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Abstract

Entrepreneurship and innovation are widely recognised as vital for economic growth, social progress and
sustainability, especially in the energy sector. Innovation is a key driver of development and sustainable economies.
Adopting policies that catalyse innovation and entrepreneurship can greatly contribute to a sustainable society and
energy sustainability. This paper examines the role played by innovation and entrepreneurship in a sustainable society
and in sustainable energy use. Key best practices in countries that are frontrunners in innovation are explored. As the
world becomes increasingly globalised it is evident that successfully nurturing entreprencurial ecosystems and
fostering innovation is key. This paper explores the dynamic relationship between entrepreneurship, innovation and
sustainable development with a focus on the energy sector. It provides insights into effective policy approaches and
strategic innovation that promote entrepreneurship and innovation effectively in the energy sector. As the importance
of sustainability takes centre stage across all industries a focus on innovation and entrepreneurship is vital. This paper
seeks to draw attention to the pivotal importance of innovation and entrepreneurship to drive success in the energy
sector particular as the world grapples with the need to transition to a low carbon and cleaner energy focus.
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1. Introduction

Entrepreneurship and innovation are fundamental to success in a competitive world. In a fast-paced and increasingly
globalised world the ability to innovate is critical. An entrepreneurial approach is also vital in every industry to drive
innovation and long-term competitiveness. The energy sector is critically important and underpins economic and
social development. A thriving energy sector drives economies, regions, and communities. The extent of innovation
in the energy sector is increasingly apparent, especially with the drive to a cleaner and more sustainable energy sector.
As global warming and climate change take centre stage global energy innovations are moving towards the renewable
energy sector (Pandey et al. 2023). The role that innovation and entrepreneurship can play in a more sustainable energy
sector is quickly unfolding as new approaches, innovations and technologies are emerging to drive sustainability.

Entrepreneurship and innovation are key to driving energy solutions. Renewable energy innovation is of vital
importance to promoting sustainable development objectives across diverse industries (Dogan et al. 2025). For
instance, technological innovation is vital to the energy sector. Technologies driven by innovation have brought a
crucial edge to the energy sector. Energy technology plays a vital role in innovative and sustainable solutions in the
evolving energy sector (Alka et al. 2025). Similarly, entrepreneurship in the energy sector helps grow the sector and
drives the move to lower carbon technologies in the industry.

1.1 Objectives

Research on energy innovation and entrepreneurship is gaining momentum globally against the background of a
growing focus on the green transition and climate change. Entrepreneurship and innovation work synergistically to
drive growth and sustainability in the energy industry. Governments and organisations are focusing on energy
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innovations such as clean energy technologies like solar, wind and hydrogen as well as groundbreaking policies and
interventions that foster innovation and entrepreneurship. The energy sector is a pivotal sector that drives economic
growth and development as well as impacts social development. There is need to understand how this sector is being
shaped by entrepreneurship and innovation. To unpack key trends in energy innovation and entrepreneurship this
exploratory paper seeks to accomplish the following objectives.

e To explore the role of innovation and entrepreneurship in the energy sector
e To determine the factors influencing innovation and entreprencurship in the energy sector
e To determine best practices in innovation and entreprencurship in the energy sector

2. Methodology

Innovation and entrepreneurship have become increasingly important in the energy sector particularly as the need to
transition to more sustainable energy sources increases. The paper presents the emerging role of innovation and
entrepreneurship in the energy sector. There is a paucity of research that focuses directly on the intersection of
innovation and entreprencurship in the energy sector. For instance, despite the importance and impact of
entrepreneurship in the renewable energy sector interdisciplinary research in the field is still scarce (Bendig et al.
2025). This paper seeks to contribute to research in this area and help address this gap by providing an exploratory
review of a selection of recent literature identifying key trends in energy entrepreneurship and innovation. The review
is a narrative review aimed at documenting emerging developments in entrepreneurship and innovation in the energy
sector.

