 

energy production 

efficiency 

% 
Reddy 

(2015) 
Regional Indirect 

26 

Renewable power 

energy production 

efficiency 

% 
Reddy 

(2015) 
Regional Indirect 

27 
Power grid  

efficiency (T&D) 
% 

Reddy 

(2015) 
Regional Indirect 

28 
Electrical appliance 

efficiency 
% 

Reddy 

(2015) 
Regional Indirect 

29 

Final energy  

consumption  

(electricity) 

kWh/cap 
Reddy 

(2015) 
Regional Indirect 

30 
Taxes as share of the 

electricity price 
% 

Reddy 

(2015) 
Regional Direct 

31 
Electricity subsidies 

as a % of GDP 
% 

Reddy 

(2015) 
Regional Direct 

32 Electricity price USD/kWh 
Wang K. H. 

et al. (2023) 
Regional Direct 

33 

High-income  

householdsô energy  

expenditure in total 

expenditure 

% 
Reddy 

(2015) 
Regional Indirect 

34 

Middle-income 

householdsô energy 

expenditure in total 

expenditure 

% 
Reddy 

(2015) 
Regional Indirect 

35 

Low-income  

householdsô energy  

expenditure in total 

expenditure 

% 
Reddy 

(2015) 
Regional Indirect 

36 

Households with 

electricity  

connection 

% 
Reddy 

(2015) 
Regional Indirect 

37 Electrical power use W/cap 
Reddy 

(2015) 
Regional Indirect 
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Continued Table 3.1 

No. Indicator Dimension Data source Coverage 

Impact of 

state  

economic 

decisions 

38 
Peak demand  

shortage 
% 

Reddy 

(2015) 
Regional Indirect 

39 Energy shortage % 
Pieroni 

(2023) 
Regional Indirect 

40 
Unplanned  

interruptions/year 

dimension-

less 

Reddy 

(2015) 

Global 

and re-

gional 

Indirect 

41 

Household  

electricity  

consumption 

kWh/capita 
Gordic et al. 

(2023) 
Regional Indirect 

42 
CO2 emissions from 

power generation 
t/cap 

Reddy 

(2015) 

Global 

and re-

gional 

Indirect 

43 
CO2 emissions/kWh 

of power 
kg CO2/GJ 

Reddy 

(2015) 

Global 

and re-

gional 

Indirect 

44 
Institutional and  

legal setting  
Score 

Reddy 

(2015) 
Regional None 

45 Reporting practices Score 
Reddy 

(2015) 
Regional None 

46 
Safeguards and  

quality controls  
Score 

Reddy 

(2015) 
Regional None 

47 

Governance of  

state-owned  

companies 

Score 
Reddy 

(2015) 
Regional None 

48 

Availability of  

national energy  

policies 

Score 
Reddy 

(2015) 
Regional None 

49 

Extent of  

implementation of 

national  

energy policies 

Score 
Reddy 

(2015) 
Regional None 

50 

Quality of energy 

planning (integrated 

planning or  

sub-sector) 

Score 
Reddy 

(2015) 
Regional Indirect 
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Continued Table 3.1 

No. Indicator Dimension Data source Coverage 

Impact of 

state  

economic 

decisions 

51 
Share in total  

installed capacity 
% 

Reddy 

(2015) 
Regional Indirect 

52 
Share in total power 

generation 
% 

Reddy 

(2015) 
Regional Indirect 

53 

Share of private  

sector investment in  

total power sector  

investment 

% 
Reddy 

(2015) 

Global 

and re-

gional 

Indirect 

54 

Ease of access to  

finance for energy  

efficiency/RE for  

households 

Score 
Reddy 

(2015) 
Regional Indirect 

55 
Net import  

dependency ratio 
% 

Bluszcz 

et al. (2023) 
Regional Indirect 

56 
Share of renewable 

energy (SRE) 
% 

Shakya et al. 

(2023) 

Global 

and re-

gional 

Direct 

57 

Diversity of  

electricity  

generation 

% 
Alola et al. 

(2023b) 
Regional Direct 

58 Energy storage kWh 
Alola et al. 

(2023b) 

Global 

and re-

gional 

Direct 

59 

Cross-border  

transactions in  

energy  

infrastructures 

Cases 
Shirazi et al. 

