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Abstract

The present research studies the important role that intellectual property may play in spurring
innovation and growth in renewable energy sectors, including bioenergy, wind, & solar
energy. In essence, this is to understand how IP regimes might foster technology development,
attract investment, or address energy-related issues with a view to a global perspective. This
study uses a multidisciplinary approach combining legal research, case studies, and empirical
data to analyze the nexus between IP systems and renewable energy technologies. It explores
patent trends, licensing practices, and how IP policies affect innovation. The research pointing
that strong IP protection spurs innovation because inventors have financial incentives for
inventions. Other challenges include cost implications of filing for patents, restrictive
licensing, and unequal access to IP. This may affect the technology flow. Some proffered
solutions include open-source models of IP and mechanisms for transferring or sharing
technology. These findings stand to benefit policymakers and other stakeholders in informing
what [P policies may be pursued-"balancing the dynamic between innovation and
accessibility," toward a quickened transition to renewable energy across the world. It thereby
contrasts the intertwining of intellectual property law with renewable technologies in the
context of the scholarly and pragmatic dialogues surrounding sustainable development and
energy innovation.
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Bioenergy Innovation, Patents
1. Introduction

Counteracting climate change, protecting energy security, and reducing dependence on fossil
fuels stood as hallmarks for renewable energy to be involved in the energy transition process.
As the third largest consumer of energy in the world, India had to integrate renewable energy

into its energy mix. India has set ambitious targets under the National Action Plan on Climate

107



Vol X Issue I

Change (NAPCC) and the Paris Agreement commitments, including acquiring S00GW of non-
fossil fuel capacity by 2030, of which solar, wind, and bioenergy remain crucial contributors.
Through the National Solar Mission, India has been at the forefront of developing photovoltaic
technology, while wind energy, with its vast potential especially from southern and western
regions (e.g., Tamil Nadu Pradesh and Gujarat), attracts big investments. Bioenergy, in the
form of biogas and biomass power, is doing fairly well since its agriculture co-product and
municipal waste are increasingly being used for energy generation. However, the pace towards
attaining energy independence and sustainability will depend heavily on innovations and

criminalization of social equity in technology access.

IP provides a good incentive for the renewable energy sector to innovate, enabling a
multiplicity of investment avenues. It encourages R&D and commercialization. In the era of
growing IP regimes, as evidenced in the Patents Act of 1970, India affords protection to
innovations in the area of renewable energy, which induces massive investments by the private
sector. The past several years have attested to a rise in patent filing activities relating to
advanced solar cells and wind turbine designs. In a nutshell, this trend has been indicative of
increasing sophistication in the growing indigenous innovation landscape in India. India,
however, faces challenges to strike a balance between IP protection and public interest by
guaranteeing provision of affordable clean energy technologies. Section 84 of the Patents Act
call for a discussion on compulsory licensing as one of the means to dismantle monopoly
barriers in essential renewable technologies. Besides, global collaboration and licensing
agreements enabled technology transfer to India, but patent thickets and high transaction costs
still continue to undermine widespread adaptation. With this paper being one that etches the
interplay between IP and renewable energy technologies in India, aspects such as the way IP
laws influence innovation and accessibility, criticisms of the problematic existing regulatory
environment, and pathways to achieve equitable technology diffusion will be discussed, with
a specific focus on the solar, wind, and bio-energy sectors. It provides actionable information
to guide policymakers, innovators, and stakeholders in the renewable energy ecosystem in the

broader context of India's climate goals and energy policies.
2. Energy Technologies: An Overview
2.1. Evolution of Solar, Wind, and Bioenergy Technologies