There is a paucity of research that is directly focused on entrepreneurship and innovation in the energy sector. This
research is narrowly focused on a selection of recent articles but provides a glimpse into the emerging role of
entrepreneurship and innovation in the energy sector. A targeted selection of peer reviewed journal articles directly
focusing on entrepreneurship, innovation and the energy sector were included in the study. While the literature
reviewed is limited it provides insight into an area where research is limited and in a sector that plays a key role in
social and economic development. The review is a mini review and a total of 32 articles were reviewed which
represents a curated collection of relevant studies.

The literature search was conducted using databases such as Google Scholar, Scopus and ScienceDirect. Specific
keywords were used to search for and identify articles to be included in the review. Keywords used include “innovation
in the energy sector” , “entrepreneurship in the energy sector , “innovation” as well as “entrepreneurship” After initial
searches article titles and abstracts were screened for relevance. Relevant articles focused directly on innovation and
entrepreneurship in the sector as well as articles that focused on innovation and entrepreneurship more broadly. The
aim of this exploratory review is to present a concise overview of the role that innovation and entrepreneurship can
play in the energy sector. The following inclusion and exclusion criteria were used for the study.

Inclusion Criteria
e Relevance — Articles must focus directly on innovation, entrepreneurship or the intersection of both within
the energy sector.
e Recency — A focus on recent studies and particularly those published within the last ten years. Many of the
publications were very recent articles published in 2025.
e Peer-reviewed — Priority was placed on peer-reviewed journals to ensure academic rigour.
e Language — Articles published in English

Exclusion Criteria
e Studies that discuss innovation or entrepreneurship in sectors unrelated to energy.
e Outdated studies which are older than 10 — 15 years and not related to current trends in energy innovation
and entrepreneurship.
e Non-English studies.

3. Research Contribution and Scope

This research aims to provide a concise, succinct and informative overview of the growing significance of
entrepreneurship and innovation in the energy sector, highlighting how transformative and breakthrough
developments are reshaping the industry. This paper provides an integrated and sector-specific perspective of
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entrepreneurship and innovation. Energy drives development and underpins sustainable economies. Through an
examination of emerging trends, technologies and innovative business models the research focuses on a sector that is
fundamental to economic growth and the transition towards sustainable economies. Case examples also provide
practical examples and progress towards a more sustainable energy sector driven by innovation and entrepreneurship.
There is limited research directly focusing on entreneurship and innovation in the energy sector specifically so this
research seeks to contribute to an emerging area.

4. Conceptual Framework

Innovation and entrepreneurship interact to drive sustainability in the energy sector. Although there are fundamentally
different concepts, both focus on creating and implementing new ideas. In the energy sector innovation and
entrepreneurship have the potential to transform the industry.

4.1 Understanding Innovation

Innovation has become an increasingly pervasive term and according to Kahn (2018) who delves into the meaning of
innovation it is identified as three different things. As seen below innovation is identified as an outcome, innovation
is identified as a process and also as a mindset highlighting the multifaceted nature of innovation (Figure 1).

Figure 1. Understanding Innovation

4.1.1 Innovation as an Outcome

Kahn (2018) further breaks down the key components of innovation as an outcome. Innovation as an outcome
emphasises output. Typically, the output associated with innovation is new products and services. Innovation as an
outcome has several different focus areas. These are product innovation, process innovation, marketing innovation,
business model innovation, supply chain innovation and organisational innovation. Each focus area of innovation or
component can be defined further. Product innovation for instance focuses on market offerings such as new products
or services.

4.1.2 Innovation as a Process

As outlined by Kahn (2018) innovation is defined as a process shining a spotlight on the step-by-step nature of
innovation. It involves a series of stages that turn an idea into a product. To achieve a particular innovation outcome
there are steps or activities that are followed. Innovation is not a singular event but has stages that are followed. One
innovation cycle proposes that there are three stages in innovation namely discover, develop and deliver. In the
discover stage opportunities are found and delineated. In the develop stage the opportunities are developed and
specifications are defined. Finally, in the deliver stage the opportunity is turned into a final offering.