(2023) 
Regional Direct 

60 

Subsidising  

investments in  

RE technologies  

(storage  

technologies) 

Eur/period 
Shirazi et al. 

(2023) 
Regional Direct 

61 
Energy production 

disruptions 
Cases/period 

Shirazi et al. 

(2023) 

Global 

and re-

gional 

Indirect 
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End of Table 3.1 

No. Indicator Dimension Data source Coverage 

Impact of 

state  

economic 

decisions 

62 
Electricity  

generation by source 
% 

Kanchana 

et al. (2015) 

Global 

and re-

gional 

Direct 

63 Access to electricity % 
Kanchana 

et al. (2015) 

Global 

and re-

gional 

Direct 

64 

Electricity  

consumption per 

capita 

kWh/cap 
Kanchana 

et al. (2015) 

Global 

and re-

gional 

Indirect 

65 Electricity intensity V/m 
Kanchana 

et al. (2015) 
Regional Indirect 

 

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

well-defined by the following subsets of indicators: 

ī  Reliability and reserve indicators: An improvement in supply reliability 

in Lithuania has been observed, with the SAIDI/SAIFI indicators of the 

grid decreasing over time, showing fewer and shorter power outages. 

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 the PSO-supported 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 storage tech-

nologies. 

ī  Import dependency indicators: The 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 until ca. 2018). 

Only in 2020ï2021, with the addition 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. 

ī  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 population unable to pay its bills) in 

Lithuania had been declining until ca. 2020, showing an improvement in 

affordability, but the situation worsened again in 2021 with a price in-

crease. State regulation (like electricity compensation in the 2022 crisis) 

has a clear impact on these indicators. 

ī  Renewable energy indicators: The share of RES in electricity generation 

in Lithuania increased from ca. 20% in 2010 to ca. 45% in 2021, with a 

particularly strong growth in wind energy (wind power installed capacity 

grew by ca. 16% annually in 2011ï2018, solar by ca. 47% annually). This 

is a direct consequence of public policies (ñincentive tariffsò and auc-

tions). This set of indicators is directly linked to the sustainability dimen-

sion, but also to security of supply, as higher RES generation reduces the 

need for imports. 

ī  Emission indicators: CO  emissions from the electricity sector in Lithu-

ania have been declining significantly (due to the closure of polluting 

generation and increased imports from cleaner systems), but this is partly 

a ñpassed onò effect ï electricity imports do not directly contribute to 

Lithuaniaôs emissions, although they do remain at a regional level. Gov-

ernment decisions to promote RES locally directly reduce emissions in 

the long term, reinforcing clean energy security. 

ī  The analysis of the indicators highlighted correlations, for example, 

there was a strong negative correlation between RES investments and the 

share of imports, i.e., as financing for RES increased, the demand for im-

ports decreased over time, and the share of domestic generation in-

creased. There is also a positive correlation between the share of RES and 

reliability indicators (this is explained 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 mechanism, but 

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: 

ī Direct impact: Public subsidies/investments directly increased RES ca-

pacity, which 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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ī Indirect impact: Longer-term decisions (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 awareness-

raising. 

In summary, the results of this sub-section formed the basis for the scoring 

model developed below ï the most representative of the 65 indicators were se-

lected, and the understanding of their inter-relationships allowed the construction 

of the index 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 mechanism revealed the evolution and 

impact of this mechanism in Lithuania, Denmark, Greece, and Ireland, and the direc-

tion of its distribution (Table 3.2). These countries were selected because of their dif-

ferent geographical locations, energy systems, political and economic situations, and 

the varying mechanisms they use to implement PSO levy regulations. 

Table 3.2. Distribution of the collected PSO levy by country (Source: Karpaviļius & 

Baleģentis, 2021) 

Objectives of the PSO levy Ireland Greece 
Den-

mark 
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 fund    x 

Effective production at thermal power 

plants 

   x 
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In the case of Lithuania, the PSO levy has been applied to electricity con-

sumers since 2004, when it amounted 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 (Source: Karpaviļius 

& Baleģentis, 2021) 

Dimension Indicator 
Definition of the 

indicator 

2010ï

2020 

ten-

dency 

PSO 

levy 

impact 

Comment 

Energy  

security 

Import  

depend-

ence 

Country reliance 

on net imports 

for total energy 

consumption and 

the diversity of 

suppliers. 

