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energy challenges. 
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INTRODUCTION 

The global energy landscape is undergoing a rapid transformation, characterized by 

a growing recognition of the need to address the imbalances inherent in our current energy 

systems. The nature and characteristics of the energy problem, viewed through the lens of 

imbalance, have become central to understanding the challenges and opportunities in achiev-

ing a sustainable and secure energy future. By analyzing the current state of renewable and 

non-renewable energy sources, examining the energy profiles of key energy consuming 

countries, and Ukraine's role in the European energy market, this study seeks to shed light 

on the complex dynamics that underlie the global energy landscape. 

It is difficult to overestimate the importance of understanding the nature and specifics 

of the energy problem in an imbalanced world. This serves as a basis for developing effective 

energy policies and strategies that can guide the economy towards a sustainable and resilient 

energy future. By examining the imbalances that exist in our energy systems, we can gain a 

deeper understanding of the root causes of our energy challenges. These imbalances can take 

many forms, such as overreliance on fossil fuels, underinvestment in renewable energy in-

frastructure, or unequal access to energy resources. Identifying and addressing these imbal-

ances is crucial to achieving a more equitable, secure and sustainable energy landscape. In 

addition, this study aims to assess the current state of renewable energy sources. Renewable 

energy technologies, such as solar, wind, hydro, and geothermal energy, have enormous po-

tential to mitigate the environmental impact of our energy systems and reduce our depend-

ence on limited resources. By analyzing recent advances, success stories, and obstacles faced 

by renewable energy, this paper aims to shed light on the opportunities and challenges asso-

ciated with the transition to a renewable energy paradigm. At the same time, a careful as-

sessment of non-renewable energy sources is essential to understand the complexity of our 

energy mix. Despite the urgent need to reduce greenhouse gas emissions and combat climate 

change, non-renewable energy sources, including fossil fuels and nuclear power, continue to 

play a significant role in global energy production. This work has a dual purpose. First, it 
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aims to provide a comprehensive understanding of the nature and characteristics of the en-

ergy problem by exploring the concept of imbalances in our energy systems. Secondly, it 

seeks to analyze the current state of renewable and non-renewable energy sources, identify 

key challenges, and explore the energy profiles of leading energy consuming countries, with 

a special focus on Ukraine's position in the European energy market. The subject of the study 

is the energy problem, with a special emphasis on the concept of imbalance. The object of 

the analysis is the current state of renewable and non-renewable energy sources, energy pro-

files of key energy consuming countries, and Ukraine's role in the European energy market. 

The importance of the study lies in its ability to inform policy makers, energy experts, 

and stakeholders about the imbalances inherent in our energy systems, as well as the critical 

factors shaping the global energy landscape. By revealing the nature and characteristics of 

the energy problem, this study will contribute to the development of sustainable and effective 

energy policies, promote international cooperation, and inspire transformative action to-

wards a safer, cleaner, and more sustainable energy future. 
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CHAPTER 1 

THEORETICAL ASPECTS OF THE GLOBAL ENERGY PROBLEM RE-

SEARCH 

 

 

1.1 The essence and characteristics of the energy problem in concept of imbalance 

 

 

The rapid growth of the human population has led to unprecedented levels of energy 

demand. Rising living standards, urbanization and economic growth are the main reasons 

for the growing demand for goods and services. Unfortunately, this phenomenon has a 

negative impact on non-renewable energy sources, air and water pollution, and the global 

climate. These problems raise serious social and environmental issues when viewed in 

combination. Problems related to the production, distribution and consumption of energy are 

commonly referred to as the "energy question," with a particular focus on fossil fuels. 

Among the wide range of issues it addresses are energy poverty, climate change, energy 

security, and environmental degradation. This problem has become a huge global issue 

requiring immediate action as energy consumption is growing, especially in developing 

countries. 

Rapid population growth has led to unprecedented levels of energy demand. 

Improving living standards, urbanization and economic growth are the main reasons for the 

growing demand for goods and services. Unfortunately, this phenomenon has a negative 

impact on non-renewable energy sources, air and water pollution, and the global climate. 

These problems raise serious social and environmental issues if considered in their 

complexity. 

It is crucial to recognize the enormous impact of the energy paradigm on society as 

a whole, both in terms of the economy and the environment. This is reflected in Figure 1.1.  
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Figure 1.1. A comprehensive overview of the energy paradigm of the world from 

1800s to 2020s, terawatt-hour  

Source: BP Statistical Review of World Energy  

 

The discovery and utilization of fossil fuels during the Industrial Revolution 

fundamentally changed energy production and consumption, leading to enormous economic 

growth and progress in industrialized countries. The unexpected economic expansion and 

progress, especially in United Kindtom, Europe and USA, was driven by the widespread use 

of coal and steam power [1, p. 290]. The exploitation of natural resources, particularly coal, 

oil, and natural gas, which were abundant and relatively easy to extract, fueled this 

development. However, this dependence on fossil fuels also had negative consequences, 

such as air pollution, climate change, and the economic and social gap between developed 

and developing countries. The ecosystem has been severely affected by the burning of coal 

and other fossil fuels, especially in terms of air and water pollution. This has had a significant 

negative impact on both the environment and human health. 

Over the 20th century, the consumption of fossil fuels significantly rose while the 

economic and social diffirences between developed and developing countries grew wider. 

Access to affordable energy was crucial for economic growth and development, particularly 

in the West, but many developing countries were unable to meet their energy demands. As 
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a result, there was a global asymmetry where wealthy nations had easy access to energy 

resources but had difficulty supplying reliable and affordable energy. The shift to the use of 

cheap energy sources such as coal, combined with technological innovation, is believed to 

have contributed to the impressive growth results achieved during this era, although a num-

ber of social and non-energy factors also contributed to the increase in productivity during 

this time [2]. Energy supplies around the world are under increasing pressure as nations 

progress to modernization and industrialisation and consume more energy as a result. 

Additionally, the ongoing dependence on non-renewable energy sources worsens 

environmental and societal issues like air pollution and climate change. The past ways of 

energy production and use have permanently changed the global imbalances, particularly the 

ecological problems and the economic and social injustices. 

Global imbalances are a complex and multifaceted phenomenon that affect the dis-

tribution of resources, power, and wealth among countries and regions of the world. To un-

derstand the different academic interpretations of global imbalances and their impact on 

global development and prosperity, Table 1.1. provides an overview of five well-known ac-

ademic definitions. 

 

Table 1.1. – An overview of academic theories of global imbalances.  

Year Author Theory 

1967 Frank A.G. [3] Dependency theory 

1974 Wallerstein I. [4] World systems theory 

2005 Harvey D. [5] Neoliberalism 

1978 Said E. [6] Postcolonial theory 

2000 Mol A.P.J. & Sonnenfeld D.A. [7] The theory of ecological mod-

ernization 
Source: Systematization by author 

 

Dependency theory is the first academic interpretation of global imbalances, which 

explains that global imbalances arise from unequal relations between developed and devel-

oping countries. Developed countries extract resources, control markets, and impose unequal 
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trade relations on developing countries, which leads to a cycle of underdevelopment in de-

veloping countries, perpetuating their dependence on developed countries for aid and re-

sources [3]. 

The second academic interpretation is world systems theory, which argues that global 

imbalances are a product of the capitalist world system. Central regions, usually developed 

countries, exploit peripheral regions, usually developing countries, for their resources and 

labor, resulting in social and economic inequality [4]. 

The third academic interpretation is neoliberalism, which views global imbalances 

as the result of free market economies and globalization. This interpretation emphasizes the 

concentration of wealth and power in the hands of a few wealthy individuals and corpora-

tions, leading to economic and social inequality, political instability, social unrest and con-

flict [5]. 

The fourth scholarly interpretation is the postcolonial theory, which argues that 

global imbalances are a legacy of colonialism and imperialism that left developing countries 

with limited access to resources and infrastructure. This interpretation emphasizes the his-

torical context of global imbalances and the impact of colonialism on global development 

and prosperity [6]. 

The fifth academic interpretation is the theory of ecological modernization, which 

views global imbalances as the result of environmental degradation and resource depletion. 

This interpretation emphasizes the unsustainable use of resources, which causes environ-

mental degradation and climate change. Sustainable development and global cooperation are 

crucial for solving environmental problems [7]. 

The energy problem arises from a number of challenging issues that negatively affect 

the availability, cost, environmental and public health impacts of energy sources. One of the 

most visible characteristics of the energy problem is the limited availability of traditional 

energy resources. The exhaustion of fossil fuels, the main source of energy, is a serious con-

cern, as it is estimated that their reserves will last only for a few decades. This makes it 

necessary to find new sources of energy to meet energy needs. Energy sources are generally 
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classified into two categories: non-renewable and renewable. The types of non-renewable 

and renewable energies can be seen in Appendix A. 

Non-renewable energy sources are finite and cannot be replaced within a human life-

time. These energy sources, including fossil fuel such as coal, oil and natural gas, are widely 

used for electricity production, heating and transportation. They are formed over millions of 

years as a result of the decomposition of dead organisms and are extracted from underground 

storage reservoirs through drilling or mining. Nuclear energy, which relies on the nuclear 

fission to produce heat, is another non-renewable energy source used to generate electricity. 

Non-renewable energy sources are the main source of energy used worldwide, accounting 

for around 75% of total energy consumption [8, p. 19]. However, their use has significant 

disadvantages. Fossil fuels are limited resources that will eventually be drained, and their 

extraction and consumption contribute to environmental degradation, including air and water 

pollution and climate change. Nuclear power creates a risk of nuclear accidents and gener-

ates hazardous waste that needs to be safely disposed of. 

Renewable energy sources come from natural resources that can be renewed within 

human time, such as solar, wind, hydro, geothermal, and biomass. These energy sources 

have the potential to meet global energy needs in a sustainable manner, as they produce 

almost no greenhouse gases and do not exhaust limited resources. Solar energy is used 

through solar panels that convert sunlight into electricity; wind turbines that convert the ki-

netic energy of the wind into electricity generate wind energy. The kinetic energy of moving 

water, which drives turbines, generates hydroelectric energy. Geothermal energy is produced 

from the heat of the earth's crust and is used for heating and electricity generation. Biomass 

energy is produced from organic materials, such as wood, crops and waste, and is used for 

heating and electricity generation. 

Renewable energy sources have the potential to replace non-renewable energy 

sources, reducing the environmental impact of energy production and consumption. How-

ever, renewable energy sources have certain differences [9, p. 2]. One of the key differences 

is their availability and cost of production. Non-renewable energy sources are limited and 
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are becoming increasingly scarce and expensive to produce as existing reserves are drained 

and new sources become increasingly difficult to access. Renewable energy sources are be-

coming increasingly competitive in terms of production costs as technological advances and 

economies of scale make them more efficient and affordable. Another key difference be-

tween non-renewable energy sources and renewable energy sources is their environmental 

impact. Non-renewable energy sources are associated with significant environmental and 

health impacts, such as air and water pollution and greenhouse gas emissions. Renewable 

energy sources are associated with less environmental impact because they do not generate 

greenhouse gases and other emissions. Finally, there are differences in how non-renewable 

energy sources and renewable energy sources are classified and regulated. Non-renewable 

energy sources are often subject to regulations and taxes aimed at reducing their environ-

mental impact. Renewable energy sources, on the other hand, are often subject to subsidies 

and incentives aimed at promoting their deployment and development, such as feed-in tariffs 

and tax credits. Other differences between renewable and non-renewable sources can be seen 

in Table 1.1. 

 

Table 1.1. Distinctions between renewable and non-renewable sources.  

 Renewable resources Non-renewable resources 

Advantages  Do not produce greenhouse gases 

and help to reduce the impact on environ-

ment; 

 Will not be depleted over time 

 Can reduce the dependence on for-

eign oil and increase energy security 

 Are easily accessible; 

 Can produce large amounts of en-

ergy; 

 Are currently less expensive than 

renewable resources; 

 Can be stored easily; 

 

Disadvantages  Are expensive to install and have 

high maintenance cost; 

 Require large land areas or water 

resources; 

 Can have negative impact on wild-

life and habitats; 

 Are noisy and unappealing; 

 Are affected by weather. 

 Produce harmful pollutants; 

 Are finite and will eventually run 

out; 

 Can cause environmental damage 

through resource extraction and produc-

tion; 

 Can be a subject of price fluctua-

tions and increase the energy dependence. 
Source: Systematization by author 
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Thus, the nature, classification, and differences between non-renewable and renew-

able energy sources have a significant impact on energy production and consumption, as 

well as on environmental sustainability and economic development. Policies that promote 

the development and deployment of renewable energy sources can help ensure environmen-

tal sustainability, energy security, and economic development. The transition to clean energy 

is crucial to creating a sustainable and equitable future for all. In addition, the growing de-

pendence of countries on energy imports raises serious concerns about energy security. En-

ergy dependence has significant geopolitical implications, as states seek to secure access to 

energy resources to support their economic development and protect national security. Coun-

tries with energy resources, such as Saudi Arabia and russia, have significant influence on 

global politics by using their energy resources in diplomatic and trade relations. This has led 

to tensions between energy-rich countries and energy-importing countries, as the latter seek 

to reduce their dependence on a few energy-rich countries by diversifying their energy sup-

ply sources. 

Definitions of energy poverty typically aim to capture the lack of access to modern 

energy sources needed to provide basic energy services such as lighting, cooking, and heat-

ing. Fuel poverty is another commonly used term that generally refers to households that 

have access to modern energy services that they cannot afford, but there is no universal def-

inition. Lack of access to modern and reliable energy services affects the health, education, 

and economic opportunities of millions of people around the world. 

Energy poverty is primarily brought on by three factors: high energy costs, poor 

household incomes and inefficient buildings and equipment. It can occasionally be made 

worse by additional issues with the energy industry, including a lack of suitable energy ser-

vices in a certain location. This, as well as the deteriorating state of distribution networks in 

particular, make the issue worse in many developing countries, especially in rural and distant 

locations [10, p.1]. While heating subsidies and social tariffs help to reduce the worst effects 

of energy poverty they are not a long-term solution to lift these households out of energy 
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poverty. There are many negative impacts of lack of access to energy for developing coun-

tries, including on health, gender inequality, education, poverty and overall economic devel-

opment. The impact on health is quite severe, as shown in respiratory diseases, especially 

among women and children due to high levels of indoor air pollution from traditional bio-

mass stoves. Education suffers greatly in developing countries, due to the inability to study 

in the evening or to access digital learning tools [11, p.22]. In addition, small businesses 

cannot operate effectively without access to energy. Solutions have been identified as 

switching to "modern" fuels, investing in grid expansion or, more recently, supporting mi-

cro-scale renewable energy sources.  

The socio-economic implications of energy production and consumption are signif-

icant and can potentially worse social and economic disparities [12, p.29]. One of the most 

important problems in the energy sector is the unequal distribution of benefits and costs, 

which creates social and economic inequality in society. Typically, the benefits of energy 

production go to a small group of individuals or corporations, while the costs are borne by 

local communities and ecosystems. This situation can lead to increased poverty and socio-

economic displacement. More efficient use of energy can help reduce the negative impacts 

of energy consumption while ensuring the same economic development. National energy 

efficiency programs can help to reduce energy costs and reduce energy imports, which re-

duces pressure on the exchange rate and ensures the availability of scarce energy resources.  

The impact is particularly significant in emerging economies, where the benefits of 

energy efficiency are generally greater than in developed countries, as access to energy is 

often limited in these countries and energy efficient technologies can help in many cases. 

Having access to energy efficient technologies can help meet energy needs while reducing 

costs and increasing energy security [13, p.14]. In addition, energy security has become a 

critical issue with regard to the reliability of energy supply and access to energy resources. 

Lack of energy security can have significant economic, social and political consequences, 

especially for developing countries. Therefore, addressing energy security is essential for 

sustainable and inclusive economic growth [14, p.15]. The concept of energy security has 
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become a key aspect of global politics as countries seek to guarantee a reliable supply of 

energy at reasonable prices to support their economic growth and national security. One of 

the reasons for this goal is that energy systems in different countries differ from each other. 

This has led to the creation of international institutions and agreements aimed at ensuring a 

stable and reliable energy supply.  

Transforming the energy mix and improving energy efficiency can lead to significant 

reductions in carbon dioxide (CO2) emissions and strengthen energy security. The growth 

of greenhouse gas (GHG) emissions from energy consumption remains a major contributor 

to climate change. Achieving this goal requires that global CO2 emissions peak by 2025 and 

reach net zero by 2050 [15, p.130]. Unfortunately, the current rate of CO2 emissions does 

not meet the targets set by the Paris Agreement which aims to curb global temperature rise. 

Various policies and initiatives, such as renewable energy targets, carbon pricing, energy 

efficiency standards, and renewable energy subsidies, are key to mitigating climate change, 

reducing energy dependence, and minimizing the impact of energy price volatility. To this 

end, environmental taxation, including carbon taxes and fossil fuel "exemptions" can 

facilitate the transition to low-carbon energy sources and raise additional fiscal revenues that 

can provide sufficient funding to compensate the most vulnerable households and invest in 

structural resilience. Decarbonization involves a transition from fossil fuels to cleaner and 

more sustainable energy sources, such as renewables and nuclear power. This transition can 

help reduce greenhouse gas emissions and mitigate the effects of climate change [16, p.36]. 

As a result, the energy dilemma has many different facets, including technological, 

political, economic, and environmental issues. An important framework for understanding 

the energy crisis and its root causes is the theory of imbalance, which emphasizes the 

importance of correcting the imbalance between supply and demand, as well as the 

imbalance between different energy sources. Improving energy efficiency, deploying low-

carbon and renewable energy sources, and developing carbon capture and storage 

technologies are just some of the responses needed to achieve a sustainable energy system. 

In addition, the geopolitical implications of the energy problem cannot be ignored, especially 
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in the context of increased competition for energy resources and the growing influence of 

energy-producing countries. Ensuring energy security and diversification of supplies will be 

crucial to maintaining a stable and prosperous economy and society. 

 

 

1.2 Global energy problem as an element of the Sustainable Development Goals  

 

 

In 2015 the United Nations established the Sustainable Development Goals (SDGs), 

also known as "Transforming our world: The 2030 Agenda for Sustainable Development". 

