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Summary

The conducted research using the desk research method aimed to provide a detailed
analysis of legal and political aspects influencing the operations of businesses in the
energy sector. The scope of the study also included an evaluation of the state’s poli-
cies, the formation of public-private partnerships, and mobilization of both individual
consumers and entrepreneurs towards actions for energy security and the pursuit of
a low-emission economy.

The research results revealed that issues related to energy security, climate protec-
tion, and greenhouse gas emission reduction are influenced by various factors. A key
conclusion is that effective actions in these areas depend not only on diverse structural
elements but also on the collaboration between the government, businesses, and indi-
vidual consumers. Both individual consumers and entrepreneurs play a crucial role in
the transformation process towards a secure and low-emission economy.

Legal aspects, such as emission regulations and energy security standards, prove
to be significant in shaping the behavior of businesses. The impact of government
policies, especially through the establishment of public-private partnerships, can
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significantly influence the effective achievement of goals related to energy and environ-
mental protection.

Keywords: energy companies, energy policy, emission reduction, energy policy, energy
security, low-emission economy, photovoltaic farms.
JEL Codes: Q2, Q4
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Streszczenie

W przeprowadzonych badaniach, zastosowano metode desk research, ktora miata na
celu dostarczenie szczegétowej analizy aspektow prawnych i politycznych wplywaja-
cych na dziatalno$¢ przedsiebiorstw w sektorze energetycznym. Zakres studium obej-
mowal réwniez ocene polityki panistwa, tworzenie partnerstw publiczno-prywatnych
oraz mobilizacje zaréwno indywidualnych konsumentéw, jak i przedsigbiorcéw do
dzialan na rzecz bezpieczenstwa energetycznego i dazenia do gospodarki o zerowych
emisjach.

Wryniki badan ujawnily, ze kwestie zwigzane z bezpieczenistwem energetycznym,
ochrong klimatu i redukcja emisji gazéw cieplarnianych sg ksztaltowane przez rézne
czynniki. Kluczowym wnioskiem jest, ze skuteczne dziatania w tych obszarach zalezg
nie tylko od réznorodnych elementéw strukturalnych, ale takze od wspoélpracy miedzy
rzadem, przedsigbiorstwami a indywidualnymi konsumentami. Zaréwno indywidual-
ni konsumenci, jak i przedsi¢biorcy odgrywaja kluczows role w procesie transformacji
ku bezpiecznej i gospodarce o zerowych emisjach.

Aspekty prawne, jak regulacje dotyczace emisji i standardy bezpieczenstwa energe-
tycznego, sg istotne dla ksztaltowania zachowan przedsiebiorstw. Wplyw polityk rzgdo-
wych, zwlaszcza poprzez tworzenie partnerstw publiczno-prywatnych, moze znaczgco
wplywacé na skuteczne osiggniecie celéw zwigzanych z energig i ochrong $rodowiska.

Stowa kluczowe: przedsigbiorstwa energetyczne, redukcja emisji, polityka energetycz-
na, bezpieczenstwo energetyczne, gospodarka zeroemisyjna, farmy fotowoltaiczne.
Kody JEL: Q2, Q4
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Introduction

Energy companies operate in a dynamically changing environment where
state policies play a crucial role. Numerous studies have focused on the conse-
quences of government energy policies, with earlier research concentrating on
the government’s impact on reducing energy consumption in energy-intensive
sectors (e.g. food economy, heavy industry) and energy efficiency (Wojdalski,
Niznikowski 2019; Safarzadeh et al. 2020) or energy security policies (Jakstas
2020; Sachs et al. 2019). The impact of policies on energy companies can be sig-
nificant and encompasses various aspects shaping their strategies, operations,
and management decisions (Borowski 2022a).

As a result, energy companies must adapt to continuous changes and
adjust to state policies while attempting to influence the regulatory process to
safeguard their interests (Borowski 2019). The mutual relationship between the
energy sector and politics is a vital element in both the economy and the for-
mation of a sustainable and efficient energy system (Gitelman, Kozhevnikov
2015).