Domestic initiatives and global dynamics in clean energy innovation are driving the evolution

of renewable energy technologies in India. The year 2010 marked the launch of the Jawaharlal
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Nehru National Solar Mission, whose ambitious goals aim to put India on the forefront of
global solar power through manufacture and installation of large amounts of solar installations.
Some big additions were made possible in India, the fifth global market for solar power, by the
early adoption of photovoltaic technology and a decremental decline in solar module prices.
The corresponding origination of wind power in India dates from the 1990s; Tamil Nadu and
Maharashtra were the only states equipped to tackle installations. Technological improvements
in turbine design, such as higher hub heights and larger rotor diameters, have increased energy
yields, making wind power a viable energy sources in low-wind-speed regions. Bioenergy
technologies, including biogas plants and biofuel production, have leveraged India's vast
agricultural resources. The introduction of the National Bio-Energy Mission has further
supported the growth of biomass power and bagasse-based cogeneration. However, despite
progress, the pace of adoption has often been hindered by policy gaps and infrastructural

challenges.
2.2. Current Advancements and Market Trends

Recent years have witnessed a rapid transformation in renewable energy technologies, driven
by advancements in digital tools, material sciences, and integration capabilities. In the solar
sector, the advent of bifacial solar panels, thin-film technologies, and perovskite cells has
enhanced efficiency and reduced costs. India’s push for floating solar projects, such as the
Ramagundam Floating Solar Project!, exemplifies the innovative use of land-scarce areas. The
wind energy sector has seen the deployment of hybrid energy systems, combining solar and
wind to optimize generation. Offshore wind farms, though nascent in India, hold immense
potential, with exploratory projects underway along the Gujarat and Tamil Nadu coasts. In the
bioenergy domain, advancements in second-generation biofuels and biomass gasification have
improved energy efficiency and reduced environmental impact. India is also investing in
compressed biogas (CBG) technologies under the Sustainable Alternative Towards Affordable
Transportation (SATAT)? initiative, aimed at reducing vehicular emissions and enhancing

energy security.

2.3.Key Challenges in Scaling Renewable Energy Solutions

' NTPC commissions India’s Largest Floating Solar project in Telangana. | NTPC Limited,
https://ntpc.co.in/media/press-releases/ntpc-commissions-indias-largest-floating-solar-project-telangana (last
visited Dec 18, 2024).
2 Sustainable Alternative Towards Affordable Transportation - Ministry of Petroleum And Natural Gas,
https://mopng.gov.in/en/pdc/investible-projects/alternate-fuels/sustainable-alternative-towards-affordable-
transportation (last visited Dec 18, 2024).
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Despite significant progress, several challenges impede the large-scale adoption of renewable
energy technologies in India. One of the primary barriers is the high upfront cost of renewable
energy installations, particularly for advanced technologies such as offshore wind and second-
generation biofuels. Limited access to financing mechanisms exacerbates this issue, especially
for small and medium enterprises (SMEs) seeking to enter the renewable energy market.
Another critical challenge is the intermittent nature of solar and wind energy, which
necessitates investment in energy storage systems, such as lithium-ion batteries, and grid
modernization®. Infrastructure bottlenecks, including inadequate transmission capacity and
land acquisition hurdles, also pose significant obstacles. In the bioenergy sector, the lack of a
robust supply chain for feedstock and limited awareness among stakeholders hinder
scalability*. Additionally, policy inconsistencies and delays in regulatory approvals undermine
investor confidence and slow down project implementation. Addressing these challenges
requires coordinated efforts by policymakers, industry stakeholders, and the research

community to ensure the sustainable and equitable expansion of renewable energy solutions”>.
3. Intellectual Property in Renewable Energy

Patents are essential for “maintaining intellectual property rights in the technological sphere
because they provide companies with the temporary exclusive right to keep a portion of the
added value of their discoveries and the efforts made to develop and market them with®. They
serve as indicators of value for potential investors and partners, encouraging various types of
technology cooperation and long-term partnerships.” Awarded patents also aid in the
justification of technical expenditures, with the bulk of renewable energy investments going to
solar and wind. When patents are recompiled, a library of creative and trustworthy technical
data is produced that other organisations may utilise to regionalise innovations. Businesses
specialising in renewable energy employ trade secrets and private data about hardware,

production, and deployment in addition to patents.’

