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Abstract

The clean energy transition necessitates a paradigm shift in innovation, leveraging patents,
technology, and Information and Communication Technology (ICT) to drive sustainable
development. This paper employs a doctrinal research methodology, analyzing statutory
frameworks, judicial precedents, and scholarly literature to explore the interplay between
intellectual property, technological innovation, and clean energy. The study examines the role of
patents in promoting clean energy innovation, facilitating technology transfer, and enhancing the
development of renewable energy systems. It also investigates the impact of ICT on energy
efficiency, smart grids, and sustainable energy management. Through a critical analysis of existing
legal and policy frameworks, this research identifies challenges and approaches arising from the
integration of ICT and clean energy technologies. The findings of this study underscore the need
for a balanced approach to intellectual property rights, one that balances the interests of innovators
with the imperative of promoting sustainable development. The paper proposes policy
recommendations to enhance the development and deployment of clean energy technologies,
leveraging ICT and patents to accelerate the transition to a low-carbon economy.

Keywords: Clean energy transition, Patents, Technology, ICT, Innovation

1. Introduction

The urgent need to address climate change and reduce greenhouse gas emissions has brought the
clean energy transition to the forefront of global policy debates. The transition to a low carbon
economy requires the development and deployment of innovative clean energy technologies,
including renewable energy systems and energy efficiency solutions. Patents, technology, and
Information and Communication Technology (ICT) play a crucial role in driving this transition.
The Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) recognizes the
importance of intellectual property rights in promoting innovation and technology transfer. Article
7 of the TRIPS Agreement provides that intellectual property rights should contribute to the
promotion of technological innovation and the transfer and dissemination of technology.' The Paris
Agreement also emphasizes the need for innovation and technology transfer to support climate
change and adaptation efforts. Article 10(4) of the Paris Agreement encourages countries to
promote technology development and transfer.? In Nigeria, the National Environmental (Control of
Emissions from Solid Waste Disposal Sites) Regulations, 2018, and the Electric Power Sector
Reform Act, 2005, demonstrate the government’s commitment to promoting clean energy and
reducing emissions. These regulatory frameworks provide opportunities for innovation and
investment in clean energy technologies.

Innovation, patents, and Information and Communication Technology (ICT) play a vital role in
driving sustainable development, particularly in the context of clean energy transition. The
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development and deployment of clean energy technologies, such as renewable energy systems and
energy efficiency solutions, rely heavily on innovation and technological advancements.

Patents can promote innovation by providing incentives for inventions and inventors to invest in
research and development. The Agreement on Trade-Related Aspects of Intellectual Property
Rights (TRIPS) recognizes the value of intellectual property rights in promoting technological
innovation and transfer.?

ICT can also drive sustainable development by enhancing the efficiency and effectiveness of clean
energy systems. For instance, smart grids and smart metering technologies can optimize energy
distribution and consumption, reducing energy waste and greenhouse emissions. The use of ICT in
clean energy sources into the grid, promoting a more sustainable energy mix.

The United Nations’ Sustainable Development Goals (SDGs) also highlight the importance of
innovation and technology in driving sustainable development. SDG 9 focuses on building resilient
infrastructure, promoting inclusive and sustainable industrialization, and fostering innovation. SDG
7 aims to ensure access to affordable, reliable, sustainable, and modern energy for all, emphasizing
the need for innovation and technology in the energy sector.*

Thus, innovation, patents, and ICT are crucial drivers of sustainable development, particularly in
the context of clean energy transition. Policymakers and stakeholders are expected to create an
enabling environment that promote innovation, technology transfer, and the development of clean
energy solutions.

This paper will examine the interplay between patents, technology, and ICT in accelerating the
clean energy transition. It will explore the role of patents in promoting innovation and technology
transfer, the impact of ICT on clean energy systems, and the challenges and opportunities arising
from the integration of these technologies.

2. Literature Review

The transition to clean energy is a pressing global imperative, driven by the need to mitigate climate
change and ensure sustainable development. The role of innovation, patents, technology, and
Information and Communication Technology (ICT) in accelerating this transition has been
increasingly recognized. Patents play a crucial role in promoting innovation in clean energy
technologies. According to the United Nations Framework Convention on Climate Change
(UNFCCC), patents can facilitate the development and dissemination of climate-friendly
technologies. However, the patent system can also create barriers to technology transfer,
particularly in developing countries. As noted by Professor Keith Maskus, “patents can both

facilitate and hinder technology transfer, depending on the specific circumstance”.’

The application of technology and ICT is critical in accelerating the clean energy transition. ICT
can enable the efficient management of energy sources into the grid. For instance, smart grids and
smart meters can help manage energy distribution and consumption in real-time.® Furthermore,
technologies such as artificial intelligence and block-chain can enhance the efficacy and
transparency of energy systems.7

3TRIPS Agreement, Article 7.

#United Nations General Assembly, ‘Transforming our world: the 2030 Agenda for Sustainable Development’ (2015) UN Doc
A/RES/70/1 (SDGs) <www.un.com> accessed 7 May 2025.

K Maskus, ‘The Role of Patent Law in the Transfer of Climate Change Mitigation Technology’ Journal of World Intellectual
Property (2010) (10) 355.

