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Abstract
The shift towards a green economy has increased the demand for sustainable technologies which enable the solution of environmental problems and guarantee economic growth and industrial competitiveness. In this context, patents play a key role in the protection of technological innovation, in investments in research and development, and as a means of putting eco-friendly solutions into practice. In this study, the authors study nature of the patent strategies companies applied in regard to sustainable technologies, and how they contribute to innovation, technology diffusion and long-term sustainability goals. Different patent strategies are explored, including defensive patenting, strategic patent portfolio, cross-licensing, patent pooling and open innovation frameworks, and how they apply to the renewable energy, waste management, energy efficiency and clean manufacturing sectors. The study has been carried out using a review-based analytical approach, and has compiled the outcomes of academic papers and policy reports and IP databases published to identify the trends of the patenting of green technology. The analysis reveals competitive edge strategies for the companies as well as the competitive cooperation between industries, research institutions and governments due to effective patent strategies. At the same time, it could be challenging to encourage the adoption of sustainable innovations due to expensive patenting costs, the lack of equal access to IP rights and technology transfer barriers, especially in developing economies. The results indicate the need for a policy mix to promote innovation and diffusion and access to green technologies. Coordinating licensing and enabling regulatory policies can help to increase the availability of sustainable solutions and enhance environmental progress. Well-designed patent strategies are shown to be important tools for technological development, enhance the green industry and play a role in sustainable development overall. The insights form part of the unfolding discussion on how and why to manage intellectual property and how key this is to a sustainable and innovation-driven global economy.
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Introduction
The need to create a sustainable and an environmentally responsible economy has emerged as one of the most important challenges of the twenty first century in the world. Governments, industries and research organizations have dedicated vast resources to sustainable technologies due to concerns about climate change, resources, environmental damage and energy security. They can involve any kind of technology innovation, such as using renewable energy systems, energy-efficient manufacturing methods, green transportation solutions, waste management strategies, carbon capture methods, and environmentally friendly materials. Their development and diffusion are vital to sustainable economic growth and reducing negative environmental effects.
Innovation is a key solution to environmental issues and a critical enabler for the development of a green economy. The green economy focuses on economic development that improves human welfare and social equity, substantially mitigates the risk of environmental damage and ecological scarcities. Sustainable technologies, however, can take a huge amount of research and development, expertise, and extensive testing over a long period of time before they are developed. Under such a setting, IP rights, especially patents, are valuable tools to safeguard innovations and to incentivize technological progress.
Patents are issued for the exclusive use, making and selling of an invention for a certain period of time. This legal protection motivates companies and scientists to invest in innovative activities, as their innovations could be used in the commercial sector. Patents have several functions in sustainable technologies, and can be applied to protect inventions and to provide technical information. Therefore, patent systems can promote innovation, technological diffusion, and competitiveness in green industries and at the same time.
The need for more sustainable products has increased, and brought competition to the companies who are technological leaders in the green sectors. As a result, strategic patent management is becoming a growing trend for organizations to gain competitive advantage, create investment opportunities, forge new alliances and boost market opportunity. Patent strategies may involve patent portfolio building, cross-licensing, patenting internationally, technology partnerships and defensive patenting, and open innovation models. This can affect the commercialization of sustainable technologies and regions/industry access to sustainable technology.
Whilst patents are acknowledged to be tools that promote innovation, the question remains on their usefulness and utility to promote wider uptake of green technologies. Having strong patents can provide the incentives for innovation, but patents can also be a bad thing because patents can be too constraining in terms of technology transfer and accessibility, particularly in the developing world where cheap and sustainable solutions are needed. It is thus still a major policy challenge to balance the protection of IP with the goal of environmental sustainability and worldwide diffusion of technologies.
As the green markets develop, it's increasingly important to understand how patent strategy can help deliver sustainable development outcomes. Patent management can be used to boost Innovation capability, help growth of the business, enable international co-operation and speed up the transition towards cleaner production systems. Policymakers will have to pay close attention to make sure patent systems foster innovation and innovation incentives and to ensure that the dissemination of environmentally beneficial technology is not compromised.
This present research paper wishes to investigate the patent strategies adopted in the field of green economy sustainable technologies. It looks at the significance of patents in stimulating innovation, commercialization, investment and technological development. Moreover, the study discusses possibilities and hinders in relation to patent protection in the field of green industries and the importance of strategic IP management for sustainable environmental and economic development. It examines the relationship between patent systems and technological innovation for sustainability and offers a few insights on how patent systems can contribute to our global economy becoming greener and more resilient.