3.1. Wind & Solar Energy

3 Grid integration of renewables: challenges and solutions | Indian Journal of Power and River Valley
Development, https://www.informaticsjournals.co.in/index.php/ijprvd/article/view/29662 (last visited Dec 18,
2024).
4 Usha Tandon (ed.), Energy Law and Policy 49 (Oxford University Press, New Delhi, 1st edn., 2018)
°> Dr Uday Shankar & Utpal K Raha, Renewable Energy in India: Study of Law and Policy, 4 (2015).
6 IP Rights in Green Technologies Innovation | Metis Partners, https://metispartners.com/thought-leadership/the-
role-of-ip-rights-in-green-technologies-innovation/ (last visited Dec 18, 2024).
7 The role of intellectual property in the renewable energy sector, https://www.keystonelaw.com/keynotes/the-
role-of-intellectual-property-in-the-renewable-energy-sector (last visited Dec 18, 2024).
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Turbine technology is a copyrighted technological field that is frequently subject to patent
disputes. General Electric has launched a patent infringement case against its competitor,
Siemens Gamesa Renewable Energy. The activity focuses on a way to keep wind turbines
powered even when grid voltage declines, providing control over the crucial pitch of the blades.
If successful, Siemens might continue providing turbines to future big wind farm projects in
the UK. However, patent disputes might prove difficult, and Siemens may face delays and
increased costs. Solar power, on the other hand, is distinct from wind power in that firms
frequently purchase gear rather than produce it themselves. Solar power, on the other hand,
differs from wind power in that firms frequently purchase gear rather than produce it
themselves. “Manufacturers may secure patent rights on different components of their
hardware, and it is the solar energy provider's job to negotiate suitable contractual protections
and licenses in the applicable procurement contracts. This might involve software licensing

and indemnification for third-party intellectual property infringement allegations.”

A solar firm would create and safeguard in-house knowledge on design optimisation, such as
aspects to consider when choosing a site, solar array topography, storage, design, project
development, and asset management. This information would set the firm apart from the

competitors and be developed and preserved internally.
3.2. Collaborative Projects

Collaboration on significant initiatives is difficult owing to the requirement to manage
intellectual property, ownership, and permission to use among stakeholders. R&D partners,
ranging from universities to industry, joint ventures, and service businesses, must provide strict
contractual control of information transmission and ownership. Unauthorised publishing of
valuable innovations can result in losing originality, patent restriction, and a company's
competitive edge. For example, a solar energy firm that hires engineering, procurement, and
construction contractors may be required to disclose design papers and proprietary information.
The service contract must include proper confidentiality and restricted usage provisions, and
the corporation must be judicious in what it shares with the contractor to complete the job. This

assures that the company retains an advantage over its competitors.
3.3.The Role of IP in Fostering Innovation and Commercialization

Intellectual property (IP) is a critical driver of innovation and commercialization in the
renewable energy sector, serving as both an incentive mechanism and a framework for

protecting technological advancements. IP rights encourage investments in research and
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development (R&D) by granting inventors exclusive rights to commercialize their innovations,
ensuring returns on investment. For example, patents on advanced photovoltaic (PV) cell
technology and wind turbine designs have enabled renewable energy companies to attract
funding and secure market advantages. In India, the push for indigenous innovation under
initiatives such as Make in India and the National Innovation Council has led to an increase in
renewable energy-related patent filings. Moreover, IP facilitates collaboration between
stakeholders, such as licensing agreements between technology developers and manufacturers,
which expedite the deployment of clean energy technologies. However, the role of IP is not
without challenges; concerns over monopolistic practices and the high cost of patented

technologies can hinder equitable access, particularly in developing economies like India®.
3.4. Safeguarding Trade Secrets

Every country relies heavily on trade secrets to spread green technologies. “Trade secrets are
sensitive knowledge that is either unpatentable or effectively kept as trade secrets rather than
patented. It's always economically useful. Trade secrets are crucial in safeguarding the routes
for know-how exchanges because they provide a secure environment for disseminating private
information. For example, the United States government has acted in response to Chinese
enterprises stealing trade secrets from renewable energy companies like Solar World and
American Superconductor Corporation. Trade secrets frequently preserve tacit information
about the application, enhancement, and adaptation of patented technology. Trade secrets
related to green technology are expected to be critical for industrialised and developing

countries as they adapt green technologies to local conditions.””

Without adequate trade secret protection, organisations may end up devoting significant
resources to the physical security of their trade secrets rather than investing in technological
innovation. There is a documented positive association between R&D investment and

increased trade secret protection.
3.5. Balancing Exclusiveness and Public Access to Clean Energy Solutions.