®International Renewable Energy Agency (IRENA), ‘Smart Grids and Renewables: A Guide for Effective Deployment’ (2013).
"European Commission, ‘Blockchain and Energy: An Overview’ (2020) <www.eu.org> accessed 7 May 2025.
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The role of patents, technology and Information and Communication Technology (ICT) in driving
the clean energy transition has been extensively discussed in literature. Nigerian authors have
emphasized the need for innovation and technology transfer to achieve sustainable energy
development in the country. For instance, Akinbami notes that Nigeria’s energy sector is
characterized by inadequate infrastructure, inefficient energy supply, and over-reliance on fossil
fuels and argues that innovation and technology transfer can help address these challenges.®

Foreign authors have also highlighted the importance of patents and ICT in promoting clean energy
innovation. According to Lee and Kim, patents play a crucial role in promoting innovation and
technology transfer in the clean energy sector. They argue that patent protection can incentivize
inventors and innovators to invest in research and development, leading to the development of new
clean energy technologies.’ Information and Communication Technology has also been recognized
as a key driver of clean energy innovation. As noted by Pérez and Sanchez, ICT can enhance the
efficiency and effectiveness of clean energy systems, reducing energy consumption and greenhouse
gas emissions. They contend that the integration of ICT with clean energy technologies can create
smart energy systems that are more efficient, sustainable, and resilient."

Some authors have also raised concerns about the potential barriers to clean energy innovation,
including intellectual property rights and technology transfer. For example, Oguamanam argues
that intellectual property rights can create barriers to technology transfer and innovation in
developing countries. He suggests that a more balanced approach to intellectual property rights s
needed to promote innovation and technology transfer in the clean energy sector.'' As the World
Intellectual Property Organization (WIPO) notes, “the patent system should be designed to promote
innovation and access to technology, while also protecting the rights of inventor.”'?

Thus, it is safe to say that the literature suggests that patients, technology, and ICT play a crucial
role in driving the clean energy transition. Nigerian and foreign authors agree that innovation and
technology transfer are essential for achieving sustainable energy development. However, there are
also concerns about the potential barriers to clean energy innovation, including intellectual property
rights.

3. The Role of Patents in Clean Energy Innovation

Patent laws play a crucial role in promoting innovation and technology transfer in the clean energy
sector. In Nigeria, the Patents and Designs Act Cap P2 LFN 2004 provides for the protection of
patents, including those related to clean energy technologies. Section 1 of the Act defines patentable
inventions, including those that are new, involve an inventive step, and are industrially applicable.
The Act also provides for the protection of patents for a period of 20 years from the date of filing."
In terms of application to clean energy technologies, Nigerian patent law provides for the protection
of inventions related to renewable energy sources, such as solar and wind power. For instance, a
patent application for a novel solar panel design or a wind turbine blade would be eligible for
protection under the Nigerian patent law.

8] F K Akinbami, ‘Energy Development and Utilization in Nigeria: A Case Study of Electricity Sector’ Journal of Energy and
Natural Resources Management (2011) 2 (1) 1.

°S Lee and J Kim, ‘The Role of Patents in Clean Energy Technology Transfer’. Energy Policy (2015) 43 (1) 381.

1F Perez, and L Sanchez, ‘Smart Energy Systems: Integrating Renewable Energy and ICT’. Applied Energy (2017) 105 (1)
272.

1C Oguamanam, ‘Intellectual Property, Access to Clean Energy Technologies, and Sustainable Development. Journal of World
Intellectual Property (2013) 16 (2) 163.

12World Intellectual Property Organization (WIPO), ‘Patents and Clean Energy: Bridging the Gap between Evidence and Policy
(2013) < www.wipo> accessed 7 May 2025.

3Patents and Design Act Cap P2, LFN 2004.
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Foreign patent laws, such as the European Patent Convention (EPC) and the United States Patent
Act, also provide for the protection of clean energy technologies. Article 52(1) of the European
Patent Convention defines patentable inventions, including those that are new, involve an inventive
step, and are susceptible to industrial application. The EPC also provides for the protection of
patents for a period of 20 years from the date of filing.'* in the United States, the Patent Act provides
for the protection of patents related to clean energy technologies, including solar, wind and
geothermal energy. The US Patent and Trademark Office (USPTO) has established a special
programme to accelerate the examination of patent applications related to clean energy
technologies.'® The application of patent laws to clean energy technologies has been demonstrated
in various cases. For example, in the case of Enercon GmbH v Zapat A Wind Turbines GmbH,'°the
English High Court considered the validity of a patent related wind turbine technology. The court
held that the patent was valid and that the defendant’s wind turbine design infringed patent.

In Nigeria, the National Office for Technology Acquisition and Promotion (NOTAP) is responsible
for regulating technology transfer and innovation, including in the clean energy sector. NOTAP’s
role includes promoting the development and commercialization of indigenous technologies,
including clean energy technologies. NOTAP has also established programmes to support the
development of clean energy technologies, including solar and wind power.'’

In terms of challenges, patent laws can create barriers to technology transfer and innovation in
developing countries. For instance, the cost of obtaining and maintaining a patent can be
prohibitively expensive for small and medium-sized enterprises (SMEs) in developing countries.
Additionally, patent laws can limit access to clean energy technologies, particularly in cases where
patents are held by foreign companies.'® To address these challenges, policymakers and
stakeholders can consider various options including:
1. Compulsory licensing: This allows governments to grant licenses to third parties to use
patented technologies without the consent of the patent holder.
2. Patent pools: This involves the creation of a pool of patents related to clean energy
technologies, which can be licensed to third parties on a non-exclusive basis.
3. Open-source innovation: this involves the development and sharing of clean energy
technologies without patent protection.'

It is evident that patent laws play a crucial role in promoting innovation and technology transfer in
the clean energy sector. Nigerian and foreign patent laws provide for the protection of clean energy
technologies, and various cases have demonstrated the application of patent laws of patent laws to
clean energy technologies. However, patent laws can also create barriers to technology transfer and
innovation, and policy-makers must consider various options to address these challenges.

3.1 Patent Trends and Innovation in Clean Energy Sectors

The clean energy sector has witnessed significant innovation in recent years, driven by the need to
mitigate climate change and ensure sustainable development. Patents play a crucial role in
promoting innovation in clean energy technologies. This analysis examines patent trends and
innovation in clean energy sectors, with a focus on solar, wind, and hydro energy. Patent filings in
clean energy technologies have increased significantly over the past decade. According to the

14European Patent Convention (EPC) (2000) OJ EPO 581.