Up Yes PSO levy supported lo-

cal RES and strategic  

infrastructure projects  

contribute to reducing 

the countryôs energy im-

ports. 

Diversity 

of electric-

ity genera-

tion 

Diversity of  

domestic electric-

ity generation 

sources. 

Up Yes PSO levy supported 

RES and strategic infra-

structure projects con-

tribute to the  

improvement of this  

indicator. 

Energy  

storage 

Country ability to 

meet demand for 

oil and gas, con-

sidering infra-

structure  

capabilities  

including storage 

and refining  

capacity. 

Up Yes PSO levy is supported 

for the production of 

electricity in specified 

power plants, where the 

production of electricity 

is necessary in  

order to ensure the secu-

rity of electricity supply 

and the reserves of the 

electricity system. 

Energy  

equity 

Access to 

electricity 

Percentage of the 

population with  

access to electric-

ity. 

Same No PSO levy does not con-

tribute directly to this. 

 Electricity 

prices 

National electric-

ity price per kilo-

watt hour as an 

indicator of af-

fordable energy 

services for  

domestic and  

commercial uses. 

Up Yes PSO levy increases the 

final price of electricity 

for  

household customers by 

10% (2021) and there-

fore has a direct impact 

on this indicator. 
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End of Table 3.3 

Dimension Indicator 
Definition of the 

indicator 

2010ï

2020 

ten-

dency 

PSO 

levy 

impact 

Comment 

 Gasoline 

and diesel 

prices 

Prices per litre as 

an indicator of ac-

cess to affordable 

energy services 

for  

passenger and  

commercial  

vehicles. 

Up No PSO levy does not con-

tribute directly to this. 

Environ-

mental  

sustaina-

bility  

Final en-

ergy inten-

sity 

Ratio of final en-

ergy consumption 

over GDP. 

Down No Although the PSO levy  

increases the price of  

electricity to the final  

customer, the increase is 

not so significant as to af-

fect the overall electricity  

consumption. 

Low-car-

bon elec-

tricity gen-

eration 

Percentage of  

electricity  

generation from  

decarbonised 

sources. 

Down Yes The largest part of the 

PSO levy supports elec-

tricity from RES, so this  

significantly affects this  

indicator. 

CO2  

emissions 

per capita 

CO2 emissions 

from fuel com-

bustion per capita. 

Down Yes PSO levy supported RES 

(solar, wind, biomass, hy-

dro) make a significant 

contribution to reducing 

CO2  

emissions. 

 

The PSO Fund is collected from all electricity consumers in proportion to 

their consumption, thus ensuring broad cost-sharing. Historically, PSO funds in 

Lithuania have been allocated to several main areas (under the 2009ï2018 re-

gime): 

ī Renewable energy and balancing: A growing share ï the PSO levy is in-

creasingly focused on promoting domestic RES production. In 2011, 

around EUR 27 million was allocated to RES, and in 2018 it was already 

ca. EUR 114 million. This support included incentives for the purchase 

of wind, solar, and biomass electricity at fixed tariffs, as well as partial 

compensation for balancing costs. 

ī Efficient generation in thermal power plants: Part 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. 

ī Ensuring reserves and security of supply: A very important use of PSO 

funds has been payments to certain strategic generating capacities (the 

Lithuanian power plant in Elektrǟnai) for reserve capacity. Until 2016, 

part of the PSOs covered the maintenance costs of this power plant to 

ensure the countryôs security of electricity supply when needed. How-

ever, as of spring 2016, the Elektrǟnai power plant no longer receives a 

PSO subsidy for the electricity it generates (except for the strategic re-

serve service until 2018), so the PSO support for ñsecurity of supplyò has 

effectively ceased. 

ī Strategic projects: In certain years, PSO funds were used to develop stra-

tegic generation projects (construction of a new CHP plant or partial cov-

erage of the costs of interconnection integration). Although this was not 

formally a separate line in the law, in practice, part of the funds have been 

used to ensure a return on investment for major projects. 