Balancing the exclusivity afforded by IP rights with the necessity for public access to clean

energy technology is difficult task, especially in light of climate change and sustainable

8 Pratheeba Vimalnath et al., Intellectual Property Strategies for Green Innovations - An Analysis of the European
Inventor Awards, 377 JOURNAL OF CLEANER PRODUCTION 134325 (2022).
° U.S. charges Chinese wind company with stealing trade secrets | Reuters, https://www.reuters.com/article/us-
sinovel-doj-idUSBRE95Q11Q20130627/ (last visited Dec 18, 2024).
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development. Exclusivity encourages private sector investment and innovation, but it may also
create impediments to technological diffusion, particularly in emerging nations such as India.
Mechanisms like as compulsory licensing under Section 84! of the Indian Patents Act provide
a legal foundation for achieving this balance by permitting other parties to produce patented
inventions under certain situations, such as public health emergency or insufficient market
supply. Furthermore, open-access efforts, such as Tesla's decision to make its EV patents
available for public use, demonstrate a collaborative approach to IP management in clean
energy. “Global platforms like as the Clean Energy Patent Growth Index (CEPGI)!! and
WIPO GREEN' help to spread renewable energy technology through licensing and
collaborations. For successful implementation of such techniques, India must address
structural obstacles such as a lack of IP awareness and enforcement. By promoting fair
intellectual property frameworks, India may progress its renewable energy ambitions while

12

providing equal access to sustainable innovations'>.
3.6. Advantages of IPR in the Renewable Energy Sector

Intellectual property rights (IP) are critical for fostering innovation and creativity by rewarding
inventors and disseminating technological information to the public. This encourages everyone
to contribute fresh ideas, innovations, and improvements. IP holders can prohibit others from
reproducing or using their IP without permission, so protecting their investment and collecting
revenue. This may be used to fund research and development, company expansion, and
employment. The prospect of financial benefit encourages businesses to engage in ecologically
and socially responsible technologies, as well as branded products and services. There are
demands for global IP sharing and balancing IP protection with investment in renewable
energy. Companies can capitalise on intellectual property rights by implementing
commercialisation and licensing programs, and distributing portions of the produced IP
through non-commercial exploitation or open-source partnerships. Protecting intellectual
property rights assures that no third party may commercially use the idea without the company's

consent. As the worldwide quest for sustainable solutions continues, corporate strategies and

10 Shah, supra note 6.
I Clean Energy Patent Growth Index, CLEAN ENERGY PATENT GROWTH INDEX, https://www.cepgi.com/ (last
visited Dec 18, 2024).
12 WIPO GREEN - The Marketplace for Sustainable Technology, https://www3.wipo.int/wipogreen/en/ (last
visited Dec 18, 2024).
13 Shweta Khurana & T K Bandyopadhyay, Patenting in Renewable Energy Sector- An Analysis (2018).
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governance, including intellectual property strategy, will be critical to the effective

development and implementation of energy transition innovation.
3.7.Disadvantages of IPR in the Renewable Energy Sector

Energy transition initiatives confront an abundance of challenges and concerns, including
intellectual property ownership, adaptation of rights and obligations, and potential
infringement risk. As businesses focus on producing new goods and services, protection
methods will grow, with patents playing a significant role in technology protection. The growth
of the electric car industry has resulted in several new patents for wind turbine design,
manufacture, and operation. Other types of protection include trade secrets, copyrights,
sensitive information, algorithms, software, and the development and deployment of these
technologies. Design rights supplement other intellectual property rights by giving a simple
way to protect the aesthetic look of an invention. Companies looking to highlight their green
credentials may file for trademark protection when launching new products and services, but
caution should be exercised before finalising such names. Obtaining permission to avoid using
identical or confusingly similar names may help avert future problems. Descriptive product

names or phrases like “green” or “eco” may not be protected.

