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Accelerating Clean Energy Innovation and Ensuring a
Just Transition into Clean Energy

PIUS OBUKOHWO OBARORAKPO

Abstract- To address factors that’ll, accelerate the
innovation of renewable energy, reduce climate
change, and promote sustainable development. The
need to introduce clean energy innovation and
ensure a just transition is of paramount importance.
This article addresses the financial, technical, policy,
and socio-economic barriers that impede the
widespread adoption of clean energy technologies.
Challenges such as high initial costs, limited access
to affordable financing, and inconsistent policy
frameworks particularly affect developing regions.
The deployment of advanced energy storage and
smart grid technologies is crucial to overcoming
technical barriers associated with renewable energy
sources. Socio-economic disparities and insufficient
public awareness further complicate the transition,
highlighting the need for comprehensive policies that
support worker reskilling and equitable benefit
distribution. It is advisable for further research to
prioritize the development of efficient, scalable
energy storage solutions and the evaluation of
effective policy schemes to accelerate clean energy
adoption. It is also observed that reducing methane
emissions can significantly enhance the transition by
lowering greenhouse gas concentrations. A
coordinated effort among governments, industry, and
civil society is important for achieving a sustainable
and inclusive energy future. Data from the IEA and
other sources emphasize the necessity of robust
financial incentives and policy stability to drive this
transformation.

l. INTRODUCTION

The global imperative to address climate change and
transition to sustainable energy sources has never been
more urgent. The Intergovernmental Panel on Climate
Change (IPCC) has emphasized the need for rapid and
far-reaching transitions in energy, land, urban, and
infrastructure systems to limit global warming to
1.5°C above pre-industrial levels (IPCC, 2018). One
critical aspect of this transition is accelerating clean
energy innovation to develop and deploy technologies
that reduce greenhouse gas emissions and enhance
energy efficiency.
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Transitioning to clean energy addresses social,
economic, and environmental concerns
simultaneously, particularly for communities and
workers affected using fossil fuels (ILO, 2015).
Achieving a just transition requires not only
technological innovation but also inclusive policies
and strategies that consider the needs and rights of all
individuals and communities.

Despite progress in clean energy innovation and the
adoption of renewable energy sources, significant
challenges remain. These include the scale-up of clean
energy technologies, the integration of renewable
energy into existing infrastructure, and the need for
supportive policies and financial mechanisms (IEA,
2021). Moreover, the transition to clean energy must
be mindful of potential impacts on vulnerable
populations, ensuring that no one is left behind in the
shift towards a sustainable energy future.

This project aims to explore the current outlook of
clean energy innovation and strategies for a just
transition, highlighting key advancements, challenges,
and opportunities.  Accelerating clean energy
innovation is essential for addressing climate change,
promoting environmental sustainability, improving
public health, enhancing energy security, creating
economic opportunities, and fostering social equity.
These efforts are crucial for building a more
sustainable and resilient future for generations to
come. By analyzing existing research and policy
initiatives, this study seeks to provide insights and
recommendations for accelerating the transition to
clean energy in a socially equitable manner.

1. THE NEED FOR CLEAN ENERGY
INNOVATION IN THE US

e Climate Change Cushioning

The U.S. is one of the largest emitters of greenhouse
gases. According to a 2021 report, the United States
produced 5.2 billion metric tons of carbon dioxide
equivalent greenhouse gas (GHG) emissions in 2020,
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the second largest in the world after greenhouse gas
emissions by China and is among the countries with
the highest greenhouse gas emissions per person.
From fossil fuel burning like oils, natural gas, and
coal, greenhouse gas emissions keep rising. According
to Science for Policy report in 2023 by the Joint
Research Centre (JRC - the European Commission’s
science and knowledge service) and International
Energy Agency (IEA), global per-capita emissions in
2022 increased by 0.4% to reach 6.76 tcoxg/Cap, a
value still 0.8% lower than in 2019, but have increased
by about 8.3% from 6.24 tcozeg/Cap t0 6.76 tcozeg/Cap
between 1990 and 2022

It’s been similarly recorded, how these human
activities contribute to climate degeneration in the
United States. Temperatures are rising, snow and
rainfall patterns are shifting, and more extreme climate
events — like heavy rainstorms and record-high
temperatures — are becoming more common. How bad
is this?