Contemporary energy companies, faced with increasing environmental
protection requirements, are obligated to take an active approach and imple-
ment measures to meet ecological standards. In this context, innovation in
energy production becomes a crucial element of the energy sector’s strategy
(Bashir et al. 2023). One of the main directions in which companies take action
is the development and implementation of renewable energy-based technolo-
gies. Photovoltaic technologies, converting solar energy into electricity, con-
stitute a significant part of activities in the energy sector (Maka, Alabid 2022).

In the context of biomass, companies explore opportunities to use organ-
ic materials for energy production, contributing not only to the reduction of
organic waste but also serving as an alternative to traditional energy sourc-
es. The implementation of these innovative solutions not only contributes to
achieving environmental goals but also creates new business opportunities for
energy companies. With the growing societal awareness of sustainable energy
issues, investments in such technologies become a strategic step towards creat-
ing an efficient and ecological energy system.

The scientific objective of the conducted study was to gain an in-depth
understanding of the mechanisms shaping the energy market, focusing on
analysing the relationships between various elements of this market (legal,
political, social, technological aspects). The scientific aim was not only to deep-
en knowledge about the functioning of the energy market but also to identify
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key factors influencing its structure and dynamics. By analysing the relation-
ships between individual elements of the market, the study aimed to capture
significant patterns, trends, and interactions. This approach allows for a bet-
ter understanding of how economic, technological, social, and political factors
impact the operation of the energy market.

In the context of utilitarian goals, specific directions for the development
of the energy sector were indicated, aiming to achieve a low-emission economy.
This meant identifying areas where actions and investments should be taken
to transform the energy sector in a more sustainable and ecological manner.

As a result, the study not only provided scientists with a thorough analy-
sis of the energy market but also had practical applications in defining devel-
opment paths for the energy sector, contributing to the achievement of goals
related to a low-emission economy. The integration of scientific and utilitar-
ian goals in such a study enables the use of scientific knowledge for practical
actions towards a sustainable energy future.

The scientific research problem of this study is to explore the existing inter-
dependencies in the legal, political, social and technological dimensions of the
energy sector in the context of a low-emission economy. The main focus of the
study is on identifying and understanding the mechanisms that exist between
these dimensions, with the ultimate goal of identifying optimal strategies and
solutions. The research problem consists in particular in analysing the impact
of legal regulations and political decisions on the development of new tech-
nologies, social acceptance and overall sustainable development in the energy
sector. By answering the research questions, this study aims to provide valua-
ble insights that can help develop effective policies, legislation and practices to
enable a successful transition to a zero emissions economy. The study focused
on three key areas: political issues, energy security, and the development of
energy companies in the context of the transition towards a low-emission
economy and emission reduction. Below are the research questions that moti-
vated the analysis in the three main areas.

1. Energy security and questions related to this area:

- What are the main strategies and mechanisms aimed at ensuring ener-

gy security?

- How are energy systems prepared for potential threats and disruptions

to energy supplies?

- What are the key factors influencing the energy security of a country?
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2. Energy policy and research questions in this area:
- What are the main goals and priorities of energy policy in the context
of a low-emission economy?
- How does energy policy impact the development and innovations in
the energy sector?
- What are the relationships between energy policy and the country’s
energy security?
3. Development of energy sector enterprises and questions related to this
Area:
- How do energy companies adapt to the shift towards a low-emission
economy?
- What investments and innovations are undertaken by companies to
reduce emissions?
- What are the barriers and challenges that energy companies must face
in the process of transformation?

Moreover, in the conducted research, relationships between energy security,

energy policy, and investments in renewable energy sources were also ana-

lyzed, and the following questions were posed:

= How does energy policy influence the investment decisions of companies
in the field of renewable energy sources?

= How do investments in renewable energy contribute to the energy security
of the country?

= What are the mutual relationships between energy policy and the increased
share of renewable energy sources in the country’s energy structure?

By answering these research questions, the study aimed to gain a deeper
understanding of the relationships between policy, energy security, and the
development of energy enterprises in the context of efforts towards a low-emis-
sion economy.