The 17 Sustainable Development Goals, which are part of the 2030 Agenda, help countries 

in the region analyze and develop ways in which they will realize this new, shared vision of 

sustainable development set out in the Agenda. The SDGs reflect the demands of global 

stakeholders to balance social, economic and environmental growth [17, p.4]. Through the 

creation of public policies and budgets, monitoring and evaluation tools, they support each 

country on its path to sustainable, inclusive and environmentally sound development. The 

17 SDGs listed in Appendix B cover topics such as eradicating global poverty and taking 

immediate action to mitigate climate change by 2030 [18]. In order to meet the current and 

future demands of stakeholders and contribute to the sustainable development of society as 

a whole, the SDGs seek to motivate the operationalization and integration of sustainable 

development in organizations around the world. However, while this global initiative is a 

reliable source of inspiration, the diverse interpretation of the SDGs requires additional 

policy work to increase the understanding and scientific resonance of subsequent SDG-like 

initiatives. One of the most important issues addressed by the SDGs is the global energy 

problem, which is central to achieving the other goals. The energy issue is crucial for 

sustainable development, as it affects economic development, social progress and 

environmental conditions. Energy poverty, energy security, and energy transition are also 

related to the energy goals of the SDGs. 
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The key to solving the energy problem is energy governance. Energy governance is 

the process of managing and regulating the production, distribution, and consumption of 

energy resources. Effective energy governance is directly relevant to ensuring energy 

security and access to modern energy services, which is crucial for reducing poverty (SDG 

1) and promoting economic growth (SDG 8), especially in developing countries. Another 

SDG goal that energy governance addresses is environmental sustainability (SDG 13). 

Energy production and consumption are the main sources of greenhouse gas emissions that 

contribute to climate change and other environmental problems such as air and water 

pollution [19, p.22]. The goals most affected by the energy problem are shown in Figure 1.2. 

 

 

Figure 1.2. The linkage between energy problem and Sustainable Development 

Goals 

Source: Systematization by author 

 

It should also be noted that energy is a key source of economic growth, as many 

types of production and consumption activities are related to the use of energy as a basic 

resource. The energy sector fuels the economy, which provides the necessary energy 

infrastructure. From a physical perspective, energy use drives economic productivity and 

industrial growth and is central to the functioning of any modern economy. Access to 

inexpensive, reliable, and sustainable energy is crucial for reducing poverty, enhancing 

health and educational results and promoting economic progress. A sustainable energy 
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system must also be adopted in order to prevent climate change, protect nature and maintain 

environmental sustainability. In this sense, the energy transition is a fundamental problem 

that supports the achievement of each SDG. 

The economic growth target (SDG 8) aspires to ensure full and productive employ-

ment, decent work for everyone and sustained, inclusive, and sustainable economic growth. 

Energy use and economic growth have a complicated and interconnected relationship [20, 

p.437]. Raising living standards, encouraging human development and eliminating poverty 

and inequality all depend on economic growth. Economic expansion however can also have 

detrimental effects on the environment, such as rising greenhouse gas emissions, pollution, 

and the depletion of natural resources. Consequently, encouraging the use of renewable en-

ergy sources, increasing energy efficiency, and lowering waste and emissions are all part of 

fostering sustainable economic growth. 

The three main factors influencing energy demand are population expansion, per 

capita economic activity and technological advancements [21]. Energy demand increases 

with population growth, especially in developing countries where population growth rates 

are higher. The amount of economic activity per capita is an important factor in increasing 

energy consumption, and the demand for energy-intensive goods and services also increases 

as countries become more industrialized and incomes rise. Education and energy are two of 

the most important components of sustainable development. Education is the key to unlock-

ing human potential and promoting social and economic development. Access to affordable 

and reliable energy is crucial to ensure quality education for all students and sustainable 

energy development. As electricity can offer a wide range of services in the classroom, the 

shortage of electricity in schools is a regrettable issue. [22, p.4]. It is simpler to introduce 

information and communications technology (ICTs), such as computers and televisions, into 

the classroom when there is access to electricity. Principals of electrified schools are able to 

hire and retain teachers who are better qualified, which leads to higher test scores and grad-

uation rates 
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In addition, the energy challenge exacerbates poverty and inequality, as those with-

out access to energy are often among the most vulnerable and marginalized [23, p.16]. Stu-

dents living in remote rural areas may face a lack of access to energy, which can lead to 

school absence due to lack of transportation to get to school. This may be especially true for 

girls, which may increase dropout rates. The economic impacts of the energy crisis may limit 

opportunities for education and training. Lack of resources, technical problems, and theft are 

additional challenges. By spreading energy knowledge, awareness of the value of sustainable 

energy can be raised and the transition to sustainable energy systems can be facilitated. 

Another element that cannot be ignored in the connection between energy and edu-

cation is poverty. In order to end the cycle of poverty and build a more fair and equal sus-

tainable future for everybody it is important to address energy poverty and make educational 

investments. Energy and poverty are interrelated issues facing the world, especially in 

developing countries [24, p.83]. Energy plays a central role in poverty reduction. The first 

energy priority for people living in poverty is to meet their domestic energy needs for 

cooking and heating. The world's poorest and most marginalized communities rely on 

traditional energy sources such as wood, charcoal, and kerosene. These fuels are often 

expensive, inefficient and unsafe, leading to indoor air pollution and health problems. 

Although the Sustainable Development Goals aimed at reducing poverty do not specifically 

address the role of energy, access to energy services is a crucial element in achieving these 

goals. However, it is not easy to use new technologies or non-renewable energy in poor 

areas. The main reason is that policy decisions are not the same for rural and urban areas. A 

complication for electrification in rural areas is their remoteness and low demand density, 

which increases the cost of this action several times.   

In low-income nations where households use solid fuels, indoor air pollution is a 

severe health issue [25, p.2]. These fuels produce significant amounts of air pollution, which 

increases the risk of lung cancer, cardiovascular illness, and respiratory infections. Another 

major health risk is outdoor air pollution, particularly in urban areas. Lung cancer and other 

respiratory, cardiovascular, and industrial disorders can all be brought on by burning fossil 
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fuels for energy production. According to the WHO, 7 million premature deaths are thought 

to occur annually as a result of outdoor and indoor air pollution [26, p.11]. Switching to 

renewable energy sources is one of the most important measures people can take. The use of 

energy-efficient technologies and practices is also a vital step. Energy efficient technologies 

and practices such as heating systems, solar panels can be implemented as a means to achieve 

this goal. In addition, laws and regulations can reduce the negative health impacts of energy. 

This could include establishing air quality standards, encouraging non-motorized and public 

transportation, and phasing out fossil fuel subsidies.  

Biodiversity is particularly threatened by climate change, which can lead to rising 

temperatures, changing precipitation patterns, and more frequent extreme weather events. 

Climate change has implications for human well-being, including changing disease patterns 

and increased opportunities for invasive alien species, and affects animal ranges and 

behavior. The SDGs can only be achieved if the impact of the energy crisis on biodiversity 

is seriously considered. Firstly, life under water (SDG 14), which calls for the conservation 

and sustainable use of oceans, seas and marine resources for sustainable development, 

cannot be achieved without biodiversity. Acid rain and related pollution from fossil fuel 

combustion continue to damage forests, lakes and soils today. Secondly, the energy 

challenge also affects the provision of life on land (SDG 15), which aims to protect, restore 

and promote the sustainable use of terrestrial ecosystems, sustainable forest management, 

combat desertification, and halt and reverse land degradation and biodiversity loss. 

Ecosystems provide relatively inexpensive and accessible sources of traditional biomass 

energy and therefore play a vital role in supporting the poor. If these resources are threatened, 

as they are in some countries with extreme rates of deforestation, poverty reduction will 

become an even greater challenge. 

The interconnection between energy and water has a significant impact on achieving 

affordable and clean energy (SDG 7), which aims to guarantee everyone access to affordable, 

reliable, sustainable and modern energy. Energy is crucial for raising living standards, re-

ducing poverty, and promoting economic growth. Also, the interconnection between energy 
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and water has a significant impact on the achievement of SDG 13, which aims to take urgent 

action to combat climate change and its impacts. Climate change also affects the availability 

and sustainability of water resources, as changes in precipitation patterns, droughts and 

floods affect water availability and quality. The advantages of electricity and water supplies 

for reducing poverty and advancing the economy are frequently coupled by deteriorating 

ecosystems with potential negative impacts on the environment and considerable yet intan-

gible costs. Achieving sustainability means first and foremost addressing the co-transfor-

mation that economic progress related to the provision of water and energy for fuel and food 

can have on the environment. 

The change in the basic mechanisms governing the evolution of human societies 

caused by technological, economic and social progress is known as the energy transition. 

The international community is developing decarbonization plans to continuously reduce 

greenhouse gas emissions. Due to the influence of regional socio-economic factors, this pro-

cess is specific to each country. So far, the world has seen three typical energy shifts. The 

initial shift required a shift from wood as the main energy source to coal. During the second 

transition, oil took over the role of coal as the main energy source. In the third stage, a global 

commitment was made to switch from fossil fuels to renewable energy. However, the high 

cost of renewable energy technologies is one of the main obstacles to the energy revolution. 

Even if the price of renewable energy has recently fallen sharply, it is still more expensive 

than the price of fossil fuels.  It is believed that today the world is going through the fourth 

energy transition after three energy transitions in the past. The main goal of this fourth tran-

sition is to combat global climate change by decarbonizing energy supply and consumption 

patterns. For the purpose of lowering carbon emissions, reducing climate change, and 

achieving SDG 13, which is focused on climate action, an increase in the amount of renew-

able energy in the energy mix is essential. Second, increasing energy efficiency is crucial. 

Enhancing energy efficiency can lower energy consumption and carbon emissions making 

it a key step toward attaining SDG 7 which is focused on supplying affordable and clean 

energy.  
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Also attaining SDG 7 depends on increasing access to energy. Presently, 3 billion 

people rely on conventional biomass for cooking and heating, and more than 900 million 

people worldwide lack access to electricity [27]. Increasing access to clean and sustainable 

energy sources is crucial for attaining numerous SDGs, including SDG 1 (no poverty), SDG 

3 (good health and well-being), and SDG 8 (promoting economic development). To establish 

a sustainable energy system, it is necessary to encourage international cooperation and part-

nerships. International collaboration can make the transfer of technology, money, and exper-

tise easier, increasing the availability of sustainable energy for poor nations. International 

collaborations can help with the sharing of best practices and experiences, which can result 

in better programs and policies aiming to create a sustainable energy system. 

Thus, the global energy problem is an integral element of the Sustainable Develop-

ment Goals set by the United Nations. It is not only a fundamental driver of economic 

growth, but also a critical determinant of social and environmental well-being. The energy 

problem poses significant challenges to the achievement of the Sustainable Development 

Goals, including poverty eradication, food security, health, education and climate change. 

Obviously, achieving the Sustainable Development Goals requires a comprehensive and sus-

tainable solution to the energy problem. This implies adopting a holistic approach to energy 

planning and management, promoting renewable energy technologies, improving energy ef-

ficiency, and expanding access to clean and affordable energy services for all. Countries 

should work together to create policies and regulations that encourage the development of 

renewable energy technologies, promote energy efficiency, and reduce dependence on fossil 

fuels. This transition will require significant investment, research and development, and in-

novative approaches to meet the unique energy needs of different regions. Governments, the 

private sector, and civil society must work together to strengthen energy security, increase 

access to energy, and mitigate the negative environmental impacts of energy production and 

consumption. 
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CHAPTER 2. 

REGIONAL FEATURES OF THE FORMATION AND FUNCTIONING OF 

THE ENERGY MARKET 

 

 

2.1 Current state of renewable energy sources 

 

 

Today's advances in technology make it possible to use environmentally friendly raw 

materials, also known as renewable energy sources.  These sources of energy, which include 

solar, wind, hydro, geothermal and biomass, are becoming increasingly available and 

affordable. For a brief overview of the differences between these types, see Figure 2.1.  

 

 

Figure 2.1. Five major types of renewable energy, 2022 [28]  

15.1% global electricity generation (2022)
Hydro

•Dams alter the natural flow of water to increase its elevation and volume. Water flows through 
dam, generating nechanical energy that spins a turbine connected to an electric generator

7.6% global electricity generation (2022)Wind

•Wind flows over the blades of a wind turbine creating mechanical power by turning blades. The 
blades are connected to a drive shaft that turns an electric generator to produce energy

4.5% global electricity generation (2022)Solar

•Photovoltaic (PV) cells contain thin semiconductor wafers, forming an electric field. When light hits 
cells electrons move in response to the electric field. This genersates electricity, transferred 
through metal conductors on the PV cells

2.4% global electricity generation (2022)Biomass

•Biomass is burned in a boiler to produce steam. Steam rotates the blades of a turbine connected 
to a generator that produce electricity.  

<1% global electricity generation (2022)Geothermal

•Hot water from underground reservois is pumped using pipes or wells. As the water reaches the 
surface it boils over into steam which rotates a steam turbine. The turbine is connected to a 
generator that produces electricity
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To achieve Sustainable Development Goal (SDG) 7, proposed by the United Nations 

Development Program (UNDP): Guaranteed access to affordable, reliable, sustainable and 

modern energy for everyone, financial support and new policies are needed, as well as the 

willingness of countries to implement new technologies on a large scale globally. The use 

of renewable energy sources with limited emissions can reduce the number of illnesses and 

deaths caused by the burning of fossil fuels. On the other hand, the environmental impacts 

associated with the extraction and processing of large amounts of raw materials needed to 

produce parts used for renewable technologies can lead to increased greenhouse gas 

emissions.  This will outweigh the savings benefits of switching to renewable energy, and in 

the worst case scenario, increase poisoning by heavy metals and radioactive elements [29, 

p.13].  

Figure 2.1 shows that the most used energy is hydropower. Hydropower is a 

renewable energy source where energy is generated from the energy of water moving from 

higher to lower elevations. It is a proven, predictable and generally cost-competitive 

technology. It requires a relatively high initial investment, but has a long service life with 

very low operation and maintenance costs. Hydropower projects are adapted to the specific 

characteristics of their location, taking into account the river system in which they operate. 

The wide range of sizes of hydropower plants allows them to meet both large urban energy 

needs and smaller decentralized rural needs. It is important to note that hydropower plants 

do not consume the water used to drive the turbines. The water remains available for a variety 

of other important purposes after electricity generation. Hydropower plants can typically be 

categorized into three main groups based on their operation and flow type, which are shown 

in Figure 2.2. These groups include run-of-river (RoR), storage (reservoir), and pumped 

storage hydropower plants (HPPs), and their size can vary widely based on the hydrology 

and topography of the watershed they are located in. In addition to these three categories, 

there is a relatively new technology called in-stream technology, which forms a fourth cate-

gory. 
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Figure 2.2. Net increase in hydropower capacity by technological segments in the 

world in 2022, % [30] 

 

A Run-of-river (RoR) hydropower plant primarily relies on the natural flow of a river 

to generate electricity. The amount of energy generated by the plant depends on the flow of 

the river, which is largely influenced by precipitation and runoff. The RoR plant has limited 

control over the flow of the river, and its capacity is determined by the available flow [31]. 

Reservoir plants frequently include generating stations that are connected to the reservoir 

through tunnels or pipelines and are situated at the dam toe or further downstream. The 

design of  the hydropower plant and the type of reservoir that can be built is largely 

dependent on the topography and opportunities presented by the landscape [32, p.11]. 

Pumped storage plants (PSPs) act as technology for storing energy rather than producing it. 

During times of low energy demand, water is pumped in this system from a lower reservoir 

to an upper reservoir. When there is a lot of demand, the water flows against its natural flow 

to produce energy. PSPs can also integrate renewable energy sources like wind and solar 

power and help keep the system stable. Pumped storage is the largest grid energy storage 

option on the market right now. However, the environmental impact of PSPs can be 

considerable, as the construction of large dams and reservoirs can result in the flooding of 

natural areas [33, p.599]. 
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The establishment of hydropower infrastructure is closely related to national, re-

gional, and international development strategies. Hydropower can promote poverty reduc-

tion and sustainable development in addition to helping to ensure energy security and lessen 

reliance on fossil fuels. To advance hydropower development, we must address the primary 

obstacles, which can be categorized into three main groups namely environmental con-

straints, operational constraints, regulatory constraints [34, p.4] and can be seen in Figure 

2.3.  

 

 

Figure 2.3. Types and subtypes of hydropower system constraints  

Source: Systematization by author 

 

Understanding the potential impacts of hydropower construction and operation on 

the environment and nearby communities is crucial. The physical infrastructure of a 

hydropower plant can alter the structure of a river's flow, leading to changes in water quality, 

flow patterns, and aquatic habitats. This process can lead to the flooding of vast areas, which 

will destroy aquatic habitats, displace local flora and fauna, and change the dynamics of the 

ecosystem as a whole. Additionally, the benefits of hydropower development might not be 

equally scattered, leading to existing economic and social gaps getting worse as some areas 

and groups profit more than others do [35, p.5] The operational constraints for hydropower 

plants are comparable to those for thermal generators, but they additionally have special 

water-related constraints. The amount of energy that can be generated, the variety of power 
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levels that can be generated, and the rate of capacity expansion that can be achieved are all 

limited by these factors. Erosion caused by water passing over parts of the turbine can lead 

to reduced performance and increased maintenance costs [36, p.4]. The use, production and 

storage of water at hydropower facilities is regulated by a number of laws and agreements 

[37, p.2]. Water rights, flood management, and electricity regulation are just a few examples 

of regulations that may be subject to agreements between various parties, including public 

and private organizations. The requirement for developers to obtain a license from federal 

or state regulatory authorities to operate hydropower facilities is another significant regula-

tory barrier. Government grants, loans, private investment, and project finance are some of 

the possible financing options.  

Hydropower is a desirable source of energy because of its many advantages. It pro-

duces the most electricity, accounts for more than 15% of the world's electricity supply, and 

over the past 20 years, global hydropower capacity has increased by 70%, but its share in 

total production has remained stable due to the growth of wind, solar, coal and gas power 

[38, p.7]. Hydropower is a low-emission energy source, as it produces only 4 to 14 g of 

CO2.eq/kWh per year [39, p.15]. A dam is able to provide steady electricity production for 

many years after it is built. This means that they can continue to contribute to electricity 

generation for a long time because dams are built to last. As a result its usage steadily in-

creases throughout years, as it is shown in Figure 2.4. 

 

 

Figure 2.4. Hydropower generation by region from 2000 to 2021, terawatt-hour [40]  
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To ensure the environmental viability of hydropower projects, an integrated planning 

strategy is needed that balances environmental factors, including water quality, species di-

versity, recreation, and physical processes in the ecosystem. The Environmental Measures 

for New Hydropower is a Department of Energy initiative that aims to provide science-based 

environmental measures for use by designers, decision makers, policy makers, scientists, 

and other stakeholders in the evaluation of hydropower projects. The goal of innovation at 

the moment is to make plants more flexible by changing turbine designs, operating proce-

dures, and digitalization. However, compared to other renewable energy technologies, hy-

dropower projects have longer preparation, construction, and operation periods. This leads 

to higher investment risks and requires special policy instruments and incentives, as well as 

a longer-term political perspective and vision.  

Wind energy is the second largest producer of renewable energy globally. Numerous 

ways to generate wind energy have been used for thousands of years. However, it was only 

in the 1970s that technological advances and government support made commercial wind 

power production possible [41, p.23]. While there are a variety of wind energy technologies 

for different applications, the main way wind energy is used to mitigate climate change is to 

generate electricity through large, grid-connected wind turbines that are installed either on 

land (so-called "onshore") or in sea or fresh water (so-called "offshore").  