4.1.3 Innovation as a Mindset

This focuses on how individual members of an organisation internalize innovation (Kahn, 2018) The right mindset
can catalyse innovation and foster a culture or environment that encourages innovation. It is important that innovation
is nurtured in the right environment. In organisations that are successful at innovation the right culture exists that
promotes innovation. Employees are encouraged to take risks and to present new ideas. The right mindset can catalyse
mnovation.

4.1.4 The Importance of Innovation in the Energy sector

While the definitions of innovation may differ the importance of innovation in the energy sector is clear. Fostering
innovation as an outcome, process and mindset in the energy sector can help create an innovative and entrepreneurial
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environment that promotes new products and new ways of operating especially in the drive to promote cleaner and
more renewable energy. In the energy sector innovation has become more visible with the focus on green innovation
and the growing moving to low carbon technologies.

According to the International Renewable Energy Agency (IRENA), ‘innovation is at the heart of a successful,
sustainable and just energy transformation, essential in mitigating the impacts of climate change while improving
energy security’ (IRENA, 2025). Innovations that address climate change impacts and reduce adverse environmental
impacts are key and, in the energy sector promote sustainability. Innovation in the energy sector is imperative as the
realities of climate change and environmental degradation shine a spotlight on all industries to adopt low carbon
technologies and cleaner energy.

S. Defining Entrepreneurship in the Energy Context
Entrepreneurship is a term that has become something of a buzzword and has garnered many definitions. Prince et al

(2021) define entrepreneurship as the act of generating and developing an idea for validation. There are many other
definitions of entrepreneurship and these definitions continue to evolve. Atici et al (2023) in their book focusing on
energy entrepreneurship defined energy entrepreneurship as follows:

Energy entrepreneurship is the process of identifying, developing and commercializing new energy
technologies or business models that contribute to solving the energy challenges today

They further explain that energy entrepreneurship differs from conventional entreprencurship as it is specifically
focused on the energy sector and issues that are energy related like energy generation, storage, distribution and
consumption. Energy entrepreneurs are not focused only on profit but have other goals such as sustainability and
environmental stewardship.

6. Global Trends in Energy Innovation and Entrepreneurship

This section presents emerging trends in innovation and entrepreneurship in the energy sector. Innovation and
entrepreneurship are closely related. A focus on innovation has driven sustainability in the energy industry and
innovation can help address the substantial challenges in the energy industry (Costa-Campi et al. 2014). Similarly,
entrepreneurship has been a catalyst of innovation in the energy sector and has also been beneficial to sustainability
in the industry.

6.1 Innovation and Entrepreneurship for Sustainable Energy Transitions

SDG 7 focuses on the need for sustainable energy to drive economic and social development and to drive
environmental sustainability (United Nations, 2025). Environmental sustainability has emerged as a critical
consideration and driver for a resilient future (Dhayal et al. 2024). Innovation and entrepreneurship in the energy
sector have played a growing role in driving sustainability in the industry. Bendig et al (2025) conducted a literature
review on entrepreneurship in the renewable energy sector which revealed that new businesses play a crucial role in
driving sustainability through ground-breaking decarbonisation initiatives and innovative solutions for energy access.

6.2 Addressing Energy Poverty through Entrepreneurship

According to Beyene et al (2025) energy poverty has an adverse impact on entrepreneurship. It inhibits
entrepreneurship, especially in rural areas where energy infrastructure is lacking. The authors note that reducing
energy poverty drives new business creation. They conclude that reducing energy poverty enhances entrepreneurship.
Cheng et al (2021) proffer a different viewpoint arguing that being energy poor increases the likelihood of being an
entrepreneur. In their study that used 2012-2018 China Family Panel Studies they examined the relationship between
household energy poverty and entrepreneurship and they concluded that energy poverty increases the probability of
being an entrepreneur in China.