Climate change, with its warmer temperatures, could
strain wallets with increased air conditioning use and
worsen the spread of vector-borne diseases like Lyme
disease. Brutal heat waves are becoming a terrifying
reality for major U.S. cities. According to the United
States Environmental Protection Agency, these
scorching events now occur three times more often
than in the 1960s, with an average of six per year
compared to two. The heat wave season has also
extended by 49 days, with individual waves lasting
longer and reaching higher temperatures. Cyclone
activity has intensified considerably in recent years.
The annual ACE Index reveals a notable rise in
cyclone intensity over the past 20 years. This is further
underscored by the fact that eight of the ten most active
cyclone seasons on record (since 1950) have taken
place since the mid-1990s.

The window for a clean energy future is rapidly
closing. We need innovation now more than ever.

e Reduction of Pollution

Fossil fuels are choking the entire planet. Their
burning pollutes the air and water we depend on,
leading to serious health problems. We need to breathe
clean air - that's why a shift towards renewable energy
sources is crucial. This image from New Delhi is a
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stark reminder of the devastating impact fossil fuels
have on our planet.

Extreme pollution, as seen here in New Delhi, during the COVID-19 pandemic

Source: Manish Rajput/SOPA Images/Sipa

It’s bad enough that fossil fuels are invisible killers.
According to research by Environmental Research on
Global Mortality for Outdoor Particle Pollution
Generated by Fossil Fuels, more than 8 million people
died globally in 2018 from the burning of fossil fuels.
Air pollution exposure may have worsened COVID-
19 outcomes, contributing to higher death rates.

e Decentralization

Decentralized solutions, like rooftop solar panels or
community wind farms, will allow local communities
to participate in energy production. Local
communities are a top priority if we ever want to
ensure a total transition to green energy. Decentralized
systems are often smaller-scale and more flexible
compared to traditional, centralized power grids
allowing for easier experimentation with new clean
energy technologies, accelerating innovation.

Ill.  DATA SUMMARY ON EXISTING
RESEARCH

The IEA's 2021 report on the "Estimated market size
for selected clean energy technologies by technology
and region 2020-2050" provides critical insights into
the potential growth of renewable energy markets
globally. The data highlights significant regional
variations in the adoption of technologies such as solar
PV, wind, and battery storage, projecting substantial
market expansion in Asia, Europe, and North
America. This data is essential for identifying
investment opportunities and policy needs to
accelerate clean energy innovation. Additionally, this
market analysis underscores the importance of tailored
strategies to ensure a just transition, addressing
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specific regional socio-economic and technical
challenges.
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The data above analyzed by the IEA 2021, estimated
an explosive growth over the next few decades in clean
energy technology in Net Zero Emission (NZE) which
will increase the market worth of clean energy.

Furthermore, acceleration of this innovation reduces
Methane emissions from fossil fuel operations and
reductions to 2030 in the Net Zero Emissions by 2050
Scenario.

As part of the clean energy transition, significant
methane reduction is crucial. According to the IEA's
2021 report, global methane emissions could be
reduced by 75% by 2030 through existing
technologies, primarily by addressing leaks in oil and
gas operations. This reduction aligns with accelerating
clean energy innovation, as decreasing methane
emissions can lower greenhouse gas concentrations,
facilitating the shift to renewables. The adoption of
strict regulatory frameworks and enhanced monitoring
technologies will be essential in achieving these
reductions, thereby supporting a just transition by
soothing climate impacts and improving public health
outcomes.
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IV. RESEARCH & DEVELOPMENT;
OBSERVABLE INNOVATIONS
To explore the depth of technological innovation in the
clean energy sector, Research and Development
(R&D) is essential, reducing costs, and speeding up
the global transition to sustainable energy systems. It
is important to note the critical areas for innovation,
the role of various stakeholders in R&D, and the
impact of R&D investments on clean energy
development.