Research Methodology and Research Model

The applied method in the conducted research was based on primary research,
referred to as desk research. Desk research is a hypothetical-deductive method
in which research questions are formulated, followed by an analysis of available
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sources to gather data and provide answers to the questions (Borowski, Czeplo
2023). This means that existing theories, models, or concepts were used in the
study to formulate questions, and then information was collected to answer the
initially posed research questions. The desk research method allows for a com-
prehensive and detailed analysis, utilizing available sources of information. By
harnessing the potential of this research methodology, a dual benefit was real-
ized: a reduction in research costs while maintaining undisturbed access to an
extensive repository of databases. In the process of conducting desk research,
a key aspect is the use of credible sources. The analysis of desk research is a sig-
nificant research tool that enables the collection of information from various
sources, such as industry reports, scientific articles, statistical data, or market
analyses. This allowed for a more complete picture of the researched area in
the conducted study and a precise understanding and description of reality
(Taylor et al. 2006).

An important step during desk research is the selection of credible sources.
The reliability and objectivity of information are crucial for obtaining accu-
rate and valuable results. Therefore, in the conducted study, the credibility of
each source was carefully assessed, paying attention to the author, publication
date, and potential conflicts of interest. The credibility of the source is assessed
through the prism of the publisher or publishing house and its reputation, and
the importance of the journal and the value of the article through the impact
factor, Hirsh index and the number of citations (Borowski, Czeplo 2023).

Desk research is valued for its effectiveness in quickly obtaining informa-
tion and analysing a given area. However, its effectiveness and value depend
largely on the care in selecting and evaluating sources, emphasizing the impor-
tance of relying on credible sources to maintain accuracy and high-quality
analysis.

The developed research model is a key tool enabling a comprehensive anal-
ysis of the relationships between energy policy, energy security, and invest-
ments in environmentally friendly innovative solutions. This interdisciplinary
model presented in Figure 1 is oriented towards a holistic understanding of the
dynamics of the energy sector, simultaneously considering economic, envi-
ronmental, political, and technological aspects.
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Figure 1. Holistic approach to the interdisciplinary model

energy
security

energy policy

investments in
innovative renewable
energy solutions

Source: own elaboration.

Energy Policy Integration - a component of the model that examines how the
country’s energy policy influences the shaping of the energy sector structure.
It analyses political decisions regarding regulations, subsidies, greenhouse gas
emission goals, and support for various types of energy sources. This allows
determining how these decisions impact the development of renewable energy
sources, energy efficiency, and the competitiveness of the sector.

Energy Security as a Pillar of Stability - a component of the model that
focuses on identifying key elements related to energy security. It analyses the
diversity of energy supply sources, energy infrastructure, the ability to quickly
respond to energy crises, and strategies for diversifying the supply of energy
resources. It introduces elements of risk forecasting, enabling effective plan-
ning of preventive actions.

The Role of Investments in Environmental Innovations — a component
of the model that concentrates on identifying investment areas that support
the development of innovative and environmentally friendly energy solu-
tions. It analyses research and development funding, fiscal incentives, support
mechanisms for start-ups, and the state’s investment policy. Understanding
these issues allows assessing the innovative potential of the energy sector and
its ability to adapt to changing market conditions. Investments in innovative
solutions using renewable energy sources also impact efficiency and sustain-
able development indicators. This model element enables monitoring progress
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in achieving goals related to a low-emission economy. It also analyzes the
impact of taken actions on various environmental aspects, such as emission
reduction, natural resource consumption, and biodiversity impact (Borowski,
Karlikowska 2023).

The developed research model provides a solid foundation for making
informed policy and strategic decisions, allowing for the simultaneous consid-
eration of diverse factors influencing the energy sector. As a result, researchers,
policymakers, and entrepreneurs can approach energy issues comprehensive-
ly, fostering effective transformation towards sustainable and energy-efficient
development.

Results and discussion

In this chapter, the results of the conducted research have been presented, and
an in-depth scientific discussion on the discussed topic has been carried out.
The analysis of research results is a crucial component, showcasing discover-
ies and conclusions drawn from the collected data. Each research aspect has
been analysed in terms of significance and implications for the discussed issue.
The scientific discussion involves a critical approach to the results, comparing
them with existing scientific literature, and applying theoretical frameworks
to the practical economic context. The juxtaposition of results with existing
scientific knowledge and practical reality enriches the discussion and provides
it with social and applicative context.