6.3 Low carbon and Renewable Energy technologies

Low carbon technologies driven by innovation are playing an important role in the energy sector. According to
Bouattour et al (2025) robust green technological innovation promotes circularity and fosters green growth as
demonstrated by the authors research focused on the EU. According to the International Renewable Energy Agency
(IRENA) there is need for an acceleration in the pace and speed of renewable energy deployment and that innovations
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that go beyond technology are needed (IRENA. 2025). Holistic enablers such as policy and regulation, physical and
digital infrastructure as well as stakeholder engagement and international collaboration are crucial (IRENA, 2025).

6.4 Digital Transformation in the Energy Sector

The digital age has been transformative across industries ushering in innovative approaches and initiatives that are
changing the way things are done. In the energy sector the digital age is emerging as key to growth and catalysing
change. Digital technologies are increasingly deployed in the energy sector (Lyu &Liu, 2021). Digital technologies
and green innovation have had a transformative impact on the energy sector in recent years and green innovation is
increasingly intertwined with digitalisation (Zwyiolek et al. 2025). Innovations such as artificial intelligence, big data
analytics as well as blockchain are impacting the energy sector. The rise of Industry 4.0 is increasing efficiency in the
renewable energy sector (Pandey et al. 2023). Digital technology is set to usher in a more innovative and
entrepreneurial dynamic in the energy sector.

6.5 Policies, Regulation and Green Innovation

Policies play a key role in the propensity of enterprises to adopt green innovation.(Chi et al. 2025).Policies play a
crucial role in catalysing and stimulating green innovation. Polices also play a role in driving entrepreneurship.+
Research conducted by Zhang et al (2022) revealed that stringent environmental policy encourages green innovation
in renewable energy technologies. Their research further shows that a stringent environmental policy stimulated green
innovation for diverse types of energy such as geothermal energy, hydro energy and marine energy but did not for
wind and solsr energy.

In South Africa for instance various policies have been developed that have sought to stimulate green innovation and
entrepreneurship in the energy sector. Policies focused on renewable energy such as the White Paper on Renewable
Energy (2003) and the Integrated Resource Plan (IRP) have been the driver of an increased focus on renewable
energy (DMRE, 2025). Similarly in the SADC region energy innovation focused policies have led to the adoption of
green energy. The SADC Protocol on Energy for instance recognises the critical importance of energy in the
attainment of the vision for the region (SADC. 2025). The protocol on energy is focused on cooperative energy
development within the region and also aims at aligning policies, strategies, and procedures. One of the key goals of
the protocol is cooperation in transferring low-cost technologies. Various other strategic plans focused on the energy
sector have also been developed that drive entrepreneurship and innovation in the energy sector.

6.6 Circularity and Innovation and Entrepreneurship in the Energy Sector

The circular economy can play a key role in sustainable entrepreneurship and innovation in the energy sector. The
circular economy is driving change across a range of industries driven by a growing concern regarding the impact of
anthropogenic activities on the climate and on the environment. Key issues such as waste disposal have become a
focus area where innovation and entrepreneurship incorporating circular economy principles are key. Green
technological innovation facilitates circularity (Bouattour et al. 2025). The circular economy is an alternative to the
linear system and is focused on minimising waste and maximising the use of resources (Ellen McArthur Foundation,
2025). Transitioning to a circular economy means that companies must engage in more sustainable practices in the
energy industry adopting green innovations and dynamic entrepreneurship.

7. Case Studies

7.1: Poland

According to the International Energy Agency (IEA) Poland has made noteworthy progress to transition to reliable
sources of energy (IEA, 2025). In 2022, renewables share of power generation was 17.1% (IEA, 2025). There are
some encouraging developments in adopting low carbon technologies in the energy sector. Poland has a fast-growing
solar PV market and one of the fastest in the European Union. Poland is also aiming to be a major player in offshore
wind aiming for at least 3.4 GW of capacity by 2030 (IEA, 2025). Dzikuc et al. (2021) analysed trends in innovation
in the energy sector in Poland and note that while Poland is implementing innovative solutions that are reducing the
negative environmental impact of coal-based energy not enough is being done to develop a low carbon economy and
Poland’s dependence on coal is unsustainable.

