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1. Introduction
Transforming the economy towards climate neutrality is one of the greatest chal-

lenges of our time [1]. Achieving zero emissions requires profound changes not only in
the energy sector but also in industry, agriculture, and entire socioeconomic systems [2].
Renewable sources—such as wind, solar, hydropower, and biomass—are the foundation
of this objective, and their growing importance is reflected in both scientific research and
public policy.

Renewable energy sources (RESs) are a key pillar of the contemporary energy trans-
formation, essential to achieving global sustainable development goals and reducing
greenhouse gas emissions [3]. Faced with intensifying climate change and growing energy
demand, the global economy increasingly requires stable and sustainable energy resources.
This, in turn, necessitates the search for new, efficient, and environmentally friendly green
energy solutions [4].

Transitioning to zero-emission energy systems is not only a technological challenge but
also a social, economic, and organizational one. Therefore, research in this area must cover
not only the issues of technological efficiency and their impact on the environment but also
management models and potential integration with existing energy infrastructure [5].

This Special Issue focuses on these challenges, bringing together studies that explore
innovative pathways towards a climate-neutral economy.

2. The Importance of Renewable Energy Sources
The development of renewable energy sources, such as photovoltaics, wind power,

biomass, and hydropower, is the foundation for building a climate-neutral economy [6].
In the context of global energy transformation, regional aspects cannot be overlooked.
These are effectively addressed, for example, by research on the progress of renewable
energy deployment in different countries and continents. These studies show that even in
developing countries, the implementation of renewables contributes to improved access to
energy, job creation, and the stimulation of technological innovation. At the same time, they
highlight barriers related to financing and the need for appropriate energy policy design.

Photovoltaics is currently one of the fastest-growing segments of renewable energy.
Technological advances make it possible to reduce solar panels’ production costs, increase
their efficiency, and integrate them with modern energy storage systems [7]. Similarly,
wind energy, both onshore and offshore, is becoming increasingly competitive compared to
traditional sources, and its development enhances energy security.

However, it should be emphasized that the rapid expansion of photovoltaics also
entails environmental challenges [8]. The production of panels requires significant energy
input and the use of raw materials such as silicon, silver, and rare earth metals, the extraction
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and processing of which can create additional environmental burdens. Another critical
issue is the disposal of used panels. Although panels’ lifespans are usually 20–30 years, in
the coming decades, the problem of growing volumes of photovoltaic waste will emerge.
The lack of effective recycling systems may negatively affect the environment through the
emission of toxic substances and increased pressure on landfills. Therefore, research on
renewable energy sources increasingly focuses on developing technologies for material
recovery from panels and creating closed-loop product life cycles in line with the principles
of a circular economy [9].

Similar environmental challenges apply to wind energy. Although it is considered one
of the cleanest energy sources, the construction of wind farms requires the installation of
vast foundations that interfere with soil and aquatic ecosystems. In addition, the production
of turbine components, such as blades and towers, requires large amounts of steel, concrete,
and composites. The extraction and processing of these materials also generate emissions
and may negatively impact the environment. Particularly problematic is the recycling of
turbine blades made of fiberglass or carbon fiber, whose durability is an advantage during
operation but becomes a challenge at the end of their life cycle [10]. For this reason, studies
on wind energy increasingly cover not only improvements in turbine efficiency but also
the development of more sustainable construction materials and methods for disposal and
recycling [11].

Biomass and hydropower, in turn, stabilize the energy system, enabling flexible re-
sponses to fluctuations in wind and solar power production [12]. However, their responsible
use, with respect for ecosystems and local environments, is crucial [13].

3. Carbon Capture and Storage as a Component of Transformation
Although renewable energy sources are the foundation of a zero-emission economy,

they alone are insufficient to completely neutralize greenhouse gas emissions. In many
sectors—such as heavy industry, cement production, and steelmaking—technological
processes generate emissions that are difficult to avoid. For this reason, carbon capture and
storage (CCS) technologies are playing an increasingly important role [14].