State Energy Policy

Energy policy is a decision-making area that has a significant impact on soci-
ety at multiple levels. State decisions regarding the production, distribution,
and consumption of energy have a substantial influence on citizens’ lives, the
economy, and the natural environment. Among Poland’s key energy policy
goals are ensuring the reliability of fuel and energy supplies, increasing energy
efficiency, and minimizing the negative impact of the energy sector on the
natural environment. Achieving these objectives involves increasing the share
of renewable energy in energy production. Energy efficiency refers to the ratio
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of useful energy output to the total energy input in a given system or process.
Higher energy efficiency implies that a system can achieve the same level of
output or service with less energy input, resulting in reduced energy consump-
tion and associated costs. Improving energy efficiency is a fundamental aspect
of sustainable and responsible energy management, contributing to environ-
mental conservation, cost savings, and the overall optimization of energy
resources (Wojdalski et al. 2023).

It is crucial for the energy sector not to adopt a monopolistic structure
managed by the state, as such a situation negatively affects the efficiency of
businesses and leads to price increases, generating harmful social effects.
Monopolistic control over the energy sector can result in limited choices for
consumers, lack of competition, a decrease in innovation, and operational inef-
ficiency for companies. Consequently, businesses in such an environment are
often not motivated to improve their services, negatively impacting the quality
and availability of energy for society. Additionally, a monopolistic structure in
the energy sector often leads to increased energy prices for consumers, as the
lack of competition limits pressure to maintain attractive prices. Moreover,
a monopolistic energy sector is usually less inclined to adopt modern tech-
nologies or sustainable practices, as the absence of competition diminishes
incentives for investing in innovations. Therefore, to increase efficiency, reduce
costs, and promote sustainable solutions, there is a need to support competi-
tion in the energy sector, contributing to better market functioning for both
businesses and society.

Government policy can include greater incentives and programs, such
as subsidies, tax incentives, and various types of funding aimed at attract-
ing domestic and foreign investors to invest in renewable energy projects and
various energy initiatives. Below are aspects that illustrate how energy policy
affects society (Nicolli, Vona 2019).

Energy security, in the context of energy policy, is a fundamental element
that determines the stability and availability of electrical energy in the coun-
try. Effective energy strategies developed and implemented by the state, as well
as appropriate government agencies, play a crucial role in ensuring security of
access to electrical energy sources (Daintith, Hancher 2019). The country’s energy
security is defined as a comprehensive state in which access to energy is not only
stable and sufficient but also economically accessible, in line with sustainable
development principles and independence (Lu et al. 2020; Hdom, Fuinhas 2020).
Decisions regarding energy sources, the development of energy infrastructure,
and diversification of supplies directly impact the stability of energy access for
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various sectors of the economy and society, including households, businesses,
and public institutions. Energy security is not limited to quantitative aspects of
delivered energy; it also considers economic, sustainable development, and inde-
pendence from external factors (Can, Ahmed 2023). Moreover, the complexity of
energy security arises from the interaction of various factors such as geopolitical
situations, dynamic technological developments, the diversity of energy policies,
and types of energy sources used (Borowski 2022b). Energy security considera-
tions become particularly important in the face of climate change and global
challenges related to resource availability. Taking care of these diverse aspects
and factors is a crucial issue for minimizing the risk of disruptions in energy
supplies. Securing access to energy is fundamentally important for maintaining
the country’s economic and social stability; therefore, an effective approach to
energy security requires a holistic approach, considering technical, economic,
and ecological aspects (Borowski 2019).

Public-Private Partnership in the Energy Market

Ensuring energy security is a comprehensive challenge that requires collabora-
tion and synergy between the public and private sectors. The key factor neces-
sitating this collaboration is related to the investment of financial resources.
The joint efforts of both sectors create an opportunity for the efficient use of
resources, translating into the effective safeguarding of energy supplies within
the country (Solinski 2011; Sobocinska-Maciejewska 2014).