15United States Patent Act 35 USC § 101 (2012).

16(2013) EWHC 1343.

"National Office for Technology Acquisition and Promotion (NOTAP) Act Cap N62 LFN 2004.

BWIPO, ‘Patents and Clean Energy: A Review of the Issues (2011) <www.wipo.org> accessed 25 April 2025.
YICSTD, ‘Intellectual Property Rights and Climate Change: A Review of Literature (2011).
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International Energy Agency (IEA), patent filings in renewable energy technologies grew by 22 %
between 2005 and 2015.%°

3.1.1 Innovation in Solar Energy

Solar energy has been a key area of innovation in clean energy. Patents in solar PV technologies
have focused on improving efficiency, reducing costs, and developing new materials. For instance,
the development of bifacial solar panels has increased energy output by up to 25%.%' Companies
such as Tesla and SunPower have been at the forefront of innovation in solar energy, with patents
in solar panel technology and energy storage systems.**

3.1.2 Innovation in Wind Energy

Wind energy has also been a significant area of innovation in clean energy. Patents in wind turbine
technology have focused on improving efficiency, reducing noise, and increasing reliability. For
instance, the development of direct drive wind turbines has eliminated the need gearboxes, reducing
maintenance costs and increasing efficiency.”> Companies such as Vestas and Siemens Gamesa
have been leaders in innovation in wind energy, with patents in wind turbine design and control
systems.**

3.1.3 Innovation in Hydro Energy

Hydro energy has been a long-standing source of renewable energy, with innovation focusing on
improving efficiency and reducing environmental impact. Patents in hydro turbine technology have
focused on improving efficiency, reducing noise, and increasing reliability.>> Companies such as
General Electric and Voith Hydro have been leaders in innovation in hydro energy, with patents in
hydro turbine design and control systems.*®

The patent landscape in clean energy is complex, with multiple players and technologies involved.
According to the European Patent Office (EPO), patent applications in clean energy technologies
have increased significantly over the past decade, with solar energy being a major driver of
innovation.”” The EPO has also noted that patent applications in clean energy technologies are
increasingly focused on energy storage and grid management.”®

3.2 Patent-Related Challenges and Opportunities in Clean Energy Development

While patents can promote innovation in clean energy technologies, they can also create barriers to
technology transfer, particularly in developing countries. The Agreement on Trade-Related Aspects
of Intellectual Property Rights (TRIPS) provides a framework for balancing patent rights with
public policy objectives, such as promoting access to clean energy technologies.”’ Companies and
governments must navigate these complex issues to ensure that patents promote innovation while
also facilitating access to clean energy technologies.

2International Energy Agency (IEA), ‘Energy Technology Perspectives 2017° (2017) 145 <www.iea.org> accessed 7 May
2025.

21 A Ritchter et al, ‘Bifacial Solar Cells: A Review’ Journal of Photovoltaics (2018) (8) 1144.

22Tesla, Inc, ‘Solar Panel and Energy Storage System’ US Patent 10,340,411 (2019); SunPower Corporation, ‘Solar Panel with
Improved Efficiency’ US Patent 9,673,549 (2017).

23F Meng et al, ‘Direct Drive Wind Turbine: A Review’ (2019) 129 Renewable and Sustainable Energy Reviews 303.

24Vesta Wind Systems A/S, ‘Wind Turbine with Improved Efficiency’ US Patent 10,125,411 (2018); Siemens Gamesa
Renewable Energy A/S, ‘Wind Turbine Control System’ US Patent 10,046,221 (2018).

2BS Goud et al, ‘Hydro Turbine: A Review’ (2020) 145 Journal of Energy Engineering 04020013,

26General Electric Company, ‘Hydro Turbine with Improved Efficiency’ US Patent 10,302,111 (2019); Voith Hydro Holding
GmBH & Co KG, ‘Hydro Turbine Control System’ US Patent 10,173,331 (2018).

?’European Patent Office, ‘Patents and Clean Energy: A Review of the Literature’ (2013).

Z8European Patent Office, ‘Clean Energy Patents: A Review of Patent Applications in the Field of Renewable Energy’ (2020).
29 Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS Agreement) (1994) 33 ILM 1197, Art7.
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Consequently, the development and dissemination of clean energy technologies are crucial for
mitigating climate change and ensuring sustainable development. Patents play a significant role in
promoting innovation in clean energy technologies. However, patent-related challenges can hinder
the development and dissemination of these technologies. This examination examines the patent-
related challenges and opportunities in clean energy development.

3.2.1 Challenges

a. Patent Thickets: Overlapping patent claims can create patent thickets, hindering innovation
and technology transfer in clean energy.*’

b. Patent Hold-Up: Patent holders can use their patents to block or delay the development and
deployment of clean energy technologies.*!

c. Limited Access: Patents can limit access to clean energy technologies, particularly in
developing countries.*

d. High Costs: Patent litigation and licensing fees can be costly, deterring innovation and
technology transfer in clean energy.*

3.2.2 Opportunities

1. Innovation Incentives: Patents can incentivize innovation in clean energy technologies by
providing exclusive rights to inventors.**

2. Technology Transfer: Patents can facilitate technology transfer in clean energy by providing
a framework for licensing and collaboration.*

3. Collaboration and Licensing: Open innovation models, such as patent pools and licensing
agreements, can promote collaboration and technology transfer in clean energy.*

4. Green Technology: Patent can promote the development and dissemination of green
technologies, such as renewable energy and energy efficiency technologies.’

The Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) provides a
framework for balancing patent rights within public policy objectives, such as promoting access to
clean energy technologies.*® Governments and policy-makers can use various mechanisms, such as
compulsory licensing, patent pools, and research exemptions, to balance patent rights with public
policy objectives.”® Consequently, patent-related challenges and opportunities in clean energy
development highlight the complex interplay between patents, innovation, and technology transfer.
Policymakers and stakeholders must balance patent rights with public policy objectives to ensure
that patents promote innovation and access to clean energy technologies.

4. Information and Communication Technology in Clean Energy Systems

The integration of information and Communication Technology (ICT) in clean energy systems has
revolutionized the way energy is generated, transmitted, and consumed. ICT applications have
improved the efficiency, reliability, and sustainability of clean energy systems. This discussion

30C Shaipro, ‘Navigating the Patent Thicket: Cross-Licenses, Patent Pools, and Standard-Setting’ in A Jaffe, J Lerner and S
Stern (eds), Innovation Policy and the Economy (MIT Press, 2001) 121.

3IM A Lemely, and C Shapiro, ‘Patent Holdup and Royalty Stacking’ (2007) 85 Texas Law Review 1991.

32K E Maskus, ‘Intellectual Property Rights and Technology Transfer in Developing Countries’ in A Sydorak and A K Menon
(eds), Intellectual Property and Development: Lessons from Recent cases (Springer 2013) 15.

3] E Stiglitz, ‘Making Globalization Work’ (WW Norton & Company 2006) 121.

34Schumpeter J, ‘Capitalism, Socialism, and Democracy’ (Harper & Brothers 1942) 87.

3SUNFCCC, ‘Technology Transfer and Climate Change’ (2009) FCCC/TP/2009/1.

36M A Heller and R S Eisenberg, ‘Can Patents Deter Innovation? The Anticommons in Biomedical Research’ (1998) 280
Science 698.

3 Association for Molecular Pathology v Myriad Genetics, Inc 569 US 576 (2013).

3TRIPS Agreement (1994) 33 ILM 1197, Art 7.

39J Reichman and Hasenzahl, ‘Non-Voluntary Licensing of Patented Inventions: Historical Perspective, Legal Framework, Best
Practices’ (2003) UNCTAD-ICTSD Project of IPRs and Sustainable Development 34.
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provides an overview of ICT applications in clean energy systems, with a focus on smart grids,
energy management systems, and renewable energy integration.

A. Smart Grids

Smart grids are intelligent energy networks that use ICT to manage energy distribution and

consumption. Smart grids enable real-time monitoring and control of energy systems, improving

efficiency and reducing energy losses.*’ ICT applications in smart grids include:

a) Advanced Mastering Infrastructure (AMI) for realt-time energy monitoring and billing.*!

b) Grid Management Systems (GMS) for optimizing energy distribution and reducing power
outages.*?

B Energy Management Systems

Energy Management Systems (EMS) use ICT to optimize energy consumption and reduce energy
waste. EMS can be used in buildings, industries, and homes to manage energy usage and reduce
energy costs.* Information and Communication Technology in EMS include:

a) Building Management Systems (BMS) for optimizing energy usage in buildings.**

b) Home Energy Management Systems (HEMS) for managing energy usage in homes.*’

C Renewable Energy Integration

Renewable energy sources, such as solar and wind power, are intermittent and variable. ICT
applications can help integrate renewable energy sources into the grid, ensuring a stable and reliable
energy supply.*® ICT applications in renewable energy integration include:

a) Forecasting and predictive analytics for predicting renewable energy outpu
b) Grid stabilization systems for ensuring grid stability and reliability.*®

t.47

D Predictive Analytics

Predictive analytics uses ICT to analyze data and predict renewable energy output. Predictive
analytics improves the accuracy of renewable energy forecasting, enabling better grid management
and energy trading.*’ ICT applications in predictive analytics include:

a) Machine learning algorithms for predictive renewable energy output.>

b) Data analytics platforms for analyzing and visualizing renewable energy data.”’

The benefits of ICT applications in clean energy systems include improved efficiency, reduced
energy loses, and increased sustainability. However, there are also challenges such as cybersecurity
risks associated with ICT systems,’* and interoperability issues between different ICT systems.>
Thus, ICT applications play a crucial role in clean energy systems, enabling improved efficiency,

“OEuropean Commission, ‘Smart Grids: From Innovation to Deployment’ (2011) COM (2011) 202 final.

4IM G Simoes et al, ‘Smart Grid Technologies: Communication Technologies and Standards’ (2011) 58 IEEE Transactions on
Smart Grid 2810.

42SSSR Depuru et al, ‘Smart Grid Architecture: Communication and Data Management® (2017) 55 IEEE Transactions on Smart
Grid 2810.

4] L Mathieu et al, ‘Energy Management Systems: A Review of the Literature’ (2019) 13 Energy and Buildings 109924.

44Y Zhang et al, ‘Building Energy Management Systems: A Review’ (2020) 211 Energy and Buildings 110339.

“H Lee et al, ‘Home Energy Management Systems: A Review’ (2020) 8 IEEE Transactions on Consumer Electronics 150.
“SInternational Renewable Energy Agency (IRENA), ‘Renewable Energy Market Analysis: Developing Countries’ (2019).

47J Liu et al, ‘Forecasting Renewable Energy Output: A Review’ (2020) 145 Renewable and Sustainable Energy Reviews
109151.

Y Li et al, ‘Grid Stabilization Systems for Renewable Energy Integration’ (2020) 10 IEEE Transactions on Smart Grid 4010.
Y Li et al, ‘Machine Learning for Renewable Energy Forecasting: A Review’ (2020) 10 IEEE Transactions on Neural
Networks and Learning Systems 150.

S0Li et al, (n46) 150.

S'Wu D et al, ‘Data Analytics for Renewable Energy: A Review’ (2020) 8 IEEE Transactions on Big Data 150.

2European Union Agency for Network and Information Security (ENISA), ‘Smart Grid Security: Challenges and
Recommendations’ (2012).

