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ABSTRACT

ASSESSMENT OF ENERGY EFFICIENCY RELATED INDICATORS AND
COMPARING SELECTED COUNTRIES BY SCORING THEIR ENERGY

EFFICIENCY

Güngör, Selda

M.S., Department of Earth System Science

Supervisor: Prof. Dr.�Ismail Ömer Y�lmaz

Co-Supervisor: Prof. Dr. Oktay F�rat Tanr�sever

December 2023, 129 pages

The importance of energy ef�ciency and its implications for sustainable development,

decoupling, and decarbonization has led to substantial variations in energy ef�ciency

policies and strategies between developed and developing countries that are usually

overlooked. This thesis presents a detailed energy ef�ciency analysis across differ-

ent countries, employing an integrative approach that combines indicators from the

Energy Transition Index, RISE (Regulatory Indicators for Sustainable Energy), and

various distinctive energy ef�ciency metrics. The imperative drives the research to

understand and enhance energy ef�ciency, a crucial factor in achieving sustainable

development, promoting economic and environmental decoupling, and advancing de-

carbonization efforts. Integrating diverse indicators provides a multifaceted view of

energy ef�ciency, encompassing technical aspects of energy consumption and regula-

tory, policy, and infrastructural dimensions. This comprehensive methodology allows

for a nuanced assessment of how countries manage their energy resources, implement

policies, and progress towards ef�cient and sustainable energy use. By amalgamating

data from various sources, the study reveals strengths, inef�ciencies, and potential
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areas for improvement in national energy landscapes. By combining a diverse set of

indicators, this research not only facilitates a nuanced comparison of national energy

ef�ciencies but also underscores the importance of regulatory and policy interven-

tions in catalyzing energy ef�ciency improvements. Using this innovative indicator

set, the comparative analysis of China, Germany, Türkiye, and Ethiopia offers valu-

able insights into how different nations navigate the challenges and opportunities in

enhancing their energy ef�ciency. It highlights these countries' distinct paths, re-

�ecting their unique socio-economic and environmental contexts. This thesis aims to

contribute to the energy policy and sustainability discourse by providing a compre-

hensive framework for evaluating energy ef�ciency. This framework serves as a tool

for policymakers, researchers, and stakeholders, aiding in identifying best practices,

gaps, and potential areas for policy intervention. Ultimately, the research underscores

the critical role of energy ef�ciency in steering nations toward a more sustainable,

decarbonized, and resource-ef�cient future.

Keywords: Energy Ef�ciency, Multiple Bene�ts of Energy Ef�ciency, Energy Ef�-

ciency Indicators, Energy Ef�ciency Scorecards, Country Comparison
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ÖZ

ENERJ�I VER �IML �IL �I �G�I GÖSTERGELER �IN �IN DE �GERLEND�IR �ILMES �I VE
PUANLAMA YÖNTEM �I �ILE ÜLKELER �IN ENERJ �I VER �IML �IL �I �G�IN �IN

KARŞILAŞTIRILMASI

Güngör, Selda

Yüksek Lisans, Yer Sistemi Bilimleri Bölümü

Tez Yöneticisi: Prof. Dr.�Ismail Ömer Y�lmaz

Ortak Tez Yöneticisi: Prof. Dr. Oktay F�rat Tanr�sever

Aral�k 2023 , 129 sayfa

Enerji verimlili �ginin önemi ve sürdürülebilir kalk�nma, düşük karbonlu ekonomiye

geçiş, enerji talebi ve gayri sa� yurt içi has�la(GDP) aras�ndaki ba�glant�n�n kopar�l-

mas� süreçlerine etkisi, gelişmiş ve gelişmekte olan ülkelerin enerji verimlili�gi poli-

tikalar� ve stratejileri aras�nda önemli farkl�l�klara yol açm�şt�r. Bu tez, farkl� ülkeler

aras�nda ayr�nt�l� bir enerji verimlili�gi analizi sunarak, Enerji Geçiş Endeksi(ETI),

RISE (Sürdürülebilir Enerji için Düzenleyici Göstergeler) ve di�ger enerji verimlili�gi

endekslerinden al�nan göstergeleri birleştiren bütüncül bir yaklaş�m kullanmaktad�r.

Araşt�rman�n zorunlulu�gu, sürdürülebilir kalk�nmay� başarma, ekonomik ve çevresel

ayr�şmay� teşvik etme ve karbon ay�rma çabalar�n� ilerletme aç�s�ndan kritik bir faktör

olan enerji verimlili�gini anlamak ve geliştirmektir.

Çeşitli göstergelerin entegrasyonu, enerji tüketiminin teknik yönlerini ve düzenleyici,

politika ve altyap�sal boyutlar� kapsayan çok yönlü bir enerji verimlili�gi görünümü

sa�glar. Bu kapsaml� metodoloji, ülkelerin enerji kaynaklar�n� nas�l yönettikleri, poli-
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tikalar� nas�l uygulad�klar� ve verimli ve sürdürülebilir enerji kullan�m�na do�gru na-

s�l ilerledikleri konusunda detayl� bir de�gerlendirme yap�lmas�na olanak tan�r. Farkl�

kaynaklardan al�nan verileri birleştirerek, bu çal�şma ulusal enerji manzaralar�nda

güçlü yönleri, verimsizlikleri ve iyileştirme alanlar�n� ortaya ç�karmaktad�r.

Çeşitli göstergeleri birleştiren bu araşt�rma, sadece ulusal enerji verimliliklerinin den-

geli bir karş�laşt�rmas�n� kolaylaşt�rmakla birlikte ayn� zamanda enerji verimlili�gi iyi-

leştirmelerini h�zland�rmada düzenleyici ve politika müdahalelerinin önemini de vur-

gular. Bu yenilikçi gösterge seti Çin, Almanya, Türkiye ve Etiyopya'n�n enerji verim-

lili �gi politikalar� ve uygulamalar� esnas�nda karş�laşacaklar� zorluklar� ya da f�rsatlar�

de�gerlendirme konusunda bir k�lavuz olmay� hede�emektedir.

Bu tez, enerji verimlili�gini de�gerlendirmek için kapsaml� bir çerçeve sunarak enerji

politikas� ve sürdürülebilirlik tart�şmalar�na katk�da bulunmay� amaçlamaktad�r. Bu

çerçeve, politika yap�c�lar, araşt�rmac�lar ve paydaşlar için bir araç olarak hizmet eder

ve en iyi uygulamalar�, boşluklar� ve mevzuat çal�şmalar� için potansiyel alanlar� be-

lirlemede yard�mc� olur. Sonuç olarak, araşt�rma, enerji verimlili�ginin,ülkeleri daha

sürdürülebilir, düşük karbonlu ekonomili ve kaynak verimlili�gi yüksek bir gelece�ge

yönlendirmede kritik bir rol oynad��g�n� vurgulamaktad�r.

Anahtar Kelimeler: Enerji Verimlili�gi, Enerji Verimlili �ginin Çoklu Faydalar�, Enerji

Verimlili �gi Göstergeleri, Enerji Verimlili�gi Puanlamas�, Ülke Karş�laşt�rmas�
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"What matters most is how well you walk through the �re. CB"
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CHAPTER 1

INTRODUCTION

1.1 Background

The European Union has been working to maintain energy self-suf�ciency, minimize

vulnerability, and prevent physical disruptions. They have also enhanced ef�ciency

through programs and policies like SAVE, Energy Ef�ciency Action Plans, and En-

ergy Charter Protocol. However, the EU found no decline in emission trends despite

previous forecasts. The economic and social structure was heavily reliant on conven-

tional energy sources. As a result, EU formed a comprehensive energy policy to re-

duce energy dependency and �ght climate change by managing energy demand. The

environmental aspect became the most effective due to developed countries and the

EU's progress in addressing conventional energy-related pollution. In the 2000s, the

EU achieved a signi�cant decoupling of energy consumption from GDP, but this was

not sustainable due to the peak in energy production around 2010. In 2015, the EU

initiated the Energy Union to integrate energy policy into a sustainable, competitive,

and affordable energy framework, prioritizing the "energy ef�ciency �rst principle"

(EE1) of The Energy Ef�ciency Directive, which was adopted on July 24, 2023 as a

evolution and realization of energy ef�ciency's importance which will be discussed

in Section 2.3 - Evolution of Energy Ef�ciency.

1.2 Problem Statement

The importance of energy ef�ciency and its implications for sustainable development,

decoupling, and decarbonization has led to substantial variations in energy ef�ciency
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policies and strategies between developed and developing countries that are usually

overlooked. Despite the growing recognition of energy ef�ciency as a key factor in

achieving sustainable development, economic and environmental decoupling, and ad-

vancing decarbonization efforts, a signi�cant disparity exists in the implementation

and effectiveness of energy ef�ciency policies and strategies between developed and

developing countries. This disparity often leads to inef�cient energy use and hin-

ders progress toward global energy sustainability goals. The challenge lies in com-

prehensively understanding how different nations, with their unique socio-economic

and environmental contexts, manage their energy resources, implement policies, and

progress towards ef�cient and sustainable energy use. There is a critical need for

an integrative approach that combines various indicators - technical, regulatory, pol-

icy, and infrastructural - to provide a multifaceted view of energy ef�ciency. This

approach should reveal the strengths and weaknesses of different national energy

landscapes, identify gaps, and suggest areas for policy intervention. Thus, this the-

sis addresses the lack of a comprehensive framework that can effectively assess and

compare the energy ef�ciency performance of countries with diverse backgrounds

and guide them toward improved energy management and sustainable practices.

1.3 Research Question

How can an integrative framework that combines indicators from the Energy Transi-

tion Index, RISE (Regulatory Indicators for Sustainable Energy), and various distinct

energy ef�ciency metrics effectively assess and compare the energy ef�ciency perfor-

mance of countries with differing socio-economic and environmental contexts, and

what implications does this have for policy interventions aimed at enhancing energy

ef�ciency and advancing sustainable development goals? This framework aims to

offer additional steps and measures for any particular country and bridge the gap

between policymaking and implementation. By combining these indicators, poli-

cymakers can identify regions where energy ef�ciency programs may exhibit gaps,

enabling them to undertake suitable measures to address and remedy these shortcom-

ings. This complete approach could help countries evaluate their energy ef�ciency

improvements while allowing for comparative analysis with other countries across
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three key aspects that de�ne human growth. By bridging the policy-implementation

gap, countries can progress towards achieving sustainable energy objectives, thereby

making valuable contributions to global actions to address climate change. By do-

ing so, decision-makers ensure that the bene�ts of sustainable energy are accessible

to all rather than being limited by those who originally established the pathway to

sustainability.

1. The importance of bridging the policy-implementation gap: By identifying various

energy ef�ciency indicators, countries may effectively implement sustainable energy

policies and how this can help achieve human growth and development.

2. Comparing sustainable energy ef�ciency initiatives across different countries: How

various countries have approached sustainable energy objectives and analyzed their

successes, challenges, and lessons learned. This comparative analysis can offer useful

insights into effective strategies that other nations could adopt.

3. Ensuring accessibility of energy ef�ciency bene�ts: Highlighting the signi�cance

of ensuring that sustainable energy bene�ts are accessible to all individuals, especially

marginalized communities. This includes addressing issues such as affordability, in-

frastructure development, and education. By prioritizing accessibility, countries can

ensure that no one is left behind in the transition to sustainable energy, leading to

inclusive and equitable development for all. Additionally, efforts should be made

to empower local communities and involve them in decision-making processes, as

their participation is crucial for the successful implementation of sustainable energy

initiatives.