While there has been some progress in adopting innovative practices in the energy sector in Poland significant
backlogs related to implementation of innovation in the operation of enterprises exist particularly the development of
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renewable energy (Dzikuc et al. 2021). Some of the reasons for these backlogs include a lack of state support, low
GDP per capita and insufficient involvement of the R&D sector. As shown in Table 1 the International Energy Agency
(IEA) has put forward a number of recommendations that can drive the transformation of the energy sector in Poland
enabling an environment that drives innovation and entrepreneurship in the energy sector (IEA, 2022). These
recommendations can provide best practice approaches to enable entrepreneurship and innovation in the energy sector
(Table 1).

Table 1. Recommendations to drive a more sustainable energy sector in Poland

Update the energy policy for Poland until 2040 as well as the National Energy and Climate Plan with measurable
targets and measures.

Review and reconsider the timeline for closing all coal fired generation

Enable and boost private investments along the entire energy value chain.

Revise and review the regulatory framework to increase energy market competition.

Adjust taxes, market regulations and financial support measures

Develop a transition plan for the entire coal value chain that reflects the need for a more rapid energy transition
by 2030

Source: IEA, 2022

7.2 Gujarat, India

India is a country embracing the renewable energy sector and entrepreneurship and innovation are helping to grow
this sector. India is increasingly seen as a major player in the global renewable energy sector. Electricity demand in
India has been increasing sharply and there has been a surge in investment in renewables led by solar PV (IEA, 2025).
In 2024 83% of power sector investment went to clean energy (IEA, 2025). India has enabled the growth of the clean
energy sector by introducing a number of measures to facilitate and support growth in the renewable energy sector.

Guyjarat, a city in India is one of the top Indian states in terms of renewable energy. Halder (2021) studied sustainable
entrepreneurship development in the renewable energy sector in Gujarat and noted that there were a range of enablers
for RE entrepreneurship including the following.

e Institutional Support in the form of skill development programs
e Subsidies and the reduction of entry level barriers
e Technology Expertise

They also identify barriers facing entrepreneurs such as inadequate financing, bureaucratic challenges as well as a host
of other barriers. The authors further note that sustainable entrepreneurs can take up the role of innovators. The Gujarat
Integrated Renewable Energy Policy 2025 aims to provide a unified investor-friendly framework for the expansion of
renewable energy across Gujarat through 2030 (Renewable Energy Gujarat Policy, 2025). This policy supersedes the
2023 policy. The policy aims to boost Gujarat’s status as a renewable energy leader. The policy has a number of key
targets or goals to drive growth in the renewable energy sector. The policy aims to achieve more than 100 GW of
renewable energy capacity by 2030 contributing significantly to India’s broader goal of 500 GW of non-fossil energy
by the same year. The policy further aims to achieve 150 GW by 2035 and 300 GW by 2047. A significant aspect of
this policy is the promotion of Battery Energy Storage Systems (BESS). Battery energy storage systems are identified
as key enablers for grid stability and higher renewable penetration. Gujarat’s growth is crucial to India’s national
renewable energy targets.

7.3 Germany

The Germany Energiewende (green transition) has made progress. Germany has made significant strides in the
transition to renewable energy. Germany has committed itself to drastically reducing greenhouse gas emissions and
the energy transition ranks high on the policy agenda. The country has set ambitious targets for reaching net zero
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emissions by 2045 (IEA, 2025). Germany is targeting a 65% reduction in greenhouse gas emissions by 2030 (IEA,
2025). Khan et al. (2022) explored whether technological innovation is a driver of renewable energy in Germany.
Their study revealed that progress in renewable energy leads to increased spending on technology innovation.
Germany is progressing in the transition to renewable energy. Germany has prioritised technological innovation and
green energy and is a frontrunner in the renewable energy sector (IRENA 2015). Germany is emerging as a global
leader in solar PV and offshore wind and nuclear power was phased out in 2023 (IEA, 2025).