CCS systems involve separating CO2 from industrial processes and fuel combus-
tion, followed by its safe transport and storage in geological formations, including under
the seabed, which allows natural geological structures to be used as long-term gas reser-
voirs [15,16]. Combined with renewables, these technologies can significantly accelerate
the achievement of climate neutrality. It is also worth highlighting the development of
solutions based on direct air capture (DAC), which may become an effective complement
to the energy–climate relationship in the future, enabling emission reductions in hard-to-
decarbonize sectors [17].

4. Management Perspectives and Innovative Business Models
The energy transition is not only a matter of technology but also of new business

models and corporate management strategies. Companies operating in the energy sector,
as well as in related industries, must adapt to dynamically changing market, regulatory,
and social conditions. Innovative business models based on the concepts of the circular
economy, resource sharing, and the creation of energy ecosystems provide a response to
these challenges [18].

In practice, this involves the development of services such as energy prosumerism,
where consumers simultaneously become producers of energy, and “energy-as-a-service”
models, which enable clients to benefit from renewable energy without the need to invest in
infrastructure. Another important direction is the expansion of public–private partnerships,
which allow for more effective financing and the implementation of innovative technologies.
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From a corporate management perspective, it is also crucial to implement tools for
assessing climate and environmental risks, enabling decision-making aligned with long-
term sustainable development goals. Companies must incorporate ESG (environmental,
social, and governance) criteria into their strategies; this will not only support emission
reductions but also build competitive advantages in the global market [19].

5. Research Gaps and the Need for Technological Integration
Research on renewable energy sources has traditionally focused on improving energy

efficiency and optimizing technologies. However, a key research gap concerns the inte-
gration of various renewable sources with CCS systems and with energy and industrial
infrastructure. Developing comprehensive models that incorporate not only technical
aspects but also environmental, social, and economic dimensions is essential.

Another critical issue is the development of smart grids, which allow for dynamic
energy flow management, the integration of distributed sources, and the adjustment of
supply for demand [20,21]. In this context, research should concentrate on synergies
between different technologies, the creation of hybrid systems, and the use of artificial
intelligence and big data to optimize grid performance.

6. Conclusions
Renewable energy sources are an indispensable component of advancement toward a

zero-emission economy, yet their full potential can only be realized when combined with
other technologies, such as carbon capture and storage (CCS). Equally important is the
development of innovative business models and modern corporate management strategies,
which enable the effective practical implementation of energy transition.

Research objectives that need to be addressed include the integration of various
technologies, the analysis of their long-term impacts on the economy and the environment,
and the development of mechanisms that will facilitate the broad adoption of innovative
solutions. In this context, it is also essential to investigate the strategies of energy enterprises,
which increasingly rely not only on the deployment of advanced technologies—such as
renewable energy and CCS systems—but also on innovative market structures. Examples
include the development of “energy-as-a-service” models, prosumer ecosystems, public–
private partnerships, and flexible financing frameworks for energy projects, all of which
accelerate the adoption of green solutions.

The analysis and implementation of such strategies will fill an important research gap,
as they will help to understand how innovative technologies and new business models can
interact to create a coherent system that will accelerate the energy transition. Progress in
these areas is a prerequisite for achieving climate neutrality, enhancing energy efficiency,
and fostering sustainable development, thereby contributing to the creation of a resilient
global economy capable of withstanding future challenges.

7. Future Actions and Recommendations
Future research and practical initiatives should focus on the integrated implementation

of renewable energy sources, along with complementary technologies such as carbon
capture and storage (CCS) and energy storage, to maximize decarbonization potential across
sectors. It is recommended to develop a comprehensive framework that assesses not only
the technical efficiency of these systems but also their long-term economic, environmental,
and social impacts.

Furthermore, the development of innovative business models and business man-
agement practices should remain a priority. Actions should include energy-as-a-service
solutions, expanding prosumer networks, supporting public–private partnerships, and
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designing flexible financing mechanisms for green projects. These initiatives can accelerate
technology implementation, reduce market entry barriers, and support the transformation
of energy markets towards sustainable development.

Fostering knowledge exchange between academics, industry professionals, and poli-
cymakers is also essential. Collaborative platforms, international partnerships, and open
data initiatives can facilitate the dissemination of best practices and innovative solutions,
supporting a resilient global energy transition that can address future environmental, social,
and economic challenges.