1.4 Limitation of Study

The study focuses on determining indicators for evaluating energy ef�ciency poli-

cies and measures in the context of sustainable development, decarbonization, and

decoupling. The chosen indicators may not fully represent each country's complex

and unique characteristics, as they may not capture socio-economic or environmental

elements that impact initiatives to enhance energy ef�ciency. The methodology used

in this study uses a methodical approach to group indicators from multiple indexes,

3



such as the Regulatory Indicators for Sustainable Energy (RISE), Energy Transition

Index indicators.

The dimensions were organized strategically, considering the many advantages linked

to elements of energy ef�ciency. This approach enhanced the level of detail and

depth of the research. However, it is crucial to acknowledge that the complicated

nature of the topic of energy ef�ciency may still provide dif�culties in capturing all

its complexities.

The �ndings provide signi�cant insights into the intricate correlation between en-

ergy ef�ciency and several aspects of global sustainability. However, it is essential

to interpret the results while considering the constraints previously elucidated. The

availability and trustworthiness of data among different nations may also vary, with

some countries having more precise and comprehensive data about speci�c indicators.

In contrast, others may exhibit constraints or less reliability in their data collection.

This variation in data quality can create discrepancies or ambiguities when comparing

energy ef�ciency performance across different nations. The sections were systemat-

ically categorized into �ve primary aspects: energy ef�ciency levels, trends, energy

saving ratios, energy ef�ciency policies, and transition readiness. The dimensions

were arranged strategically, considering the many advantages of energy ef�ciency el-

ements. This approach enhances the granularity and depth of the research, aiming

to comprehensively assess the in�uence of energy ef�ciency on sustainable develop-

ment, decarbonization, and decoupling.

1.5 Methodology

The study uses an extensive approach that includes several indicators and informa-

tion sources to evaluate the impact of energy ef�ciency on sustainable development,

decarbonization, decoupling, and GHG abatement to limit global warming.

The process of data collection and analysisinvolves gathering the most recent data

from several sources, spanning up to the year 2022, for each indicator that has been

chosen.

4



The selection of indicators and countriesinvolves analysis of indexes and selecting

ideal indicator sets, indicators, and countries to create a realistic representation.

Comparison and evaluationuses indexes to score the selected countries' contri-

butions to climate change, global warming, and sustainable development regarding

energy ef�ciency.

Conclusions and Recommendationsprovides valuable insights about the policy im-

plications and interventions that have the potential to boost energy ef�ciency efforts,

�t with sustainable development goals, and contribute to the global objectives of de-

carbonization.

In short, this study uses an approach that carefully selects indicators, categorizes and

analyzes data, uses scoring methods and compares extensively.

1.5.1 Selection Criteria

� Selection of Indicators

The selection of indicators in the study for evaluating energy ef�ciency across differ-

ent countries is guided by the objective to encompass a broad range of factors that

in�uence energy ef�ciency. The indicators are chosen from various sources, such as

the Energy Transition Index, RISE (Regulatory Indicators for Sustainable Energy),

and other distinctive energy ef�ciency metrics, ensuring a comprehensive analysis.

The selection process is brie�y explained as follows:

Coverage of Multiple Dimensions: Indicators are selected to cover technical, reg-

ulatory, policy, and infrastructural aspects. This multidimensional approach ensures

that the analysis captures not only the physical aspects of energy use but also the

enabling environment for energy ef�ciency.

Relevance to Energy Ef�ciency: Each indicator is carefully chosen for its direct or

indirect impact on energy ef�ciency. This includes measures of energy consumption,

energy intensity, renewable energy adoption, and CO2 emissions.

Comparability Across Countries: Indicators that allow meaningful comparisons
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between countries with diverse socio-economic and environmental backgrounds are

prioritized. This enables the study to highlight differences and similarities in energy

ef�ciency strategies and outcomes.

Data Availability and Reliability: The feasibility of obtaining reliable and up-to-

date data is a crucial criterion. The study focuses on indicators for which data is

available for various countries, ensuring a more inclusive and representative analysis.

Policy and Regulatory Indicators: Given the importance of policy and regulatory

frameworks in driving energy ef�ciency, indicators that re�ect the effectiveness of

such frameworks are included. This encompasses aspects like energy standards, in-

centives, and regulatory measures.

Sustainability and Environmental Impact: Indicators that assess the environmental

impact of energy use, such as carbon intensity and the share of renewable energy, are

included to align the study with broader sustainability goals.

RISE (Regulatory Indicators for Sustainable Energy):

Energy Ef�ciency Policy Scores to evaluate the effectiveness of a country's energy

ef�ciency laws and regulations. RISE measures, such as Renewable Energy Capacity

and Energy Access, assess a country's advancement in shifting towards sustainable

energy sources while ensuring ef�ciency.

Energy Transition Index:

The Energy Transition Index assesses energy security, equity, and environmental sus-

tainability, regulatory and transition readiness. Evaluate the equilibrium of these �ve

aspects within a country and assess the potential impacts of energy ef�ciency mea-

sures to maintain the equilibrium. Analyze a country's energy ef�ciency performance

concerning its total energy transition score to �nd any compromises and areas that re-

quire improvement.

� Selection of Countries

The selection of Germany, China, Türkiye, and Ethiopia as the focus countries for

this research is driven by criteria explained below:
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Diverse Development Level:

The selection of Germany, China, Türkiye, and Ethiopia as the focus countries for this

research is driven by an essential goal: to examine energy ef�ciency and its signi�-

cant impact on climate change mitigation, the necessity of limiting global warming,

and the promotion of sustainable development. These countries provide unique per-

spectives on the complex relationship between energy ef�ciency strategies, climate

change mitigation, and the goal of sustainable development.

Germany is a highly developed country with a strong economy and advanced techni-

cal infrastructure. This option enables a comprehensive examination of energy ef�-

ciency concerning the efforts to mitigate climate change and the urgent need to limit

global warming. The energy ef�ciency regulations implemented by Germany are

well-established and may be used as a good standard for evaluating their effective-

ness in achieving these important goals.

China, categorized as a developing economy, offers a compelling situation. It is char-

acterized by continuous and rapid industrial expansion, urban development, and sig-

ni�cant contributions to world emissions. China's signi�cance lies in its potential

to serve as a crucial case study for understanding the impact of energy ef�ciency

on mitigating climate change at a signi�cant level and its involvement in achieving

sustainability objectives.

Türkiye, an emerging country, offers a unique perspective on energy ef�ciency. This

enables an analysis of how energy ef�ciency methods contribute to efforts to mitigate

climate change and �t with the aim of sustainable development, especially in an en-

vironment characterized by increasing energy demands and expanding infrastructure.

Ethiopia, categorized as a least developed country, provides a unique perspective on

energy ef�ciency concerning efforts to combat climate change and promote sustain-

able development. This section is essential for comprehending the implementation of

sustainable energy solutions in settings de�ned by restricted resources, infrastructure,

and capability.

Geographic Variation:
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The diverse geography of these countries offers a broad view of how different cli-

matic, cultural, and geographical elements in�uence energy ef�ciency policies and

practices in the context of addressing climate change and promoting sustainable de-

velopment. The variances in climate conditions, economic landscapes, and cultural

concerns across these countries impact their initiatives toward energy ef�ciency and

their reactions to climate change.

Policy and Economic Variability:

Germany's proactive approach to establishing advanced energy ef�ciency measures

makes it an attractive subject for studying exemplary methods and evaluating their

in�uence on climate change mitigation and sustainability.

However, China has a crucial role in global emissions and faces distinct dif�culties

and solutions due to its large size and rapid growth. This renders it an intriguing

topic for examining its role in mitigating climate change and promoting sustainable

development through efforts to enhance energy ef�ciency.

Türkiye's unique geographical position, serving as a bridge between Europe and Asia,

gives rise to a distinctive combination of in�uences on its energy policy. The coun-

try's approach to energy ef�ciency in the context of climate change mitigation and

sustainability is shaped by several factors, such as regional dynamics and interna-

tional concerns.

Ethiopia's focus on energy ef�ciency is motivated by its unique development require-

ments. The country's experiences provide light on local-level projects and the in�u-

ence of foreign assistance on energy ef�ciency initiatives in the context of addressing

climate change and promoting sustainable development.

Research Focus:

The report offers a comparative methodology to thoroughly analyze the energy ef�-

ciency landscape of each country and its contribution to mitigating climate change

and promoting sustainable development. The purpose is to �nd successful strategies

and common barriers in implementing energy ef�ciency measures that contribute to

global objectives by comparing and analyzing these countries.
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Contribution to Sustainable Development:

Moreover, this study focuses heavily on evaluating the impact of energy ef�ciency on

sustainable development and energy transition concerning the mitigation of climate

change and restriction of global warming. An examination will be conducted on each

country's energy ef�ciency strategies. This research will demonstrate the alignment

between energy ef�ciency and key objectives such as poverty reduction, economic

growth, climate action, and promoting sustainable cities and communities.

1.5.2 Data Collection Sources

The Regulatory Indicators for Sustainable Energy (RISE) Reports provide signi�cant

insights into various nations' regulatory frameworks and policies regarding energy

ef�ciency and sustainable energy practices.

Renowned international organizations such as the International Energy Agency (IEA)

sources offer valuable insights into many aspects of energy utilization, including con-

sumption patterns, improvements in ef�ciency, and other relevant indicators.

The studies published by the Energy Transition Index provide valuable insights into

the policies, practices, and energy ef�ciency indicators across many countries.

National and international databases encompass data collection curated by esteemed

organizations such as the World Bank and the United Nations. These databases are

valuable resources, providing extensive information on sustainable development and

energy ef�ciency.

Academic literature comprises peer-reviewed academic studies and research articles

that offer comprehensive insights into various aspects of energy ef�ciency, policy

implementation, and its implications for sustainable development.

Government and Non-Governmental Organization (NGO) reports offer valuable in-

sights into national policies, efforts, and projects connected with energy ef�ciency

within each country.

National statistics agencies and departments of different nations frequently provide

9



data about energy usage, emissions, and other indicators.

International correspondents and treaties, such as the Paris Agreement, provide a

framework for global endeavors to tackle climate change and enhance energy ef�-

ciency. These documents offer a valuable background for understanding the collective

efforts undertaken by nations worldwide in addressing these critical problems.

Climate and energy reports, such as those produced by the Intergovernmental Panel on

Climate Change (IPCC), offer valuable insights into the association between energy

ef�ciency and climate change mitigation.

This chapter establishes the context for the thesis by presenting background details

on the energy policies of the European Union and its endeavors to achieve energy

self-suf�ciency and ef�ciency. The text outlines the issue of unequal energy ef�-

ciency policies and tactics between rich and developing nations. This chapter fur-

ther elucidates the study subject, speci�cally examining how an integrated frame-

work may pro�ciently evaluate and juxtapose energy ef�ciency performances across

nations characterized by diverse socio-economic and environmental circumstances.

The introduction emphasizes the signi�cance of energy ef�ciency in attaining sus-

tainable development, separating economic and environmental factors, and reducing

carbon emissions.

Chapter 2 will examine energy ef�ciency, beginning with the European Commission's

efforts in 1987. The text explores many forms of communication and tactics designed

to ensure the Union's energy strategy, decrease carbon dioxide emissions, and en-

hance energy ef�ciency. It examines the historical background of energy policy in

the European Union, speci�cally highlighting the growing importance of energy ef-

�ciency as a crucial element of sustainable development. Chapter 3 analyzes the

energy scenarios, climate change positions, GHG abatement actions, and energy ef�-

ciency initiatives of four selected countries: Germany, China, Türkiye, and Ethiopia.