Clean energy technologies, including solar, wind,
battery storage, and hydrogen, have contributed
greatly to reducing greenhouse gas emissions and
combating climate change. R&D efforts are important
to improve the efficiency, reliability, and affordability
of these technologies. Innovations in materials
science, engineering, and systems integration are
driving significant advancements in clean energy. An
example of this is perovskite solar cells which have
emerged as a promising technology due to their high
efficiency and low production costs. Recent studies by
(Green et al., 2022) have shown that perovskite solar
cells can achieve excellently when compared to
traditional silicon-based cells but with the potential to
reduce manufacturing costs. Solid-state batteries are
advanced modes in battery technology that have also
shown great prospects in renewable energy sources
(Grosjean et al., 2021).

e Observable innovations
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1. Solar Energy has shown advances in photovoltaic
materials and manufacturing processes, Development
of solar thermal technologies and concentrated solar
power (CSP), and Integration of solar energy systems
with energy storage and grid infrastructure.

2. Wind Energy has also shown improvements in
turbine design and materials for increased efficiency
and durability, Offshore wind technologies, including
floating wind turbines, and Integration of wind energy
with other renewable sources and energy storage
systems.

3. Battery Storage improvements have been noted in
the development of high-energy-density batteries,
such as lithium-sulfur and solid-state batteries,
Innovations in battery management systems and
recycling technologies, and Integration of battery
storage with renewable energy systems to enhance
grid stability.

4. Hydrogen Technologies: Advances in hydrogen
production methods, such as electrolysis using
renewable energy, Development of hydrogen storage
and transportation infrastructure, and Applications of
hydrogen in various sectors, including transportation
and industry.

V. CASE STUDIES OF SUCCESSFUL R&D
INITIATIVES

1. The Solar Energy Research Institute (SERI)

The Solar Energy Research Institute, now part of the
National Renewable Energy Laboratory (NREL) in
the United States, has been instrumental in advancing
solar energy technologies. Through extensive R&D
efforts, SERI has contributed to significant
improvements in solar cell efficiency and cost
reduction. The institute's collaborative approach,
involving partnerships with universities, industry, and
government agencies, has been a key factor in its
success (NREL, 2023).

2. The European Union's Horizon 2020 Program

Horizon 2020, the EU's largest research and
innovation program, has funded numerous clean
energy projects aimed at accelerating the development
of advanced technologies. Projects under Horizon
2020 have focused on a wide range of areas, including
renewable energy integration, energy storage, and
smart grid technologies. The program's emphasis on
interdisciplinary ~ research  and international
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collaboration has enabled significant breakthroughs
(European Commission, 2021).

VI.  JUST TRANSITION; ENSURING FAIR
ACCESS TO RENEWABLE ENERGY

Fair access to clean energy technologies and services
is essential for achieving social equity. Social equity is
a vital part of the clean energy transition, which will
enable the just effect of this transition to be distributed
fairly across all sectors of society. Ensuring a just
transition involves improving energy access,
alleviating energy poverty, and protecting vulnerable
communities from the adverse impacts of the
transition.

Access to clean energy can improve living standards,
enhance economic opportunities, and promote
environmental justice. However, disparities in access
to clean energy persist, particularly in low-income and
marginalized communities.

Energy Poverty and Access

Energy poverty, defined as the lack of access to
modern energy services, remains a significant
challenge globally. Approximately 759 million people
worldwide still lack access to electricity, with a large
proportion living in sub-Saharan Africa and South
Asia (IEA, 2021). To address energy poverty requires
targeted interventions to ensure that clean energy
solutions reach underserved communities.

Decentralized renewable energy systems, such as solar
home systems and mini-grids, have proven effective in
extending energy access to remote and off-grid areas.
For instance, the Solar Energy Foundation's initiatives
in Ethiopia have successfully provided solar home
systems to thousands of households, improving access
to electricity and enhancing quality of life (Briderle et
al., 2018).

Addressing Energy Injustice

Energy injustice occurs when certain communities
bear disproportionate environmental and health
burdens due to energy production and consumption.
This is often seen in marginalized communities
located near fossil fuel extraction sites or power plants.
Transitioning to clean energy offers an opportunity to
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rectify these injustices by reducing pollution and
improving public health.