 

 
Fig. 3.1. Development of components of the Lithuanian Energy Trilemma Index 2000ï

2020 (Source: Karpaviļius & Baleģentis, 2021) 
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The Y-axis represents normalised scores (ranging from 0 to 100) indicating 

relative performance in each energy trilemma dimension, where higher values 

reflect improvement and lower values indicate 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 significant part of the PSO was 

still allocated to national energy security guarantees (back-up generation, support 

for peat power plants, as in Ireland), after 2015, all support for ñtraditionalò 

sources was withdrawn and 95ï100% 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 short-term security and a focus on long-term sustainable security 

through the development of RES.  

Table 3.4. Energy Trilemma Index evaluations by country (Source: Karpaviļius & 

Baleģentis, 2021) 

C
o

u
n
tr

y 

B
a
la

n
c
e
 g

ra
d

e 

T
ri

le
m

m
a
 s

c
o

re 

T
ri

le
m

m
a
 r

a
n

k 

E
n

e
rg

y
 s

e
c
u

ri
ty

 

s
c
o

re
 

E
n

e
rg

y
 s

e
c
u

ri
ty

 

ra
n

k 

E
n

e
rg

y
 e

q
u
it
y
 

s
c
o

re
 

E
n

e
rg

y
 e

q
u
it
y
 

ra
n

k 

E
n

v
ir
o

n
m

e
n

ta
l 

s
u

s
ta

in
a
b

ili
ty

 

s
c
o

re
 

E
n

v
ir
o

n
m

e
n

ta
l 

s
u

s
ta

in
a
b

ili
ty

 

ra
n

k 

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-

mark 

AAA  84 3 74.4 4 96.2 15 83.4 10 

Lithua-

nia 

BAA 77.6 16 60.9 43 95.7 18 79.2 16 

 

In Ireland, the PSOôs 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 transparency, with 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 

ñdemocratically embeddedò. 

The Danish PSO system had an integrated 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 consumers was stable 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 and the island 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 without a stable regula-

tory framework, PSOs can create additional risks for the energy system rather than 

stabilising it. 

In summary, the comparative analysis highlights the following aspects: 

ī Affordability ï only when the PSO is complemented by social protection 

measures (Denmark and Ireland). In Lithuania, there is still potential to 

strengthen this aspect. 

ī Investment ï most strongly promoted in Ireland and Lithuania, but only 

in Ireland was the PSO system operating with a clearly regulated post-

impact evaluation mechanism. 

ī 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 reflects national political attitudes and decision-making logic. Its 

design, therefore, needs to be regularly reviewed, combining the principles of 

transparency, proportionality, and efficiency. Moreover, the analysis of the PSOs 

provides insight into how state decisions reinforce or undermine the social dimen-

sion of energy policy ï 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 not receive market signals ï such 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 fossil fuel-based 

ñsecurity of supplyò was prematurely discontinued ï Lithuania 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 market-based capacity mechanism for energy security (which is, in 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 resources, as this is a win-win 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 Lithuaniaôs progress in energy and 

climate policy over the 2010ï2021 period. The indexed values are given in Ta-

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 (Table 3.6). The highest growth was 

recorded in ca. 2014ï2016 (due to the surge in RES capacity connections and the 

decrease in the economyôs energy intensity). 

Table 3.5. Indexed values for the assessment, 2010ï2011 (Source: Ġikġnelytǟ-Butkienǟ 

et al., 2024) 

Indica-

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

ECC1 1 1.016 1.097 0.970 1.021 1.129 1.072 1.237 1.295 1.388 1.771 1.771 

ECC2 1 1.066 1.080 1.146 1.164 1.191 1.164 1.158 1.151 1.206 1.260 1.233 

ECC3 1 1.006 1.021 1.046 1.057 1.046 1.056 1.098 1.073 1.052 1.056 1.080 

ECC4 1 1.000 1.000 1.020 1.063 1.085 1.020 1.000 0.944 0.981 1.000 0.879 

ECC5 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 

ECC7 1 1.110 1.118 1.113 1.157 1.181 1.175 1.236 1.219 1.213 1.195 1.195 

ECC8 1 1.000 1.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 

ECC9 1 1.015 1.092 1.158 1.204 1.316 1.306 1.327 1.301 1.301 1.398 1.434 

ECC10 1 1.291 1.680 2.010 2.096 2.687 3.017 3.110 3.335 3.435 3.745 4.421 

Table 3.6. Achievements made by implementing energy and climate change policy in 

Lithuania (Source: Ġikġnelytǟ-Butkienǟ et al., 2024) 