The text examines their national policy documents, global commitments, energy con-

sumption, generation of energy, and energy mix. This chapter offers a comprehen-

sive review of the energy pro�le of each country, including its improvements in the

RISE (Regulatory Indicators for Sustainable Energy) framework and Energy Transi-

tion Index (ETI) ratings. Understanding the different energy strategies and challenges
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encountered by different countries is important.
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CHAPTER 2

LITERATURE REVIEW

2.1 Overview of Energy Ef�ciency

Starting in 1987, the European Commission published several communications con-

cerning securing the Union's energy policy and energy access, reduction of carbon

dioxide emissions resulting from mostly burning of fossil fuels and their contribution

to the greenhouse effect, the environmental impact of industrialization, their nega-

tive impact on the climate system, reducing energy intensity and energy dependence

by pointing out the necessary measures to be taken such as capacity building in the

�eld of related knowledge, transfer of technology, �scal initiatives, de�ning both

individual and community-wide instruments to remove the barriers to a successful

implementation of any policy that may help to achieve targets related to the issues

mentioned above. (1987, 1991, 2000a, 2000b, 2000c)

The �rst of these communications, published in 1987, was named "Towards a Contin-

uing Policy for Energy Ef�ciency in the European Community" about future energy

consumption until 1995. This communication envisaged that the energy ef�ciency

improvements might reach around %15 or less, as opposed to the European Commu-

nity's %20 improvement goal set by the Council in 1986.(Commission of the Euro-

pean Communities, 1987) In addition, the EC stressed the importance of continuing

support for energy ef�ciency improvements and introducing new instruments and pol-

icy components for individual states and the entire European Union. These collective

efforts regarding energy policy have been ongoing since 1973, most notably triggered

by the energy price �uctuations between 1973 and 1985 and assisted by the Union.

Still, one can claim that this target set for energy ef�ciency can be considered one
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of the foundations of the Community's future energy policies.(Commission of the

European Communities, 1987) Therefore, the Council of Ministers aimed to achieve

this new ef�ciency objective that contained an additional improvement in"the ef�-

ciency of the �nal demand," and maintain the acceleration in energy ef�ciency by

1995. The projection and implementation targets were successfully achieved between

1973 and 1983. But as shown in Figure2.1, it was observed that due to the decline of

fuel prices and economic recession between the years 1983 and 1985, energy inten-

sity decline was slowed, and as a result, the energy ef�ciency improvement rate was

decreased.(Commission of the European Communities, 1987)

Figure 2.1: Overall Change of Energy Intensity of EC Member Countries 1973-1983, 1983-

1985(Commission of the European Communities, 1987)

In 1991, the European Commission shared concerns on the increasing trend in carbon

dioxide emissions, ongoing irresponsible attitude to manage the environment, and the

depletion of natural resources with another communication named "A Community

Strategy to Limit Carbon Dioxide Emissions and Improve Energy Ef�ciency." and

the EC also declared their %13 of total CO2 emissions contribution together with

the industrialized countries and had set the Union's 2002 target of reducing CO2

emissions by achieving energy demand reduction and ef�ciency improvements.(The

European Commission, 1991)
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The novelty of the 1991 communication was the direct mentions of the importance of

carbon dioxide emission reduction, behavioral change, public awareness to duplicate

the impact of �nancial aid on the role of energy ef�ciency promotion, and �nally, the

importance of energy ef�ciency in the way of carbon dioxide emission reduction, fuel

switching, and the use of renewable energy sources.

Another important aspect of 1991 communication is that it was published in the con-

text of 1992, Rio Earth Summit, an international event that tackled environmental

issues, including climate change. The 1991 Communication laid the foundation for

the EC's energy policy and the energy ef�ciency targets mentioned in the 1987 Com-

munication.

Following these communications, EC launched The Speci�c Actions for Vigorous

Energy Ef�ciency(SAVE) Program that ran starting from 1991 to 1995, which was

"An amendment for a Council Decision aiming at limiting CO2 emissions by improv-

ing energy ef�ciency, presented in the framework of the SAVE program." according

to the Commission. (The European Commission, 1992)

Figure 2.2: CO2 Emission Stabilisation Effort 1990-20028 (The European Commission, 1991)

It is also important to highlight that the EC began to introduce possible carbon dioxide

8"(1) According to scenario 1, energy in Europe, special issue, July 1990, update of July 1991, under the

assumption of higher economic growth, the increase in CO2 emissions could be twice as high.

(2) SAVE Programme, COM(90) 365 �nal; It has to be noted that the impact of some SAVE measures is already

included in scenario 1, "gains from market and policy."
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emission stabilization scenarios with current trends, regular policy gains, and energy

ef�ciency-related gains expected from the SAVE program with the 1991 Communi-

cation, as illustrated in Figure2.2 and shared as an annex of the 1991 Communication.

While Union and Member States were trying to �nd a compact and one-size-�ts-

all approach for all the present and future environmental problems and the"European

Union's structural weaknesses"1 in energy supply; it became clear during the the 1992

Rio Earth Summit, and the 1997 Kyoto Protocol that for the reduction of CO2-related

emissions and prevention of the depletion of natural resources caused by irresponsible

use, one action was playing a key role: Energy Ef�ciency(IEA, n.d.)

During the �rst decade of the new millennium, energy consumption within the Eu-

ropean Union was signi�cantly high, resulting in increased imports of energy goods.

That resulted in a steady increase in external reliance on energy sources, which cre-

ated a risk to the Union's and member states' economic recovery. Without interven-

tions, it was predicted that the European Union's energy demands would have been

satis�ed by imported goods by %70 in the upcoming two to three decades, compared

to the current %50. The vulnerability of many sectors, such as transportation, hous-

ing, and power, to unexpected global pricing �uctuations can be credited to their link.

Because of geopolitical factors, the EU's economic dependence on oil and gas re-

sources was enormous and equivalent to almost EUR 240 billion in 1999, and %6

of its overall imports and fossil fuel resources, such as the Middle East and Russia,

contributed to this dependency. Because the EU needed more power to in�uence the

global economy to ensure the security of its energy access, developing a comprehen-

sive strategy that prioritizes the uninterrupted physical availability of energy products,

environmental concerns, and sustainable development became inevitable.

The primary aim to ensure supply security was not focused on achieving energy self-

suf�ciency or reducing dependency but rather on mitigating the risks associated with

1"The dramatic rise in oil prices, which could undermine the recovery of the European economy, caused

by the fact that the price of crude oil has tripled since March 1999, once again reveals the European Union's

structural weaknesses regarding energy supply, namely Europe's growing dependence on energy, the role of oil as

the governing factor in the price of energy, and the disappointing results of policies to control consumption. The

European Union could not free itself from increasing energy dependence without an active energy policy.(The

European Commission, 2000c)"
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reliance on energy. (The European Commission, 2000c)

In light of those restraints, the Union had to develop and introduce a well-de�ned

energy transition for the sake of the European economy, including energy investments

that would offer new resources while meeting increasing energy demands for the next

30 years. However, the asynchronicity of development progress, energy structures,

energy demands, energy intensities, and environmental concerns between the member

states and the rest of the world created a massive obstacle in seeking policies that

solely protect the environment.

In "Towards a European Strategy For the Security of Energy Supply Communication"

(2000c)2, the EU analyzed the facts about energy in the Union and shared conclu-

sions such as the need of rebalancing its energy supply policy with well-de�ned and

demand-oriented policies while re-designing demand patterns and consumer behav-

ior by steering the demand trends towards environmentally respectful and sustainable

consumption; also introducing para�scal measures to reinforce the change. Concern-

ing energy supply, the �ght against global warming became the priority. Therefore, it

was decided to support any technological development related to new renewable and

conventional energy sources.

At the same time, they drew a picture of energy and energy policies in the EU at

that time, as the EU was an oil-dependent and energy-intensive economy in indus-

try, transport, and household sectors, having limited and declining resources, being

externally dependent due to its geography, and despite the potential of renewables,

having to consider nuclear energy even though it is an undesirable energy source,

lacking fundamental and dominating energy policy, and combating on several front-

lines such as climate change, international commitments, and the instability of the

energy supplier countries.

But as it was identi�ed in the Green Paper( 2000c)3, the EU failed to develop and

implement a robust and common energy policy. Therefore, considering the dif�culty

of controlling and shaping all the external factors and actors in the energy sector, the

2"Towards a European Strategy For the Security of Energy Supply Communication" is also known as "The

Green Paper"
3Please see Footnote 2
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EU decided to sustain self-suf�ciency, which has already been matched up with the

Union's establishment objective in the �rst place, by implementing and integrating the

energy ef�ciency aspect into energy and non-energy policies and actions; strengthen-

ing the existing ef�ciency policies.

In addition to maintaining energy self-suf�ciency, minimizing energy vulnerability,

and permanent or temporary physical disruptions (geopolitical crises, disasters, ac-

cidents, war, strikes, and price �uctuations), the Union also decided to enhance ef-

�ciency actions with the coordination of Member States, using market forces and

transformation by developing, disseminating, and promoting energy ef�ciency with

programs and policies such as (SAVE), Energy Ef�ciency Action Plans, Energy Char-

ter Protocol in and outside of the Union through multilateral efforts.(The European

Commission, 2000a, 2000c)

Following that, with a detailed list of policy areas concerning reduction potential and

low abatement costs for measures, packages of vertical and horizontal policies and

key aspects to implement those policy packages were thoroughly analyzed, and a new

program named the European Climate Change Programme (ECCP) was announced

in 2000. (The European Commission, 2000b)

However, not long after introducing ef�ciency measures via communications, the EU

concluded that there had been no decline in emission trend records contrary to pre-

vious forecasts because of the widely varied emission trends inside the EU. Many

announced energy-saving programs were ineffective in reaching the targets and de-

livering the �rst commitment period (2008–2012) targets of the Kyoto Protocol.

Table 2.1: Projected import dependence of EU, and Europe-30 in 1998, 2010, 2020 and 20304

1998 2010 2020 2030

EU %49 %54 %62 %71

Europe-30 %36 %42 %51 %60

However, not long after introducing ef�ciency measures via communications, the EU

concluded that there had been no decline in emission trend records contrary to pre-

4"Towards a European Strategy For the Security of Energy Supply Communication"(2000c)
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vious forecasts because of the widely varied emission trends inside the EU. Many

announced energy-saving programs were ineffective in reaching the targets and de-

livering the �rst commitment period (2008–2012) targets of the Kyoto Protocol.

According to the data presented in Table 2.1, it was projected that EU-15 countries

and Europe of 30 countries would have reached over %65 of energy import depen-

dence by 2030.5 And with this predicted enlargement, the gap in development and

growth rate between member states would have only increased the impact of depen-

dency. Projections showed that even climate change and integration of the EU and

markets - via enlargement - would have become a driving force to a serious shift of the

EU's energy supply and demand trends in favor of the Union's energy security with

the contribution of the steady growth of investment and development of renewable

energy and technologies; it was almost impossible to replace and satisfy the growing

energy demand from the "renewable energy sources" and concurrently securing en-

ergy supply; unless it was constantly supported with the additional policy measures.