Most parts of the world have sufficient technical capacity to support the deployment 

of significant amounts of wind power. Onshore wind power has particularly large technical 

potential in North America, Eastern Europe and China, but some regions of Asia and Europe 

in the OECD have less technical potential for onshore wind power. Research to date suggests 

that, although the field is still young and requires further research, global climate change 

may change the geographic distribution of wind energy resources, but these effects are un-

likely to have a significant impact on the global potential for wind energy deployment. Mod-

ern grid-connected wind turbines have evolved from modest, simple devices to huge, highly 

complex machines. Figure 2.5 illustrates the stark contrast between the deployment of on-

shore and offshore wind technologies.  
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Figure 2.5. Number of annual new wind installations in Europe from 2012 to 2021 

Source: WindEurope 

 

Onshore wind turbines are installed on reinforced concrete foundations, which pro-

vides stability. In terms of onshore wind farms, China has overtaken Europe to become the 

largest onshore wind market, accounting for almost a third of the world's installed capacity 

[42, p.14]. Given the higher initial costs, offshore wind technology is less developed than 

onshore wind power. Due to the relative lack of maturity of the technology and the inherent 

logistical challenges associated with maintaining and servicing offshore turbines, there is 

often a low availability of power plants and higher maintance costs. Nevertheless, the EU 

and more and more other regions are showing great interest in offshore wind power. With 

the development of offshore wind power, visual impact, turbulence and noise levels have 

significantly decreased, allowing for the use of larger turbines and higher turbine rotor 

speeds.  

The expansion of renewable energy capacity is expected to accelerate significantly 

over the coming years as a result of the combined impact of geopolitical concerns, climate 

imperatives, and energy security challenges. This acceleration is driven by sustained cost 

advantages over fossil fuels as countries and regions work to achieve their ambitious energy 

and climate goals. The COVID-19 crisis and its aftermath (which included significant 

logistical disruptions and heightened geopolitical tensions) have helped people realize how 

important it is to have more diversified and resilient supply chains. The numerous challenges 
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associated with wind energy can be categorized into six groups: system design, society, 

supply chain, technology, infrastructure, and labor. All of these issues have an impact in the 

near future or will have an impact in the long term, as shown in Appendix C Figure C.1.  

Wind power is becoming increasingly important in the global energy mix as more 

and more people turn to renewable energy sources. Regional differences in wind energy 

production are largely driven by terrain, climate, and political situations. As shown in Figure 

2.6, Asia dominates the global wind energy market with 41% of the installed capacity  [43]. 

Thanks to its share of the global market, Asia Pacific continues to lead the way in wind 

power development, with impressive growth in China. China, the United States, Brazil, the 

Netherlands and Germany were the five largest international markets in terms of new instal-

lations in 2022.  

 

 

Figure 2.6. Wind energy generation by region from 2000 to 2021, terawatt-hour [44]  

 

In recent years, there has been a significant increase in the use of wind power in 

Europe due to aggressive climate targets and a favorable governmental environment. Some 

of the highest wind energy penetration rates are observed in countries such as Germany, 

Denmark and the UK [45, p.17]. Offshore wind farms are also becoming more common in 

Europe, with countries such as the Netherlands and the UK setting the bar for large offshore 
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wind projects. Wind power is also expanding significantly in North America: The United 

States and Canada are among the top ten countries with the largest installed wind power 

capacity in the world. The world's largest installed wind power capacity is located in the 

United States.  China, with more than a third of the world's installed wind power capacity, is 

the largest wind energy producer in Asia. With ambitious renewable energy targets driving 

the industry's expansion, India is emerging as an important player in the wind energy market. 

As part of their initiatives to reduce their dependence on fossil fuels, Japan and South Korea 

have also begun investing in wind power projects. Brazil, Mexico, and Chile are the Latin 

American countries with the largest amount of installed wind power capacity. Wind power 

is a desirable choice for meeting energy needs in this region due to significant wind resources 

and growing demand for electricity.  

Direct power generation from solar and thermal sources is growing rapidly in the 

clean energy sector, and new research in nanotechnology is supporting broader development 

initiatives. Solar power offers clean energy that can be deployed quickly and locally to the 

source of demand. A solar power system is the conversion of sunlight into electricity, which 

can be achieved directly through photovoltaic (PV) panels or indirectly through concentrated 

solar power (CSP). A number of internal and external factors, including environmental, con-

structional, installational, operational, and maintenanceal factors causes the loss of PV panel 

efficiency. The environmental elements continue to present a significant obstacle despite 

recent improvements in PV constructional factors and their installation processes. 

CSP is a vital part of the transition to an energy system that is less destructive to the 

environment and human health and offers greater energy security as a renewable energy 

technology. In addition, the use of solar energy instead of purchased fuel can significantly 

reduce the fiscal pressure on countries that depend on fossil fuel imports and improve the 

balance of payments of these countries. By reducing uncertainty about the future costs of 

energy production, it can help increase access to finance and reduce the overall system costs 

of all locally generated energy. Other benefits from CSP can be seen in Appendix C Figure 

C.2. 
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Solar energy is the most stable form of energy because of its availability and envi-

ronmental friendliness. Every year, the demand for photovoltaic solar cells is growing as 

they improve and generate electricity at affordable prices for both households and commer-

cial use (Figure 2.7). There are four main types of challenges for solar energy, namely: tech-

nical challenges, economic challenges, environmental challenges, and energy storage chal-

lenges. 

 

 

Figure 2.7. Solar energy capacity by region in 2012-2021, megawatt 

Source: Systematization by author based on [46] 

 

The intermittent nature of solar energy is one of the biggest technical obstacles [47]. 

The amount of solar energy produced varies throughout the day and is dependent on the 

weather. Maintaining a continuous flow of energy can be difficult due to this variability. The 

grid can become unstable due to fluctuations in power supply, which can lead to blackouts 

and outages. To solve this problem, technologies are being developed to store excess solar 

energy generated during peak hours and release it during off-peak hours. The efficiency of 

solar panels varies depending on the type of material used and the way they are manufac-

tured. Most solar panels convert only 20% of the sun's energy into electricity, so their effi-

ciency is between 15% and 20% [48]. New materials and manufacturing technologies are 

being researched to improve the efficiency of solar panels. The price of solar energy is a 

0

100000

200000

300000

400000

500000

600000

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Asia Europe North America Oceania



31 
 

serious financial problem as well. The initial costs of a solar energy system can be high, even 

if the cost of solar panels has recently decreased. Installation, maintenance, and storage costs 

can further increase the total cost [49, p.30]. Government incentives, such as tax breaks and 

rebates, can also reduce the cost of solar energy for both households and businesses. Solar 

energy is now competitive with fossil fuels due to technological developments. It has be-

come more reliable and cost-effective due to advances in smart grids, energy storage, and 

solar panel efficiency. In addition, solar energy systems have become more affordable than 

fossil fuels due to improvements in manufacturing and installation technologies. 

Land use is one of the environmental challenges of solar energy. Large-scale solar 

energy projects require a lot of space to place solar panels, which can have an impact on 

ecosystems and natural habitats [50, p.20]. In addition, soil erosion and land degradation can 

result from the development and maintenance of solar energy facilities. Another environ-

mental issue is the disposal of solar panels at the end of their useful life. Despite their long 

lifespan, solar panels eventually reach the end of their useful life and must be disposed of. 

Pollutants are not emitted during the operation of solar panels. However, there is a possibility 

that toxic chemicals contained in the solar modules may be released into the environment in 

the event of a fire. In the event of an emergency such as a fire, appropriate measures should 

be taken. The possibility of unintentional leakage of chemicals from the solar modules into 

the groundwater and soil poses a serious environmental hazard. 

Despite all the obstacles, solar energy has pros and cons, as well as great 

opportunities in the future. Thus, analyzing the strengths and weaknesses, as well as 

demonstrating the opportunities and obstacles, is important to raise awareness among policy 

makers, governments, and companies and to redirect the focus of energy investments 

towards solar energy (Appendix C Table C.1). Another trend affecting the future of solar 

energy is the integration of solar energy into smart grids. Solar energy can be distributed and 

utilized more efficiently through smart grids, ensuring that it is used where it is needed 

mostInvestment in solar energy has increased, as has political support for measures that 

promote renewable energy. The development of social media has also increased public 



32 
 

support for the industry by raising awareness and informing people about the benefits of 

solar energy. 

Biomass production differs significantly from solar energy production, so it is used 

much less frequently than previous renewable energy sources. The term "biomass" refers to 

any organic substance that is formed as a result of photosynthesis and is a source of raw 

materials. All flora and trees growing on land and in water are considered biomass, as are all 

forestry and agricultural wastes, as well as municipal biological waste (wastewater), 

municipal solid waste (MSW), animal waste (manure), and some forms of industrial waste. 

Today, technologies exist that allow us to collect energy, convert it into useful electricity or 

heat, and do so in an environmentally friendly way. These technologies are expected to drive 

the development of biomass as one of the leading energy sources. Unlike fossil fuels, 

biomass is a renewable energy source, and it will only take a short time to replace the energy 

source that is currently being used [51, p.1]. Biomass feedstocks are organic materials that 

are used to produce biofuels and bioproducts. They are categorized based on their type, 

source, and availability. 

Lignocellulosic and non-lignocellulosic feedstocks are the two main classifications 

of biomass. Lignocellulosic feedstocks are the most commonly used, consisting of lignin, 

cellulose, and hemoglobin. They come from the lignin, cellulose, and hemicellulose found 

in the cell walls of plants and trees [52]. As they are often considered as by-products of other 

industries such as forestry and agriculture, they are also relatively inexpensive. Non-ligno-

cellulosic feedstocks include algae and other microorganisms in addition to non-wood plant 

resources. For biomass energy production, non-lignocellulosic feedstocks are more attrac-

tive because they can be processed faster than lignocellulosic feedstocks. They can be pro-

cessed more efficiently into usable energy sources such as liquid biofuels and require fewer 

specialized procedures.  

The main source of biomass is agriculture. Straw from agricultural crops, including 

corn, wheat, and rice, is often used as a feedstock for biofuels and other bioproducts. Another 

important source of feedstock for biomass production is forestry. Logging sites and sawmills 
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are typically places where forest residues such as sawdust, bark, and wood chips can be 

found. Another possible source of biomass is household and industrial waste. Food waste, 

sewage sludge, and municipal solid waste are just a few of the types of garbage that can be 

used to produce biofuels and bioproducts. These materials can be converted into valuable 

products using a variety of biochemical and thermochemical methods, and are often col-

lected in urban and industrial areas.  

The potential of bioenergy systems to produce sustainable energy depends to a large 

extent on the availability of these feedstocks. A number of variables affect the availability 

of biomass, including feedstock type, location, and land use [53, p.824]. Land use is one of 

the main elements affecting the availability of biomass. The production of biomass feed-

stocks can be limited by the availability of land for forestry and energy crops. The economics 

of biomass production also affect the supply of biomass as a feedstock. Depending on the 

location and type of feedstock, the cost of biomass production can vary. Climate change and 

environmental conditions can also affect the availability of biomass. Finally, laws and regu-

lations can affect the supply of biomass feedstocks. By offering incentives to producers, 

policies such as feed-in tariffs, bioenergy targets, and criteria for renewable fuels can en-

courage biomass production. 

A reliable and sustainable source of energy, biomass can be used to produce heat, 

electricity and biofuels. Biofuels made from biomass are liquid or gaseous fuels that are used 

to run machines or vehicles. Biomass can be continuously grown and harvested, unlike fossil 

fuels, which are finite and non-renewable, making it a reliable and sustainable source of 

energy. In some cases, biomass can be used instead of fossil fuels to reduce greenhouse gas 

emissions and other harmful environmental impacts of traditional fossil fuel use. Biomass 

energy is used to produce biofuels. It can be produced from a variety of feedstocks, including 

agricultural crops, forestry waste, and even municipal solid waste. 

Depending on the method and feedstock used, biofuels are usually categorized as 

first-, second-, and third-generation biofuels (Figure 2.8). Food crops such as corn or sugar 

cane are often used to produce first-generation biofuels. Although these biofuels are widely 
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used, there are concerns about how they may affect environmental and food security. First-

generation biofuels can be replaced by second-generation biofuels, which are more 

environmentally friendly because they are produced from non-food feedstocks such as 

agricultural waste or specialty energy crops. Although third-generation biofuels, such as 

those derived from algae, are still in the early stages of development, they have the potential 

to become a sustainable source of biofuel supply.  

 

 

Figure 2.8. Features of biofuels’ generations. 

Source: Systematization by author based on [54] 

 

In recent years, biofuel production has become an increasingly popular business as 

the world looks for more environmentally friendly energy sources. Biofuel production has 

grown significantly in North America, which consists of Canada, the United States, and 

Mexico. In 2022, the US produced 2.3 billion gallons of biodiesel and 17.4 billion gallons 

of ethanol [55]. In addition, the United States is a significant producer of advanced biofuels 

such as renewable diesel and cellulosic ethanol. Government policies that promote the use 

of renewable energy sources have had a positive impact on the use of biofuels in North 

America (Figure 2.9). Although biofuel production in North America has increased, the 

sector still faces a number of obstacles. One of the biggest obstacles is competition with 

traditional fossil fuels, which are still significantly cheaper and more abundant. The 

availability and cost of raw materials is another problem, especially in regions where there 
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is a significant demand for food crops. In addition, there are concerns about the 

environmental impact of biofuel production, especially in terms of land use and 

deforestation. 

 

 

Figure 2.9. Biofuel production by region in 2000-2021, terawatt-hour [56] 

 

Brazil is the largest biofuel producer in South and Central America. Brazil's total 

ethanol production is expected to reach 31.66 billion liters in 2022, up 6% from 2021 [57, 

p.5]. Argentina produces both ethanol and biodiesel, making it the second largest biofuel 

producer in the region. Argentina produces biodiesel from soybean oil and ethanol from corn 

and sugar cane. With a number of goals and strategies aimed at increasing the use of biofuels, 

the European Union (EU) is at the forefront of promoting biofuels as a renewable energy 

source. The use of biofuels is one of the renewable energy sources for which the EU has set 

targets. Bioethanol and biodiesel are just two of the many biofuels produced in Europe. Eu-

rope has invested heavily in second-generation biofuels, which are produced from non-food 

feedstocks such as straw, wood, and other agricultural and forestry by-products.  

The least popular type of renewable energy is geothermal energy. All rocks undergo 

a long process of radioactive decay, which results in a temperature inside the earth that is 

higher than on the surface of the sun. Most geothermal reservoirs are hidden deep under-

ground and have no external signs. Volcanoes, fumaroles (vents from which volcanic gases 
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escape), hot springs, and geysers are all examples of places where geothermal energy occa-

sionally breaks through to the surface. The most active geothermal resources tend to be found 

around major plate boundaries, where many earthquakes and volcanoes occur. The Ring of 

Fire is where most of the world's geothermal activity occurs [58].As magma approaches the 

surface, it heats groundwater in porous rocks or water flowing over the surface and through 

cracks in fractured rock. Water (hydro) and heat (thermal) are the two main components of 

these hydrothermal resources. Geothermal reservoirs are natural, large-scale areas of hydro-

thermal resources. Geologists look for geothermal deposits in different ways. The only way 

to confirm that a geothermal reservoir really exists is to drill a well and measure the temper-

ature very deep below it. 

Although geothermal energy has been used directly for centuries, it has only recently 

received significant attention as a renewable energy source. The high efficiency of geother-

mal energy for direct use is one of its main advantages. Direct-use geothermal systems also 

have a very long lifespan; some installations are still in operation after more than 100 years. 

In both residential and commercial buildings, geothermal heat pumps (GHPs) can be used 

to provide hot water, heating, and cooling. In these systems, heat is transferred from the 

ground to the building through underground pipes. 

Over the past two decades, the installed capacity of geothermal energy has grown 

significantly worldwide, which is noteworthy (Figure 2.10). 

 

 

Figure 2.10. Geothermal energy capacity worldwide in 2000-2022, megawatts 

Source: Systematization by author based on [59] 
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For a long time, geothermal energy production was dominated by North America. 

The exploitation of geothermal resources in California, Nevada and Oregon is responsible 

for the growth of geothermal energy in the United States. Geothermal energy is playing a 

crucial role in helping Central American and Caribbean countries meet the region's growing 

electricity demand. Geothermal energy production has grown significantly in recent years in 

Europe as well. Germany, Italy and Iceland are examples of countries that are leading the 

way in geothermal energy development.  Asia is another region where geothermal energy 

production is growing. Countries such as Indonesia, Japan, and the Philippines have signif-

icant geothermal resources and have been increasing their geothermal capacity over the 

years. 

Nevetheless that geothermal energy is not used a lot, it is still usefull to know all 

strengths, weaknesses, opportunities and threats of it (Appendix C Table C.1). High reliabil-

ity is one of the key advantages of geothermal energy. Unlike wind and solar energy, which 

are intermittent and dependent on weather conditions, geothermal energy is available 365 

days a year, around the clock. The availability of geothermal power plants can reach 95%, 

which is higher than most other renewable energy sources [60, p.14]. Geothermal energy is 

a renewable resource that is naturally replenished over time, unlike fossil fuels, which are a 

finite resource that will eventually be depleted. According to forecasts, geothermal energy 

on Earth will be available for hundreds of thousands of years. Thus, geothermal energy can 

offer a long-term answer to the world's energy needs. Geothermal energy is also adaptable. 

It can be used for many different purposes, including power generation, direct use, heating 

and cooling.  

The fact that geothermal energy is regionally limited is one of its biggest disad-

vantages [61]. Only regions with active geothermal systems or strong heat flows can produce 

geothermal energy. Most of these places are located in tectonically active zones, such as the 

Pacific Ring of Fire. The high initial cost of geothermal energy is another disadvantage. 

Building a geothermal power plant can be expensive, mainly due to the costs associated with 
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drilling and exploration. The complexity of the technology required to produce geothermal 

energy also increases the overall cost. As a result, the initial investment required to utilize 

geothermal energy may deter some investors. The amount of heat that can be extracted from 

the earth's crust by geothermal plants is limited, unlike solar or wind energy, which can be 

increased by adding more solar panels or wind turbines. 

The creation of new technologies is one of the greatest potentials of geothermal en-

ergy. Thanks to improved drilling and exploration methods, geothermal energy can now be 

extracted efficiently and cheaply from deeper and hotter sources. In addition, advanced ge-

othermal systems and new methods of extracting geothermal energy from hot dry rocks are 

being developed. Under certain circumstances, geothermal power plants have become an 

important employer in areas with limited employment opportunities. International coopera-

tion is needed to realize the potential of geothermal energy as a global energy source. Coun-

tries with rich geothermal resources can cooperate to share information and skills and pro-

mote the use of geothermal energy in underserved regions. International organizations such 

as the Global Geothermal Alliance (GGA) and the International Renewable Energy Agency 

(IRENA) promote the use of geothermal energy worldwide. In addition to these opportuni-

ties, geothermal energy can contribute to a secure and sustainable energy future in several 

other ways.  