The Indian Renewable Energy Development Agency (IREDA)'" should evaluate various
mechanisms for promoting renewable energy technology innovation, with an emphasis on
patents, standards, technology transfer, and collaboration in R&D and demonstration. The
efficient application of these instruments will help RET innovation. Many politicians are
unaware of the importance of patents promoting RET innovation, therefore IREDA would do
well to improve this awareness. Making patent information more available can assist in

stimulating innovation, benefiting both individuals and the nation'®.
4. Global IP Frameworks and Their Impact on Renewable Energy
4.1.International Treaties and Agreements

International treaties and agreements have significantly influenced the development and
deployment of renewable energy technologies by establishing frameworks for intellectual

property (IP) rights. The Agreement on Trade-Related Aspects of Intellectual Property Rights

14 https://www.ireda.in/ (last visited Dec 18, 2024).
15 Ananya Chattopadhyay, Role of IPR in the Generation of Renewable Energy, (Dec. 1, 2022),
https://ijpiel.com/index.php/2022/12/01/role-of-ipr-in-the-generation-of-renewable-energy/ (last visited Dec 18,
2024).
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(TRIPS)!S, administered by the WTO, harmonizes global IP standards and protects
innovations, including renewable energy technologies, across member nations. However,
TRIPS has also drawn criticism for its restrictive provisions, which may limit access to
affordable renewable technologies in developing nations. Complementing TRIPS, the Paris
Agreement (2015)!7 emphasizes the transfer of clean energy technologies to support global
climate goals. Article 10 of the Paris Agreement advocates for innovation and technology
diffusion, aligning IP frameworks with climate change mitigation objectives. Still, balancing

IP protection with equitable access remains a persistent challenge.
4.2.Regional IP Frameworks and Innovation Ecosystems

Regional frameworks and innovation ecosystems vary significantly, impacting renewable
energy progress across jurisdictions. In the European Union (EU), the Unitary Patent System
simplifies IP protection, fostering cross-border innovation. The EU's Horizon Europe Program
emphasizes funding collaborative R&D for green technologies. The United States leads in
renewable energy patents, with robust protections under the U.S. Patent Act and programs like
the Energy Innovation Hubs, which support IP commercialization. China has emerged as a
global leader in renewable energy, supported by an IP system that prioritizes domestic
innovation and international competitiveness. In India, the National IPR Policy (2016)
emphasizes promoting innovation in renewable energy through expedited patent processes and

policy incentives'®.
4.3.Challenges for Developing Nations

Developing countries are still faced with several challenges regarding renewable energy
technologies mainly because of their prohibitive costs and very restrictive IP regimes. The
technology gap and resource poverty have made it all worse to adopt patented technologies.
While statutory licensing provides some relief, the political and legal complexities have made
it under-utilized. International collaborations and funding initiatives must be formed in order

to bridge these gaps and facilitate sustainable energy transitions in developing regions.

5. Encouraging Innovation: Balancing IP and Open Access

1 WTO | intellectual property (TRIPS) - TRIPS and public health: Compulsory licensing of pharmaceuticals and
TRIPS, https://www.wto.org/english/tratop_e/trips_e/public_health faq e.htm (last visited Dec 4, 2024).
17 Heleen de Coninck & Ambuj Sagar, Technology in the 2015 Paris Climate Agreement and Beyond.
18 The diffusion of energy technologies. Evidence from renewable, fossil, and nuclear energy patents -
ScienceDirect, https://www.sciencedirect.com/science/article/pii/S0040162522000981 (last visited Dec 18,
2024).
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5.1.0pen Patent Initiatives

Initiatives such as Tesla's Open Patent Pledge and the Open Solar Initiative exemplify the
balancing act between IP protection and public availability. With its open use of renewable-
energy patents, Tesla has spurred innovation in electric vehicles and battery storage. Similarly,
open access to solar technologies has accelerated the adoption of photovoltaic systems globally,
fostering competition and reducing costs. These initiatives demonstrate that strategic IP sharing

can advance climate goals while preserving commercial interests.
5.2.Compulsory Licensing for Renewable Energy Technologies

Compulsory licensing, as permitted under TRIPS, enables governments to authorize the
production of patented technologies without the patent holder’s consent in cases of public
interest. Countries like India have the legal framework to utilize this provision under Section
849 of the Patents Act, particularly for renewable energy technologies critical to national
energy security. However, its application remains rare due to concerns over investor confidence

and legal disputes.
5.3. Collaborative R&D Models and Public-Private Partnerships