Yet another problem with "some renewable energy sources"6 which might have an

impact on reducing the energy dependency of EU, was being pre-conditionally de-

pendent on advanced technologies and overcoming the technical dif�culties since it

was the only way to reduce the environmental impact of steadily increasing these

"renewable sources."

Regardless of the renewable energy source, the economic and social structure back

then was already shaped by the centralized development approach for electric gener-

ation and heavily relied on conventional energy sources. In addition, the barriers and

challenges to developing renewables had arisen �nancially because of the inevitable

initial support (�nancial) for extended periods until all renewable sources would reach

a degree of pro�tability and simultaneously the capacity to meet the energy demand

of EU 15 and EU 30 nations for the forecasted future.

In terms of the energy policy of the EU, the fundamental elements were identi�ed as

the protection of public service missions; providing security of supply; environmental

protection and enhancing energy ef�ciency.

5According to Green Paper4, over a 30-year time frame, member states might have grown around 30.
6such as biomass, wood, biodegradable waste
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In light of these conclusions The European Commission, decided to form a compre-

hensive energy policy to reduce energy dependency and �ght climate change by shift-

ing and managing energy demand because it was crystal clear that using any energy

resource might have caused an environmental impact, whether during the production

period or transportation and consumption periods.(1995)

Between those abovementioned fundamental elements, the environmental aspect had

become the most effective because developed countries and the Union had already

achieved remarkable progress on the remedying effects of conventional energy-related

pollution, and instead of reinventing the wheel, increasing and sustaining the mutual

environmental bene�t by introducing the best practices and similar initiatives to the

developing and least developed countries on the way of completing their economic

development while being responsible for %40 of the world's annual energy consump-

tion and accounting for %80 of the world's population by 2010.

Figure 2.3: Long-term development of GDP, energy demand and energy intensity-EU 25(European

Commission, 2005, Annex 3)

Until the 2000s, in the EU, a signi�cant amount of "decoupling of energy consump-

tion from economic growth (GDP)"7 was achieved. However, this achievement was

not viewed as a sustainable long-term trend due to the anticipated peak in energy pro-

duction around 2010. It was also projected that there would be a signi�cant increase

in energy import and dependence, reaching approximately %70 by the year 2030, as

shown in Figure 2.3. (2005) In light of this information, the EU realized that one

7Please see Footnote 2
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distinct way of reducing energy demand is by creating "negajoules" to secure energy

access to the Union. Figure 2.4 gives insight into potential negajoules or energy

savings until 2005 in the European Union.

Figure 2.4: Development of the primary energy demand and of "negajoules" - EUR 25 European

Commission, 2005

In 2015, the European Council initiated the foundational steps of an Energy Union

intending to integrate various aspects of energy policy into a cohesive and integrated

framework to secure sustainable, competitive, and affordable energy for consumers,

including households and business enterprises, by focusing on �ve aspects: security,

solidarity, and trust; a fully integrated internal energy market; energy ef�ciency; cli-

mate action; decarbonizing the economy; and research, innovation, and competitive-

ness. This initiative now prioritizes "energy ef�ciency �rst principle (EE1)"-which

will be discussed in Subsection 2.3.2 "The Final Destination: Energy Ef�ciency First

Principle"- of The Energy Ef�ciency Directive, which was of�cially adopted on

July 24, 2023, as a fundamental principle. The EU has established a new regulation

that outlines more ambitious objectives for reducing primary and �nal energy con-

sumption by 2030 as part of their efforts to achieve decarbonization targets by 2050.

This comes after the EU accomplished its aims for the year 2020.

2.2 Signi�cance of Energy Ef�ciency

In this section, the signi�cance and contribution of energy ef�ciency on the subjects

of 2.2.1 -Decoupling of the GHG Emissions and GDP, 2.2.2 -Decarbonization,
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2.2.3 - GHG Abatement, 2.2.4- Tracking SDG 7, 2.2.5- Ef�ciency: The First

Renewable Energy, 2.2.6-Multiple Bene�ts of Energy Ef�ciency on the way of

combatting climate change, sustainable development, and environmental protection

will be brie�y introduced. It is widely acknowledged at this point that anthropological

GHG emissions are the reason for climate change and its impacts on the environment

and humanity. At this point, the actions introduced below are the key to preventing

all negative impacts of anthropological actions, and energy ef�ciency on all sides

(demand and supply) is the key to those actions. For example, in their research, Peters

et al. stated that until 2016, the recorded decoupling was achieved by decreasing

energy intensity, avoiding energy consumption and energy cost, and increasing energy

ef�ciency measures in many countries. Figure 2.5 created with the data from an

article named "Key indicators to track current progress and future ambition of the

Paris Agreement" brie�y examines the subject.(Peters et al., 2017)

Figure 2.5: A Kaya Identity decomposition of CO2 emissions and their immediate drivers (2017)

2.2.1 Decoupling of the GHG Emissions and GDP

In 2002 OECD introduced the term "decoupling" as "breaking the link between "neg-

ative environmental impacts and economic goods," and with the OECD Environmen-

tal Strategy, separating the economic growth rate and environmental degradation and

impacts became one of the main targets of the organization.

A recent study of Guo et al., 2021 revealed that"it takes almost 40 years to shift

from weak to strong decoupling8" However, considering the long period of decou-

8Strong Decoupling means increased GDP with decreased energy demand, resulting a decreased environmen-

tal impact.
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pling, introducing the key solutions to decoupling in countries with a need for energy

demand becomes a bigger challenge. In another study, the researchers found that

strong decoupling is more common in developed countries, but even these countries

stop taking decoupling measures during periods of economic shock.(2019) The en-

ergy sector is responsible for over %40 of carbon emissions and the increasing energy

demand of emerging economies, least developed countries, and developing countries.

Meanwhile, developed countries are becoming the pioneers of decarbonization and

decoupling, trying to shape markets in line with their concerns and challenges during

that period, causing a con�ict between the developed countries and the rest. Even

the developed countries with high fossil fuel resources and consumption and their

indifference to decarbonization become a barrier on the way.

Figure 2.6: World GDP and CO2 Emissions (Maddison Project Database and Bolt and van Zanden,

2018)
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Figure 2.7: CO2 Emissions and World GDP Decoupling (WorldBank and Global Carbon Budget,

2021)

The Kaya Identity9, as de�ned by the University of Chicago, is an easy equation used

to forecast expected carbon emissions. It relies on predicted (or required) alterations

in population (measured in billions), economic activity represented by GDP per capita

(in thousands of $-US (1990) per person per year), energy intensity indicated in Watt

years per dollar, and the carbon intensity of energy sources expressed as Gton C

per terawatt year.((The Chicago University, n.d.)) And as seen in Figure 2.8 and

formulated as

CO2 = f CO2 � ENGg � f ENG � GDP g � f GDP � POPg � POP

the Kaya Identity de�nes population growth, income, and mostly energy and carbon-

intensive technology as for the drivers of emissions.

9The Kaya identity is an equation that serves the purpose of estimating the cumulative emissions of CO2,

developed by Yorichi Kaya
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Figure 2.8: Emission Drivers-Kaya Identity(Kaya, 1990)

At present, it can be asserted that the majority of the decoupling effect may be ex-

plained by energy ef�ciency. Several records and datasets provide evidence and pro-

jections on the decoupling of GDP from energy demand and the reduction in energy

intensity resulting from adopting enhanced energy ef�ciency measures across various

sectors. However, to meet increasing energy demand and the growing world popu-

lation, there is an urgent need for a signi�cant acceleration in the transition towards

zero-carbon fuels.

Over the last ten years, many nations have successfully decreased their emissions

from industrial activities. However, this effort often involves the transfer of emis-

sions to other countries, which could result in increased world emissions. To look

into achievements in decoupling, it is vital to use a consumption-based approach that

considers a country's emissions throughout worldwide supply chains. According to

empirical research by Hubacek et al., 32 out of 116 nations worldwide have achieved

absolute decoupling between their GDP and emissions produced through production

activities from 2015 to 2018. Additionally, �ndings indicate that 23 countries have

achieved absolute decoupling between GDP and emissions from consumption pat-

terns. Nevertheless, it is essential to note that even in these countries, emissions are

still signi�cantly contributing to the atmosphere, underscoring the barriers associated

with the concept of 'green growth' and the currently in effect growth model. Tempo-

rary decoupling may occur when countries temporarily reduce their emissions only to

return to increasing emissions. As a result, consistent measures are necessary to main-
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tain the decoupling trend. The success of decoupling depends upon the mitigation of

emission intensity throughout both local and import supply chains. This underscores

the need to decarbonize supply chains and boost international cooperation to manage

emissions effectively.

Following that, the OECD has changed its perspective after four decades of campaign-

ing for economic development. It now acknowledges the importance of changing the

focus of economic policy away from just prioritizing GDP. Instead, the SDGs should

emphasize enhancing human welfare, supporting environmental sustainability, pro-

moting resilience, and reducing inequality. (2021)

2.2.2 Decarbonization

After realizing that CO2 remains in the atmosphere for a very long time, almost last-

ing for many generations, the non-stop human activities and their accelerating and ir-

reversible impact on the lowering capacity of natural systems (such as oceans, forests,

and plants) to absorb emitted CO2 and resulting failure to prevent decreasing the at-

mospheric CO2 concentrations, thereby leading to ongoing global warming, became

signi�cant challenges on the way of combating climate change.

In 2015, in light of this realization, with the adoption of the Paris Agreement, it was

declared that the process of stabilizing climate change had to involve the reduction of

net carbon dioxide (CO2) emissions to a level of zero. This reduction, or "abatement,"

can be called the "decarbonization" of the energy system. (The UNFCCC, 2015)

According to recent scienti�c �ndings, it was understood that achieving a state of "net

zero emissions"by the year 2100 would effectively mitigate the impacts of climate

change and sustain global temperatures below the agreed-upon threshold of 2 degrees

Celcius over pre-industrial levels, which governments have established as the upper

limit of sustainable warming because the actions taken in the present might have a

lasting impact on the Earth's climate for several generations and, as abovementioned,

the remaining time of CO2 in the atmosphere for generations.

In this progress, the aim is to make tailor-made policies and successful implemen-

tation of emission reductions in a cost-ef�cient manner after analyzing GHG emis-
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sions abatement opportunities and abatement costs, establishing a link between decar-

bonization strategies and carbon abatement strategies, and, more importantly, sustain-

ing steady economic growth decoupled from energy intensity and GHG emissions.

Several insights and solutions are offered for the decarbonization of the system by

2050 and 2100.

The IEA states seven pillars (energy ef�ciency, behavioral change, renewable en-

ergy sources, electri�cation, carbon capture, hydrogen and hydrogen-based fuels, and

bioenergy) to achieve NZE targets.(IEA, 2021b)

According to EIA, there are four pillars (electricity decarbonization, energy ef�-

ciency, electri�cation, and carbon capture) for the US to achieve a net-zero energy

system(EIA, 2021)

But on the other hand, in the "Decarbonizing Developments" report(2015), The World

Bank suggests that there are four pillars for a zero carbon strategy, namely decar-

bonization of electricity (renewable, nuclear, and ccs), electri�cation, improved en-

ergy ef�ciency, reduced waste, and improved carbon sinks.

2.2.3 GHG Abatement

The topic of greenhouse gases and their potential connection to climate change has

been debated for a considerable period. Particularly in light of the recognition that im-

plementing regulations to reduce emissions might potentially cause signi�cant prob-

lems for both the business sector and the economy.

At that moment, �rst in 2007, McKinsey assessed methods for reducing emissions,

including their associated costs and relative importance across different sectors and

businesses in other regions of the world.