Favourable policies have played a role in the progress seen in Germany and the energy transition represents an
immense opportunity. Germany’s Climate Law outlines the framework for reaching net zero emissions by 2045 and
in order to reach this significant milestone 80% of electricity supply must come from renewable energy (IEA, 2025).
Feed in tariffs (FiTs) have played a key role in the growth of the renewable energy sector in Germany and these tariffs
boosted the solar energy sector and led to the growth of the solar energy sector to 42.39 GW installed capacity in 2017
(World Bank, 2025). Germany represents a country that is embracing innovation in the energy sector and achieving
tangible sustainability outcomes. As a leader in technology and industrial leader Germany has immense potential to
transform its energy sector with groundbreaking innovation and entrepreneurship, Solar and Wind energy in particular
have immense potential.

8. Discussion

The energy sector is a key global sector underpinning the development and growth of economies. The importance of
entrepreneurship and innovation in the energy sector is increasingly clear. Innovation has brought new ideas, products
or services that are transforming the energy sector. Entrepreneurship has turned these ideas into new ventures.

While entrepreneurship and innovation in the energy sector is being driven by the growing focus on the green transition
and the need to address climate change there is still a lot that can be done to further catalyse and grow this sector. One
of the key drivers of innovation and entrepreneurship in the energy sector is a favourable policy environment focused
on green innovation. As seen by developments in the SADC region as well as other regions in Europe and worldwide,
polices that are enablers for entrepreneurship and innovation are key. Another key enabler of entrepreneurship and
innovation in the energy sector is adequate financing which drives investment in this sector. Technology also plays a
key role and is in many ways the engine of energy innovation. Collaboration and sharing of best practices are also key
in driving an entrepreneurial and innovative energy sector as seen in the SADC region.

There is need for more research into the role of entrepreneurship and innovation in the energy sector particularly in
the developing regions of the world where there is still need for a faster pace in adopting green technologies. With the
critical need to address the impacts of climate change and steer away from fossil fuels new innovations and an
entrepreneurial drive is necessary in the energy sector, While there have been promising developments in the adoption
of green innovation and low carbon technologies more still needs to be done. Green innovation can play a key role in
driving the energy sector to a more sustainable future.

9. Conclusion

Entrepreneurship and innovation in the energy sector is playing a crucial role in transforming the energy sector.
especially against the background of growing energy demands and the need to reduce environmental impact. Through
innovative solutions in the energy sector low carbon technologies are being adopted that drive sustainability.
Groundbreaking entrepreneurship is unveiling innovative initiatives and products in the energy sector. Fostering
innovation and entrepreneurship in the energy sector is key to sustainability in the energy sector.

Encouragingly there is progress to adopting groundbreaking innovations and entrepreneurial initiatives in the energy
sector globally. The need to foster a culture and environment where innovation and entrepreneurship can thrive in the
energy sector is crucial. There is need for a policy environment where innovation and entrepreneurship can thrive and
where new ideas are promoted and fostered.

Sustainability in the energy sector is not only a buzzword but is becoming a pivotal pillar in every industry, In the
energy sector sustainability has come to the fore and innovation and entrepreneurship are critical to drive sustainability
in the sector. This paper has presented key developments in innovation and entrepreneurship in the energy sector,
bringing to light the need for the sector to embrace new technologies, innovations and initiatives that can drive
sustainability in the sector. Countries that have embraced innovation and entrepreneurship are leading in the renewable
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energy sector like Germany. Different countries have made progress to varying extents in the adoption of low carbon
and renewable technologies and countries in Africa and other countries in the Global South can learn from countries
that are ahead of them in the green transition. There is immense potential for catalytic entrepreneurship and innovation
to drive sustainability in the energy sector.
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