Competition with other renewable energy sources, such as hydropower and wind 

power, is one of the main challenges for geothermal energy. The development of wind and 

hydropower technologies has recently accelerated, and their cost is constantly decreasing. 

As a result, geothermal energy may not be as attractive as other renewable energy sources 

in some regions. Natural disasters, such as earthquakes, volcanic eruptions and landslides, 

can also pose a serious risk to the infrastructure supporting geothermal energy, in addition 

to political unrest. Drilling operations and geothermal power plants are often located in areas 

vulnerable to natural disasters, which can damage infrastructure and interfere with energy 

production.  
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Thus, renewable energy sources are becoming increasingly important in the modern 

world due to the current energy crisis and the need to reduce carbon dioxide emissions. The 

adoption of renewable energy sources is expected to continue to grow due to technological 

advances, increased global awareness of the need for sustainable energy, and favorable gov-

ernment policies. Renewable energy sources have the potential to significantly reduce the 

world's dependence on non-renewable energy sources, such as fossil fuels, which not only 

have a negative impact on the environment but are also finite resources. While renewable 

energy sources come with their own unique set of challenges and limitations, the benefits 

they offer make them a promising alternative to traditional energy sources. Continued re-

search and development in renewable energy will be crucial to further improve their effi-

ciency and cost-effectiveness, ultimately leading to a more sustainable and resilient energy 

future. 

 

 

2.2 Current state of non-renewable energy sources 

 

 

Natural resources that cannot be renewed at a rate equal to or greater than the rate of 

their use are called non-renewable. These materials were created from organic substances 

that were once part of extinct plants and animals that lived millions of years ago. Non-re-

newable resources are extracted by humans in the form of gas, liquid, or solid, which are 

then transformed into practical forms for easy consumption. Despite their cheapness, they 

can be harmful to the environment and are a significant cause of global warming. These 

resources include fossil fuels such as coal, oil and natural gas, as well as minerals such as 

metals and ores. Nuclear energy is also a non-renewable energy source (Figure 2.11). 
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Figure 2.11. Types of non-renewable energy resources. 

Source: Systematization by author 

Fossil fuels have long been the main source of energy. Coal, oil and natural gas are 

types of fossil fuels. These fuels were formed from the remains of ancient plants and animals 

that had been dormant for millions of years deep below the Earth's surface. The use of fossil 

fuels contributes to the formation of greenhouse gases and is a major factor in anthropogenic 

climate change. Thus, dependence on them for energy production is unsustainable. For solid 

fossil fuels, oil, natural gas, and nuclear energy, the trend in primary energy production over 

the past ten years (2010-2021) has been mostly negative (Figure 2.12). Production of solid 

fossil fuels, oil and petroleum products, and natural gas decreased the most (-62.4%), 

followed by a drop of 43.0% and 35.1%, respectively [62]. At the same time, the production 

of renewable energy sources showed a clear upward trend. 

 

Figure 2.12. Gross available energy in 2000-2020, petajouces 

Source: Eurostat 
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Coal has been one of the primary sources of energy for centuries, and it has played a 

crucial role in industrial development around the world. The primary use of coal is in elec-

tricity generation, and it has been a significant contributor to the growth of the world's econ-

omy. Coal is a fossil fuel that is formed from the remains of plants that lived millions of 

years ago. Coal generates more than 36% of the world's electricity [63]. In 2022, coal mar-

kets experienced major upheavals: traditional trade flows were disrupted, prices rose sharply, 

and coal demand increased by 1.2%, reaching an all-time high and exceeding 8 billion tons 

for the first time [64]. Coal is found in various forms, including anthracite, bituminous, lig-

nite and peat but onlt first three can be used as fuel. 

Coal mining has played a key role in meeting the world's energy needs for thousands 

of years, but in recent years its negative impact on the environment has become increasingly 

serious. Environmental legislation has been adopted to reduce the environmental problems 

associated with coal mining (Figure 2.13). 

 

Figure 2.13. Areas of environmental restrictions on coal mining  

Source: Systematization by author 

 

Coal mining has played a key role in meeting the world's energy needs for thousands 

of years, but in recent years its negative impact on the environment has become increasingly 

serious. Environmental legislation has been adopted to reduce the environmental problems 

associated with coal mining.  Air pollution is one of the biggest concerns, and the Clean Air 

Act of 1963, revised in 1970, sets national air quality standards and controls pollutant emis-

sions from coal-fired power plants [65]. Coal mining companies are required to use equip-

ment such as low nitrogen oxide burners and scrubbers to reduce emissions. Another im-

portant issue related to coal mining is water pollution, which has been regulated by the Clean 
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Water Act since 1972 [66]. This law requires coal mining companies to obtain permits before 

discharging pollutants into surface water sources, which can lead to contamination of both 

surface and groundwater with heavy metals and other pollutants. Regulating the disposal of 

coal ash is an integral part of environmental issues, as this material, which is generated dur-

ing the coal combustion process, contains toxic heavy metals and other pollutants. Legisla-

tive regulation of greenhouse gas emissions from coal mining is another extremely important 

environmental issue, as coal-fired power plants emit significant amounts of carbon dioxide, 

which is one of the main greenhouse gases contributing to climate change. The Clean Air 

Act regulates greenhouse gas emissions from coal-fired power plants, and the Clean Power 

Plan, which was put in place by the Environmental Protection Agency in 2015, sets national 

standards for greenhouse gas emissions from power plants [67]. Labor protection in the coal 

industry is an important issue, as it is a dangerous job that can lead to injuries and deaths of 

miners from accidents and harmful substances. In 1977, the Mine Safety and Health Admin-

istration was established to ensure the health and safety of miners. 

Coal, thanks to its widespread availability and affordability, has become a widely 

used energy source around the world. Its low cost, abundance and stability are key 

advantages [68, p.78]. The widespread access to coal and the relative cheapness of its 

extraction, transportation and processing make it a convenient option for countries seeking 

to provide their populations with affordable energy. In addition, coal has significant reserves, 

which guarantees a stable source of energy over a long period of time. Coal also has the 

advantage of easy transportation and storage, which allows it to be transported over long 

distances and stored for later use, providing a certain level of flexibility in energy production. 

Thanks to improved technology and stricter controls, coal-fired power plants have become 

cleaner and have reduced emissions of pollutants. Every year, the development of carbon 

capture and storage technologies is becoming more efficient, allowing for the capture and 

storage of carbon dioxide emissions from coal-fired power plants.  

In recent years, there has been a growing recognition of the negative impacts 

associated with coal as an energy source. One of the major concerns is the environmental 
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damage caused by coal mining. The extraction of coal from underground mines or through 

mountaintop removal can lead to habitat destruction, soil erosion, and water pollution. 

Furthermore, the transportation of coal from mines to power plants involves the use of large 

trucks, trains, and ships, which contribute to air pollution and greenhouse gas emissions. The 

combustion of coal in power plants is a significant source of carbon dioxide (CO2), a 

greenhouse gas that contributes to global warming and climate change. Another important 

consideration is the finite nature of coal reserves. As coal is a non-renewable energy source, 

its supply is limited and will eventually deplete. As extraction becomes more difficult, the 

cost of mining coal is likely to increase, making it less economically viable compared to 

alternative energy sources. More detailed information can be found in Table 2.1. 

 

 

Table 2.1. Advantages and disadvantages of coal. 

Advantages Disadavantages 

 Cheap and widely available; 

 A stable source of energy; 

 Reliable source of energy; 

 Large reserves of coal; 

 Can be easily transported and 

stored; 

 High energy density; 

 Improvements in technology 

 Have a significant environemental 

damage; 

 Produce a large amount of green-

house gases; 

 Coal mines lead to accidents; 

 Can displace local communities; 

 Is a finite resource; 

 Coal plants have long construction 

times  
Source: Systematization by author based on [69] 

 

Coal production is distributed across different geographical regions, with some coun-

tries producing a disproportionate amount of coal, while others produce no coal at all (Figure 

2.14). 
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Figure 2.14. Coal production by region in 2000-2021, terawatt-hour [70] 

 

Coal production in the Asia-Pacific region has been growing rapidly over the past 

few decades, confirming its status as one of the world's leading coal-producing regions [71, 

p.9]. China, which is the largest coal producer in the world, plays a leading role in the region, 

being responsible for the majority of total production. In addition, India, Indonesia and 

Australia are also among the major coal producing countries in the region. Increased demand 

for energy in the region, driven by rapid economic development in countries such as China 

and India, has helped to support this growth. Coal reserves have become attractive to 

investors, both domestic and foreign, leading to the development of new mines and the 

expansion of existing ones. 

The United States and Canada are the main coal producers in North America, which 

is a major producer overall. Numerous businesses in the region are powered by coal, which 

is an important energy resource that provides millions of people with affordable and reliable 

electricity. The Appalachian Mountains, the Illinois Basin, and the Powder River Basin are 

where most of the coal in the United States is produced [72, p.8]. The growing use of natural 

gas and renewable energy sources for electricity generation has led to a decline in coal 

production in the United States over the past decade. Stricter environmental restrictions and 

the closure of outdated coal-fired power plants also contribute to this process.  
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Europe produces a significant amount of coal globally, but in recent years, as 

countries shift to greener energy sources, coal production has declined sharply. Despite this, 

countries such as Poland, Germany, and the Czech Republic continue to rely heavily on coal 

as an energy source [73]. However, in order to maintain a healthy ecosystem and 

environmental sustainability, coal production in Europe is expected to continue to decline in 

the future. Despite this, coal can still be used in the future energy mix of countries. 

Crude oil (also known as petroleum) is a complex, naturally occurring liquid mixture 

composed primarily of hydrocarbons, but also includes some oxygen, nitrogen, and sulfur 

chemicals. Crude oil is a fossil fuel made from the remains of marine animals that have lived 

and died in ancient waters for millions of years. Under the influence of heat and pressure 

from the layers above it, the organic matter breaks down and turns into crude oil.  

Utilizing oil is a much more complicated procedure than using coal. Crude oil, in 

particular, goes through many stages of processing before it reaches the consumer. This is 

because different types of crude oil can have extremely different chemical structures, 

although they have comparable elemental compositions. Depending on the source and 

geological conditions of formation, the composition of crude oil varies. Impurities of sulfur, 

nitrogen and metals in crude oil can change its characteristics and make it less suitable for 

certain purposes. Due to its high energy density, which makes it a reliable and efficient 

source of energy, crude oil plays a vital role in the energy sector. Compared to other fossil 

fuels, such as coal and natural gas, it is also relatively cheap to extract and process. The 

United States, russia, Saudi Arabia, and Iraq are the four largest crude oil producers in the 

world. The four largest consumers of crude oil are China, India, Japan, and the United States 

[74, p.2]. 

Due to the dynamics of supply and demand, geopolitical instability and other factors 

that can affect global markets, the price of crude oil is quite volatile (Figure 2.15). 
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Figure 2.15. The fluctuations of Brent and WTI Spot Prices in 2010-2022, dollars 

per barrel [75] 

 

Prices often rise when demand for oil outstrips supply and vice versa. Demand for 

oil is influenced by numerous variables, such as population growth, economic growth and 

industrial development. On the supply side, the availability of oil is affected by a number of 

variables, including geological considerations, political unpredictability, and investment in 

oil exploration and production. The international oil market is extremely complex and has a 

wide range of participants, including oil producers, dealers, refiners and consumers. Prices 

often rise when tensions increase in major oil-producing countries, such as the Middle East, 

as investors fear potential supply disruptions. Likewise, natural disasters such as hurricanes 

or earthquakes can disrupt oil production and supply, which can cause price movements. 

Prices often rise when oil demand and the global economy are growing. On the other hand, 

when the global economy slows down, demand for oil falls, leading to lower prices.  

Both energy producers and consumers are very concerned about the future of crude 

oil production [76]. As global energy needs continue to grow, crude oil production is under 

pressure. It's not a question of "if" but "when" crude oil production will decline, and this will 

have a profound impact on both the economy and global politics. Existing oil reserves are 

being depleted faster than new ones are being discovered, as the world's energy demand is 

growing. Moreover, less and less money is being invested in crude oil production due to the 

shift to renewable energy sources and growing environmental concerns. A decrease in crude 
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oil production will lead to a reduction in oil supply, as the oil sector plays a significant role 

in the global economy. As a result, oil prices will rise, which will have a negative impact on 

the global economy. In addition, countries whose economies are heavily dependent on oil 

exports, such as Saudi Arabia and russia, may face serious economic difficulties. 

Economically, countries with rich oil reserves often rely on crude oil production and 

exports to generate significant revenues. Oil export revenues can make a significant 

contribution to the state budget, financing basic public services and infrastructure 

development. However, a significant dependence on oil exports can expose countries to risks 

associated with fluctuations in oil prices on the world market. Oil prices are affected by 

various factors, including supply and demand dynamics, geopolitical tensions, and global 

economic conditions. When oil prices decline, countries that are heavily dependent on oil 

revenues may experience economic downturns, budget deficits and lower living standards. 

Volatility in oil prices can lead to significant uncertainty in long-term economic planning 

and impede diversification efforts aimed at developing other sectors of the economy. 

Moreover, geopolitics related to the production and distribution of crude oil can have a 

significant impact on global politics. Oil-rich regions often attract attention and are subject 

to competition from major world powers seeking access to energy resources. The strategic 

importance of oil can shape alliances, influence foreign policy, and have implications for 

national security.United States, Saudi Aravia and russia account for almost 45% of global 

crude oil production [77] (Figure 2.16). 

 

Figure 2.16. Oil production by region in 2000-2021, terawatt-hour [78] 
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Saudi Arabia, Iran, Iraq, and the United Arab Emirates (UAE) are among the world's 

largest oil producers, and the Middle East remains an important player in the global oil mar-

ket today. Many countries in the Middle East are heavily dependent on the oil sector for 

revenue and jobs, and their governments have made significant investments in infrastructure 

to support it. However, businesses also face challenges, including falling oil prices, increas-

ing competition from renewable energy sources, and geopolitical concerns. The oil sector in 

the Middle East is currently facing several challenges, one of which is the fall in oil prices. 

Low oil prices can have a significant impact on the economies of the Middle East countries, 

which are heavily dependent on oil exports. In addition, regional geopolitical conflicts may 

have an impact on the oil sector.  

The former Soviet republics form the Commonwealth of Independent States (CIS), 

a regional grouping. Among Kazakhstan's oil fields located in the Caspian Sea region, the 

most important are the Tengiz and Kashagan fields in the Caspian Sea region. Azerbaijan's 

oil production is mainly concentrated in the Caspian Sea and is exported mainly through the 

Baku-Tbilisi-Ceyhan pipeline. With the exception of Kazakhstan, which has received sig-

nificant international investment in its oil sector, the oil business in all CIS countries is 

largely controlled by the state. However, political unrest and corruption are persistent prob-

lems in the industry, affecting oil production and foreign investment. The region has also 

been criticized for greenhouse gas emissions from the oil and gas industry. 

The world uses natural gas, a fossil fuel, as a source of energy. Natural gas has be-

come a more important source of energy in recent years due to its low carbon footprint and 

affordable price compared to other fossil fuels. Natural gas must be compressed and lique-

fied before it can be transported from production sites to distribution stations. Natural gas is 

most often transported by pipelines. The efficiency and accessibility of pipelines allows for 

the transportation of huge volumes of natural gas over long distances. They are prone to 

leaks and ruptures, require significant upfront costs, and can be difficult to construct in some 

locations. Natural gas can also be transported by truck. Trucks are more adaptable and can 

deliver natural gas to places where pipes are not laid, but they are also less efficient and more 
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expensive than pipeline delivery. Liquefied natural gas (LNG) is transported over long dis-

tances by ship. It is more expensive to produce and transport LNG than natural gas, but it 

allows natural gas to be transported over very long distances and to places where there are 

no pipelines. 

Natural gas reserves are found in many countries around the world, but the largest 

reserves are concentrated in the Middle East, russia, and the United States (Figure 2.17). 

 

Figure 2.17. Total proved reserves of natural gas in 2000-2021, trillion cubic metres 

Source: Systematization by author based on [79] 

 

Total known natural gas reserves in North America increased between 2000 and 

2021. Most of these reserves are in the United States, where they have grown very rapidly 

over the previous 20 years. Canada also has significant proven natural gas reserves, which 

amounted to 1.6 trillion cubic meters in 2000 [79]. By 2021, this number had grown to 2.4 

trillion cubic meters. The increase in natural gas reserves in North America can be attributed 

to a combination of technological advances in drilling and exploration, as well as the dis-

covery of new natural gas fields. In particular, the development of shale gas has made a 

significant contribution to the increase in natural gas reserves in the United States. 

Europe's natural gas consumption is expected to grow in the future, while domestic 

production will continue to decline. Depletion is one of the factors contributing to the decline 

of proven natural gas reserves in Europe. As natural gas is extracted from these fields, it 

becomes increasingly difficult to access the remaining reserves and more advanced drilling 

techniques are required, which can be expensive and complex. In addition, much of Europe's 
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natural gas reserves are located offshore or in remote locations, which complicates logistics 

and makes development difficult and expensive.  

Between 2000 and 2010, total proven natural gas reserves in the CIS countries grew. 

This was due to the discovery of new gas fields and intensification of exploration activities 

in the region. russia, the largest natural gas producer in the CIS, has made a significant con-

tribution to this growth. In the early 2010s, total proven natural gas reserves in the CIS coun-

tries remained relatively stable. In recent years, however, there has been a decline in natural 

gas reserves in some CIS countries. On the other hand, there have been some positive devel-

opments in the region. For example, Turkmenistan, which has the fourth largest natural gas 

reserves in the world, is increasing gas production and exports. The country is also exploring 

new gas fields that could further increase its gas reserves in the future. Over the past two 

decades, the Middle East has remained one of the leading regions in terms of total proven 

natural gas reserves. The region is home to some of the largest natural gas reserves in the 

world, including the world's largest non-producing natural gas field, the North Field/South 

Pars, located in Qatar and Iran. Some countries in the Middle East, such as Saudi Arabia and 

the United Arab Emirates, have taken initiatives to increase the use of natural gas for power 

generation and reduce their dependence on oil and coal. 

The energy generated by nuclear processes that occur in the nucleus of an atom is 

known as nuclear energy. The use of nuclear energy has been the subject of controversy and 

debate for many years, with some claiming it is a clean and reliable source of energy and 

others pointing to the risks associated with nuclear technology. Compared to traditional 

fossil fuels, nuclear power has a number of advantages, such as reduced carbon dioxide 

emissions and the potential to be a stable and reliable source of energy. Nuclear power 

produces very few greenhouse gas emissions, unlike fossil fuels, which release significant 

amounts of carbon dioxide and other greenhouse gases. In addition, nuclear power plants 

can generate electricity around the clock, offering a reliable supply of energy that is not 

affected by weather conditions or other external variables. 