Consequently, the researchers in McKinsey & Company developed an "abatement

cost curve" to illustrate the effects of several mitigation approaches and their asso-

ciated costs. The objective of this curve was to guide the identi�cation of a cost-

effective abatement approach for reducing emissions and their potential effect on cli-

mate and the environment without dramatically affecting business and development
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rates.(2007, 2009, 2010)

The researchers used "business-as-usual" forecasts for emissions increase rates and

analyzed the relevance, costs, and possibilities of various methods for lowering or

mitigating emissions and decarbonizing the system. This microeconomic analysis

aimed to thoroughly address all available and avoidable greenhouse gas emissions

reductions, sectors, and geographies.

The signi�cance of this research lies in recognizing the gap between actual emis-

sion reductions and expected reductions, even with the implementation of various

policy and budgetary interventions over an extended period. The primary reason for

this outcome may be the failure to adequately consider the cost reductions and their

consequential in�uence on the behavior of each participant involved in the reduction

process.

The 2007 "The Mckinsey Abatement Cost Curve v1" was calculated by dividing the

annual additional operating costs (including expenses) by the amount of emissions

avoided. This calculation implies that costs can be negative if substantial savings are

achieved by excluding potential costs associated with implementing a system to enact

the abatement strategies. In 2009, the researchers updated their abatement curve with

the help of additional external and internal data, economic forecasts, GDP growth,

and energy prices. They revised the curve and emissions projections for 2030 be-

cause of the %6 drop.(2009) In 2010, the curve was updated for the last time with

the developments on low-carbon technologies, market trends, economic resilience of

countries, realization of some abatement measures, and their impact on population

growth instead of GDP.

Figure 2.9, the GHG emissions abatement cost curve V2.1. illustrates the global

GHG abatement cost until 2030 by applying the unit of dollars per metric ton of

carbon dioxide equivalent, represented as $-tCO2e. Each abatement opportunity is

described as a box above or below a horizontal axis. Several boxes placed above the

axis indicate costs associated with the relevant activity. It is important to note that

the cost scale increases as the box is positioned higher. The boxes below the axis line

represent the cost reduction resulting from the corresponding activity. In this case, a

lower box position indicates a higher level of savings.
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Figure 2.9: Greenhouse gas abatement cost curves v 2.1 (McKinsey & Company, 2010)

The costs or savings are displayed annually to facilitate the comparison of activities.

The box's width represents the possible volume of reduction per year of the action,

represented in tCO2e. The curve shape is formed by arranging the activities in as-

cending order of cost, with the lowest-cost actions positioned towards the left and the

highest-cost actions set towards the right. With this illustration, one can compare the

size and the abatement cost of different measures, actions, and opportunities.

Abatement efforts span a variety of actions and technical opportunities, such as the

adoption of renewable energy sources like wind and solar power, the enhancement

of building ef�ciency, the upgrading of industrial processes, the electri�cation of

transportation by renewable means, the implementation of carbon forestry practices,

and several other strategies by evaluating their cost effectiveness, comparing different

technological pathways whether they are solely adopted or including several enhance-

ments for the most effective solutions with the consideration of policy insights, and

guiding all stakeholders on the way of making decisions.

In Figure 2.10, one can see abatement opportunities derived from the "Abatement

Cost Curve Version 2." categorized under four major groups:energy ef�ciency, low-

carbon energy, terrestrial carbon(carbon sinks), andbehavioral change.

As shown in Figure 2.10 with 14 GtCO2 emission abatement per year, energy ef-

�ciency measures would become the most signi�cant contributor to GHG emissions

abatement by 2030. Considering the number of sectors in which energy ef�ciency
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Figure 2.10: Major Abatement Categories(McKinsey & Company, 2009)

measures might have been implemented, the success of achieving the target with ef-

�ciency is a high probability.

The second measure with a high abatement amount equal to 12 GtCO2 of emissions

per year is low-carbon energy supply by shifting conventional energy supply from

fossil fuels to low-carbon alternatives such as wind, hydropower, and solar, which

will decarbonize and increase the electri�cation rate of the global energy system.

But as mentioned in several sections, to provide this signi�cant shift and abatement

amount, supporting an intense and complex policy and �scal support for low-carbon

energy is mandatory. The remaining abatement measures are also achievable, with the

signi�cant contribution of energy ef�ciency measures in almost every sector possible.

There are setbacks for implementing emission reduction measures just as deduced

from abatement curves because conclusions are limited to a single moment in time,

so there is a high probability of failure to capture the dynamics that can alter the cost

since they were omitted and consider the side bene�ts of abatement measures.

2.2.4 Tracking SDG 7 -Energy

SDG7-"Ensure access to affordable, reliable, sustainable and modern energy for all."

goal has three main objectives, namely:
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� Target 7.1: by 2030, ensure universal access to affordable, reliable, and modern

energy services

� Target 7.2: by 2030, increase substantially the share of renewable energy in the

global energy mix

� Target 7.3: by 2030, double the global rate of improvement in energy ef�ciency

and six indicators to track those targets. For Target 7.3, one speci�c indicator, 7.3.1,

energy intensity measured in terms of primary energy and GDP," is identi�ed. (UN,

2015)

The Energy Progress Report (or Tracking SDG-7), formerly known as Global Track-

ing Framework (GTF), was developed as a comprehensive tool for the international

community to monitor and assess progress towards Sustainable Development Goal

7 (SDG7) objectives, such as universalenergy access, energy ef�ciency improve-

ments, andrenewable energysources. To gather this report, researchers used the

data collected from World Energy Balances—International Energy Agency (IEA)

and United Nations Energy Statistics Database. The GDP data used for this research

was collected from World Development Indicators (WDI). According to the Tracking

SGD 7 Report, between 2010 and 2020, there was an annual increase in energy in-

tensity of %1.8, which exceeded the pattern observed between 1990 and 2010, when

economic growth was %1.2. That means the progress towards achieving SDG tar-

get 7.3, which aims to reach an average annual growth rate of 2.6 percent for the

whole SDG time frame (2010–2030), is signi�cantly lagging. Although the COVID-

19 epidemic caused a deceleration in intensity improvement in 2021, initial forecasts

for 2022 indicate an increase in intensity improvement as a consequence of updated

policy support and the urgency of following the energy crisis.(IEA et al., 2023)

The report also highlights international cooperation to promote clean and renewable

energy availability by 2030 and efforts to expand infrastructure and upgrade technol-

ogy for sustainable energy services in developing countries. The report evaluates each

country's progress toward these targets and offers a summary of the remaining path

toward achieving SDG 7. (IEA et al., 2023) Researchers use the data gathered from

IEA - World Energy Balances and United Nations Energy Statistics Database. The
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GDP data used for this research was collected from World Development Indicators

(WDI). Three insights from the 2023- Tracking SDG 7 report are listed below:(IEA

et al., 2023, Tracking SDG 7)

- Global energy intensity has improved from 2010 to 2020, but the COVID-19 pan-

demic led to a steep decline in global energy intensity, the lowest level since the global

�nancial crisis. The current spike in energy prices has replaced the pandemic's im-

pact, focusing on energy ef�ciency, consumer and company interests, energy security,

and sustainability.

- Southeast Asia, Northern America, Europe, Central Asia, Southern Asia, and Ocea-

nia are signi�cant focus areas. Northern Africa and Western Asia show moderate

progress, with Latin America, the Caribbean, and Sub-Saharan Africa following be-

hind.

-The COVID-19 pandemic has reduced energy intensity improvements in 12 out of 20

countries with the highest energy consumption. China and Indonesia, known for their

leadership in energy ef�ciency, have experienced a decline in energy intensity, affect-

ing industries like residential structures. This trend highlights the need for countries

to adapt to these trends and improve energy ef�ciency in their industries.

2.2.5 Ef�ciency: The First Renewable Energy

As mentioned in Subsection 2.2.2-Decarbonization, according to many sources such

as the IEA, the World Bank, and the EIA, to achieve decarbonization of the system by

2050 and 2100, renewable energy and energy ef�ciency are two of the main pillars.

Also, with energy ef�ciency, renewable energy is one of the three targets of Sustain-

able Development Goal 7: "affordable, reliable, sustainable, and modern energy for

all." (EIA, 2021; IEA, 2021b; The Worldbank et al., 2015)

As known, several scenarios are built to offer solutions for achieving decarbonization

by 2010, and each scenario uses different key pillars to keep the 1.5 degrees Celcius

goal within reach. In almost every scenario, renewable energy sources are believed

to be the sole enabler of achieving the goal of decarbonization. However, there are

several shortcomings of renewables in this progress, and for this reason, experts com-
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bine several key elements under various scenarios and allow the renewables to gain

some time. According to IEA's Net Zero Emissions by 2050 Pathway, almost %90

of global electricity generation in 2050 will come from renewable sources, with solar

PV and wind together accounting for nearly % 70. (IEA, 2021a) However, calcula-

tions and forecasts show that it is almost impossible for fossil fuel use to fall to zero

and make renewable sources dominate energy production by the targeted year. The

shortcomings and challenges of renewable energy sources are as follows:

1. Reliability and Consistency

The challenge lies in the �uctuating nature of renewable energy sources, such as solar

and wind, which implies that their supply is inconsistent. The temporary nature of

renewable energy sources can provide dif�culties in maintaining a steady electricity

supply, particularly during periods characterized by limited sunshine or wind avail-

ability. The impact of interruptions requires the implementation of ef�cient energy

storage technologies or utilizing other energy sources during periods when renewable

sources are not producing electricity.

2. Energy Storage Issue

Using energy storage technology is crucial to addressing the intermittent character-

istics of renewable energy sources. Nevertheless, current storage technologies, like

batteries, may have some constraints concerning their capacity, ef�ciency, and eco-

logical consequences. The impact of inadequate energy storage shows in scenarios

when excess renewable energy is wasted or when there is an insuf�cient supply of

energy during periods of high demand.

3. Land Use and Resource Availability

The challenge associated with expanding renewable energy infrastructure comes from

the required land area, which can potentially cause adverse effects on ecosystems and

limit available space. Furthermore, potential supply chain problems may be associ-

ated with procuring certain materials necessary for implementing renewable technolo-

gies, such as rare earth elements, namely lithium, cobalt, and nickel, to be utilized in

some solar panels and wind turbines. and as a result, implementation on a large scale

without proper preparation might result in land use disputes and resource availability

challenges.

4. Energy Density and Power Generation
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Another challenge in using renewable energy sources is their relatively lower energy

density than conventional fossil fuels. For instance, solar and wind farms may need a

substantial expanse of land to produce an equivalent quantity of energy compared to

a traditional power station. This constraint poses a signi�cant challenge for replacing

current energy infrastructure with renewable sources, as it may result in substantial

land usage and environmental repercussions.

5. Infrastructure and Grid Challenges

Integrating substantial renewable energy into pre-existing electricity systems might

present several technological obstacles. Signi�cant changes may be necessary for

the system to maintain dependability and absorb the �uctuating energy sources. The

absence of adequate infrastructure upgrades might result in system instability and

probable power outages when integrating renewable energy sources.

6. Economic Factors

The initial expenditures associated with establishing renewable energy infrastructure,

while seeing a downward trend, may exceed those of conventional fossil fuel infras-

tructure. Furthermore, the competitiveness of renewable energy sources may be in-

�uenced by several economic considerations, subsidies, and policy frameworks. The

wide adoption of renewable technology may be delayed by economic constraints,

particularly in places where fossil fuel costs remain comparatively feasible.