SInternational Electrotechnical Commission (IEC), ‘Smart Grid Standards: Overview and Applications’ (2019).
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reliability, and sustainability. As the energy sector continues to evolve, the importance of ICT
applications will only continue to grow.

4.1 The Pivotal Role of ICT in Clean Energy Development: Challenges and Opportunities
The global transition to a low-carbon economy is driven by the urgent need to mitigate climate
change and ensure sustainable development. Information and Communication Technology (ICT)
plays a vital role in this transition, enabling the efficient generation, transmission, and consumption
of clean energy. As the energy sector becomes increasingly decentralized and digitilized, ICT is
transforming the way energy is managed, monitored, and optimized. However, the integration of
ICT in clean energy development also presents several challenges and opportunities that must be
considered. The integration of ICT in clean energy development has brought numerous benefits,
including improved efficiency, reliability, and sustainability. However, ICT also present several
challenges and opportunities that must be addressed. This discussion examines the ICT-related
challenges and opportunities in clean energy development, highlighting best practices.

4.1.1 Information and Communication Technology-Related Challenges and Opportunities

in Clean Energy Development

A. Challenges:

i.  Cybersecurity Risks: ICT systems in clean energy infrastructure are vulnerable to cyber threats,
which can compromise the reliability and security of the energy supply.>*

ii. Interoperability Issues: Different ICT systems and technologies may not be compatible,
hindering seamless integration and coordination.”

iii. Data Management: The vast amounts of data generated by ICT systems in clean energy
infrastructure require effective management and analysis to ensure optimal performance.>®

B. Opportunities:

i.  Smart Grids: ICT enables the development of smart grids, which can efficiently manage energy
distribution and consumption, reducing energy losses and improving grid.>’

ii. Renewable Energy Integration: ICT facilitates the integration of renewable energy sources into
the grid, enabling real-time monitoring and control of energy supply and demand.>®

iii. Energy Efficiency: ICT can optimize energy consumption in buildings and industries, reducing
energy waste and improving energy efficiency.>

4.2 International Best Practices in Patents, Technology, and ICT for Clean Energy
Transition

The clean energy transition requires innovative solutions, and patents, technology, and Information
and Communication Technology (ICT) play a crucial role in accelerating this process. International
best practices can guide policymakers, industries, and stakeholders in harnessing innovation for a
sustainable future. The clean energy transition is not just about adopting new technologies, but also
about creating a paradigm shift in how we innovate, collaborate, and regulate. Patents, technology,
and ICT are crucial components of this transition, and their interplay can unlock new opportunities
for sustainable development.

>Buropean Union Agency for Network and Information Security (ENISA), ‘Smart Grid Security: Challenges and
Recommendations’ (2012).

3International Electrotechnical Commission (IEC), ‘Smart Grid Standards: Overview and Applications’ (2019).

3Depuru et al, (n42) 145.

S’European Commission, ‘Smart Grids: From Innovation to Deployment’ (2011) COM (2011) 202 final.

8International Renewable Energy Agency (IRENA), ‘Renewable Energy Market Analysis: Developing Countries’ (2019).
39Zhang et al, (n44).
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4.2.1 Patent-Related Best Practices

1. Patent Pools: Patent pools can facilitate the sharing of patented technologies, promoting
collaboration and reducing litigation risks.®

2. Open-Source Licensing: Open-source licensing models can encourage innovation and
accessibility in clean energy technologies.®!

3. Patent Disclosure Requirements: Mandatory patent disclosure requirements can ensure
transparency and facilitate the development of compatible technologies.®

4. Green Patent Incentives: Governments can offer incentives for green patent filings,
encouraging innovation in clean energy technologies.®

4.2.2 Technology-Related Best Practices

1. Technology Transfer: Effective technology transfer mechanisms can enable the dissemination
of clean energy technologies to developing countries.®*

2. Research and Development (R&D) Collaboration: Collaborative R&D efforts can accelerate
innovation in clean energy technologies.®

3. Demonstration Projects: Demonstration projects can showcase the feasibility and
effectiveness of new clean energy technologies.®

4. Artificial Intelligence (Al) for Energy Optimization: Al can optimize energy consumption,
predict energy demand, and improve grid management.®’

5.  Blockchain for Renewable Energy Trading: Blockchain technology can enable secure,
transparent, and efficient renewable energy trading.®®

4.2.3 1CT-Related Best Practices:

1. Internet of Things (IoT) for Energy Management: The Internet of Things (IoT) has numerous
applications across various industries and aspects of life. In the realm of smart homes, IoT
enables the control and monitoring of appliances, lighting, security systems remotely,
enhancing convenience, comfort, and energy efficiency. Wearable devices and sensors track
vital signs, fitness metrics, and health indicators, empowering individuals to take proactive
control of their well-being.®’

2. 5G Networks for Smart Grids: 5G networks can provide high-speed, low-latency
communication for smart grid applications. The benefits of 5G networks for smart grids are
numerous and transformative. With 5G, smart grids can handle a massive influx of connected
devices, including smart meters, sensors, and home energy systems, enabling grid operators to
get more detailed and timely insights into energy usage. This enhances connectivity allows for
real-time data monitoring, which is crucial for managing complex, decentralized energy
systems and ensuring grid stability.”

4.3 The Interplay between Patents, technology, and ICT in Clean Energy Transition: A
Catalyst for Sustainable Development

The pressing need for a global transition to energy necessitates a profound understanding of the

intricate relationships between patents, technology, and Information and Communication

Technology (ICT). This synergy holds the key to unlocking innovative solutions that can mitigate

climate change and promote sustainable development.

%Contreras J., ‘Patent Pledges and Patent Pools’ (2015) 47 Arizona State Law Journal 115.