51 
 

The high energy density of nuclear energy is one of its key advantages. Nuclear fuel 

contains a significant amount of energy, and when it is converted into electricity, it generates 

a significant amount of energy. Compared to other energy sources, nuclear energy is also 

cheaper. The cost of producing energy with nuclear power is quite cheap, even though it can 

be expensive to build a nuclear power plant. Nuclear fuel is a cheap and efficient way to 

produce large amounts of energy, making it a good choice for power plants. In addition, 

because nuclear power plants require less maintenance and do not emit greenhouse gases, 

their operating costs are lower than fossil fuel power plants. 

However, the use of nuclear energy has several disadvantages. The potential for a 

nuclear disaster is one of the most important. The environment and human health can be 

severely affected by a nuclear disaster. The problem of radioactive waste is another 

disadvantage of nuclear power. Radioactive waste from nuclear power plants is created, and 

it has been hazardous for thousands of years. It is important to remember that nuclear power 

plants produce relatively less waste compared to other energy sources, such as coal-fired 

power plants.  

Many countries can potentially achieve energy independence through the use of 

nuclear energy. When a country produces and uses all the energy it needs domestically, it is 

considered energy independent and less dependent on energy imports from abroad. Nuclear 

power plants can operate for many years, providing countries with a reliable source of energy 

security in the long term. Nuclear power plants have a lifespan of up to 60 years or more, 

making them a reliable source of energy independent of geopolitical or short-term market 

situations. The country's dependence on a single source is reduced by the availability of 

uranium, the fuel used in nuclear power plants, which can be obtained from different 

countries. Several countries play a leading role in nuclear power generation, including the 

United States, France, China, Japan (Figure 2.18). 
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Figure 2.18. Nuclear energy production by region in 2000-2021, terawatt-hour [80] 

 

Since the turn of the century, nuclear power in Asia has made a significant 

contribution to meeting the region's energy needs. The use of nuclear energy grew steadily 

between 2000 and 2021 as countries worked to diversify their energy supply and reduce their 

dependence on fossil fuels. Despite concerns about safety and the high cost of building and 

maintaining nuclear power plants, many Asian countries see nuclear power as a key 

component of their energy security strategy.  

The CIS energy mix continues to rely heavily on nuclear power to provide reliable 

and affordable electricity. While some countries in the region want to phase out nuclear 

power in favor of renewable energy sources, other countries in the region have plans to 

increase the capacity of their nuclear power plants. Overall, it is still unclear how nuclear 

power will develop in the CIS. Nuclear power in the region is expected to change over the 

next few years, driven by factors such as safety concerns, aging infrastructure, and 

competition from renewable energy sources. 

Nuclear power has long been an important source of energy in North America.  

Nuclear power is an important source of electricity in North America, despite some recent 

expansion of renewable energy sources. Over the past two decades, nuclear power 

production in North America has varied, with some countries increasing their capacity while 

others have reduced or eliminated their nuclear power facilities. But overall, nuclear power 

is still a significant part of the North American energy mix and is expected to remain so for 

the foreseeable future.  
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Over the past two decades, nuclear power has played a significant role in meeting 

electricity demand in Europe. From 2000 to 2021, nuclear electricity production in Europe 

remained relatively stable. France was the largest producer of nuclear electricity in Europe, 

with more than 70% of its electricity coming from nuclear power plants [81]. Other countries 

with a significant share of nuclear electricity production in Europe include Ukraine and the 

United Kingdom. In recent years, Europe has seen a shift to renewable energy sources, with 

countries investing in wind and solar power. Nevertheless, nuclear power is still expected to 

play a significant role in meeting Europe's electricity demand in the future, as many countries 

are investing in research and development of nuclear technologies. 

Thus, non-renewable energy sources have played an important role in the 

development of modern civilization and the global economy. They remain the main source 

of energy for many countries around the world, despite growing concerns about their 

environmental impact and limited reserves. Oil, coal, and natural gas are readily available 

and will continue to play an important role in the global energy mix for a long time to come. 

However, it is important to realize that non-renewable energy sources are finite and that 

continuing to use them without switching to cleaner and more sustainable alternatives will 

have a negative impact on the economy, society and the environment. As a result, a global 

push is needed for energy efficiency, energy conservation, and the transition to greener 

energy sources. The overuse of these resources has created a number of problems, such as 

resource depletion, climate change and environmental degradation. Energy efficiency 

measures should be implemented to reduce the demand for energy and reduce the negative 

impacts of non-renewable energy sources while they are still in use. Governments, 

businesses, and citizens must work together to maximize energy use, improve efficiency, 

and prioritize sustainable energy development. 
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2.3 Energy profile of key energy consuming countries 

 

 

As different countries around the world rely on different energy sources to meet their 

growing energy needs, the global energy landscape is constantly changing. Analyzing energy 

resources, consumption trends, regulation, and the contribution of countries to the dynamics 

of the global energy market requires a deep understanding of their energy profiles. We will 

look at the energy profiles of the world's four largest energy consumers: China, Germany, 

Norway, and the United States (Appendix D Figure D.1).  

The United States is an important player in the global energy market and is known 

for its broad energy sector, which utilizes sources such as coal, oil, natural gas, nuclear 

power, and renewable energy. Policymakers, especially in the U.S. Congress, continue to 

debate several aspects of energy policy in their decision-making. These aspects include re-

source availability, economic costs, environmental impacts, and social concerns. Environ-

mental regulations also affect the energy industry, especially with regard to fuel use. The 

energy needs of different American industries differ: nuclear power is primarily used for 

electricity generation, while the transportation industry is heavily dependent on petroleum 

fuels, including gasoline, diesel, and jet fuel.  

Crude oil is extracted and imported and then transported throughout the United States 

to refineries or commercial storage facilities using a variety of transportation methods. Fu-

tures contracts for West Texas Intermediate (WTI) crude oil are settled in Cushing, and the 

media regularly report on these prices. The majority of crude oil, both imported and domes-

tically produced, is transported to refineries using pipeline infrastructure. The amount of 

petroleum products that the United States exports to various countries and regions has in-

creased significantly. The United States has increased its imports to Latin American coun-

tries, including Peru, Brazil, and Guatemala, creating a dependence on U.S. supplies and 

thus supporting the U.S. refining sector. The improvement in the US net position in im-

ports/exports of liquids, which includes both crude oil and petroleum products, is mainly due 
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to the expansion of trade in petroleum products. Going forward, US crude oil production is 

likely to continue to grow, and domestic demand for petroleum products will increase 

slightly. 

For the first time since 1957, the United States began exporting natural gas on a net 

basis in 2017 (Appendix D Table D.1). Low natural gas prices, supported by expanding 

domestic gas supplies, have helped to significantly increase the use of natural gas for elec-

tricity generation. The U.S. pipeline network is an important component of the country's 

energy infrastructure and provides essential connections to other critical facilities, including 

power plants, refineries, airports, and military installations. Over the past ten years, plans for 

new oil and gas pipelines have increasingly become the subject of public debate and have 

been the subject of controversy at both the federal and state levels.  

Between 2015 and 2021, the use of coal in the United States decreased significantly. 

The reasons for this decline may include changes in energy legislation, technological devel-

opments, changing market dynamics, and growing environmental awareness. The increased 

availability of natural gas, which has become a popular substitute for coal in recent years, 

has been one of the key reasons for this development. Renewable energy sources, such as 

wind and solar power, are becoming competitive with traditional fossil fuels as they become 

more widely available and cheaper. Demand for coal has declined as a result of a growing 

trend among businesses and utilities to invest in renewable energy. Some regions of the 

United States continue to rely heavily on coal to meet their energy needs, despite an overall 

decline in coal use. States whose economies are heavily dependent on the coal industry, such 

as West Virginia and Kentucky, could face serious difficulties if demand for coal declines. 

The United States saw significant changes and trends in the use of nuclear energy. 

As a reliable and low-carbon source of electricity generation, nuclear power has long been 

an important part of the country's energy mix. Over the past decade, the number of nuclear 

power reactors in operation in the United States has grown at a very modest rate in terms of 

capacity. Although there were plans to build new capacity, nothing was actually built and 

numerous older plants were closed. As a result, the country's nuclear power capacity has 
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remained relatively stagnant. Public opinion and concerns about nuclear safety also influ-

ence the structure of nuclear energy consumption. Although nuclear energy is seen as a low-

carbon energy source, public perceptions of the dangers associated with accidents and nu-

clear waste storage have been affected. 

Solar, wind, hydro, and geothermal energy are examples of renewable energy sources 

that have grown significantly in popularity and integration into the country's energy mix. 

During this time, the use of renewable energy has increased significantly in several sectors. 

Declining costs, technological developments, government incentives, and a growing focus 

on sustainability and environmental protection are some of the reasons for this. The growing 

acceptance of renewable energy technologies has also had a significant impact on reducing 

the cost of these technologies. By developing and integrating renewable energy sources, the 

United States continues to work toward greater energy independence, reduced greenhouse 

gas emissions, and increased energy efficiency. The growth in renewable energy consump-

tion is expected to continue in the coming years as technology advances and the cost of 

renewable energy continues to decline, changing the country's energy landscape and sup-

porting its commitment to a clean energy future. 

Due to russia's invasion of Ukraine on February 24, 2022, a number of trade sanc-

tions were imposed, including restrictions on the sale of key goods to russia. The United 

States has imposed sanctions that apply to both goods manufactured abroad using U.S. tech-

nology and goods sold by U.S. corporations. The extraterritorial nature of these U.S. re-

strictions may impede exports to russia even from countries that do not have their own sanc-

tions. In addition, the United States has announced that it will gradually reduce its purchases 

of russian energy. The United States quickly imposed severe export restrictions on February 

24 in response to the crisis, intending to significantly limit russia's access to technology and 

other resources needed to maintain its military capabilities. The main targets of these export 

restrictions are russia's defense, aerospace, and maritime industries. The bans apply to for-

eign goods developed using US technology, including equipment, software, and designs, as 

well as to trade in goods produced in the US. In addition, on March 8, the United States 
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imposed an embargo on imports of all Russian fuels, including coal, liquefied natural gas 

(LNG) and liquefied petroleum gas (LPG). The ban came into effect on April 22 for contracts 

concluded before that date [82].  

China, which consumes more energy than any other country, has a major impact on 

international energy models. Over time, China's rapid industrialization and economic expan-

sion increased energy demand. This demand has been met through a variety of energy 

sources, with coal historically serving as the primary fuel. However, the Chinese government 

has taken bold steps to restructure the energy industry in response to growing concerns about 

air pollution, climate change, and energy security. 

As the world's largest energy consumer, China has undergone significant changes in 

the crude oil market in recent years. The growth of the middle class, urbanization and the 

need for transportation have increased the demand for petroleum products. China has largely 

relied on crude oil imports to meet this growing need. However, increasing dependence on 

imports has made it difficult to maintain price stability and energy security. The Chinese 

government has taken strategic steps, recognizing the need to diversify its crude oil supply 

to reduce vulnerability and manage risk. China continues to rely heavily on reliable sources, 

such as Saudi Arabia, russia, Angola, and Iran, to meet its crude oil needs. To diversify its 

crude oil supply, China is looking for new trade ties with countries other than its traditional 

suppliers. Among the countries with which China has established closer energy ties are Bra-

zil, Venezuela, Iraq, and Kuwait. China has imposed severe restrictions on oil imports to 

regulate the local market. The only body authorized to import and distribute crude oil in this 

system is the China National Chemical Import and Export Corporation [83, p.15]. This reg-

ulatory procedure helps to limit crude oil imports and ensure the stability of the local market. 

Gas consumption in China has increased significantly, reaching 378 billion cubic 

meters in 2021 (Appendix D Table D.1). This growth has been driven by Chinese govern-

ment initiatives to improve air quality and encourage a switch from coal to gas. Gas imports 

have become more important for China due to the country's inability to produce enough gas 
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to meet growing demand. China's gas sector faces ongoing challenges due to a lack of do-

mestic resources, fluctuating international gas prices, energy security concerns, limited in-

frastructure, institutional difficulties, and slow progress in reforms. Turkmenistan was the 

main foreign supplier of pipeline gas to China, accounting for 57% of China's pipeline im-

ports in 2021 [84, p.13]. As China continues to focus on expanding its gas industry and 

diversifying its gas sources, addressing challenges related to domestic production, pricing, 

infrastructure, and institutional reforms will be critical to ensuring a stable and secure gas 

supply. 

China, the world's largest coal producer, has established itself as a "swing buyer" in 

the coal market, deliberately buying coal from foreign markets when costs are lower than at 

home and relying mainly on domestically produced coal when imports become less desira-

ble. The government has tightened control over coal mining activities in an effort to address 

environmental concerns and reduce air pollution, which has led to mine closures and re-

strictions on coal production. In addition, measures to support natural gas and renewable 

energy sources as substitutes for coal have led to a reduction in coal production. The demand 

for coal in China remains high, despite decades of consistent attempts to diversify its energy 

mix by increasing hydro, wind, solar and nuclear power capacity (Appendix D Figure D.1). 

This is due to the rapid growth of energy consumption in the country, as well as the rigidity 

of its heavy industry.  

With three key functions, nuclear power plays a crucial role in achieving China's 

energy and economic goals. First, it helps ensure security of energy supply by providing a 

significant base load with little dependence on foreign technology and fuel. Second, com-

pared to coal, which currently dominates China's electricity generation, nuclear power pro-

duces cleaner energy in terms of carbon dioxide emissions and air pollution. Last but not 

least, China's overall industrial policy of reducing dependence on foreign technology is con-

sistent with the successful localization of nuclear technology over the previous four decades. 

Chinese business has not been able to create a significant international footprint. In addition, 
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many potential customers lack the financial resources to sponsor nuclear energy projects, 

and the Chinese leadership, with the exception of Pakistan, seems less motivated to do so. 

Despite the encouraging development of renewable energy, there are still legislative 

and commercial obstacles that prevent its widespread adoption and effective integration, es-

pecially for dispersed renewable energy. Hydropower is the most common source of renew-

able energy in China, and its production and capacity are steadily increasing. However, be-

cause local hydropower resources are almost exhausted, many Chinese hydropower enter-

prises are now looking for chances in foreign markets. Wind power has become an important 

source of renewable electricity in northern China. In 2005, China adopted the Renewable 

Energy Law, which paved the way for wind power auctions in the following years.  

When it comes to imposing sanctions on russia in response to its invasion of Ukraine, 

China has adopted a different strategy than other countries. While several countries have 

imposed sanctions, China has chosen not to participate and has even taken measures that 

favor some imports, such as coal, by reducing tariffs to zero. However, the fact that the bulk 

of transactions are still settled in US dollars complicates this issue. Chinese banks are alleg-

edly restricting letters of credit for the purchase of russian coal and oil due to sanctions on 

the SWIFT payment system [85, p.4]. China will continue to receive oil from russia, although 

there is a possibility that the volume of supplies may decrease in the near future due to pay-

ment problems. In 2022, russia remained the second largest supplier of crude oil to China 

after Saudi Arabia. It is important to note that some countries are concerned about their de-

pendence on China for the supply of necessary equipment and transition metals.  

Germany, known for its technological advances and commitment to environmental 

sustainability, has undergone a significant change in its energy profile between 2015 and 

2021. Germany's energy profile has traditionally been characterized by a combination of 

coal, natural gas, crude oil, nuclear power and renewable energy sources. In recent years, 

however, the country has made significant efforts to transition to a greener and more sus-

tainable energy system. These efforts have been driven by domestic policies, international 
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commitments, and public awareness of the need to mitigate climate change and reduce green-

house gas emissions. 

Oil remains the main and most important source of energy in Germany, despite the 

country's limited oil resources and low production rates. Germany has established diverse 

sources of oil imports, a well-developed supply infrastructure, and a liberal market to ensure 

a reliable supply of oil. However, further improvements in fiscal incentives, such as tax 

breaks and subsidies for low-emission vehicles and related infrastructure, could be crucial 

to facilitate Germany's transition to a low-carbon economy and maintain its oil security. With 

an import dependency rate of almost 90% in 2021, Germany is heavily dependent on oil 

imports from abroad (Appendix D Table D.1). Germany is seeking to accelerate its transition 

to a low-carbon economy and reduce its dependence on oil as the main source of energy by 

implementing a new fiscal policy. 

After oil, natural gas is the second largest source of energy in Germany. Natural gas, 

a fossil fuel, continues to play an important role in the ongoing energy transition, both in 

power generation and in other sectors. Germany is the largest consumer of natural gas in 

Europe, and after many years of declining gas consumption, it has recently increased. Ger-

many has been able to maintain a relatively high level of security of gas supply despite its 

heavy dependence on imports. As for renewable gas, its use in heating and transportation 

systems is considered to have medium- to long-term potential due to the high cost of pro-

duction at the moment. The production of renewable gas for various needs is currently quite 

limited.  

Germany has developed plans to phase out coal-fired power as part of its commit-

ment to reduce energy-related CO2 emissions by 50% by 2030 [86, p.50]. In June 2018, the 

federal government established a Coal Commission, officially known as the Commission on 

Growth, Structural Change and Employment, to build broad public agreement on a coal 

phase-out strategy. The commission included representatives of trade unions, economic and 

energy groups, environmental associations, academic institutions, and areas directly affected 
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by the coal industry. Given that coal is the main fuel for electricity generation, the govern-

ment could consider funding programs to help affected regions through electricity usage 

charges, similar to the Renewable Energy Surcharge (EEG) that promotes renewable energy 

development.  

One of the key goals of Germany's energy transition strategy is the intention to com-

pletely abandon nuclear power by 2022. Until April 15, 2023, only three nuclear power 

plants (NPPs) were operating, and since 2011, 14 NPPs have been decommissioned. After 

the Fukushima tragedy, the Reactor Safety Commission (RSK) conducted a thorough safety 

assessment of the 17 operating reactors. The RSK concluded that, in contrast to Fukushima 

Daiichi, the safety standards of German nuclear power plants were high enough to survive 

difficulties such as loss of external power and flooding. Further careful analysis showed that 

no unambiguous conclusions can be drawn based on the original design or age of the plants 

alone. Germany will be much more dependent on other solutions to meet emission limits as 

a result of the phase-out of nuclear power.  

Germany's attempts to switch to more sustainable energy sources have largely fo-

cused on renewable energy. In addition to being a world leader in biogas production, Ger-

many has pioneered the development of rooftop solar photovoltaics (PV). However, wind 

power has been the source of much of the recent development of the renewable energy in-

dustry. Unfortunately, the development of these sectors has been slow, partly due to existing 

fuel and electricity pricing structures that are an obstacle to effective sector integration, es-

pecially in heating and cooling. By 2030, 65% of final energy consumption should come 

from renewable sources, according to the Coalition Agreement signed in March 2018 [86, 

p.27]. Due to the significant benefits granted to individual companies, most of the transition 

costs have been borne by energy consumers, especially households.  

Before the war in Ukraine, the German economy was performing well, but the cur-

rent picture is more grim. Germany's heavy dependence on relatively affordable and reliable 

energy supplies from russia has become a huge economic risk in the wake of the unexpected 

escalation. Although russian gas is still flowing into Germany, the prospect of an energy 
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embargo from Europe or russia, as well as the German government's desire to quickly reduce 

dependence, has led to a tenfold increase in prices on the spot gas market year on year. 