Funding: This research received no external funding.

Conflicts of Interest: The author declares no conflicts of interest.

References
1. Hassan, Q.; Viktor, P.; Al-Musawi, T.J.; Ali, B.M.; Algburi, S.; Alzoubi, H.M.; Al-Jiboory, A.K.; Sameen, A.Z.; Salman, H.M.;

Jaszczur, M. The renewable energy role in the global energy Transformations. Renew. Energy Focus 2024, 48, 100545. [CrossRef]
2. Nyangchak, N. Emerging green industry toward net-zero economy: A systematic review. J. Clean. Prod. 2022, 378, 134622.

[CrossRef]
3. Elkhatat, A.; Al-Muhtaseb, S. Climate change and energy security: A comparative analysis of the role of energy policies in

advancing environmental sustainability. Energies 2024, 17, 3179. [CrossRef]
4. Chen, W.; Alharthi, M.; Zhang, J.; Khan, I. The need for energy efficiency and economic prosperity in a sustainable environment.

Gondwana Res. 2024, 127, 22–35. [CrossRef]
5. Borowski, P.F. Business evolution: Emerging challenges for companies in achieving zero-carbon performance. In Organizational

Development, Innovation, and Economy 5.0; Routledge: Abingdon, UK, 2024; pp. 184–196.
6. Filippov, S.P. Transition to a carbon neutral economy: Opportunities and limitations, current challenges. Therm. Eng. 2024, 71,

18–35. [CrossRef]
7. Xiang, Y.; Tang, Q.; Xu, W.; Hu, S.; Zhao, P.; Guo, J.; Liu, J. A multi-factor spatio-temporal correlation analysis method for PV

development potential estimation. Renew. Energy 2024, 223, 119962. [CrossRef]
8. Guo, J.; Liu, X.; Yu, J.; Xu, C.; Wu, Y.; Pan, D.A.; Senthil, R.A. An overview of the comprehensive utilization of silicon-based solid

waste related to PV industry. Resour. Conserv. Recycl. 2021, 169, 105450. [CrossRef]
9. Maghraby, Y.R.; Ibrahim, A.H.; Tayel, A.; Azzazy, H.M.E.S.; Shoeib, T. Towards sustainability via recycling solar photovoltaic

Panels, A review. Sol. Energy 2025, 285, 113085. [CrossRef]
10. Majewski, P.; Florin, N.; Jit, J.; Stewart, R.A. End-of-life policy considerations for wind turbine blades. Renew. Sustain. Energy Rev.

2022, 164, 112538. [CrossRef]
11. Yang, M.; Chen, L.; Wang, J.; Msigwa, G.; Osman, A.I.; Fawzy, S.; Rooney, D.W.; Yap, P.S. Circular economy strategies for

combating climate change and other environmental issues. Environ. Chem. Lett. 2023, 21, 55–80. [CrossRef]
12. Wieruszewski, M.; Mydlarz, K. The potential of the bioenergy market in the European union—An overview of energy biomass

resources. Energies 2022, 15, 9601. [CrossRef]
13. Borowski, P.F. Water and hydropower—Challenges for the economy and enterprises in times of climate change in Africa and

Europe. Water 2022, 14, 3631. [CrossRef]
14. English, J.M.; English, K.L. An overview of carbon capture and storage and its potential role in the energy transition. First Break

2022, 40, 35–40. [CrossRef]
15. Rasool, M.H.; Ahmad, M.; Ayoub, M. Selecting geological formations for CO2 storage: A comparative rating system. Sustainability

2023, 15, 6599. [CrossRef]
16. Borowski, P.F. Hydrogen as an energy source and as a form of energy storage. Econ. Environ. 2025, 93, 941. [CrossRef]
17. Sodiq, A.; Abdullatif, Y.; Aissa, B.; Ostovar, A.; Nassar, N.; El-Naas, M.; Amhamed, A. A review on progress made in direct air

capture of CO2. Environ. Technol. Innov. 2023, 29, 102991. [CrossRef]
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