61Carroll MW, ‘Sharing Research Data and Intellectual Property Law’ (2006) 82 Chicago-Kent Law Review 1271.
92European Patent Office, ‘Patentability of Computer-Implemented Inventions’ (2018).

93European Patent office, ‘Patents for Clean Energy Technologies’ (2020).

%4United Nations Framework Convention on Climate Change, ‘Technology Transfer and Development’ (2015).
%International Energy Agency, ‘Collaborative Research and Development’ (2019). <www.iea.org> accessed 22 May 2025.
%European Commission, ‘Demonstartion Projects’ (2020). <www.eu.org> accessed 22 May 2025.

%’National Renewable Energy Laboratory, ‘Artificial Intelligence for Energy Optimization® (2020).

%8Energy Web Foundation, ‘Blockchain for Renewable Energy Trading’ (2020).

®International Organization for Standardization, ‘Internet of Things (IoT) for Energy Management’ (2020).
'GSMA, ‘5G Networks for Smart Grids’ (2020).
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On one hand, patents play a pivotal role in fostering innovation in clean energy technologies by
providing secure mechanisms for protecting intellectual property rights. The grant of exclusive
rights to inventors enables them to recoup their investments in research and development, thereby
incentivizing further innovation.

a) Patent Protection: The importance of strong patent protection in promoting innovation in clean
energy technologies cannot be overstated. Article 27 of TRIPS Agreement underscores the
significance of patent protection in encouraging innovation.

b) Patent Licensing: Patent licensing agreements can facilitate the widespread adoption of clean
energy technologies, promoting collaboration and innovation. As noted by Carlos M. Correa,
patent licensing can play a crucial role in the development and deployment of clean energy
technologies.”!

Technology, in its own rights, is a vital component of the clean energy transition, providing
innovative solutions to reduce greenhouse gas emissions and promote sustainable development.
Technology is a cornerstone of clean energy transition in:

a) Renewable Energy Technologies: The development and deployment of renewable energy
technologies, such as solar and wind power, are essential for reducing dependence on fossil
fuels and mitigating climate change. The International Energy Agency (IEA) has highlighted
the importance of these technologies in promoting energy efficiency and reducing emissions.”

b) Energy Efficiency Technologies: Technologies that improve energy efficiency, such as smart
grids and building management systems, can significantly reduce energy consumption and
promote sustainable development.

Information and Communication Technology (ICT), on the other hand, play and can play a crucial
role in enabling development of smart energy systems, which are critical for efficient energy
distribution and consumption. ICT is an enabler of smart energy systems through:

a. Smart Grids: The integration of ICT into smart grids can enable the efficient distribution and
consumption of energy, promoting energy efficiency. The European Commission has
emphasized the importance of smart grids in promoting innovation and deployment of clean
energy technologies.”

b. Energy Management Systems: ICT-based energy management systems can help reduce energy
consumption and promote sustainable development by providing real-time monitoring and
control of energy usage.

The interplay between patents, technology, and ICT can accelerate the development and
deployment of clean energy solutions, promoting innovation and sustainability. By understanding
the role of patents in promoting innovation, the importance of technology in reducing greenhouse
gas emissions, and the enabling role of ICT, stakeholders can work together to develop and deploy
clean energy solutions that promote sustainable development and mitigate climate change.

4.4 Examination of Case Studies of Successful Integration of Patents, Technology and ICT
in Clean Energy Projects

The clean energy transition is a pressing global issue that requires innovative solutions, and patents,

technology, and Information and Communication Technology (ICT) are key drivers of this

transition. By examining in-depth case studies and examples of successful integration of patents,

technology and ICT in clean energy projects, we gain valuable insights into the potential of these

innovations to accelerate the clean energy transition.

7IM C Carlos, ‘Intellectual Property and the Development of Clean Energy Technologies’ (2011).
"International Energy Agency (IEA), ‘Energy Efficiency Market Report 2020’ <www.iea.org>. accessed 3 June 2025.
73European Commission, ‘Smart Grids: From Innovation to Deployment’ <www.eu.org> accessed 3 June 2025.
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Case Study 1: Solar Energy Technology

The development and deployment of solar energy technology is a prime example of the successful

integration of patents, technology, and ICT in clean energy projects. Patents have played a crucial

role in protecting intellectual property rights and incentivizing innovation in solar energy
technology.

a. Patent Protection: Patents have been used to protect intellectual property rights in solar energy
technologies, such as photovoltaic cells and solar panels. For example, the University of
California, Los Angeles (UCLA) has been granted patents for its innovative solar energy
technologies, which have been licensed to industry partners for commercialization.”

b. Technology Advancements: Advances in solar energy technology have improved the
efficiency and cost-effectiveness of solar systems. For example, the development of bifacial
solar panels has increased energy output and reduced costs.”

c. ICT Integration: ICT has been used to optimize the performance of solar energy systems,
predict energy output, and monitor system health. For example, smart inverters and monitoring
systems.”®

Case Study 2: Wind Energy Technology

The development and deployment of wind energy technology is another example of successful

integration of patents, technology and ICT in clean energy projects.

a. Patent Protection: Patents have been used to protect intellectual property rights in wind
energy technologies, such as wind turbine designs and control systems, for instance, Vestas
Wind Systems A/S has been granted patents for its innovative wind turbine designs, which
have improved energy output and reduced costs.”’

b. Technology Advancements: Advances in wind energy technology have improved the
efficiency and cost-effectiveness of wind energy systems. An instance is the development of
larger wind turbines with advanced control systems has increased energy output and reduced
costs.”

c. ICT Integration: ICT has been used to optimize the performance of wind energy systems,
predict energy output, and monitor system health. For example, advanced control systems can
optimize energy output and detect potential issues before they occur.”