7. Technological Advancements and Research Needs

The continuous need for research and development persists to enhance renewable

technology's effectiveness and cost-ef�ciency. Advancements in the areas of materi-

als, storage, and transformation of energy are of the utmost signi�cance. The absence

of ongoing technology improvements may increase the pace towards net-zero emis-

sions.

Due to the aforementioned issues, a substantial portion of the emissions gap is seen

across nearly all scenarios, notwithstanding the anticipated impact ofrenewableso-

lutions. At this point, to support the case, the emissions gap will be brie�y explained:

According to the UNEP, emissions gap by the year 2030 is a quantitative assessment

of the predicted global GHG emissions that would result if all nations were to exe-

cute their NDCs effectively and the total global GHG emissions that would align with

cost-effective scenarios aiming to limit global warming to levels below 2 Celcius, 1.8
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Celcius, or 1.5 Celcius, each corresponding to different probabilities of accomplish-

ment. In addition, tools such as Climate Action Tracker are monitoring and assessing

the expected cumulative GHG emissions and actual emissions by 2030 together with

the global temperature targets, policies, and pledges and compared the consistency of

these results with different warming scenarios and pathways. (Climate Analytics &

New Climate, 2022)

Figure 2.11: 2100 Warming Projections - 2020 (Climate Action Tracker, 2020)

According to Figure 2.11, with current policies and abatement scenarios, expected

warming was projected around 2.7 Celcius–3.1 Celcius, with the contribution of

pledges and targets expected warming, would have been 2.6 Celcius, and even with

the optimistic net-zero targets (where all long-term targets, NDCs, and all net-zero

targets were fully implemented), the expected warming was calculated around 2.1

Celcius with a probability of % 50 and % 16 chance of below 1.7 Celcius.

Figure 2.12: 2100 Warming Projections - 2022 (Climate Analytics and New Climate, 2022)
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Figure 2.13: 2030 Emissions Gap - 2020(Climate Action Tracker, 2020)

Figure 2.12 shows the 2022 update of the predictions and indicates a warming of

around 2.7 Celcius over pre-industrial levels and concludes the projection with a pos-

sible increase in global temperature of 1.8 Celcius, despite effectively achieving all

targets and NDCs.

Further predictions focusing on the 2030 emissions gaps in the updates for the years

2020 and 2022 from the Climate Action Tracker are illustrated. The �rst one, Fig-

ure 2.13 shows the 2020 update of the 2030 Emissions Gaps projection, which illus-

trates that the cumulative emissions will reach approximately 60 GtCO2e under the

current policies by 2030. With NDCs, pledges, and targets, the projected cumulative

emissions will be around 53 GtCO2e, and it is clear that only implementing updated

NDCs and strong policies can limit the temperature increase to 2 Celcius.

However, given the present status of climate change mitigation efforts in the year

2020, even achieving the objective of limiting global cumulative emissions to around

41 GtCO2e in alignment with the 2 Celcius target poses considerable challenges.

Thus, based on estimates, there will still be a projected emissions gap of 10–15

GtCO2e with a % 66 probability. (Climate Analytics & New Climate, 2022; UNEP,

2020)

In 2022, the contribution of revised and updated NDCs and their in�uence on the mi-
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Figure 2.14: 2030 Emissions Gap -2022 (Climate Analytics and New Climate, 2022)

nor decrease in the gaps relative to the previous 2020 version can be observed in Fig-

ure 2.14. Nevertheless, they continue to exhibit substantial de�ciencies in ef�ciently

bridging the gap. According to existing regulations, there is anticipated to be a small

decrease of % 5 in emissions by the year 2030, equivalent to a fall of 3 GtCO2e. The

concept of the implementation gap pertains to the existing difference between pol-

icy targets and actual implementation, resulting in a quanti�able difference of 23–27

GtCO2e. In contrast, the identi�ed gaps correspond to the revised NDCs, resulting

in a gap of about 19–20 GtCO2e concerning the objective of limiting an increase in

global temperatures to 1.5 Celcius. As previously indicated, regardless of the pres-

ence or absence of commitments, targets, or NDCs, the global community will still

be dealing with the implications of climate change. Of particular concern are possi-

ble worst-case scenarios and the risk of global warming exceeding projected levels,

which might result in a cumulative acceleration of catastrophic impacts.

Figure 2.15 shows the energy consumption ratios according to the energy-generating

sources. The proportion of primary energy derived from nuclear sources has exhib-

ited a progressive upward trend, resulting in a projected percent of %1.91 in 2020.

Primary energy generated from renewable sources shows a noticeable rising pattern,

peaking at an average value of % 6 in 2020. This indicates the increasing role of

renewable sources in the composition of global energy resources. Fossil fuels remain

prominent in global energy, but their contribution has declined from around %97 in

1965 to %92 in 2020.(Our World in Data)

According to the data compiled from Our World in Data and the representation of
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Figure 2.15: Direct primary energy consumption from sources, World 2022 (Our World in Data)

Figure 2.16: Annual change in renewable generation, 2022 (Our World in Data)

those data illustrating the annual change in renewable energy generation by regions

until 2022 in Figure 2.16, renewable energy generation has experienced signi�cant

growth globally, with a signi�cant increase from 185 TWh in 1966 to 1,525 TWh in

2022. This growth is largely attributed to Asia and North America, particularly China

and the United States.

However, Europe has seen mixed trends, with countries like Germany experiencing

positive growth while others face challenges. Africa and Oceania have shown posi-

tive changes, showcasing a global effort towards renewable energy adoption. South

and Central America have seen positive contributors to renewable energy generation,

with Brazil making substantial contributions. The Middle East has faced challenges,
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resulting in a negative change in renewable energy generation. (Our World in Data,

n.d.-b)

Figure 2.17: Electricity production by source, 2022(Our World in Data)

As a complement, according to the data gathered from Energy Institute and data from

Ember illustrated in Figures 2.17, 2.18, showing the electricity production by source

and global primary energy consumption by source, one can say that North America's

primary energy consumption has steadily increased, reaching 118.78 EJ in 2022, re-

�ecting a growing energy demand. The region has seen a signi�cant increase in re-

newable energy generation, reaching 7.81 EJ, re�ecting a shift towards more sustain-

able energy sources.

South and Central America's primary energy consumption has grown consistently,

reaching 30.11 EJ in 2022. Europe's primary energy consumption has shown varia-

tions but remained relatively stable, with 79.81 EJ in 2022. Europe has witnessed a

substantial increase in renewable generation, reaching 10.21 EJ, indicating a strong

commitment to renewable energy and sustainability.(Ember, n.d.) The Middle East's

primary energy consumption has been steadily rising, reaching 39.13 EJ in 2022,

with relatively low renewable energy generation suggesting potential for growth in

adopting renewable energy sources.

Africa's primary energy consumption has grown consistently, reaching 20.26 EJ in

2022, with renewable energy generation increasing by 0.48 EJ. Asia Paci�c's primary

energy consumption has increased signi�cantly, reaching 277.60 EJ in 2022, with
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renewable energy generation seeing substantial growth.(Energy Institute, n.d.)

Figure 2.18: Global primary energy consumption by source, 2022 (Our World in Data)
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Figure 2.19: Primary energy consumption, RE generation and consumption, 2022 (Energy Institute)

An overview of the global comparison of primary energy consumption and renewable

energy generation and consumption ratios is shown in Figure 2.19, as a graph derived

from the Energy Institute data indicates an increase in global primary energy con-

sumption due to population growth, urbanization, and industrialization. On the other

hand, the graph shows impressive growth in renewable energy generation, reaching

40.86 EJ in 2022, indicating a collective effort towards adopting cleaner and more

sustainable energy sources. However, it is known that there are still African regions

where access to reliable and affordable renewable energy sources remains limited,

hindering further progress in adopting renewable energy. Additionally, in some parts

of Asia Paci�c, the rapid increase in primary energy consumption has outpaced the

growth in renewable energy generation, leading to environmental challenges such as

air pollution and greenhouse gas emissions.

2.2.6 Multiple Bene�ts of Energy Ef�ciency

Section 2.2-Signi�cance of Energy Ef�ciencyexamines the role of energy ef�ciency

in addressing climate change and promoting sustainability under various actions. In

this subsection, we shall explain the �nal and perhaps most comprehensive version

of the signi�cance and bene�ts of energy ef�ciency as Multiple Bene�ts of Energy

Ef�ciency.

Based on the �ndings of the Energy Ef�ciency Market Report (2013b), which was

illustrated in Figure 2.20, the IEA published "Capturing Multiple Bene�ts of En-

ergy Ef�ciency Report," which stated that in 2010, the amount of energy saved in

the IEA Member States exceeded the actual demand met by any other supply-side

resource, such as oil, gas, coal, and electricity. When comparing this total impact of
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annual energy consumption and energy and emissions avoided by energy ef�ciency

investments, experts calculated 63 exajoules of avoided energy consumption.

Figure 2.20: The “�rst fuel”: avoided energy use in 11 IEA member (IEA)

The analysis and calculation depicted in Figure 2.20 supported the concept that

energy ef�ciency is the primary "�rst" fuel, with signi�cant untapped potential for

bene�ts, and is the most reliable energy source compared to other assessed options.

Furthermore, energy ef�ciency has been recognized as the most effective tool for re-

ducing emissions within the system. Consequently, "multiple bene�ts" evolved as a

broad concept covering the diverse aspects of energy ef�ciency across economic and

social dimensions. (2014b)

However, the policies that were currently in place were underestimating the impact

due to many barriers. Those barriers include information failures, split incentives,

subsidized energy prices, insuf�cient pricing of externalities, and a lack of �nancing

options. Because the concept of energy ef�ciency was frequently seen as abstract,

leading to its underestimation by investors, consumers, and policymakers, both pri-

vate sector players and government policymakers tend to underestimate the invest-

ment potential in energy-saving solutions. As a result, the policies created based on

these parameters fell short of fully comprehending the real potential embodied in this

energy source. Therefore, to completely comprehend the scope of energy ef�ciency's

potential, it is necessary to explain the multiple bene�ts that energy ef�ciency may
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provide.

Figure 2.21: Multiple Bene�ts of energy ef�ciency improvements(IEA)

The 2014 version of Multiple Bene�ts of Energy Ef�ciency will be explained per the

Capturing the Multiple Bene�ts of Energy Ef�ciency Report. The impacts and bene-

�ts of energy ef�ciency improvements are illustrated in Figure 2.21. With this table,

the IEA determined thirteen bene�ts under �ve areas:macroeconomic development,

public budgets, health and well-being, industrial productivity, and energy delivery

for being the priority and high potential. Energy demand and GHG emissions were

considered as a result of all bene�ts. (2014a)

� Macroeconomic impacts of energy

Energy ef�ciency measures have signi�cant macroeconomic impacts from direct and

indirect effects. The �rst step in implementing an energy ef�ciency measure is allo-

cating resources to purchase energy-ef�cient goods and services, potentially result-

ing in energy savings. The economic impacts of energy ef�ciency measures vary

between �nal consumers, speci�cally families, and energy-using producers, such as

enterprises. Investing in energy ef�ciency within the corporate sector can generate

increased expenditure and economic activity, as well as collateral outcomes such as

job opportunities, government income, and pricing impacts.
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The categorization of energy ef�ciency impacts within producing sectors is a multi-

faceted task due to the dual role that �rms might play as both producers and con-

sumers. The immediate effects include the individual's private investment of re-

sources towards enhancing energy ef�ciency and decreased energy expenditures. In

contrast, the broader economic implications of second-round impacts include in-

creased job opportunities in sectors that provide goods and services linked to energy

ef�ciency, decreased chances for employment in energy-intensive businesses, and the

occurrence of multiplier effects.