Regardless of the situation with russian gas imports, Germany plays a crucial role in the 

European gas supply system. Due to its favorable geographical location, it is an important 

transit country for the transportation of natural gas within Europe. If gas imports from russia 

are cut off, Germany will initially receive all European gas imports, mainly from countries 

with liquefied natural gas (LNG) production capacities, such as Norway, Turkey, Spain and 

Italy. In addition, Germany has the largest gas storage capacity among all European coun-

tries.  

Norway has significant oil and natural gas reserves, which have played a key role in 

its economic growth and prosperity. However, in recent years, Norway has also placed a 

strong emphasis on transitioning to a more sustainable and low-carbon energy system with 

a focus on renewable energy and environmental protection. During this period, Norway has 

undergone a shift in its energy mix, with a particular emphasis on reducing its dependence 

on fossil fuels and increasing the share of renewable energy. The government has imple-

mented various measures and policies to promote cleaner energy sources, reduce greenhouse 

gas emissions, and strengthen energy security.  

Almost 50% of Norway's total export earnings in 2021 came from the oil and gas 

industry, which is important for the country's economic development [87, p.13]. Norway is 

the third largest exporter and seventh largest producer of natural gas in the world. The main 

goal of Norway's petroleum policy is to maximize the value derived from oil and gas opera-

tions for the benefit of Norwegian society. Oil companies and other industry participants are 

responsible for operational activities, while the government is responsible for regulating the 

sector and maintaining a stable and favorable environment. russia's invasion of Ukraine in 

2022 could be another incentive for Norway to continue to supply crude oil to the global 

market and possibly increase production when appropriate.  

Norway, which is the third largest exporter of natural gas in the world after russia 

and Qatar, produces enough gas to meet about 3% of global demand [87, p.122]. Norway 
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exports more than 98% of its natural gas production to Europe, as domestic demand is very 

low. Security of gas supply is not a major concern in Norway due to the low level of domestic 

gas consumption. Natural gas consumers often have access to the electricity grid and Nor-

wegians have other heating alternatives during the winter. In addition, there is no seasonality 

or peak demand in the modest domestic gas consumption, which is mostly driven by chem-

ical production and manufacturing.  

The Norwegian state pension fund Global (the Fund) has implemented a coal policy 

that prohibits investments in coal mining and energy companies above a certain size. The 

Fund's continued influence on the coal sector is the result of three significant shortcomings 

of the existing coal policy. First, both the relative and absolute thresholds set by the policy 

are considered to be excessively high. Second, the policy does not contain requirements for 

companies engaged in the construction of new coal mines, power plants and related infra-

structure. This omission allows investment in enterprises that are expanding their activities 

in the coal industry, even if their existing revenues or coal production volumes are modest. 

Last but not least, the policy ignores companies that propose coal infrastructure and covers 

only mining and power generation corporations. Accordingly, the Fund is allowed to invest 

in companies that provide the vital infrastructure necessary for the operation of coal mines 

and coal-fired power plants. 

Norway ranks first among the IEA member countries in terms of the share of renew-

able energy in total final energy consumption. Norway uses hydropower as its main source 

of renewable energy, and it produces the most electricity of any IEA member country. Due 

to its reliability, adaptability, and low production costs, hydropower plays an important role 

in developing and maintaining Norway's low-carbon economy. Part of the revenue from on-

shore wind power is already distributed to local municipalities in Norway. Future attempts 

to develop renewable energy will mainly focus on the more challenging sectors, especially 

industry and transportation, which are more difficult to decarbonize given Norway's high 

share of renewable energy and almost complete reliance on heating systems using renewable 

energy sources. Due to good wind conditions, Norway has significant wind energy potential. 



64 
 

With a tenfold increase in its contribution to energy production over the past 10 years, on-

shore wind power has seen significant development in recent years and has overtaken ther-

mal power to become the second largest source of generation. 

Thus, the imposition of sanctions following russia's invasion of Ukraine has had a 

significant impact on global trade and the energy sector. While China chose not to participate 

in these sanctions and even introduced measures to support certain imports from russia, other 

countries introduced restrictions that affected imports of sanctioned goods from russia. Ger-

many's and the European Union's significant dependence on russian energy supplies exposes 

them to significant economic risks, especially in connection with the possibility of an energy 

embargo. Germany's key role as a transit country and its significant gas storage capacities 

make it indispensable for maintaining a secure European gas supply system. The current 

geopolitical climate and growing sustainability concerns have accelerated the global transi-

tion to zero emissions, although some countries have expressed concerns about their depend-

ence on China for the necessary equipment and transition metals. As a result, the invasion 

has highlighted the important role played by the United States and Norway as alternative 

energy importers. Given the sanctions and potential disruptions in russian gas supplies, Ger-

many and the European Union are increasingly turning to these countries to ensure reliable 

and diversified energy supplies. The United States, with its restrictions on russian energy 

imports and significant reserves and production capabilities, has become a leading supplier 

of alternative energy sources to the European market. Similarly, Norway, with its significant 

liquefied natural gas (LNG) production capacity, is an attractive option for countries seeking 

to reduce their dependence on russian gas. 

 

 

2.4 Ukraine as part of the European energy market 
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In 2023, Ukraine has a population of nearly 43 million, and its territory (603,549 

km2) makes it the second largest country in Europe [88]. Ukraine has rich mineral resources, 

including coal, oil and natural gas, as well as excellent potential for biomass and 

hydropower. It is one of Europe's largest energy markets due to its large population and high 

energy consumption (Appendix E). The Eastern Partnership, which aims to promote political 

association and economic integration between the European Union and its neighboring 

countries (Armenia, Azerbaijan, Belarus, Georgia, Moldova, and Ukraine), is the way in 

which Ukraine cooperates with the EU. The Deep and Comprehensive Free Trade 

Agreement between Ukraine and the European Union was also signed and ratified by the 

Ukrainian government in 2014, and it entered into force on January 1, 2016. 

The main goal of National Energy and Utilities Regulatory Commission (NEURC) 

is to ensure efficient, predictable, transparent and non-discriminatory functioning of the en-

ergy market through economic regulation. In order to implement the provisions of the En-

ergy Treaty and to establish the legal status and regulatory powers of the NEURC, Ukraine 

adopted the Law on the NEURC in 2016. The NEURC is a key player in setting tariffs for 

various energy-related services, including gas supply, distribution and transportation. It is 

authorized to set tariffs for energy transmission and distribution, for electricity generation at 

nuclear and hydroelectric power plants, and for steam coal for coal-fired power plants. The 

management of nuclear power plants, research reactors, and the dismantling of the Chorno-

byl Nuclear Power Plant (NPP) fall under the competence of another regulatory organization, 

the State Nuclear Regulatory Inspectorate of Ukraine (SNRIU). In addition, it is responsible 

for uranium mining, transportation of radioactive materials, waste storage facilities, and the 

creation and use of ionizing radiation sources. The SNRIU actively engages the public 

through its website and public discussions to ensure the safety of the country's nuclear facil-

ities. Several regulatory organizations are crucial to ensuring that Ukraine's energy market 

remains functional and controlled. Through their regulatory activities, they support the over-

all governance of the energy sector in Ukraine and create a framework for open and efficient 

energy regulation. 
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The outdated Energy Strategy until 2030, which came into force in July 2013, was 

replaced by the government's adoption of the Energy Strategy of Ukraine (ESU) until 2035 

in August 2017 [89]. Creating liberalized and competitive energy markets necessary for sus-

tainable growth of the industry is a key component of the ESU. Although the ESU encour-

ages emission reductions and the transition to cleaner energy sources, coal will remain the 

main source of electricity generation until 2035. The ESU implementation process is divided 

into three stages. The first stage, which lasted from 2018 to 2020, is aimed at minimizing 

state involvement in the creation of liberalized and competitive energy markets. The second 

stage, which will last from 2021 to 2025, is aimed at building the energy infrastructure, con-

necting it to the European system, and attracting the necessary investments. After achieving 

gas self-sufficiency in the second phase, the third phase, which will run from 2026 to 2035, 

aims to achieve sustainable development goals, including meeting commitments to reduce 

greenhouse gas emissions, accelerating the development of renewable energy sources, and 

ensuring energy security by increasing gas production, including unconventional gas and 

offshore drilling. In order to achieve long-term energy security and sustainability in Ukraine, 

the strategy's phased approach recognizes the need for major reforms in energy markets, 

infrastructure development, and environmental protection. 

Following protracted negotiations with russia over gas prices, military actions in the 

east of the country, and the loss of political control over Crimea, Ukraine's energy security 

was seriously threatened in 2014. Coal production in the Donbas basin has fallen sharply. 

The hostilities in the region have severely damaged coal mining and energy-intensive enter-

prises, leaving behind several flooded mines, destroyed energy and transportation infrastruc-

ture, and consequent logistical problems. In mid-2014 and winter 2015, coal supplies from 

Donbas to central Ukraine and to thermal power plants almost stopped due to the suspension 

of railroad traffic and damaged or destroyed roads and bridges.  

Due to the presence of conventional and unconventional fields, Ukraine has a signif-

icant natural gas production sector. The country's gas production is driven by domestic gas 

reserves, in particular, the well-known Shebelynka field. After February 24, 2022, the work 
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of the Shebelynka GPP was suspended due to russian hostilities and the plant was later dam-

aged by a missile attack (Figure 2.19). In September 2022, the russian military forces con-

tinued regular shelling of the Shebelynka GPP and its fuel reservoirs.  

 

 

Figure 2.19. Gas imports and exports in 2021-2022, mln cubic meters with crude oil 

imports in 2021-2022, thousands tons [90] 

 

In terms of reserves to production ratio (R/P), Ukraine holds an important position 

in Europe, ranking second in terms of proven natural gas reserves (after Norway) and fourth 

in terms of gas production. 94% of these registered reserves - both developed and undevel-

oped - are located onshore and distributed in 443 fields, with the remaining 6% concentrated 

in 15 fields on the continental shelf  [91, p.12]. However, Ukraine faces challenges, including 

declining reserves, limited investment, and technological issues that affect production levels. 

Therefore, the country is largely dependent on imports to meet its domestic needs. Since 

2014, the country has been successfully importing natural gas from Hungary, Poland, and 
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Slovakia through reverse flows. Ukraine can indirectly obtain gas from other sources in ad-

dition to reimporting russian gas. The Southern Corridor is being developed in cooperation 

with Ukraine to supply Azerbaijani gas to Southern Europe. To facilitate gas supplies from 

Romania, Ukraine is also reconstructing its border gas metering stations with Moldova. It 

has been discussed that Ukraine could build its own LNG terminal, which some believe 

would guarantee its independence from any one source. Ukraine has played an important 

role in transporting natural gas to Europe. But with the outbreak of the conflict between 

russia and Ukraine, the share of fossil gas in the EU's energy imports has undergone the most 

significant changes. Before the conflict, about 50% of the EU's total natural gas imports 

came from russia. In 2022, this share fell sharply to 12% in October [92]. In addition, in 

order to promote integration into the European energy market and deepen energy coopera-

tion, Ukraine is actively involved in negotiations and partnerships with organizations related 

to the European Union as well as with neighboring countries. 

Ukraine is believed to have large oil reserves of over 85 million tons. More than 51% 

of the total reserves are concentrated in the northern and central regions, while the western 

and southern regions account for only 36% and 13%, respectively  [93, p.19]. The country's 

oil transportation system is essential for transporting oil from Ukraine's oil fields and sea-

ports to neighboring countries such as Slovakia, the Czech Republic, and Hungary. In 2021, 

the Ukrainian oil transportation system successfully transported 15.7 million tons of oil. 

However, on February 24, 2022, three oil transportation facilities and their auxiliary equip-

ment suffered significant damage, including several cases of cable communication system 

breakdowns. As a result, the destruction of these facilities and Ukrainian refineries, as well 

as the reduction or termination of transit to Belarus in 2022, will significantly affect the level 

of oil transit and transportation. Unfortunately, repeated rocket attacks destroyed the Kre-

menchuk refinery, and the Odesa and Lysychansk refineries were severely damaged. Alt-

hough the plant had been shut down for about a decade, the Drohobych refinery was also hit. 

As a result, Ukraine's oil refining sector has suffered significant losses, making dependence 

on imports of petroleum products almost inevitable. Since February 24, 2022, the russian 
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military has destroyed and damaged more than 30 oil depots in Ukraine. Unfortunately, in-

formation on the actual number of oil depots and their pre-war condition is not widely avail-

able due to the nature of the hostilities.  

Ukraine ranks seventh in the world in terms of coal reserves and has significant coal 

reserves, especially in the form of hard coal. The Lviv-Volyn and Donetsk basins are home 

to the majority of hard coal resources. Up to 90% of the national hard coal reserves are 

located in the Donetsk basin, which includes Donetsk, Luhansk, and Dnipropetrovs'k regions 

[94, p.11]. In addition, Ukraine has 2.3 Gt of lignite reserves, most of which are located in 

the Dnipro basin. Coal mines are characterized by outdated infrastructure, low profitability, 

and a significant need for subsidies to stay afloat. Moreover, due to high mortality rates, 

Ukrainian coal mines are among the riskiest in the world. On average, 2.5 miners die for 

every million tons of coal produced [95, p.5]. The state-owned Energoatom and Rinat 

Akhmetov's DTEK, the latter of which produces 85% of the country's thermal coal, are cur-

rently responsible for generating over 80% of Ukraine's electricity [95]. Only a small fraction 

of Ukraine's thermal power plants use natural gas; the majority are coal-fired. Most of 

Ukraine's power plants have now reached the end of their original technical lifespan of 40-

45 years, with an average age of about 49 years.  

Nuclear power production in Ukraine has a long history, and the country is known 

for making a significant contribution to the global nuclear power industry. A significant part 

of the country's electricity is generated by nuclear power, which is a key component of the 

country's energy balance. Ukraine currently operates four nuclear power plants (NPPs) with 

a total of 15 reactors. These include Zaporizhzhya, Rivne, South Ukraine and Khmelnytsky 

NPPs. Zaporizhzhya NPP is the largest nuclear power plant in Europe and the fifth largest 

in the world. These reactors are operated in accordance with global nuclear safety standards 

and are subject to strict safety procedures. The state cooperates with international partners, 

such as the International Atomic Energy Agency (IAEA), to improve safety procedures and 

strengthen the regulatory framework in the nuclear energy sector. Thanks to agreements 
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concluded with a number of foreign fuel suppliers, Ukraine is now able to purchase nuclear 

fuel from a variety of suppliers, ensuring a stable and reliable supply of fuel for its reactors. 

Since the beginning of March 2022, russian armed groups have been controlling the Za-

porizhzhya NPP (ZNPP). The plant's installed capacity of 6,000 MW is 43% of the total 

installed capacity of nuclear power plants in Ukraine  [96, p.9]. Attacks on the transmission 

system infrastructure affected Khmelnytska and Rivne NPPs. According to open source in-

formation, in December 2022, the russian government continued to implement initiatives 

aimed at integrating Zaporizhzhya NPP into the russian electricity system. 

In November 2015, the Ukrainian government decided to stop importing gas from 

russia, opting instead to rely on domestic production and alternative fuel sources for elec-

tricity and heat. The government has launched a number of programs, including a feed-in 

tariff, tax and customs benefits, and incentives for the purchase of domestically produced 

equipment to promote the expansion of renewable energy projects. Ukraine's renewable en-

ergy industry is developing rapidly due to its huge renewable energy potential and effective 

support systems. The two companies that dominate the Ukrainian wind industry are DTEK 

Wind Energy, the renewable energy division of a large local energy supplier, and Wind Parks 

of Ukraine, which manufactures equipment under license from German supplier Fuhrlander 

Windtechnology. The two largest solar renewable energy companies, CNBM New Energy 

Engineering and Rengy Development, together account for about one-third of the market. 

Outside of these major players, Ukraine's wind and solar industries are fragmented, with 

many smaller operators and startups that have yet to produce significant amounts of energy. 

The country also has access to foreign capital, a robust regulatory framework, and a work-

force with the experience needed to implement complex projects. A number of significant 

international investors are already present in the renewable energy market in Ukraine. Some 

of the largest investors in the sector are CNBM Engineering and Rengy Development, an 

international corporation operating in Kazakhstan, Armenia and Ukraine. Overall, Ukraine's 

commitment to renewable energy, its significant technical potential, favorable regulatory 
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environment, access to international financing, and growing market offer domestic and for-

eign players ample opportunities to support the country's transition to clean and sustainable 

energy sources. 

Thus, Ukraine's integration into the European energy market as an energy supplier 

has significant implications for both Ukraine and the European energy landscape as a whole. 

Ukraine possesses significant energy resources, including natural gas, coal, oil, and renew-

able sources such as wind and solar energy. By utilizing its energy resources and aligning 

its policies with European standards, Ukraine has strengthened its position as a reliable en-

ergy supplier in the region. Diversification of energy sources and reduced dependence on a 

single supplier, especially in the case of natural gas imports from russia, have increased the 

energy security of Ukraine and its European partners. In addition, Ukraine's efforts to mod-

ernize its energy infrastructure and improve energy efficiency have contributed to a more 

sustainable and environmentally friendly energy sector. The development of renewable en-

ergy sources, such as wind and solar power, has not only reduced greenhouse gas emissions 

but also created new opportunities for investment and economic growth. Ukraine's partici-

pation in the European energy market has fostered cooperation, technology transfer, and 

knowledge exchange between Ukraine and European countries. The harmonization of regu-

lations and standards has facilitated trade and investment in the energy sector, attracted for-

eign companies, and stimulated economic development.  
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SUMMARY 

This policy brief thus delves into the multifaceted nature of the energy problem, 

emphasizing imbalance theory as a key framework for understanding its root causes. It 

emphasizes the importance of correcting imbalances in supply and demand, as well as 

between different energy sources, to achieve a sustainable energy system. The study 

emphasizes the need to improve energy efficiency, introduce renewable energy sources and 

develop carbon capture and storage technologies. In addition, it recognizes the geopolitical 

implications of the energy challenge and emphasizes the importance of energy security and 

supply diversification. In addition, the study reviews the current state of renewable and 

non-renewable energy sources, recognizing the growing role of renewables in the global 

energy transition, as well as the importance of non-renewable energy sources. In addition, 

the study emphasizes the importance of the energy challenge in the context of the 

Sustainable Development Goals, highlighting its impact on economic growth, social well-

being and environmental sustainability. It calls for integrated and sustainable solutions, 

including a holistic approach to energy planning, promotion of renewable energy 

technologies, energy efficiency and increased access to clean and affordable energy 

services. Finally, the document emphasizes the growing importance of renewable energy 

sources in mitigating the energy crisis and reducing carbon dioxide emissions. Recognizing 

the role of non-renewable energy sources in modern civilization, the study emphasizes the 

need to move to cleaner and more sustainable alternatives.  