The public sector, representing societal interests, plays a crucial role in
shaping energy policy, creating appropriate legal frameworks, and ensuring
the stability and security of investments. Furthermore, the government can
act as a catalyst for innovation by stimulating research into new technologies
and regulating the energy market. Its involvement is indispensable in creating
a favorable environment for investments (Pamula 2013).

On the other hand, the private sector contributes to this collaboration with
an entrepreneurial approach, innovation, and investment capabilities. Private
companies, armed with financial and technological resources, can effectively
implement modern solutions, especially those related to renewable energy
sources. Their involvement in energy investments not only accelerates infra-
structure development but also contributes to the creation of a competitive
energy market.
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Harmonious collaboration between the public and private sectors also
provides an opportunity for sharing investment risk (Kazemi et al. 2023; Mar-
tiniello et al. 2020). Public-private partnerships enable the sharing of costs and
benefits, making energy investments more attractive for both parties. This
opens the door to the realization of larger-scale projects that can better meet
the growing needs of society.

As aresult of collaboration between the public and private sectors, it is pos-
sible to create an integrated energy system that not only ensures stable energy
supplies but is also oriented towards sustainable development, innovation, and
minimal environmental impact. This joint approach to energy security con-
tributes to the construction of a durable and efficient energy infrastructure
that can meet future challenges.

One of the key elements of this collaboration is making strategic decisions
that consider both public and private interests to create a sustainable and effi-
cient energy system. Public-private partnership is an effective tool for achiev-
ing this goal. Introducing modern energy solutions, especially those related
to renewable energy sources, is a crucial element of energy security strategy.
Numerous examples of such projects exist, and according to Akomea-Frim-
pong et al. (2023), public-private partnership opens the door to the effective
implementation of innovative initiatives.

The collaboration between the public and private sectors enables a bet-
ter utilization of financial, technological, and human resources. Private com-
panies often possess innovative technologies and investment capabilities that
can accelerate the development of energy infrastructure. Simultaneously, the
public sector can provide stable regulatory frameworks, ensuring the security
of investments and a balance between social and private interests (Fleta-Asin,
Muioz 2021).

Strategic decisions made within the framework of public-private partner-
ships should consider long-term goals of sustainable development and green-
house gas emission reduction. Investments in renewable energy sources can
contribute not only to the country’s energy security but also to achieving envi-
ronmental protection goals (Martiniello et al. 2020).

As a result, effective public-private partnerships have the potential to build
innovative energy projects that not only secure energy supplies but also pro-
mote sustainable social and economic development. It is through the synergis-
tic interaction of both sectors that a comprehensive balance between efficiency,
ecology, and energy security can be achieved (Fleta-Asin, Mufioz 2021).
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Individual Consumers and Businesses
in the Energy Market

The key factor concerning energy is its cost. Energy prices have a tremendous
impact on both individual consumers and businesses, serving as a crucial eco-
nomic factor that can shape both household budgets and corporate strategies.

Decisions regarding the type and source of energy affect energy prices
for individual consumers, businesses, and large manufacturing or corporate
enterprises. Subsidies, taxes, or regulations can shape the costs of energy pro-
duction and distribution, subsequently affecting electricity or fuel bills, with
consequences for the household budgets of citizens and the competitiveness
of businesses. Table 1 illustrates the impact of energy costs on potential issues
and actions taken by individual consumers and businesses.

Table 1. Challenges Facing Electricity Consumers

Individual consumers

The increase in energy prices directly impacts the household expenses of individual
consumers, serving as a significant factor determining the cost of living. The rise in
electricity and heating fuel prices translates into bills for electricity and heating, creating
an additional financial burden for households. These costs are associated with basic
needs such as lighting, heating, cooling, using induction cookers, and operating
electronic devices (Osman et al., 2023].

For households, especially those with lower incomes, higher energy prices pose real
financial challenges. This situation is particularly severe for individuals with limited
financial resources, leading to a phenomenon known as energy poverty. In such
cases, households may be forced to forgo maintaining adequate thermal or electrical
conditions in their living spaces, exposing them to discomfort and the risk

of deteriorating health.