The consequences of investment in energy ef�ciency play a crucial role in fostering

economic growth. According to the IEA Energy Ef�ciency Market Report (2013b),

the total worldwide investment in energy ef�ciency measures was estimated to have

reached USD 300 billion in 2011. The investment effect can directly impact the trade

balance, as a rise in demand for energy-ef�cient goods and services can result in

economies of scale. However, implementing energy ef�ciency measures may result

in adverse trade consequences since they lead to increased costs for enterprises and a

subsequent decline in corporate competitiveness.

Reducing energy consumption can signi�cantly affect the whole economy, as the sub-

sequent rise in disposable income for individuals or households and increased prof-

its for businesses enable allocating funds towards consumers' purchase of additional

goods. In the case of producing sectors, these funds can be reinvested in the busi-

ness, leading to the reinvestment effect, or transferred to consumers in the form of

reduced output prices, resulting in price effects. These dynamics have the potential to

stimulate economic output growth.

In the future, there is a possibility of increased interconnection among global en-

ergy markets, which could reduce energy commodity prices, bene�ting all nations

involved.

� Public budget impacts of energy ef�ciency

Energy ef�ciency measures can signi�cantly impact the public budget, resulting in

both direct and indirect effects. Investments in energy ef�ciency can lead to increased

sales and value-added tax (VAT) revenues, which could generate new job opportuni-
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ties in energy ef�ciency-related sectors and other sectors. However, the potential im-

pact of energy ef�ciency expenditures overshadowing investments in other products

and services may decrease the effect of sales taxes and value-added taxes on goods

and services in many industries.

Policy measures to enhance energy ef�ciency can be classi�ed into three categories:

regulatory standards, economic instruments, and information measures. The primary

focus of spending in the public budget is on using economic tools to promote energy

ef�ciency investments. Economic tools such as grants and low-interest loans offer

�nancial incentives, fostering investment in energy ef�ciency solutions.

Energy ef�ciency measures have various effects on public budgets and �scal mat-

ters, including decreased public spending on energy consumption, advantages from

a larger market for energy-ef�cient products and services, reduced �nancial burden

of energy subsidies, and decreased revenue from energy taxation and carbon taxes.

Indirect effects include increased sales of different goods and services, decreased

healthcare expenses allocated from the public budget, and a decreased need for pub-

lic expenditure in energy infrastructure.

The primary effects on the public budget are evident when energy ef�ciency measures

are implemented within the public sector, resulting in reduced energy consumption

and decreased energy expenditures. Implementing cost-effective strategies to reduce

energy consumption in the public sector can yield substantial economic bene�ts for

public expenditure.

� Health and well-being impacts of energy ef�ciency

Ef�ciency in energy consumption is crucial for improving health and reducing mortal-

ity rates. In regions with cold temperatures, energy-inef�cient buildings contribute to

Excess Winter Mortality (EWM), the highest mortality rate observed in several coun-

tries during winter. Implementing energy ef�ciency techniques can reduce heat loss

and prevent heat from entering when external temperatures are elevated. Inadequate

housing and fuel poverty are signi�cant contributors to mental health issues.

Energy ef�ciency methods can mitigate �nancial strain and promote mental well-

being by decreasing energy consumption costs. Research indicates a decrease in
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stress levels among low-income households following energy-ef�cient renovations.

Energy ef�ciency improvements can indirectly bene�t human health by improving

air quality and lighting conditions in non-residential settings, enhancing productiv-

ity, and fostering familial unity. However, if executed incorrectly, these techniques

can adversely affect indoor air quality and human health, increasing humidity, mold,

dust mite proliferation, allergy symptoms, asthma exacerbation, and the hazardous

accumulation of radon or carbon monoxide linked to lung cancer.

� Industrial sector impacts of energy

Implementing energy ef�ciency measures in the industrial sector can provide numer-

ous bene�ts, including a swift return on investment, cost reduction, value generation,

and risk mitigation. These bene�ts should be relevant to the industry, have a high

monetary value, be easily associated with speci�c projects, be supported by compre-

hensive information and accessible data, and have the potential to enhance access to

�nancing for energy ef�ciency initiatives. The additional bene�ts can range between

%40 and % 50 of the real decrease in energy consumption per measure. Depending on

the project scale and circumstances, they can reach up to 2.5 times the initial expen-

diture. Improved energy ef�ciency in the industrial sector is associated with larger

socio-economic advantages, such as pollution mitigation, job creation, stimulation

of emerging business sectors, enhanced international competitiveness, and improved

energy security. The value of these bene�ts can reach up to 2.5 times the initial ex-

penditure, depending on the project scale and circumstances.

� Energy delivery impacts of energy ef�ciency

Energy ef�ciency is a crucial aspect of the energy delivery value chain, encompass-

ing various stages such as generation, transmission, and distribution (supply side) and

the ultimate energy utilization by end users (demand side). It aims to reduce energy

consumption or demand by focusing on load reduction and load shifting. Energy

providers can bene�t from direct advantages such as avoiding expenses associated

with energy generation, deferring distribution upgrades, and reducing line losses.

These advantages account for approximately % 80 of the overall bene�ts derived

from energy providers and can effectively mitigate the need for substantial expendi-

tures in expanding transmission and distribution infrastructure. The primary objec-
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tive of energy ef�ciency measures is to diminish total energy usage in residential or

commercial properties, enhancing the value of these advantages for energy suppliers.

The precise placement of reduced demand is essential in assessing the distribution

capacity advantages of energy ef�ciency. Implementing energy ef�ciency measures

can yield substantial cost reductions and enhance the operational ef�ciency of energy

suppliers.

� Multiple Bene�ts of Energy Ef�ciency 2019 Update

The IEA's 2019 updated version of "Multiple Bene�ts of Energy Ef�ciency" rede-

�nes the multiple bene�ts as energy savings, energy security, energy prices, energy

access, health and wellbeing, air quality, emissions savings, household savings, as-

set values, productivity, public budgets, economic bene�ts and grouped these under

international, national, sectoral, individual levels and their social, economic and en-

vironmental aspects. The updated bene�ts will be brie�y introduced to the reader in

this part.

� Energy Saving, Energy Security, Energy Prices, Energy Access

Figure 2.22: Global Energy Use with and without Energy Ef�ciency 2000-2017-(IEA)
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Based on the "Multiple Bene�ts of Energy Ef�ciency Report" published by the IEA in

2019, 2017, the aforementioned ratio remained roughly %13. A distinct pattern of En-

ergy decoupling from GDP, with or without the impact of energy ef�ciency from the

abovementioned report, was shown in Figure 2.22. The data presented on the chart

shows that the decoupling rate between GDP and Energy, achieved through the im-

plementation of energy ef�ciency measures, in other words,energy-savingrealized

by energy ef�ciency measures, can be calculated as approximately %30. Therefore,

one could claim that energy ef�ciency is important because of the multiple bene�ts

associated with its economic, social, and environmental dimensions. At that time, the

initial implementation of energy ef�ciency measures originated from the energy re-

quirements of developing nations, such as the European Union and the United States.

This was prompted by factors such asenergy pricing and �uctuations caused by

con�icts in energy-exporting countries and geopolitical concerns surrounding their

dominance in the energy market. These countries recognized their vulnerability due

to their signi�cant energy demands and challenges in ensuring a secure energy supply.

Hence, it can be argued that energy ef�ciency represents the initial endeavor toward

ensuring access to energy resources.

Figure 2.23: Change in Demand and Drivers in IEA Countries 2000-2020(IEA)

By implementing energy ef�ciency measures in developing and least developed coun-
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tries that face challenges in accessing clean energy, countries can effectively address

energy poverty. This can be achieved through the reduction of energy demand, lead-

ing to increasedenergy accessand enhancedenergy security, therefore reduceden-

ergy vulnerability and this conclusion correlates with Figure 2.23 in a way that is

accepting the fact that the impact of energy ef�ciency measures may enhance Energy

Transition Index, which will be explained inSection 3.6, of countries. Furthermore,

such measures can contribute to the improvement of citizens' health and overall well-

being. Maintaining access to clean energy sources or low-carbon energy is crucial in

improving the well-being and enhancing the quality of life for individuals, as well as

for maintaining environmental stability and mitigating the impacts of climate change.

The data presented in Figures 2.24, 2.25, 2.26 visually represent various regions and

their corresponding levels of access to clean fuels for cooking and technology.

Figure 2.24: Access to clean fuels for cooking and GDP Correlation (Our World in Data)

This illustration represents the lack of access to clean energy in Africa, with less than

%10 of the population having such access. Furthermore, on a global scale, over %40

of the world's population relies primarily on energy sources that are not considered

clean. The term "clean energy" is often used to point out energy sources that include

renewable energy, low-carbon energy, natural gas, and electricity. However, it is im-

portant to note that a signi�cant proportion, approximately %40 of the global popu-

lation, relies on solid fuels and kerosene for domestic uses. This reliance has been

associated with higher mortality rates linked to multiple medical conditions, includ-

ing asthma, stroke, and lung cancer. Clean fuels, including natural gas, electricity,
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Figure 2.25: Access to clean fuels and technology for cooking(Our World in Data)

and cookstoves, can substantially mitigate indoor air pollution, reducing mortality

rates for low-income households.

Figure 2.26: Access to electricity vs GDP (Our World in Data)

According to the research, the savings were mainly distributed to the industry and

building sectors. Furthermore, it is worth noting that energy ef�ciency plays a signif-

icant role in achieving approximately %40 of the total primary energy savings mainly

derived from coal. The disparity in energy consumption between scenarios with and

without energy ef�ciency enhancements is readily evident. Furthermore, the savings

attributed to energy ef�ciency measures within the three primary sectors, namely in-

dustry, transport, and buildings, are prominently demonstrated. Energy ef�ciency is

crucial in mitigating the requirement for additional primary energy. Consequently,
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a decrease in energy demand, primarily derived from conventional energy sources,

reduces the quantity and expense of fossil energy imports.

� Health and Well-being, Air Quality

Increased energy saving and reduced energy demand in fossil fuels reduce pollu-

tion, air pollution, health problems related to those, health expenses, and job losses.

Moreover, energy-ef�cient materials(Insulation, lighting) maintain indoor air quality,

reduce air conditioning demand and heating/cooling-related energy consumption(and

emissions again), reduce CO2 emissions and savings, and reduce energy imports to

help reach SDG targets mentioned on Energy-related ef�ciency bene�ts. Addition-

ally, the use of energy-ef�cient materials can also lead to improved comfort levels

and increased productivity in buildings. With better insulation and lighting, indoor

environments become more pleasant and conducive to work, increasing overall ef-

�ciency. Furthermore, the reduction in energy imports not only helps the economy

but also encourages local development and self-suf�ciency. Ultimately, embracing

energy-related ef�ciency bene�ts can play a signi�cant role in achieving sustainable

development goals and ensuring a healthier environment for future generations.