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

S1 1 1.07 1.14 1.29 1.33 1.42 1.44 1.49 1.52 1.55 1.64 1.72 

S2 1 1.07 1.15 1.27 1.31 1.42 1.44 1.49 1.52 1.55 1.67 1.75 

S3 1 1.08 1.16 1.35 1.40 1.50 1.53 1.58 1.62 1.65 1.74 1.84 

S4 1 1.10 1.23 1.40 1.45 1.64 1.71 1.76 1.82 1.86 1.99 2.17 

S5 1 1.08 1.18 1.34 1.39 1.52 1.56 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% in the GHG 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 weight is given to the develop-

ment of RE sources, Lithuaniaôs progress appears to have more than doubled 

(Fig. 3.2) because of the RES capacity (especially wind and solar) that has jumped 

the most over the decade and demonstrated an impressive increase that outpaces 

other indicators. However, the downside to this progress in the RES sector is that 

it is insufficient in the 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 reflected 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). 

 
Fig. 3.2. Differences in the composite index across the weighting schemes  

(source: Ġikġnelytǟ-Butkienǟ et al., 2024) 

The analysis of the index demonstrates that, even with a 72ï92% 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) were to be achieved by 

2030 (100% would correspond to full implementation of all targets), a level of ca. 

70ï80% in 2021 would indicate a lag. In particular, for energy efficiency, about 

half of the required progress has been achieved, for RES about two-thirds, and for 

GHG reductions about 60%. The ñgapò 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 Electric vehicles continues 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 additional RE capacity possibly deployed earlier than planned. 

 

 
 

Fig. 3.3. Contributions of the indicators to the composite index ï the basic 

weighting scheme (source: Ġikġnelytǟ-Butkienǟ et al., 2024) 
 

 
Fig. 3.4. Short-term forecast for the composite index ï the basic weighting scheme  

(source: Ġikġnelytǟ-Butkienǟ et al., 2024) 

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, but 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 index, therefore, fills this gap by providing a pragmatic 

tool for policymakers. 

The index results were interpreted and compared with reality. For example, 

the increase in the index confirms that Lithuaniaôs energy policy has had tangible 

results ï especially in the RE 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 electricity imports (which simply ñshiftò emis-

sions elsewhere); hence, this aspect requires a more careful assessment (the index 

is planned to be improved in the future to distinguish between ñhome-madeò and 

ñimported solutionsò). Another aspect of the discussion is the importance of bal-

ance: the index scenarios 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 NECP) is there-

fore necessary, as evidenced by the balanced scenarioôs growth rate of ca. 92% 

(higher than in the scenarios for single areas other than RES). 

The final result, the developed assessment model (index), has proven to be a 

useful tool; it clearly illustrates both strengths (rapid RES development) and 

weaknesses (lack of progress in efficiency, continued high levels of imports), thus 

providing a basis for recommendations (e.g., more focus on energy saving poli-

cies, accelerated construction of local generation, etc.). These results are presented 

and visualised (the thesis presents graphs with the evolution of the index in dif-

ferent scenarios, contributions in percentage). 

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

Using a multi-criteria methodology (KerCA) to assess the achievements of the 27 

EU countries in implementing their low-carbon economies, 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 reflects the level of en-

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 different 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 3.7. 
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Table 3.7. Weights defining different assessment scenarios for a low-carbon economy 

(Source: Ġikġnelytǟ-Butkienǟ et al., 2022) 

Scenario 

GHG emissions 

in ESD sectors, 

Mtoe CO2e 

Final energy  

consumption, 

Mtoe 

Primary 

energy 

consump-

tion, Mtoe 

Share of  

renewables, % 

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 is an overall ranking of countriesô progress towards 

the 2020 climate and energy targets (Table 3.8). 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 emissions, and improving efficiency. 