The increase in energy prices also influences consumer decisions. Individual consumers
may be compelled to make investments aimed at reducing energy costs, such as
purchasing more energy-efficient household appliances, electric cars, or installing
renewable energy systems, such as photovoltaic panels or heat pumps. This approach
is particularly noticeable in the context of growing environmental awareness, where
consumers are inclined to seek sustainable and energy-efficient solutions.

As a result, the rise in energy prices affects daily life and consumer choices, prompting
the search for alternative, more economical, and environmentally friendly energy
solutions. It also underscores the need for the development of social and environmental
policies aimed at supporting individuals affected by the increase in energy costs and
promoting sustainable energy practices in society.
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Enterprises

Unlike individual consumers, businesses are often much more dependent on energy,
which is a key factor in production. The increase in energy prices directly impacts
production costs, which, in turn, can lead to higher prices for offered products

and services (Wojdalski et al., 2007; Ali et al. 2023). Companies operating in sectors
where energy plays a crucial role in the production process may find themselves

in a challenging competitive situation, especially when local energy prices rise,

and competitors benefit from cheaper energy sources in other regions.

In such conditions, investments in energy efficiency become a key element of corporate
strategies. The rise in energy prices prompts companies to take actions aimed at
optimizing energy consumption, which, in turn, translates into long-term benefits through
significant reduction in operating costs.

The increase in energy prices also motivates businesses to make decisions in line with
the principles of sustainable development. With a focus on growing environmental
awareness, companies increasingly choose more sustainable energy sources,

which, although may involve certain costs, contribute to improving their social

and environmental image. An example of such a transformation is General Electric,
which has shifted from an ,environmental polluter” image to a company engaged

in a technological restructuring plan called ecomagination (Steiber, Aldnge 2023).

As some of the largest energy consumers, particularly in energy-intensive sectors such as
industry or manufacturing, businesses may experience a significant increase in operating
costs due to changes in energy prices. This, in turn, can negatively impact the profitability
of firms, especially those operating in low-profit-margin industries, putting them in

a challenging competitive position in the market.

Changes in energy prices have a broad impact on society, the economy, and the
environment. Individual consumers and businesses must effectively adapt to these
changes by making decisions related to energy efficiency, innovation, and conscious
and sustainable energy use [Wojdalski et al. 2007]. For businesses, flexibility and
innovation in energy management become crucial for maintaining competitiveness
in a dynamic market.

Source: own elaboration.

The presented table indicates that energy prices have a versatile impact on soci-
ety and the economy, shaping consumer behaviours and strategic decisions of
businesses. Government regulations, technological innovations, and changing
social awareness play a significant role in balancing energy accessibility and
prices.

Energy-related issues directly affect the natural environment. Similarly,
energy policy also has a tremendous impact on the state of the environment.
The choice between traditional, polluting energy sources and renewable ones
can influence air pollution levels, greenhouse gas emissions, and climate
change. These decisions have long-term consequences for ecosystems, human
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health, and biodiversity. Supplementing the energy mix with units generating
electricity from renewable sources allows for reducing the overall emissions
of the energy system. The EU’s target for 2030 is 32%, with Poland declaring
the achievement of a 23% share of renewable energy in gross final energy con-
sumption by 2030. In the perspective of 2040, the share of renewable energy
sources is estimated to be at least 28.5% (Sobolewski 2017; Czepto 2022).

Innovations and technological development play a crucial role in shaping
the future of the energy sector. They act as a driving force for progress, ena-
bling transformations that have a significant impact on efficiency, sustainable
development, and energy availability. Innovations are extremely important for
the development of the energy sector. Through regulations and investments,
the government can stimulate the development of new, innovative energy
technologies. Innovation-supporting policies can influence the creation of
new jobs, economic growth, and increase the country’s competitiveness in the
global market, as well as contribute to reducing energy poverty (Mukhtarov,
Mikayilov 2023).

Choosing a photovoltaic installation, in addition to criteria such as via-
bility, specifications, and brand, one must also consider its size (i.e., produc-
tion capabilities and physical dimensions), determining the investment costs.
These factors are important for estimating costs and determining the efficien-
cy of the installation. The economic profitability of a photovoltaic farm with
a capacity not exceeding 1 MW, under Polish conditions, is considered moder-
ate and requires additional financing of investment outlays by 30%. The simple
payback period for the investment is 11 years (Raczkiewicz 2020).