The study also discusses the impact of the war in Ukraine on the energy sector and 

the related changes in energy policy and practice. The study analyzes the energy profiles of 

key consumer countries, providing insights into consumption patterns, trends, and 

challenges. We also look at the implications of russia's invasion of Ukraine for the global 

energy market. In terms of the sanctions imposed, China has decided not to participate in 

them and has even introduced measures to support specific imports from russia. 

Conversely, other countries have imposed restrictions that have affected imports of 

sanctioned goods from russia. Germany's and the European Union's heavy dependence on 
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russian energy supplies exposes them to significant economic risks, especially with regard 

to a potential energy embargo. However, some countries have expressed concern about 

their dependence on China for critical equipment and transition metals. The incursion thus 

shed light on the crucial role played by the United States and Norway as importers of 

alternative energy sources. In light of the sanctions and the possibility of disruptions in rus-

sian gas supplies, Germany and the European Union are increasingly turning to these 

countries to ensure reliable and diversified energy supplies. The study also examines 

Ukraine's position in the European energy market, assessing the dynamics of energy 

production, consumption and trade. The study examines the implications of Ukraine's 

transitional status and explores opportunities and challenges in the European energy 

landscape.  

  



74 
 

LIST OF REFERENCES 

1. Crafts N. F. R., Hudson P. The Industrial Revolution. The Economic History 

Review. 1994. Vol. 47, no. 2. P. 414. URL: https://doi.org/10.2307/2598097 (date of access: 

28.05.2023). 

2. Warr B., Ayres R. U. Economic Growth Engine: How Energy and Work Drive 

Material Prosperity. Elgar Publishing Limited, Edward, 2009. 

3. Frank A. G. Capitalism and Underdevelopment in Latin America: Historical 

Studies of Chile and Brazil. The American Historical Review. 1969. №2, vol. 47. P. 504-506. 

4. Wallerstein I. M. The modern world-system: Capitalist agriculture and the ori-

gins of the European world-economy in the sixteenth century. New York : Academic Press, 

1974. 410 p. 

5. Harvey, D. A brief history of neoliberalism Oxford: Oxford University Press, 

2005. Pp. 247. 

6. Said, E. Orientalism. New York: Pantheon Books. 1978. Pp. 368. 

7. Harvey D., Mol A. P. J., Sonnenfeld D. A. A Brief History of Neoliberalism. 

Ecological modernisation around the world: An introduction. Environmental Politics. 2000. 

Vol. 9, no. 1. P. 1–14. 

8. . United Nations. Energy Statistics Pocketbook 2022. URL: https://un-

stats.un.org/unsd/energystats/pubs/documents/2022pb-web.pdf (date of access: 

28.05.2023). 

9. Halkos G. E., Gkampoura E.-C. Reviewing Usage, Potentials, and Limitations 

of Renewable Energy Sources. Energies. 2020. Vol. 13, no. 11. P. 2906. URL: 

https://doi.org/10.3390/en13112906 (date of access: 28.05.2023). 

10.  World Bank. Energy Subsidies. URL: 

https://openknowledge.worldbank.org/server/api/core/bitstreams/40deed40-7e4b-54f7-

ad9d-e0faf48af580/content (date of access: 28.05.2023). 

https://unstats.un.org/unsd/energystats/pubs/documents/2022pb-web.pdf
https://unstats.un.org/unsd/energystats/pubs/documents/2022pb-web.pdf
https://openknowledge.worldbank.org/server/api/core/bitstreams/40deed40-7e4b-54f7-ad9d-e0faf48af580/content
https://openknowledge.worldbank.org/server/api/core/bitstreams/40deed40-7e4b-54f7-ad9d-e0faf48af580/content


75 
 

11.  UNICEF. The State of the Global Education Crisis: a Path to Recovery. URL: 

https://www.unicef.org/media/111621/file/TheStateoftheGlobalEducationCrisis.pdf.pdf 

(date of access: 28.05.2023). 

12.  OECD. Trends in Income Inequality and its Impact on Economic Growth. 

URL: https://www.oecd.org/els/soc/trends-in-income-inequality-and-its-impact-on-eco-

nomic-growth-SEM-WP163.pdf (date of access: 28.05.2023). 

13.  World Bank. Toward a Sustainable Energy Future for All: Directions for the 

World Bank Group’s Energy Sector. URL: https://documents1.worldbank.org/cu-

rated/en/745601468160524040/pdf/Toward-a-sustainable-energy-future-for-all-directions-

for-the-World-Bank-Groups-energy-sector.pdf (date of access: 28.05.2023). 

14.  Koakutsu K., Watanabe R. Energy Security and Developmental Needs. URL: 

https://www.iges.or.jp/en/publication_documents/pub/policyreport/en/316/03_energysecu-

rity.pdf (date of access: 28.05.2023). 

15.  International Energy Agency. Net Zero by 2050. A Roadmap for the Global 

Energy Sector. URL: https://iea.blob.core.windows.net/assets/deebef5d-0c34-4539-9d0c-

10b13d840027/NetZeroby2050-ARoadmapfortheGlobalEnergySector_CORR.pdf (date of 

access: 28.05.2023). 

16.  European Parliament . Decarbonisation of Energy. URL: https://www.euro-

parl.europa.eu/RegData/etudes/STUD/2021/695469/IPOL_STU(2021)695469_EN.pdf 

(date of access: 28.05.2023). 

17.  Fonseca, Carvalho. The Reporting of SDGs by Quality, Environmental, and 

Occupational Health and Safety-Certified Organizations. Sustainability. 2019. Vol. 11, no. 

20. P. 5797. URL: https://doi.org/10.3390/su11205797 (date of access: 28.05.2023). 

18.  UN-SDGs 2022. United Nations Sustainable Development Goals Plat-form. 

Available: https://sdgs.un.org/partnerships (date of access: 28.05.2023). 

19.  Usenobong F. Akpan, Godwin E. Akpan. The Contribution of Energy Con-

sumption to Climate Change: A Feasible Policy Direction. URL: 

https://dergipark.org.tr/tr/download/article-file/361156 (date of access: 28.05.2023). 

https://www.unicef.org/media/111621/file/TheStateoftheGlobalEducationCrisis.pdf.pdf
https://www.oecd.org/els/soc/trends-in-income-inequality-and-its-impact-on-economic-growth-SEM-WP163.pdf
https://www.oecd.org/els/soc/trends-in-income-inequality-and-its-impact-on-economic-growth-SEM-WP163.pdf


76 
 

20.  Humbatova S. I. et al. The Relationship Between Electricity Consumption And 

Economic Growth: Evidence From Azerbaijan. International Journal of Energy Economics 

and Policy. 2020. Vol. 10, no. 1. P. 436–455. URL: https://doi.org/10.32479/ijeep.8642 (date 

of access: 28.05.2023). 

21.  Muzayanah  I. F. U. et al. Population density and energy consumption: A study 

in Indonesian provinces. Heliyon. 2022. P. e10634. URL: https://doi.org/10.1016/j.heli-

yon.2022.e10634 (date of access: 28.05.2023). 

22.  UNICEF. A brighter life for every child with sustainable energy. URL: 

https://www.unicef.org/me-

dia/127626/file/A%20brighter%20life%20for%20every%20child%20with%20sustaina-

ble%20energy.pdf (date of access: 28.05.2023). 

23.  United Nations. Theme Report on Energy Access Towards the Achievement 

of Sdg 7 and Net-zero Emissions. URL: 

https://www.un.org/ohrlls/sites/www.un.org.ohrlls/files/technical_working_group_1_en-

ergy_access_report_2021.pdf (date of access: 28.05.2023). 

24.  Fatona P. et al. Viewing Energy, Poverty and Sustainability in Developing 

Countries Through a Gender Lens. New Developments in Renewable Energy. 2013. URL: 

https://doi.org/10.5772/51818 (date of access: 28.05.2023). 

25.  World Health Organization. Indoor smoke from solid fuels. URL: 

https://apps.who.int/iris/bitstream/handle/10665/42885/9241591358.pdf?sequence=1 (date 

of access: 28.05.2023). 

26.  World Health Organization. Compendium of WHO and other UN guidance on 

health and environment 2022 update. URL: https://cdn.who.int/media/docs/default-

source/environmental-health-im-pact/who_compendium_air_pollution_01042022_eo_fi-

nal.pdf?sfvrsn=1c4cecb5_3 (date of access: 28.05.2023). 

27.  Ritchie H., Roser M. Access to Energy. URL: https://ourworldindata.org/en-

ergy-access (date of access: 28.05.2023). 



77 
 

28.  Ember. Global Electricity Review 2023. URL: https://ember-climate.org/in-

sights/research/global-electricity-review-2023/#supporting-material (date of access: 

28.05.2023). 

29.  European Environment Agency . Improving the climate impact of raw ma-

terial sourcing. URL: https://www.eea.europa.eu/publications/improving-the-climate-im-

pact-of (date of access: 28.05.2023). 

30.   International Energy Agency. Net hydropower capacity additions by tech-nol-

ogy segment. URL: https://www.iea.org/data-and-statistics/charts/net-hydropower-capac-

ity-additions-by-technology-segment-2021-2030 (date of access: 28.05.2023). 

31.  Wang H. et al. Effects of the “Run-of-River” Hydro Scheme on Macroin-ver-

tebrate Communities and Habitat Conditions in a Mountain River of Northeast-ern China. 

Water. 2016. Vol. 8, no. 1. P. 31. URL: https://doi.org/10.3390/w8010031 (date of access: 

28.05.2023). 

32.  Association of European Renewable Energy Research Centers. Hydro-power 

Technologies: the state-of-the-art. URL: https://hydropower-eu-rope.eu/uploads/news/me-

dia/The%20state%20of%20the%20art%20of%20hydropower%20industry-

1600164483.pdf (date of access: 28.05.2023). 

33.  Pumped Storage Hydropower / A. Harby et al. Transition to Renewable Energy 

Sys-tems. Weinheim, Germany, 2013. P. 597–618. URL: 

https://doi.org/10.1002/9783527673872.ch29 (date of access: 28.05.2023). 

34.  Stoll B. et al. Hydropower Modeling Challenges. Office of Scientific and Tech-

nical Information (OSTI), 2017. URL: https://doi.org/10.2172/1353003 (date of access: 

28.05.2023). 

35.  Cernea M. M. Social Impacts and Social Risks in Hydropower Programs: 

Preemptive Planning and Counter-risk Measures. URL: 

https://www.un.org/esa/sustdev/sdissues/energy/op/hydro_cernea_social%20im-

pacts_backgroundpaper.pdf (date of access: 28.05.2023). 



78 
 

36.  Saurabh Sangal et al. Hydro-abrasive erosion in hydro turbines: a review. URL: 

https://www.researchgate.net/publication/323139469_Hydro-abrasive_erosion_in_hy-

dro_turbines_a_review (date of access: 28.05.2023). 

37.  Warnock J. G. et al. Regulation and Contracting in the Hydropower Indus-try. 

URL: https://www.un.org/esa/sustdev/sdissues/energy/op/hydro_warnock.pdf (date of ac-

cess: 28.05.2023). 

38.  International Energy Agency. Hydropower Special Market Report. Analy-sis 

and forecast to 2030. URL: https://www.iea.org/reports/hydropower-special-market-report 

(date of access: 28.05.2023). 

39.  Silva S. N., Castillo J. A. An Approach of the Hydropower: Advantages and 

Impacts. A Review. URL: https://www.researchgate.net/publication/352563300_An_Ap-

proach_of_the_Hydropower_Advantages_and_Impacts_A_Review (date of access: 

28.05.2023). 

40.  Hydropower generation by region. Our World in Data. URL: https://our-

worldindata.org/grapher/hydro-consumption-by-region?time=2000..latest (date of access: 

28.05.2023). 

41.  OECD. International Energy Technology Collaboration and Climate Change 

Mitigation. Case Study 5: Wind Power Integration Into Electricity Systems. URL: 

https://www.oecd.org/env/cc/34878740.pdf (date of access: 28.05.2023). 

42.  Wind Europe. Wind energy in Europe 2021. Statistics and the outlook for 

2022-2026. URL: https://proceedings.windeurope.org/biplatform/rails/active_stor-

age/blobs/eyJfcmFpbHMi-On-sibWVzc2FnZSI6IkJBaHBBbFFEIiwiZXhwIjpud-

WxsLCJwdXIiOiJibG9iX2lkIn19--

f507a22c9854863e01fd427239f10167d031cc66/Windeurope-Wind-energy-in-Europe-

2021-statistics.pdf (date of access: 28.05.2023). 

43.  Eicke A., Eicke L., Hafner M. Wind Power Generation. The Palgrave Hand-

book of International Energy Economics, 2022. URL: https://link.springer.com/chap-

ter/10.1007/978-3-030-86884-0_10 (date of access: 28.05.2023). 



79 
 

44.  Wind energy generation by region. Our World in Data. URL: https://our-

worldindata.org/grapher/wind-energy-consumption-by-region?time=2000..latest (date of 

access: 28.05.2023). 

45.  Wind Europe. Wind energy in Europe. 2022 Statistics and the outlook for 

2023-2027. 2023. 58 p. URL: https://www.connaissancedesenergies.org/sites/de-

fault/files/pdf-actualites/WindEurope-report-wind-energy-in-europe-2022.pdf (date of ac-

cess: 28.05.2023). 

46.  International Renewable Energy Agency. Renewable Capacity Statistics 2022. 

URL:https://www.irena.org/-/media/Files/IRENA/Agency/Publica-

tion/2022/Apr/IRENA_RE_Capacity_Statis-

tics_2022.pdf?rev=460f190dea15442eba8373d9625341ae (date of access: 28.05.2023). 

47.  Wu C., Zhang X.-P., Sterling M. Solar power generation intermittency and ag-

gregation. Scientific Reports. 2022. Vol. 12, no. 1. URL: https://doi.org/10.1038/s41598-

022-05247-2 (date of access: 29.05.2023). 

48.  Eicke A., Eicke L., Hafner M. Solar Power Generation. The Palgrave Hand-

book of International Energy Economics, 2022. URL: https://link.springer.com/chap-

ter/10.1007/978-3-030-86884-0_9 (date of access: 29.05.2023). 

49.  International Renewable Energy Agency. The Power to Change: Solar and 

Wind Cost Reduction Potential to 2025. URL: https://www.irena.org/-/me-

dia/Files/IRENA/Agency/Publication/2016/IRENA_Power_to_Change_2016.pdf (date of 

access: 29.05.2023). 

50.  European Commission. Potential Impacts of Solar, Geothermal and Ocean En-

ergy on Habitats and Species Protected Under the Birds and Habitats Directives. URL: 

https://ec.europa.eu/environment/nature/natura2000/management/docs/POTEN-

TIAL%20IMPACTS%20OF%20SOLAR_%20GEOTHER-

MAL%20AND%20OCEAN%20ENERGY%20ON%20HABITATS%20AND%20SPE-

CIES%20PROTECTED%20UNDER%20THE%20BIRDS%20AND%20HABI-

TATS%20DIRECTIVES%20-%20Final%20report.pdf (date of access: 29.05.2023). 



80 
 

51.  David E et al. Biomass - alternative renewable energy source and its conversion 

for hydrogen rich gas production. E3S Web of Conferences. 2019. Vol. 122. P. 01001. URL: 

https://doi.org/10.1051/e3sconf/201912201001 (date of access: 28.05.2023). 

52.  Saini J. K., Saini R., Tewari L. Lignocellulosic agriculture wastes as bio-mass 

feedstocks for second-generation bioethanol production: concepts and recent developments. 

Biotech. 2014. Vol. 5, no. 4. P. 337–353. URL: https://doi.org/10.1007/s13205-014-0246-5 

(date of access: 28.05.2023). 

53.  Heidari A. et al. Spatially variable hydrologic impact and biomass production 

tradeoffs as-sociated with Eucalyptus ( E. grandis ) cultivation for biofuel production in En-

tre Rios, Argentina. GCB Bioenergy. 2021. Vol. 13, no. 5. P. 823–837. URL: 

https://doi.org/10.1111/gcbb.12815 (date of access: 28.05.2023). 

54.  Lee R. A., Lavoie J.-M. From first- to third-generation biofuels: Challenges of 

producing a commodity from a biomass of increasing complexity. Animal Fron-tiers. 2013. 

Vol. 3, no. 2. P. 6–11. URL: https://doi.org/10.2527/af.2013-0010 (date of access: 

28.05.2023). 

55.  Most U.S. fuel ethanol production capacity at the start of 2022 was in the Mid-

west. U.S. Energy Information Administration (EIA). URL: https://www.eia.gov/to-

dayinenergy/detail.php?id=53539 (date of access: 28.05.2023). 

56.  Biofuel production by region. Our World in Data. URL: https://our-

worldindata.org/grapher/biofuels-production-by-region?time=2000..latest (date of access: 

28.05.2023). 

57.  Brazil: Biofuels Annual. USDA Foreign Agricultural Service. URL: 

https://www.fas.usda.gov/data/brazil-biofuels-annual-9 (date of access: 28.05.2023). 

58.  Where geothermal energy is found. U.S. Energy Information Administration 

(EIA). URL: https://www.eia.gov/energyexplained/geothermal/where-geothermal-energy-

is-found.php#:~:text=One%20of%20the%20most%20active,which%20encir-

cles%20the%20Pacific%20Ocean (date of access: 28.05.2023). 



81 
 

59.  International Renewable Energy Agency. Global Geothermal Market and 

Technology Assessment. URL: https://mc-cd8320d4-36a1-40ac-83cc-3389-cdn-end-

point.azureedge.net/-/media/Files/IRENA/Agency/Publica-

tion/2023/Feb/IRENA_Global_geothermal_market_technology_assess-

ment_2023.pdf?rev=37e6de031c98489f9bf17880cf9e8858 (date of access: 28.05.2023). 

60.  2008 Renewable Energy Data Book. Office of Scientific and Technical Infor-

mation (OSTI), 2009. URL: https://doi.org/10.2172/963161 (date of access: 28.05.2023). 

61. Kumar L. et al. Technological Advancements and Challenges of Geothermal 

Energy Systems: A Comprehensive Review. 2022. Vol. 15, no. 23. P. 9058. URL: 

https://doi.org/10.3390/en15239058 (date of access: 28.05.2023). 

62.  Energy statistics - an overview - Statistics Explained. European Commission. 

URL: https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy_statistics_-

_an_overview&amp;oldid=557437 (date of access: 28.05.2023). 

63.  Meredith S. ‘Entering the clean power era’: Wind and solar generated a record 

amount of global power in 2022. CNBC. URL: https://www.cnbc.com/2023/04/12/wind-

and-solar-generated-a-record-amount-of-global-power-in-

2022.html#:~:text=of%20global%20power.-,Coal,%20the%20world's%20dirtiest%20fos-

sil%20fuel,%20was%20found%20to%20be,of%20global%20power%20in%202022. (date 

of access: 28.05.2023). 