A second group, including Germany, France, and the Baltic States, Latvia and 

Estonia, broadly complied with their binding obligations, yet their performance 

remained more heterogeneous 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 carbon-intensive economies, 

such as Poland and Malta, persistently encountered 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 (Source: Ġikġnelytǟ-

Butkienǟ et al., 2022) 

Country 

Balanced Environmental Energy Renewables 

Utility  Rank Utility  Rank 
Util-

ity 
Rank 

Util-

ity 
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 

Czech Re-

public 
0.722 9 0.597 15 0.735 8 0.728 4 

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 



52 3. ENERGY SECURITY ASSESSMENT RESULTS AND CONCLUSIONS 

 

End of Table 3.8 

Country 

Balanced Environmental Energy Renewables 

Utility  Rank Utility  Rank 
Util-

ity 
Rank 

Util-

ity 
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 3 

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 0.811 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 

 

Lithuaniaôs position: According to the assessment results, Lithuania ranks 

in the third quarter among all countries. An accurate assessment shows that 

Lithuania ranked ca. 19ï21, depending on the scenario of the criteria assessed, 

indicating that Lithuaniaôs progress between 2010 and 2020 was slightly be-

low the EU average. In more detail, Lithuaniaôs 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 (exceeding its 2020 emission reduction 

commitment in non-ETS sectors). Weakness in meeting energy efficiency tar-

gets: Lithuania exceeded its 2020 target for final energy consumption (i.e., it 
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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 environment-protection scenarios. 

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 lowest value of 0.82 between the renewable and energy efficiency 

scenarios. 

Table 3.9. Correlation coefficients for utility scores (Source: Ġikġnelytǟ-Butkienǟ et al., 

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 (Source: Ġikġnelytǟ-Butkienǟ et al., 2022) 

 Balanced Environment Energy 

Balanced    
Environment 0.95   

Energy 0.97 0.89  

Renewables 0.93 0.82 0.94 

 

The advantage of the KerCA 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 composite score. 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-

mance of countries has varied considerably. Multi-criteria 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. However, this is not always true ï Estonia, 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 show that a countryôs policy choices and priorities can 

determine more than just economic development. 

When talking about energy security in the ERU context, the 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 over the period 2010ï2020. Meanwhile, Poland has lagged behind in 

sustainability indicators in its pursuit of security through indigenous fossil fuels 

(coal), and ultimately, its energy security is still being challenged by the ageing 

of its polluting generation. This confirms a widely held belief that energy self-

security in the long term is best enhanced through sustainable energy measures 

rather than traditional fossil fuel technologies alone. 

Lithuaniaôs ranking ï although not among the leaders ï once again highlights 

the need to invest in areas where we are lagging (efficiency). On the other hand, 

Lithuaniaôs experience with RES development is valuable for other countries ï 

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: instruments that have been used by leading countries (Denmarkôs wind 

auction model and Germanyôs 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 the multi-criteria assessment positioned Lithua-

niaôs performance in the EU context and strengthened the argument that state de-

cisions (policy instruments) are responsible for differences in performance. Even 

within the common framework of EU objectives, the quality and ambition of na-

tional policies determine whether a country becomes a leader or an outsider. This 

part of the research also helped validate the findings of the national index: it 

showed that the areas where Lithuania lags behind in the national index (effi-

ciency) are the same as those where we lag behind in the EU context. This 

strengthens the reliability of the results. 

Although this research was based on the case of Lithuania, the results have 

wider applicability. The structure of the National Progress Index and the classifi-

cation of the energy security indicators can be easily adapted to other EU coun-

tries. This allows not only for the effectiveness of countriesô policies to be com-

pared, but also for weaknesses to be identified in the implementation 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 indicator-based assessment revealed the multidimensional nature 

of energy security, which cannot be captured by a single measurement 

dimension. The analysis based on the 4A model (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. The research also highlighted the im-

portance of data accessibility: without proper statistics, the use of in-

dicators may be limited or even distort the results. 

2. 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 ensuring security of supply (e.g., through 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 Greece) have shown that 

different PSO structures lead to different energy security emphases, 

ranging from the protection of local generation to the development of 

RES. 