The main factor affecting the economic efficiency of a project is the rela-
tively low level of electricity generation throughout the year, resulting from
meteorological conditions. Due to low production, the investor has a small
annual profit from the sale of electricity relative to investment outlays. Howev-
er, this trend is continuously changing positively due to increased demand and
electricity prices, translating into higher investment profitability and a signifi-
cant reduction in the payback period. The systematically growing profitability
of photovoltaic farms is evident over many years, where year after year, the
payback period shortens. Figure 2 illustrates the concept of the Solar Payback
Period.
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Figure 2. Solar payback period

SAVINGS

Source: own elaboration based on: https:/gosolarquotes.com.au/commercial-solar/50kw-solar-solar-
system/ [access: 15.04.2023].

The widespread use of photovoltaic panels allows for the production of elec-
tricity without greenhouse gas emissions, aligning with sustainable develop-
ment goals (Bukowski et al. 2022) Another way to reduce emissions is through
wind turbines, representing another area of innovation in energy production.
By harnessing the power of the wind to generate electricity, energy compa-
nies contribute to the reduction of carbon dioxide emissions and minimize
the negative impact on the environment. Moreover, the development of wind
technologies enables the efficient utilization of natural resources.

The transition to sustainable energy sources, especially investments in
photovoltaic technologies, is becoming increasingly common in response to
growing concerns about the environment and the need to limit greenhouse gas
emissions (Mlynarski 2017; Mikul¢i¢ et al. 2021).

The use of renewable energy sources, especially photovoltaics, is a key step
in achieving the intended goal of a low-emission economy. Renewable energy
sources, such as solar energy, allow the production of electricity without emit-
ting harmful greenhouse gases, which helps to reduce the negative impact on
the environment. Legal aspects also play a key role in the energy transition
towards a low-emission economy. Creating and enforcing regulations promot-
ing renewable energy sources and limiting emissions of harmful substances
is becoming necessary. Creating a favourable legal framework can encour-
age businesses and consumers to invest in green energy solutions. Innovative
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technologies, such as energy monitoring and optimization systems, also play
an important role in achieving low-emission goals. By introducing digital
energy management solutions, it is possible to more precisely adjust energy
production and consumption, which leads to greater efficiency and minimiza-
tion of the negative impact on the environment (Borowski 2022a).

Both energy producers and individual consumers now prioritize more
ecological and renewable solutions. Businesses realize that investing in pho-
tovoltaics not only contributes to environmental protection but also becomes
a financial benefit. Advancing technologies allow for a more efficient use of
solar energy, resulting in reduced costs of electricity production.

On the other hand, individual customers are increasingly opting for the
installation of photovoltaic panels on the roofs of their homes or standalone
installations. This is not only a step towards energy independence but also an
active commitment to environmental care. With technological advancements
and increasingly favourable financial solutions, the upward trend in photovol-
taics appears to be enduring, with the potential for further increasing the share
of this form of energy in the global energy mix. Consequently, investments in
photovoltaics become an integral part of the strategies of both energy com-
panies and homeowners. The figure illustrates the share of photovoltaics and
wind turbines in the production of energy from renewable sources.

Figure 3. The share of wind and solar energy in energy production in Poland

Percentage share of wind and solar energy in total
energy generation in Poland
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Source: own elaboration based on: GUS (2021).
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The Figure 3 shows a growing trend in the share of photovoltaics in total ener-
gy production. Electricity generated from solar sources is gaining increasing
recognition both among businesses and individual customers.

Comparing the generating capacity of wind turbines to energy from pho-
tovoltaics, it can be observed that currently, wind power plants exhibit a higher
capacity utilization factor of 23.36%, compared to photovoltaic farms (12.97%)
(Czeplo 2022).

Table 2 below presents a simplified structure of investment costs for wind
farms and photovoltaic farms.