Collaborative research and development (R&D) models and public-private partnerships (PPPs)
have proven effective in advancing renewable energy innovation. With initiatives like India's
National Solar Mission aiding collaborations between government agencies, research
institutions, and private companies, breakthroughs in cost- competitive solutions for Solar
Energy are being achieved. In the same spirit, global PPPs like the Mission Innovation
Initiative promote collaborative R&D for clean energy technologies by harnessing their

collective resources and competences.
6. Challenges and Criticisms of IP in Renewable Energy
6.1. Monopoly Concerns and Their Impact on Affordability

Monopolistic rights provided by certain patents lead to elevated costs associated with
renewable energy technologies that limit access. This situation is most acute across developing
countries; budgets are limited and energy shortages mandate seemingly affordable solutions

against a backdrop of consistently rising markets. Patent owning monopolies may engage in

19 Shah, supra note 6.
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market abuses, foregoing the ethical duty to favor revitalization when faced with climate

change and human development concerns.
6.2.Patent Thickets and Litigation

Concerns about patent thickets-the layering of many overlapping IP rights, which curtail
innovative processes-arise persistently in the renewable energy sphere. For example, there have
been protracted litigations regarding wind turbine design and solar module technology
disputes, causing the diversion of intellectual property in favor of resolving the conflict.
Therefore, there is urgency to expedite patent regimen and promote cross-licensing agreement

to decrease this inefficiency.
6.3. Ethical Considerations

The key moral implication relating to IP in renewable energy is the need to prioritize global
environmental goals over commercial gains. The critics argue that stringent IP regimes impose
an obstacle to international climate agreements because they underscore the need for equitable

access to renewable energy technologies.
7. The Role of Policy and Legal Frameworks
7.1.National Policies Promoting IP in Renewable Energy

The National IPR Policy (2016), Production Linked Incentive (PLI) regarding renewable
energy manufacturing stress on the realization of IP towards the promotion of green innovation.
The salient goals of these policies include expediting patent processes, boosting domestic
R&D, and providing incentives to private enterprises for investing in renewable energy

technologies.
7.2.Incentivizing Green Innovations

Tax politiques and subsidies are being employed by governments worldwide in pursuit of
promoting green innovations. For instance, the U.S. offers tax benefits under the Inflation
Reduction Act (2022) for renewable energy installations and production. Subsidies have been
extended for solar and wind projects by India under the Renewable Energy Development

Agency (IREDA).
7.3.Role of IP in Achieving the Sustainable Development Goals (SDGs)

Intellectual property has a significant role in supporting the achievement of SDGs, Goal 7

(Affordable and Clean Energy) and Goal 13 (Climate Action). IP frameworks may serve as
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mechanisms for mobilizing the world toward sustainability through the protection of
innovation while allowing for the transfer of technology. However, a balanced approach to

aligning IP with the SDGs needs to foster innovation alongside enabling access.?
8. Conclusion and Recommendations

The study demonstrates that intellectual property plays an important role in the development
of renewable energy technologies-solar, wind, and bioenergy-along with fostering innovation,
commercialization, and global diffusion. In studying this problem, though, big issues arise
relating to monopoly, affordability, and the intricacies of patent thickets that often hinder
equitable access to clean energy solutions, mainly in developing countries. These issues can be
addressed by a balanced approach to innovation and inclusion. Recommendations include
encouragement of open patent initiatives and collaborative R&D models that support
knowledge sharing and innovation ecosystems. The use of compulsory licensing and tax
incentives may also open access and lower costs. Finally, aligning IP frameworks with
international climate goals and SDGs can mediate both complementary goals of supporting
innovation and addressing the global energy transition. By such balancing strategies, IP can

become a potent driver for a sustainable and equitable renewable energy future.

20 (PDF) ENVIRONMENTAL POLICIES IN INDIA,
https://www.researchgate.net/publication/378590048 ENVIRONMENTAL POLICIES IN INDIA (last visited
Dec 18, 2024).
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