3. Lithuaniaôs performance in meeting the EUôs energy and climate tar-

gets is consistent but uneven across 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 the economyôs structure), while some social aspects, such 

as energy poverty, were not sufficiently integrated into the national 

assessment of targets. 

4. The application of the Kernel-based Comprehensive Assessment 

(KerCA) method to EU countries has highlighted Lithuaniaôs position 

as a moderately advanced country. This approach enabled the creation 

of a holistic index to assess countriesô progress, which, unlike a single 

criterion or a simple ranking, showed the balance between countriesô 

different objectives. Lithuania 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 northern and southern regions. 

5. The cross-sectoral analysis shows that all four dimensions of energy 

security are affected by government decisions, but the impact is often 

uneven. For example, investments in RE development may improve 



56 3. ENERGY SECURITY ASSESSMENT RESULTS AND CONCLUSIONS 

 

sustainability and reduce import dependency in the long term, but in 

the short term, may 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. 

6. The Composite Progress Index, applied at the national 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) change the overall outcome. It also helped to 

identify bottlenecks ï areas where targeted policy changes or addi-

tional investment instruments are needed. 

7. It can be argued that the impact of government economic decisions on 

energy security is manifested through several interconnected strands: 

policy, regulation, and planning. This impact is multidimensional and 

measurable, and can therefore be assessed through integrated ap-

proaches, as shown in this dissertation. 

8. The impact of policy interventions depends on their focus and coordi-

nation. Single or incomplete solutions (e.g., temporary tariff changes) 

do not have a systemic effect and, in some cases, even destabilise the 

existing system. The analysis has shown that the most significant im-

pact has been achieved by cross-cutting measures with financial, insti-

tutional reform and regulatory components. 
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General conclusions 

1. Public economic decisions have a direct and structural impact on national 

energy security through long-term institutional changes, capital flows to infra-

structure and changes in consumer behaviour. The analysis carried out in the dis-

sertation confirms that economic policy measures ï such as energy price regula-

tion, investment subsidies, or tax incentives ï can not only respond to short-term 

crises, but also fundamentally transform energy supply chains and their reliability. 

This insight confirms the first defence statement. 

2. The concept of energy security is dynamic and conceptually heterogene-

ous, depending on the period under analysis, the geographical context, the coun-

tryôs intra-constitutional characteristics, and the prevailing policy priorities. A 

systematic analysis of the scientific literature has shown that there is no single, 

universal definition of energy security, with the most commonly used definitions 

reflecting the reliability, availability, and long-term sustainability of energy sup-

ply. Consequently, the assessment of energy security is a challenge for both re-

searchers and policymakers. This conclusion substantiates the first defence state-

ment and forms the theoretical basis for further analysis in the dissertation. 

3. Ensuring energy security requires cross-policy coordination, covering not 

only energy, but also environment, economy, social protection, and innovation. 

Cross-sectoral analysis 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 multidimensional 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 have taken radical decisions that are significantly 

changing their energy security strategy from short-term security of supply to long-

term energy transformation. Decisions have been taken at both national and EU 

levels that have stimulated investment in alternative energy sources, developed 

back-up storage systems, and reorganised gas and electricity supply flows. These 

measures, although initially seen as reactive, have in the long term become struc-

tural, confirming the third and fourth defence statements. 

5. This dissertation proposes 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 on the 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 analysis, strengthening the fifth  defence statement 

and contributing to the aim of the dissertation. 
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Recommendations 

1. To enable evidence-based 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 is recommended to restructure the PSO fund distribution 

mechanism so that it is directly linked to long-term national goals, such as the 

expansion of renewable energy, system reliability, and innovation support. 

3. Energy security, climate neutrality, and economic 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 undermine goals 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 should be established, as-

sessing each measure according to the four core dimensions of energy security ï 

availability, affordability, accessibility, and acceptability. Every new measure ï 

whether a subsidy, tax incentive, or regulatory reform ï should be evaluated 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 and the 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. Strengthening storage 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 used to monitor progress in 

the energy sector, assess the implementation of EU targets, and guide policy ad-

justments based on empirical evidence. The model could be integrated into the 

analytical workflows of institutions such as the Ministry of Energy of the Republic 

of Lithuania or the National Energy Regulatory Council as a decision-support in-

strument. 
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