Table 2. Average investment outlays for 1 MW of installed capacity in 2020—-2021

Wind farm Photovoltaic farm

Components MInPLN |share[%] | Components MInPLN | share[%]

Photovoltaic
Turbins 4 60 panels, 3,2 72
inverters

Purchase of

Preparation 1 14 1.1 hectares of ON 2
land

Grid Connection Installation of

Point and supporting

cabling, 1,5 20 structures 09 20

construction and modules,

works earthworks
Implementation

Connection fee 0,2 3 of the 0,1 2
connection

Others 0.2 3 Monitoring 0.2 4
system, fencing

Total 6,7 100 Total 4,5 100

Source: own elaboration based on: Czepto (2022).

An extremely important issue related to the energy sector is employment and the
social aspects of energy transformation. The transition from traditional to renew-
able energy sources can impact the job market. Creating new jobs in the renew-
able sector while simultaneously losing jobs in the traditional sector requires
appropriate social policies, vocational training, and plans for a fair transition.
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National security is a matter that should be a key element of energy policy.
Dependency on energy imports and the associated political risks constitute
a significant aspect of energy policy (Lorek 2017). Taking care of one’s own
independent energy sources can contribute to strengthening national security.

In light of the above aspects, energy policy is a crucial area of state action
that requires consideration of diverse social, economic, and environmental
interests. Decisions made in this area have far-reaching consequences for both
contemporary and future generations, emphasizing the need for wise and
sustainable decision-making. The growing demand and the escalation of the
energy crisis in Europe are factors directly influencing continuous increases in
energy prices. Based on these factors and the conducted analysis, it can be con-
cluded that investing in renewable energy sources can be a pillar of sustain-
able development and cost reduction for households and businesses (Borowski
2022a; Czeplo 2022).

Conclusion

The study focused on several key aspects: the legal aspect, the state’s energy
policy, energy security, and investments in innovative solutions in the field of
renewable energy sources. Investments in the energy sector primarily involve
new technological solutions, new infrastructure, and digitalization. Within
these several aspects, research questions were posed, and answers were pro-
vided in the results section, representing a significant step in understanding
and shaping the future of the energy sector. The study results reveal that these
three areas are not only interconnected but also fundamentally important for
achieving goals related to a low-emission economy.

State energy policy emerges as a crucial factor shaping the energy land-
scape. Research indicates that states focused on energy efficiency, source diver-
sification, and the promotion of renewable energy are more resilient to market
fluctuations and geopolitical changes. Well-thought-out energy policies also
support innovation and technological development, contributing to the long-
term growth of the energy sector.

Energy security is a key foundation for the stability of a state and its econ-
omy. Studies suggest that states capable of securing energy supplies and main-
taining a balance between different sources are more resilient to fluctuations
in energy commodity prices and gain a strategic advantage. Protecting energy
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supplies becomes not only a matter of national security but also a significant
element of a country’s competitiveness on the international stage.

Investing in innovative solutions in renewable energy sources emerges as
a key transformative factor. Research indicates that states actively investing in
renewable technologies not only reduce greenhouse gas emissions but also cre-
ate new opportunities for economic development. Innovations in the field of
renewable energy become a driving force for economic growth, creating new
jobs and increasing competitiveness in the global market.

The conclusions drawn from this study suggest that an effective transforma-
tion of the energy sector requires an integrated approach, encompassing both
energy security and energy policy aspects, supported by active investments in
innovative solutions in renewable energy sources. States focusing on these three
key areas are more likely to achieve goals related to a low-emission economy,
contributing to the global fight against climate change and building a sustain-
able future for energy.

The conducted research clearly indicates that achieving energy security
and goals related to a low-emission economy requires a holistic approach,
involving the engagement of the state, collaboration with the private sector,
and the activity of individual participants in the energy market. A key element
of this approach is investing in comprehensive solutions, including renewable
energy sources, especially photovoltaic technologies, which can significantly
contribute to reducing the negative impact on the environment. In the context
of a successful energy transformation, a full understanding and consideration
of all aspects, encompassing both legislative and social dimensions, are neces-
sary. Only through a holistic approach will it be possible to achieve a sustain-
able and efficient transformation of the energy system.
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