Just transition emphasizes the need to ensure that the
shift to clean energy does not worsen existing
inequalities or create new ones. Policies and programs
should be designed to protect vulnerable communities
and provide them with the tools and resources needed
to benefit from the clean energy transition (Newell &
Mulvaney, 2013).

Community-Based Renewable Energy Projects
Community-based  renewable energy  projects
empower local communities to take control of their
energy needs and promote social equity. These
projects involve community ownership, participation,
and decision-making, ensuring that the benefits of
clean energy are shared equitably.

A notable example is the UK's Community Energy
Strategy, which supports community groups in
developing renewable energy projects. These
initiatives have not only increased local energy
generation but also fostered community cohesion and
provided economic benefits through job creation and
revenue generation (Seyfang et al., 2013).

VIl. PROTECTING VULNERABLE
COMMUNITIES

Transitioning to clean energy can significantly reduce
air pollution and associated health risks, particularly in
vulnerable communities located near fossil fuel
infrastructure. Studies have shown that reducing
emissions from coal-fired power plants can lead to
substantial improvements in public health, including
lower rates of respiratory and cardiovascular diseases
(Jacobson et al., 2017).

Resilience and Adaptation

Vulnerable communities are often the most affected by
climate change impacts, such as extreme weather
events and rising sea levels. Clean energy solutions
can enhance the resilience of these communities by
providing reliable and sustainable energy sources that
are less susceptible to climate-related disruptions.

For example, renewable energy systems can support
critical infrastructure, such as healthcare facilities and
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emergency services, during extreme weather events.
Solar-powered water purification systems and energy-
efficient housing can also improve resilience and
reduce vulnerability to climate change (Bazilian et al.,
2011).

Inclusive Policy Design

Policymakers must design inclusive policies that
prioritize social equity in the clean energy transition.
We must set targets for universal energy access,
provide financial support for low-income households,
and ensure that clean energy projects do not displace
or disadvantage vulnerable communities.

Similarly, financial mechanisms, such as subsidies,
grants, and low-interest loans, can help lower the
upfront costs of clean energy technologies for low-
income households. Innovative financing models,
such as pay-as-you-go solar systems, have also been
successful in making clean energy more affordable
and accessible (Rolffs et al., 2015).

Stakeholder Engagement

Engaging stakeholders, particularly those from
marginalized and underserved communities, is
essential for designing and implementing effective
clean energy policies. Inclusive decision-making
processes ensure that the voices and needs of all
community members are considered, leading to more
equitable outcomes.

VIIl. CASE STUDIES OF SUCCESSFUL
INITIATIVE ON JUST TRANSITIONS
AROUND THE WORLD

The Solar Sister Programming

The Solar Sister program in sub-Saharan Africa
empowers women entrepreneurs to distribute clean
energy products, such as solar lanterns and clean
cookstoves, in their communities. This initiative not
only improves energy access but also promotes gender
equity by providing women with economic
opportunities and leadership roles (Solar Sister, 2022).

California’s Clean Energy Equity Framework

California has implemented a Clean Energy Equity
Framework to ensure that disadvantaged communities
benefit from the state’s ambitious clean energy goals.
The framework includes measures such as targeted
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investments in clean energy projects in low-income
areas, job training programs, and incentives for
community-owned renewable energy initiatives
(California Energy Commission, 2020).

Germany’s Renewable Energy Act (EEG)

Germany’s Renewable Energy Act (EEG) includes
provisions to support small-scale renewable energy
producers and community energy projects. By
providing feed-in tariffs and other incentives, the EEG
has enabled widespread participation in the clean
energy transition, ensuring that the benefits are
distributed across society (Morris & Pehnt, 2016).