Case Study 3: Smart Grid Technology

The evolution and deployment of smart grid technology is a prime example of the successful

integration of patents, technology, and ICT in clean energy projects. Patents have played a crucial

role in protecting intellectual property and incentivizing innovation in smart grid technology.

a. Patent Protection: Patents have been used to protect intellectual property rights in smart grid
technologies, such as advanced metering infrastructure and grid management systems. For
example, General Electric Company has been granted patents for its innovative smart grid
technologies, which have improved energy efficiency and reduced costs.*

b. Technology Advancements: Advances in smart grid technology have improved the efficiency
and reliability of energy distribution and consumption. For example, the development of
advanced metering infrastructure has enabled real-time monitoring and control of energy
usage.

74University of California, Los Angeles (UCLA), ‘Solar Energy Patents’. <www.ucla.org> accessed 5 June 2025
7SInternational Energy Agency (IEA), ‘Solar Energy: Emerging Trends and Technologies’. <www.iea.org> accessed 5 June
2025.

76European Commission, ‘Smart Grids: From Innovation to Deployment’. <www.eu.org> accessed 5 June 2025

"TVestas Wind Systems A/S, ‘Wind Energy Patents’.

78Global Wind Energy Council (GWEC), ‘Wind Energy: A Key Player in the Clean Energy Transition’.

"International Electrochemical Commission (IEC), ‘Wind Energy: Standards and Patents’.< www.iec.org> accessed 5 June
2025

89General Electric Company, ‘Smart Grid Patents’. <www.gec.org> accessed 15 June 2025
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c. ICT Integration: ICT has been used to enable the development of smart grids, which can
integrate renewable energy sources into the grid and promote energy efficiency. For example,
advanced grid management systems can optimize energy distribution and consumption in real-
time.®!

The successful integration of patents, technology, and ICT in clean energy projects has the potential
to accelerate the clean energy transition and promote sustainable development. By examining in-
depth case studies and examples of successful integration, we can gain valuable insights into the
potential of these innovations to drive the clean energy transition.

4.5 Policy and Regulatory Frameworks

The existing policy and regulatory frameworks play a crucial role in supporting clean energy
development by providing incentives, setting standards, and promoting investment in renewable
energy technologies. For instance, agreements like the Paris Agreement and the United Nation’s
Sustainable Development Goals (SDGs) provide a global framework for transitioning to clean
energy and facilitating knowledge-sharing and technology transfer.®* At the national level, countries
have implemented policies like feed-in tariffs, tax incentives, and renewable portfolio standards to
promote clean energy development. Regulatory bodies establish metrics and indicators to monitor
progress, assess policy effusiveness, and make adjustments to support clean energy transition.®’
Laws mandating specific percentages of energy generation from renewable sources create a
conducive environment for clean energy development. Regulations ensure seamless integration of
renewable energy sources into existing power grids, updating grid codes and standards to
accommodate intermittent sources like wind and solar.®*

4.5.1 Incentives and Support Mechanisms

i.  Research and Development (R&D) Incentives: Regulatory frameworks provide incentives for
research and development in clean energy technologies, encouraging innovation and
deployment of advanced solutions.

1i. Tax Credits and Subsidies: Government offer tax credits, subsidies, and other financial
mechanisms to support the growth of renewable energy industries and make clean energy
technologies more affordable.

iii. Feed-in Tariffs: Policies like feed-in tariffs guarantee a fixed price for renewable energy
producers, providing a stable revenue stream and encouraging investment.®’

4.5.2 Impact of Policies and Agreements

i.  Increased Investment: government policies and international agreements have led to increased
investment in clean energy research and development.

ii. Accelerated Deployment: Policies like feed-in tariffs and renewable portfolio standards have
accelerated the deployment of clean energy technologies.

iii. Innovation and Job Creation: Clean energy policies have driven innovation and job creation in
the clean energy sector.®

However, these are not without challenges and opportunities, this is because ensuring policy
coherence across different sectors is crucial to support the clean energy transition and avoid
conflicting incentives. Thus, regulatory frameworks can mandate community engagement and
participation in decision-making processes, ensuring that local concerns and interests are addressed.

$TEU (n76).

82]EA, ‘Patents and the Energy Transition’(2021). <www.iea.org> accessed 28 July 2025.

8Policy - IRENA, www.irena.org Accessed 28 July 2025.

841EA (82)

85Kalikumutima, ‘The Role of Legal, Regulatory, and Institutional Frameworks in the Just Energy Transition’,
<www kailikumutima.com> accessed 28 July 2025.

8IRENA, ‘Global Renewables Outlook: Transforming the Energy System’, <www.irena.org> accessed 28 July 2025.
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In Nigeria, stakeholders have called for stronger legal and policy frameworks to boost investments
and accelerate the country’s transition to clean energy. The development of model electricity laws
and regulatory frameworks can enhance renewable energy’s role in the mix.%’

5. Summary of Key Findings, Conclusion and Recommendations

5.1 Summary of Key Findings

The interplay of patents, technology, and ICT plays a crucial role in accelerating the clean energy

transition. Here is a summary of key findings:

5.1.1 Patents and Clean Energy Innovation

i.  Patent Activity: Patent filings in clean energy technologies have increased significantly,
indicating growing innovation and investment in the sector.

ii. Patent Quality: The quality of patents in clean energy technologies have improved, refelcting
advancements in technology and innovation.

iii. Patent Collaboration: Collaboration between inventors and organizations has increased,
facilitating knowledge-sharing and technology.

5.1.2 Technology and Clean Energy Deployment

i.  Renewable Energy Technologies: Advancements in renewable energy technologies, such as
solar and wind power, have improved efficiency and reduced costs.

ii. Energy Storage: Innovations in energy technologies have enabled greater integration of
intermittent renewable energy sources into the grid.

iii. Smart grids: The adoption of smart grid technologies has improved the efficiency and
reliability of energy distribution.