� GHG Emission Reduction, Resource Management & Ef�ciency, Household Sav-

ing, Asset Values, Productivity, Economic Bene�ts, Public Budgets

As explained inSection 2.2.3 - GHG Abatement, energy ef�ciency actions are con-

sidered the most feasible way of GHG abatements. The data on energy consump-

tion across sectors displayed in several sections in this study indicates that principal

energy sources and forms of energy usage reveal that residential consumption and

electricity, together with natural gas, account for the largest proportion. Regarding

the replacement of energy sources and therefore reducing emissions, IRENA empha-

sized the share of renewable energy sources and energy ef�ciency measures depicted

in Figure 2.27.
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Figure 2.27: Impact of emissions on replacing fossil fuels(IRENA)

Figure 2.28: Three main mitigation strategies

Given that gas, solid fuels, and petroleum products have the largest proportion and

are used for space heating and cooling, it is advisable to employ energy ef�ciency

measures and appliances. This will decrease energy consumption, reducing the in-

come spent on energy bills and enabling savings for other essential expenses. As

a supportive document, the illustration created by the author after evaluating the im-

pact of several measures on three major climate change mitigation and limiting global

warming strategies can contribute, Figure 2.28.
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By implementing energy ef�ciency measures, emissions can be reduced, energy costs

can be lowered, and asset values for buildings or utilities can be increased. Addition-

ally, energy ef�ciency actions can lead to improved living and working conditions,

enhanced productivity and utilization, reduced maintenance costs, operational im-

provements, increased reliability, time savings, and decreased risks.

Concerning the public budget, it is feasible to attain advantages through augmented

revenue and diminished energy-related expenditures, reducing operational costs. Ad-

ditionally, there may be indirect savings in public health and social welfare expenses

and long-term savings for governments. These savings can then be allocated towards

other developmental opportunities, such as health education and similar initiatives.

The whole life cycle of materials, including using renewable resources and energy

ef�ciency, encompasses several aspects such as planning, material manufacturing,

transportation, design methodologies, technological research and development, con-

struction, operation, and even rehabilitation and retro�tting. These processes provide

numerous possibilities across multiple industries.

Contrary to popular misconceptions, these technologies will not result in employment

losses for the traditional energy industry or construction sector workers. In contrast,

as stated in the IRENA transition study, the implementation of Energy Transforma-

tion is projected to result in a %2.5 expansion of the GDP compared to the Current

Plan.(2020) According to IRENA, "Energy transformation" refers to a strategy that

focuses on increasing resilience to climate change by transitioning to renewable en-

ergy sources, adopting electri�cation, and enhancing energy ef�ciency on a broad

scale by 2050. Unlike the existing plan, this transformation is designed to consider

the socio-economic consequences of these transitions. Therefore, there will be an

extra 7 million employment in the overall economy, 13 million jobs in the energy

industry, and 16 million jobs in the renewable energy sector. The renewable energy

industry accounts for 42 million employment, whereas the energy sector employs

100 million people according to the IRENA "Measuring the socio-economics of tran-

sition" Report. (2020)
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2.3 Evolution of Energy Ef�ciency

2.3.1 Hidden Fuel to First Fuel

Until 2013, energy ef�ciency was acknowledged as a "hidden fuel." (IEA, 2013a) In

other words, it is "measured and valued only as of the negative quantity of energy

not used"(2014a). That is because the main policy of energy ef�ciency was to focus

on traditional energy-saving and reducing GHG (greenhouse gas emissions), which

has resulted in an overlook of the actual amount and energy ef�ciency capacity in

local, national, and global economies, as well as the importance and potential of en-

ergy ef�ciency for satisfying several economic, energy, and environmental policies.

Immediately after, in 2014, with the "Capturing the Multiple Bene�ts of Energy Ef-

�ciency" Report, IEA claimed that energy ef�ciency is not a "hidden fuel"; on the

contrary, it is a "�rst fuel" of economic development.(2014a)

PricewaterhouseCoopers published an article derived from their "How will the global

economic order change by 2050?(2017)" report as a complementary document. They

projected that the global economy would have the potential to experience a signi�-

cant expansion by the year 2050, potentially exceeding its current size.(2017-PWC)

This projection was an evaluation resulting from the continuous implementation of

growth-oriented policies that prioritize economic development and technology-driven

implementations and also carry the risk of reluctance to take necessary measures to

align growth with environmental sustainability and, by sustaining growth alignment,

preventing the setbacks of climate change and climate change-related disasters affect-

ing infrastructure and the growth of developing countries. (2017)

But that key �nding also meant a fast-growing energy demand and a reminder for

countries to focus on increased energy-ef�cient improvements, investments, tech-

nologies, and services that can help businesses save money and energy in line with in-

creased production levels, pro�ts, and even more jobs to promote sustainable growth.

As mentioned earlier, doubled global economy size doesn't have to equal growing

energy demand. By taking proper measures and making investments more energy-

ef�cient, consuming the same amount of energy is possible.
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Figure 2.29: Projected decarbonization rate to meet the Paris Agreement and projected GDP(How will

the global economic order change by 2050?, 2017))

Figure 2.29 shows the expected decarbonization rate and decrease in the carbon in-

tensity ratio by the year 2050 by comparing the current situation on the GDP and the

current, or in other words, "business-as-usual" decarbonization rate of the world in

2017.(2017) According to this illustration, with ambitious and strict measures sup-

ported by policymakers, carbon intensity is expected to fall around 6.5%, and the

total decarbonization target will be achieved by 2050, yet with the current intensity

decrease rate of 1.3%, achieving total decarbonization by 2100 appears to be exceed-

ingly improbable. It is important to note that with the projected world rate increase

rate, achieving decoupling GDP from energy intensity will take almost 10 years to

reach equilibrium. As mentioned above, this lag will damage the progress of decar-

bonization and limit the global average temperature below 2°C.

2.3.2 The Final Destination: Energy Ef�ciency First Principle

In 2015, the European Council initiated the foundational steps of an Energy Union

intending to integrate various aspects of energy policy into a cohesive and integrated

framework to secure sustainable, competitive, and affordable energy for consumers,

including households and business enterprises, by focusing on �ve aspects: secu-

rity, solidarity, and trust; a fully integrated internal energy market; energy ef�ciency;
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climate action; decarbonizing the economy; and research, innovation, and compet-

itiveness. This initiative now prioritizes "energy ef�ciency �rst principle (EE1)" of

The Energy Ef�ciency Directive, which was of�cially adopted on July 24, 2023, as

a fundamental principle. The EU has established a new regulation that outlines more

ambitious objectives for reducing primary and �nal energy consumption by 2030 as

part of their efforts to achieve decarbonization targets by 2050.

In addition, IEA and the IRENA have emphasized the critical need to improve energy

ef�ciency as a fundamental aspect of worldwide initiatives to address climate change.

The policy toolkit provided by the IEA highlights the need for governments to achieve

ef�ciency gains of over %4 per year by 2030, which is more than twice the current

rate. This objective is in line with the IEA's Net Zero Scenario. The achievement of

this ambitious objective is of utmost importance to achieve a substantial reduction in

world energy consumption by 190 exajoules and a decrease in CO2 emissions result-

ing from fuel combustion by about 11 gigatonnes by the year 2030. This reduction is

comparable to approximately one-third of global energy consumption and emissions.

According to the IEA, 2021a and IEA, 2023b reports, the advancements in energy ef-

�ciency have been remarkable, as seen by the worldwide ef�ciency enhancements of

%2.2 in 2022, which is double the pace observed in the preceding �ve years. Without

technological improvements, the worldwide demand for energy in 2022 would have

almost tripled. Nevertheless, while this growth is noteworthy, it is concluded that

achieving the aggressive 2030 objectives seems unrealistic unless governments adopt

extensive energy ef�ciency laws and procedures since they decrease energy use and

promote economic growth, energy stability, and environmental preservation.

The research from IRENA, titled "Tripling renewable power and doubling energy ef-

�ciency by 2030: Crucial milestones towards 1.5°C," emphasizes the essential contri-

bution of renewable energy and energy ef�ciency in this context. The research points

out the crucial need to rapidly expand the use of renewable energy sources, such as

low-cost solar PV, onshore and offshore wind, and other forms of renewable power

production. The acceleration is essential for mitigating greenhouse gas emissions and

boosting the transition of energy systems that now depend on fossil fuels.

In another conclusion, it is determined that the energy transition requires a cohe-
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sive and uni�ed strategy in which energy ef�ciency and renewable energy mutually

enhance one another. Improving energy ef�ciency reduces the total energy need, in-

creasing the possibility of meeting a greater proportion of this requirement using re-

newable sources. This complementary approach is crucial for accomplishing the two

goals of the IEA and IRENA: decreasing worldwide energy intensity and substantially

raising the proportion of renewable energy in the global energy combination.

Engaging in more robust collaborative efforts and enhancing international collabora-

tion is crucial to achieving these ambitious objectives. This entails embracing cutting-

edge energy-ef�cient technology and renewable energy solutions and guaranteeing

that the shift is conducted responsibly, upholding energy security, affordability, and

socio-economic progress. The objectives established by these organizations, which

include achieving a combined worldwide capacity of renewable power production ex-

ceeding 11,000 GW and doubling the yearly energy ef�ciency improvement rate by

2030, need prompt and coordinated global endeavors.

Ultimately, the combined efforts of the IEA's policy toolkit and IRENA's 1.5°C Sce-

nario emphasize the critical need to swiftly and substantially increase efforts in both

energy ef�ciency and renewable energy implementation. These policies are well posi-

tioned to ful�ll climate obligations, energy security, and affordability goals, directing

governments globally towards a more sustainable and resilient energy future. High-

lighting the "Global Temperature Trend Monitor"which provides a realistic represen-

tation of the shrinking timeframe we have to restrict global warming to the essential

threshold of 1.5 degrees Celsius, will emphasize the importance of this vital moment.

These yearly updated images shown in Figures 2.30, 2.31, 2.32, 2.33 illustrate the

gradual approach of the year in which we may potentially cross the 1.5°C barrier as

each year goes on.
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Figure 2.30: Reaching 1.5 C of global warming-2010-(The Copernicus Climate Change Service,

2021)

Graph 2.30 shows a projection based on data up to December 2010 and illustrates that

if the trend observed from 1980 to 2010 continues, the 1.5°C limit will be reached by

December 2045. The grey line shows the observed temperature change, while the red

line represents the linear temperature trend. The projection shows a relatively slower

rate of warming compared to later years, re�ecting the data available at that time.

Figure 2.31: Reaching 1.5 C -2015-(The Copernicus Climate Change Service, 2021)

This Graph 2.31 updates the projection with data up to December 2015, and the

updated 30-year trend line now shows a slightly accelerated warming trend and the

projection indicates the 1.5°C threshold could be reached by March 2045. The solid

grey background line depicts the updated observed temperature change. This pro-

jection re�ects the continuation of the warming trend seen in the 2010 image but
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suggests a slightly earlier arrival at the 1.5°C limit.

Figure 2.32: Reaching 1.5 C -2020-(The Copernicus Climate Change Service, 2021)

This graph 2.32 shows the data up to December 2020, and the trend line, now steeper,

predicts reaching the 1.5°C limit by January 2034, indicating an acceleration in the

warming rate. The observed temperature change is shown, continuing the upward

trend and shows a signi�cant shift in projections compared to 2010 and 2015, with

the 1.5°C threshold expected to be reached much earlier.

Figure 2.33: Reaching 1.5 C -2023-(The Copernicus Climate Change Service, 2021)

The latest image 2.33 re�ects data up to October 2023, and the trend line in this

projection suggests an even steeper increase, with the 1.5°C limit anticipated to be

reached by May 2034. This image shows the highest observed temperature change

and the graphs' sharpest warming trend.
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