IX. CHALLENGES AND GAPS

Despite the benefit of the transition to clean energy for
combating climate change and advancing sustainable
development, several significant challenges and gaps
impede its progress and realization. Financial
constraints, such as high initial costs and lack of access
to affordable financing, hinder the widespread
adoption of renewable energy technologies,
particularly in developing regions. Insufficient
financial incentives and inconsistent policy
frameworks further worsen these challenges,
discouraging investment and deployment of clean
energy solutions (IRENA, 2020; Glemarec, 2012).
Moreover, political and institutional resistance, fueled
by forged interests in fossil fuels and concerns over
economic disruption, poses a formidable barrier. The
continuation of fossil fuel subsidies undermines the
competitiveness of renewables, while the absence of
supportive regulatory frameworks hampers the
integration of distributed energy resources into
existing grids (Newell & Mulvaney, 2013; IEA, 2021).

Technical limitations also play a significant role in
obstructing the clean energy transition. Integrating
variable renewable energy sources, such as wind and
solar, into power grids presents challenges related to
grid stability, infrastructure, and energy storage
(BNEF, 2021). Advances in smart grid technologies
and energy storage are essential to manage these
issues, yet they require significant investment and
innovation (Grosjean et al., 2021). Socio-economic
barriers further complicate the transition, as economic
disparities and lack of public awareness limit the
adoption of clean energy technologies by low-income
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households and communities. Ensuring a just
transition necessitates comprehensive policies to
support the retraining and reskilling of workers in
fossil fuel industries and to provide equitable access to
clean energy benefits (Sovacool, 2021; Carley &
Konisky, 2020).

X. DISCUSSION

High initial costs and limited access to affordable
financing impede the adoption of renewable energy
technologies, particularly in developing regions.
Insufficient financial incentives and inconsistent
policy frameworks further discourage investment in
clean energy (IRENA, 2020; Glemarec, 2012).
Additionally, political and institutional resistance,
driven by vested interests in fossil fuels and concerns
over economic disruption, poses substantial barriers.
Addressing these issues requires robust financial
incentives, supportive policies, and the phasing out of
fossil fuel subsidies to create a favorable environment
for renewable energy development (Newell &
Mulvaney, 2013; IEA, 2021).

Technical limitations, such as challenges in grid
integration and energy storage, also hinder the clean
energy transition. Integrating variable renewable
sources like wind and solar into existing power grids
requires significant investments in smart grid
technologies and advanced energy storage solutions
(BNEF, 2021). Socioeconomic barriers, including
economic disparities and public awareness issues,
further complicate the transition. Ensuring a just
transition involves comprehensive policies to support
worker retraining, create job opportunities in the clean
energy sector, and ensure equitable distribution of
benefits (Sovacool, 2021; Carley & Konisky, 2020).
Coordinated efforts from governments, industry, and
civil society are essential to overcoming these
multifaceted challenges and achieving a sustainable
and inclusive energy future.

Xl.  ACALL TO ACTION

To accelerate clean energy innovation and ensure a
just transition, governments should implement robust
financial incentives, such as subsidies and tax credits,
to lower the initial costs of renewable technologies and
encourage investment. Innovative financing models,
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like microfinance and pay-as-you-go systems, should
be expanded to improve access, especially in
developing regions (IRENA, 2020). Phasing out fossil
fuel subsidies and establishing consistent, supportive
policy frameworks are essential to create a level
playing field for clean energy (Newell & Mulvaney,
2013). Investment in smart grid technologies and
advanced energy storage solutions is crucial for
managing the integration of variable renewable energy
sources (BNEF, 2021). Comprehensive policies to
support worker reskilling and equitable distribution of
benefits are necessary to ensure a just transition
(Sovacool, 2021). Public engagement and education
campaigns are vital for building support and
overcoming cultural barriers to clean energy adoption
(Devine-Wright, 2009).

XIll.  FUTURE RESEARCH DIRECTIONS

Future research should focus on advancing energy
storage solutions, smart grid technologies, and
renewable energy efficiency to overcome technical
barriers. Comparative studies on policy frameworks
and financial incentives can identify best practices for
accelerating adoption. Additionally, research should
explore the socio-economic impacts of the clean
energy transition, emphasizing equity and social
justice. Addressing behavioral and cultural barriers
through public engagement and education is crucial
for building widespread support for clean energy
initiatives and ensuring a just transition.
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