5.1.3 ICT and Clean Energy Transition

i.  Digitalization: ICT has enabled the digitalization of energy systems, improving efficiency,
reliability, and flexibility.

ii. Data Analytics: Data analytics has played a crucial role in optimizing energy consumption,
predicting energy demand, and improving energy efficiency.

iii.  Artificial Intelligence: Al has been applied in various aspects of clean energy, including energy
management, predictive maintenance, and energy storage.

5.1.4 Policy and Regulatory Frameworks

i.  Supportive Policies: Government policies and regulations have played a crucial role in
promoting clean energy innovation and deployment.

ii. International Cooperation: International cooperation has facilitated knowledge-sharing,
technology transfer, and joint research initiatives in clean energy.

iii. Regulatory Frameworks: Regulatory frameworks have been adapted to accommodate the
integration of clean energy technologies into existing energy systems.

5.1.5 Implications for Policy-Makers, Industry Stakeholders, and Scholars
The interplay of patents, technology, and ICT in accelerating the clean energy transition has
significant implications for policy-makers, industry stakeholders, and scholars.

5.1.6 Implications for Policy-Makers

a. Supportive policies: Policy-makers must create supportive policies that encourage innovation,
investment, and deployment of clean energy technologies.

b. Regulatory frameworks: Regulatory frameworks must be adapted to accommodate the
integration of clean energy technologies into existing energy systems.

870 Moses, ‘Experts Push Policy Reforms to Boost Renewable Energy Investments’, <www.leadership.ng> accessed 28 July
2025.
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c. International cooperation: Policy-makers must further facilitate international cooperation to
address global energy challenges and promote knowledge sharing.®®

5.1.7 Implications for Industry Stakeholders

a. Investment in clean energy: Industry stakeholders must invest in clean energy technologies and
infrastructure to drive the transition to a low-carbon economy.

b. Innovation and R&D: Companies must prioritize innovation and research and development in
clean energy energy technologies to stay competitive and address global energy challenges.

c. Collaboration and partnerships: Industry stakeholders must collaborate with other
stakeholders, including governments and academia, to drive the clean energy transition.

5.1.8 Implications for Scholars

a. Interdisciplinary research: Scholars must conduct interdisciplinary research that combines
technical, economic, and social sciences to address the complex challenges of the clean energy
transition.

b. Knowledge-sharing: Scholars must share their research findings with policy-makers, industry
stakeholders, and other stakeholders to inform policy and decision-making.

c. Capacity building: Scholars must build capacity in clean energy research and education to
address the growing demand for skilled professionals in the sector.”

5.2 Conclusion

The interplay between patents, technology, and Information and Communication Technology (ICT)
is pivotal in accelerating the clean energy transition. By harnessing innovation and technological
advancements, we can overcome existing challenges and unlock new opportunities for sustainable
energy development.

Patents play a crucial role in driving innovation by facilitating the development and
commercialization of clean energy technologies, thereby encouraging investment and innovation.
Advanced technologies, such as artificial intelligence, the Internet of Things, and energy storage,
significantly enhance the efficiency, reliability, and affordability of clean energy systems.
Meanwhile, ICT integrates these systems, enabling real-time monitoring, smart grids, and efficient
energy management.

To fully leverage the potential of innovation in clean energy, it is essential to foster collaboration
among stakeholders, including governments, industries, and academia, to drive innovation and
knowledge sharing. Supportive policy frameworks that promote innovation, investment, and
deployment of clean energy technologies are also vital. Furthermore, addressing challenges related
to patents and intellectual property is necessary to ensure that innovation is accessible and beneficial
to all.

By harnessing the power of innovation, patents, technology and ICT, we can accelerate the clean
energy transition, reduce greenhouse gas emissions, and create a more sustainable future. This
integrated approach will be instrumental in achieving a cleaner, more efficient and sustainable
energy landscape.

5.3 Recommendations
To facilitate the clean energy transition, this paper recommends the following:

88IEA, ‘Energy Policies Beyond IEA Countries: Nigeria 2023°, <www.iea.org> accessed 7 August 2025.
$IRENA, ‘Global Renewables Outlook: Transforming the Energy System (2020), <www.irena.org> accessed 7 August 2025.
%0OECD, ‘Policies for a Low-Carbon Economy (2019)°, <www.oecd.org> accessed 7 August 2025.
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A.
1.
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ii.

iii.
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ii.

iii.

Policy and Investment:
Track and Measure Progress: Rigorous tracking of public and private sector investment in
energy technology innovation is vital to identify gaps and opportunities.
Increase Investment in Clean Technology: Encourage investment in clean energy
technologies, such as solar PV and battery manufacturing, which saw a 50% increase in
investment in 2023, reaching $235 billion.”!
Support competition: Foster competition to drive down costs of clean energy technologies and
ensure developing economies can harness their potential to become properous manufactures.

Technology and Innovation
Leverage Al and data analytics: Utilize machine learning algorithms to analyze vast amounts
of data, enhancing efficiency of renewable energy systems and predicting energy generation
and consumption.
Automation and smart grids: Implement automation and smart grid technologies to optimize
energy distribution, management, and consumption, reducing waste and incorporating
renewable energy sources seamlessly.
Energy storage solutions: Develop and deploy energy storage technologies like lithium-ion
batteries and flow batteries to overcome intermittency issues associated with renewables.

International Cooperation and Development
Secure and resilient supply chains: Establish secure and resilient clean technology supply
chains minimizing supply crunches and alleviating shipping checkpoint risks.
Global knowledge sharing: Encourage international cooperation and knowledge sharing to
accelerate innovation and deployment of clean energy technologies.
Support developing economies: Ensure developing economies can access and benefit from
clean energy technologies, promoting fair and inclusive national transitions.

°IIEA, ‘Energy Perspectives 2024°, <www.iea.org> accessed 7 August 2025.
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