64.  The world’s coal consumption is set to reach a new high in 2022 as the energy 

crisis shakes markets. International Energy Agency. URL: https://www.iea.org/news/the-

world-s-coal-consumption-is-set-to-reach-a-new-high-in-2022-as-the-energy-crisis-shakes-

markets (date of access: 28.05.2023). 

65.  Clean Air Act Text. US EPA. URL: https://www.epa.gov/clean-air-act-over-

view/clean-air-act-text (date of access: 28.05.2023). 

66.  Summary of the Clean Water Act. US EPA. URL: https://www.epa.gov/laws-

regulations/summary-clean-water-act (date of access: 28.05.2023). 



82 
 

67.  FACT SHEET: Overview of the Clean Power Plan. US EPA. URL: https://ar-

chive.epa.gov/epa/cleanpowerplan/fact-sheet-overview-clean-power-plan.html (date of ac-

cess: 28.05.2023). 

68.  Coal in Net Zero Transitions. Strategies for rapid, secure and people-centred 

change. International Energy Agency, 2022. 224 p. URL: https://iea.blob.core.win-

dows.net/assets/4192696b-6518-4cfc-bb34-acc9312bf4b2/CoalinNetZeroTransitions.pdf 

(date of access: 28.05.2023). 

69.  Technews L. Coal Energy Advantages and Disadvantages in 2023. URL: 

https://www.linquip.com/blog/coal-energy-advantages-and-disadvantages/ (date of access: 

28.05.2023). 

70.  Coal production by region. Our World in Data. URL: https://our-

worldindata.org/grapher/coal-production-by-region?time=2000..latest (date of access: 

28.05.2023). 

71.  Coming Clean. The Truth and Future of Coal in Asia Pacific. World Wide Fund 

for Nature. URL: https://wwfasia.awsassets.panda.org/downloads/coming_clean.pdf (date 

of access: 28.05.2023). 

72.  Milici R. C., Dennen K. O. Production and Depletion of Appalachian and Illi-

nois Basin Coal Resources. URL: https://pubs.usgs.gov/pp/1625f/downloads/ChapterH.pdf  

(date of access: 28.05.2023). 

73.  Osička J. et al. What's next for the European coal heartland? Exploring the 

future of coal as presented in German, Polish and Czech press. URL: https://www.sciencedi-

rect.com/science/article/pii/S2214629619303226 (date of ac-cess: 28.05.2023). 

74.  U.S. Energy Information Administration. Country Analysis Executive Sum-

mary: Japan. URL: https://www.eia.gov/international/content/analysis/countries_long/Ja-

pan/japan.pdf (date of access: 28.05.2023). 

75.  U.S. Energy Information Administration. Spot Prices for Crude Oil and Petro-

leum Products. URL: https://www.eia.gov/dnav/pet/pet_pri_spt_s1_a.htm (date of access: 

28.05.2023). 



83 
 

76.  International Labour Organization. The future of work in the oil and gas indus-

try. URL: https://www.ilo.org/wcmsp5/groups/public/---ed_dialogue/---sector/docu-

ments/publication/wcms_859846.pdf  (date of access: 28.05.2023). 

77.  What countries are the top producers and consumers of oil?. U.S. Energy In-

formation Administration (EIA). URL: 

https://www.eia.gov/tools/faqs/faq.php?id=709&amp;t=6 (date of access: 28.05.2023). 

78.  Oil production by region. Our World in Data. URL: https://our-

worldindata.org/grapher/oil-production-by-region?time=2000..latest (date of access: 

28.05.2023). 

79.  BP. Statistical Review of World Energy 2021. URL: https://www.bp.com/con-

tent/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-re-

view/bp-stats-review-2021-natural-gas.pdf (date of access: 28.05.2023). 

80.  World Nuclear Association. Nuclear Power in the World Today. URL: 

https://world-nuclear.org/information-library/current-and-future-generation/nuclear-power-

in-the-world-today.aspx (date of access: 28.05.2023). 

81.  World Nuclear Association. Nuclear Power in France. URL: https://world-nu-

clear.org/information-library/country-profiles/countries-a-f/france.aspx (date of access: 

28.05.2023). 

82.  Darvas Z., Martins C. The Impact of the Ukraine Crisis on International Trade. 

2022. URL: https://www.bruegel.org/sites/default/files/2022-12/WP%2020.pdf (date of ac-

cess: 28.05.2023). 

83.  China National Petroleum Corporation. Annual Report. URL: 

https://www.cnpc.com.cn/en/2014enbvfgr/201907/c9318a5301b1471dba8122de3a63f6d9/f

iles/124e79a378e44857a392ccdee63af9c6.pdf (date of access: 28.05.2023). 

84.  AGORA. Overview of China’s Energy Transition 2022. URL: https://static.ag-

ora-energiewende.de/fileadmin/Projekte/2022/Publications_other/A-EW_271_China-Illus-

trative-Guide_Natural-Gas_WEB.pdf (date of access: 28.05.2023). 



84 
 

85.  The Oxford Institute for Energy Supplies. The russian invasion of Ukraine and 

China’s energy markets. URL: https://a9w7k6q9.stackpathcdn.com/wpcms/wp-content/up-

loads/2022/03/The-Russian-invasion-of-Ukraine-and-Chinas-energy-markets.pdf (date of 

access: 28.05.2023). 

86.  Bundesministerium für Wirtschaft und Klimaschutz. Germany’s current cli-

mate action status. URL: https://www.bmwk.de/Redaktion/EN/Downloads/E/germany-s-

current-climate-action-status.pdf?__blob=publicationFile&v=1 (date of access: 

28.05.2023). 

87.  International Energy Agency. Norway 2022. Energy Policy Review. URL: 

https://iea.blob.core.windows.net/assets/de28c6a6-8240-41d9-9082-a5dd65d9f3eb/NOR-

WAY2022.pdf (date of access: 28.05.2023). 

88.  Ukraine. Wordometer. URL: https://www.worldometers.info/world-popula-

tion/ukraine-population/ (date of access: 28.05.2023). 

89.  Ministers of Ukraine. Energy Strategy of Ukraine for the Period Up to 2035 

“security, Energy Efficiency, Competitiveness”. URL: https://razumkov.org.ua/uploads/ar-

ticle/2018_Energy_Strategy_2035.pdf (date of access: 28.05.2023). 

90.  ExPro. ExPro Gas&Oil Monthly. 2022. URL: https://expro.com.ua/up-

load/files/9_EXPRO_Monthly_Magazine_UKR.pdf (date of access: 28.05.2023). 

91.  CMS. Ukraine Oil & Gas Industry Guide 2021. URL: 

https://www.geo.gov.ua/wp-content/uploads/presentations/en/oil-and-gas-guide-2021.pdf 

(date of access: 28.05.2023). 

92.  How has a year of war in Ukraine changed the energy used in the EU? Eu-

ronews. URL: https://www.euronews.com/green/2023/02/24/europes-energy-war-in-data-

how-have-eu-imports-changed-since-russias-invasion-of-ukraine (date of ac-cess: 

28.05.2023). 



85 
 

93.  Ukrainian energy sector evaluation and damage assessment. 7th ed. Task 

Force, 2022. 24 p. URL: https://www.energycharter.org/fileadmin/DocumentsMedia/Occa-

sional/2023_02_27_UA_sectoral_evaluation_and_damage_assessment_Version_VII.pdf 

(date of ac-cess: 28.05.2023). 

94.  International Labour Organization. Occupational safety and health in the min-

ing industry in Ukraine. URL: https://www.ilo.org/wcmsp5/groups/public/---europe/---ro-

geneva/---sro-budapest/documents/publication/wcms_670764.pdf (date of access: 

28.05.2023). 

95.  Oleh Savytskyi. The Future of Electricity: When Will the Oligarchic Coal Era 

End? (in Ukrainian) Economic Truth. URL: https://www.epravda.com.ua/col-

umns/2019/06/28/649104/ (date of access: 28.05.2023). 

96.  Ukrainian energy sector evaluation and damage assessment. 5th ed. Task 

Force, 2022. URL: https://www.energycharter.org/fileadmin/DocumentsMedia/Occa-

sional/2022_12_20_UA_sectoral_evaluation_and_damage_assessment_Version_V.pdf 

(date of access: 28.05.2023). 

97.  United Nations. The 17 Sustainable Development Goals. URL: 

https://sdgs.un.org/goals (date of access: 28.05.2023). 

98.  Global Wind Energy Council. Global Wind Report 2022. 

URL:https://gwec.net/wp-content/uploads/2022/03/GWEC-GLOBAL-WIND-REPORT-

2022.pdf (date of access: 28.05.2023). 

99.  OECD. International Energy Technology Collaboration and Climate Change 

Mitiga-tion. URL: https://www.oecd.org/environment/cc/34008620.pdf (date of access: 

28.05.2023). 

100.  Guangul F. M., Chala G. T. Solar Energy as Renewable Energy Source: SWOT 

Analysis. URL: https://www.researchgate.net/publication/331266856_Solar_En-

ergy_as_Renewable_Energy_Source_SWOT_Analysis (date of access: 28.05.2023). 



86 
 

101.  VISNOVA. A SWOT Analysis for Renewable Energy Sources and Ener-gy 

Efficiency in the Administrative District of Gorlice. URL: http://www.visnova.energie-

zentrum.com/pdf/swot_analysis_-_gorlice_district.pdf (date of access: 28.05.2023). 

102.  BP. Statistical Review of World Energy 2022. URL: https://www.bp.com/con-

tent/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-re-

view/bp-stats-review-2022-full-report.pdf (date of access: 28.05.2023). 

103.  Destatis Statistisches Bundesamt. URL: https://www.desta-

tis.de/EN/Home/_node.html (date of access: 28.05.2023). 

104.  U.S. Energy Information Administration. URL: https://www.eia.gov/ 

105.  World Integrated Trade Solution. URL: https://wits.worldbank.org/De-

fault.aspx?lang=en (date of access: 28.05.2023). 

106.  OECD library. URL: https://www.oecd-ilibrary.org/ (date of access: 

28.05.2023). 

107.  Energy consumption by source in USA, China, Germany, Norway. Our World 

in Data. URL: https://ourworldindata.org/grapher/energy-consumption-by-source-and-

country?stackMode=absolute&time=latest&country=DEU~CHN~NOR~USA (date of ac-

cess: 28.05.2023). 

108.  Ukraine: Energy Country Profile. Our World in Data. URL: https://our-

worldindata.org/energy/country/ukraine (date of access: 28.05.2023). 

  



87 
 

APPENDIXES 

Appendix A 

Classifications of energy types  

 Renewable Non-renewable 

Commercial Hydropower 

Geothermal 

Fossil fuels 

Nuclear 

Traditional Wind (wind mills) 

Hydro (watermills) 

Animal residues 

Crop residues 

Charcoal 

Newer Biogas 

Solar 

Tidal and wave 

Ocean thermal 

Wind (wind motors) 

Oil from coal 

Source: Systematization by author based on International Atomic Energy Agency 

 

Appendix B 

Sustainable Development Goals (SDGs) [97] 

Sustainable Development 

Goals (SDGs) 

Description 

Goal 1. No poverty End poverty in all its forms, everywhere 

Goal 2. Zero hunger End hunger, achieve food security and improved 

nutrition, and promote sustainable agriculture 

Goal 3. Good health and 

well-being 

Ensure healthy lives and promote well-being for all at all 

ages 

Goal 4. Quality education Ensure inclusive and equitable quality education and 

promote lifelong learning opportunities for all 

Goal 5. Gender equality Achieve gender equality and empower all women and 

girls 

Goal 6. Clean water and sani-

tation 

Ensure available and sustainable management of water 

and sanitation for all 

Goal 7. Affordable and clean 

energy 

Ensure access to affordable, reliable, sustainable and 

modern energy for all 

Goal 8. Decent work and eco-

nomic growth 

Promote sustained, inclusive and sustainable economic 

growth, full and 

productive employment, and decent work for all 

Goal 9. Industry, innovation, 

and infrastructure 

Build resilient infrastructure, promote inclusive and 

sustainable industrialization, and foster innovation 

Goal 10. Reduced inequalities Reduce inequality within and among countries 

Renewability 

Conventionality 
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Continuation of Appendix B  

Goal 11. Sustainable cities 

and communities 

Make cities and human settlements inclusive, safe, 

resilient and sustainable 

Goal 12. Responsible con-

sumption and production 

Ensure sustainable consumption and production patterns 

Goal 13. Climate action Take urgent action to combat climate change and its 

impacts 

Goal 14. Life below water Conserve and sustainably use the oceans, seas and 

marine resources for sustainable development 

Goal 15. Life on land Protect, restore and promote sustainable use of terrestrial 

ecosystems, sustainably manage forests, combat 

desertification, and halt and reverse land degradation, and halt 

biodiversity loss 

Goal 16. Peace, justice, and 

strong institutions 

Promote peaceful and inclusive societies for sustainable 

development, provide access to justice for all, and build 

effective, accountable and inclusive institutions at all levels 

Goal 17. Partnership for the 

goals 

Strengthen the means of implementation and revitalize 

the global partnership for sustainable development 
 

Appendix C 

 

Figure C.1. Transversal challenges to wind energy’s growth in the short and long term 

[98] 

 

 

Figure C.2. Key benefits of CSP technology 

Source: Systematization by author based on [99] 
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Table C.1. SWOT-analysis of all types of renewable energy 

Strengths Weaknesses 

Hydropower energy 

 High energy efficiency; 

 Stable power generation; 

 Water storage; 

 Flood control 

 Alteration of river flow; 

 High initial capital investment; 

 Limited availability 

Wind energy 

 Zero greenhouse gas emissions; 

 Cost effective; 

 Domestic energy production 

 Dependency on wind availability; 

 Land use; 

 Impact on wildlife 

Solar energy 

 Limitless; 

 Cost effective; 

 Versatility  

 Weather dependent; 

 Energy storage; 

 Hight initial cost; 

 Land use 

Biomass energy 

 Carbon neutrality; 

 Flexibility; 

 Waste management solution 

 Limites energy density; 

 Competition for resources; 

 Air quality concerns 

Geothermal energy 

 High reliability; 

 Low carbon emissions; 

 Long-term sustaibability; 

 Flexibility  

 Limited locations; 

 High initial cost; 

 Technical challenges; 

 Limited scalability 

Opportunities Threats 

Hydropower energy 

 Grid stabilization; 

 Integration with other renewable sources 

 Climate change impact on water scarcity; 

 Opposition from society; 

 Laws and permits 

Wind energy 

 Technological advancement; 

 Offshore wind power; 

 Integration with other renewable sources 

 Grid integration; 

 Public acceptance; 

 Policy 
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Continuation of Table C.1 

Solar energy 

 Growing demand; 

 Create new business opportunities; 

 Technological progress 

 Health risks; 

 Economic instability; 

 Policy changes 

Biomass energy 

 Technological advancements; 

 Co-firing with fossil fuels; 

 Local energy production 

 Sustainability concerns; 

 Price volatility; 

 Regulatory framework 

Biomass energy 

 New technology; 

 Job creation; 

 International cooperation 

 Competition; 

 Political instability; 

 Natural disasters 

Source: Systematization by author based on [100, 101] 

 

Appendix D 

Table D.1. Import energy dependency of USA, China, Germany, and Norway in 

2015-2021 

 Non-renewable resources 

 Coal Crude oil Natural gas 
 Net 

im-

ports 

(MMs

t) 

Consump-

tion 

(MMst) 

Depend-

ence 

Net im-

ports 

(thou-

sandth of 

barrels per 

day) 

Consump-

tion (thou-

sandth of 

barrels per 

day) 

Depend-

ence 

Net im-

ports 

(billion 

cubic 

meters) 

Consump-

tion (billion 

cubic me-

ters) 

Depend-

ence 

2015  

USA -38.45 372.12 export 4888 18499 26.42% 26.5 743.6 3.56% 

China 101.27 1932.74 5.2% 8142 11890 68.48% 85 194.7 43.65% 

Germany 60.31 78.58 76.7% 2083 2269 91.8% 71.6 82 87.32% 

Norway -0.475 0.72 export -740 217 export -5.6 4.5 export 

2016  

USA -30.33 340.59 export 4979 18593 26.78% 19 749.1 2.54% 

China 122.77 1915.31 6.41% 9012 12297 73.29% 108.3 209.4 51.72% 

Germany 59.17 76.43 77.42% 2120 2307 91.9%  75.6 86.9 87% 

Norway -0.278 0.72 export -857 210 export -6.1 4.4 export 

2017  

USA -52.54 331.28 export 4269 18845 22.6% -3.4 740.0 export 

China 130.17 1924.14 6.76% 9794 13003 75.32% 145 241.3 60.1% 

Germany 51.88 71.89 72.16% 2075 2374 87.40% 79.3 89.7 88.41% 

Norway 0.034 0.72 4.7% -831 212 export -5.4 4.6 export 
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Continuation of Table D.1 

2018  

USA -65.44 317.18 export 2891 19417 14.89% -20.4 821.7 export 

China 136.14 1935.85 7.03% 10654 13642 78.1% 196 283.9 69% 

Germany 48.03 69.26 69.35% 1959 2255 86.87% 85.7 95 90.2% 

Norway 0.698 0.863 60.24% -900 221 export -6.8 4.4 export 

2019  

USA -48.25 270.85 export 1139 19424 5.86% -54.2 850.7 export 

China 144.74 1951.37 7.42% 11665 14321 81.45% 216.4 308.4 70.17% 

Germany 43.62 53.74 81.17% 1958 2270 86.25% 91 98.3 92.57% 

Norway 0.785 0.921 85.23% -734 213 export -6.9 4.6 export 

2020  

USA -38.21 219.73 export -259 17183 export -77.4 831.9 export 

China 153.58 1967.61 7.81% 12217 14408 84.79% 236.6 336.6 70.29% 

Germany 31.23 43.23 72.24% 1853 2049 90.43% 81.4 91.5 88.96% 

Norway 0.852 0.961 88.6% -916 204 export -4.3 4.4 export 

2021  

USA -47.53 252.46 export 586 18684 3.14% -108.9 826.7 export 

China 149.28 2058.13 7.25% 12092 15442 78.3% 279 378.7 73.67% 

Germany 36.41 50.63 71.9% 1758 2045 85.96% 85.4 95.9 89.05% 

Norway 0.882 1.016 86.81% -817 199 export -0.2 4.3 export 

Source: Systematized by author based on [102, 103, 104, 105, 106] 

 

 

 

Figure D.1. Energy consumption by source in USA, China, Germany, Norway in 

2021, terawatt-hour [107] 

 

USA China Germany Norway

Biofuels 412 30 35 0

Solar 433 856 128 0

Wind 1004 1715 308 31

Hyropower 674 3402 50 374

Nuclear 2057 1023 173 0

Gas 8267 3787 905 43

Coal 2937 23936 588 9

Oil 9813 8500 1162 105
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Appendix E 

 

Figure E.1. Total energy production and energy consumption by source in Ukraine in 

2015-2021, terawatt-hour [108] 
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