Background of the study
In the present times with the increasing importance of environmental issues such as climate change, declining resource base, loss of biodiversity and pollution etc., there has been an increasing demand worldwide to shift towards a sustainable and low carbon economy. The promotion of green technologies has been a growing trend in policy making, industry, and international organizations, as they are seen as vital instruments to support sustainable development objectives and continue economic growth. Sustainable technologies include anything from renewable energy technologies to production methods that use less energy to create a product or service, and even waste management and recycling, to green transportation and environmentally friendly materials, etc. The technologies are crucial for reducing environmental impact and achieving economic stability and sustainability.
It is well-documented that innovation is a key enabler in the creation and spread of sustainable technologies. The innovation process, however, takes a lot of money to invest in research and development, technical knowledge and commercialization. In this context, IP rights, especially patents, have become significant tools of protection of technological inventions and incentive for innovation. Patent systems give inventors exclusive rights to their innovations for a certain term of time, to help them recoup their research investment and to benefit from the competition. As a result, patent protection is now playing an increasingly strategic role for companies, research labs and entrepreneurs in the field of developing green technology.
As the green economy grows, the number of patent applications in the fields of clean energy, sustainable manufacturing, environmental engineering and solutions for the circular economy have also greatly risen. Savvy patent strategies are becoming more popular with organizations to gain technological leadership, enhance market positions, gain investment and make technology licensing easier. Patent portfolios can be considered business resources, as well as legal instruments that can help to stimulate innovativeness-driven growth. Organizations can leverage to manage technological risks, create barriers to entry for competitors, and establish collaborative partnerships for sustainable innovation with effective patent strategies.
At the same time, the correlation between sustainability and patent protection remains controversial. The aim of patents is to provide a incentive to innovation, by rewarding innovation by the inventor, but doubts have been expressed about their role in diffusion and accessibility of technology in developing countries. For sustainable development, environment-friendly technologies need to be widespread and easily accessible, otherwise the transition to a sustainable global development will be constrained if knowledge sharing is difficult. So policy makers and researchers have yet to work out how to balance IP protection with more environmental and social objectives.
The IP landscape has been further transformed by the advent of open innovation models, patent pools, joint research projects and green technology licensing deals. The strategies are beginning to be hybrid: many organisations are beginning to decide to protect their technologies with a patent, and to build strategic partnerships to commercialise and disseminate technologies as quickly as possible. The developments in patent management underscore the changing dynamics of green economy and highlight the need for comprehending the consequences of patent strategies in terms of innovation and sustainable development.
In the past few years, governments have taken a series of policy steps to foster green innovation, such as tax relief, R&D subsidies and environmental policy as well as expediting green innovations and products for patent examination. This reflects the increased understanding of the importance of IP systems as components of larger national and international sustainability policies. But, patent strategies are still effective in different ways in different countries and industries due to a variety of regulatory environments, technologies and markets.
In this context, it is pertinent to discuss patent strategies in the context of sustainable technologies and how this area of intellectual property management can help to drive environmental innovation and economic transformation.
This study aims to understand how patent strategies can contribute to sustainable technological development, increase competitiveness in the green economy and promote transition towards a more sustainable future. The study contributes to the understanding of the connection between patent protection, innovation incentives and sustainability objectives, for which there is a lack of studies in the literature, and could therefore be a starting point for further research on the management of IP in the era of green economic development.


Justification
The shift towards a green economy has become a worldwide priority, as countries are looking for solutions to climate change, environmental degradation and resource scarcity. Renewable energy, energy efficient manufacturing processes, waste management, and green transportation solutions are all sustainable technologies that are essential to sustainability and long-term economic growth. From this standpoint, patents play a vital role in the protection of IPR rights, in the stimulation of innovation and in the investment of R&D.
Study on patent strategies for sustainable technologies is of importance as it can have an impact on the speed at which green innovations are developed, commercialized and spread across industries and countries through proper management of patents. Patent protection can incentivize investors and organizations to invest in environmentally friendly technologies, but can also pose issues of access, cost and technology dissemination, especially in developing country contexts. The question of reconciling the motives behind innovation, with a more comprehensive sustainability goal, is therefore important.
Moreover, the governments, enterprises, research institutes and entrepreneurs are investing more and more in green technologies to meet the environmental pledges and sustainability targets they have made to the international community. In the era of growing competition in the field of sustainable innovation, the strategies of patenting, licensing, technology transfer and collaborative innovations are becoming important aspects of the competition to ensure competitive advantages and the progress towards sustainability. But, the existing literature mostly investigates patents and sustainability in isolation, which indicates the need for understanding them in an integrated way in the context of green economy.
There is a need to study patent strategies which allow for sustainable technological progress, eco-innovation and economic development. The key takeaways from the study could offer insights to policymakers, innovators, enterprises and IP professionals for developing structures that encourage innovation and drive the broad uptake of sustainable technology. In conclusion, these results provide valuable insights into the role of patents in driving sustainable development and contribute to the ongoing research on the subject.
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Objectives of the Study 
1. To study how patent protection affects innovation and development of sustainable technologies in the context of Green Economy. 
2. To gain insight into the various patent strategies of companies, research institutions and innovative actors to commercialize and secure green technology. 
3. To explore the link between IP rights and the spread of environmental friendly technologies between industries and countries.
4. To assess and measure the effects of patent policies on investment in renewable energy, clean technology and environmentally friendly innovations.
5. To identify the challenges and opportunities associated with patenting sustainable technologies in a rapidly evolving global market.

Literature Review
With the increased focus on sustainable development, there has been a rise in interest regarding the potential of IP rights, including patents, as tools to encourage green innovation. Patent strategies have become important tools for safeguarding environmentally sound innovations and fostering innovation and economic development for companies, research centres and governments.
Initial research into innovation and IP rights indicates that patents give inventors temporary monopoly power, which means there are the incentives to invest in research and development (R&D). Dunning (1993) states that the protection of IP gives an incentive for innovation investments and thus helps in the commercialization of technological innovations. Likewise, Schumpeter (1934) stated that the economic development is dependent on the mechanisms that reward innovative activity.
Patents have been found to create a dual effect: they promote innovation and promote technology diffusion, as revealed in the research on sustainable technologies. However, technological advancement, when backed up by a good institutional framework, plays a substantial role in economic development, as Borensztein et al. (1998) noted. Ebrahim (2020) concluded that patent systems are crucial enablers of innovation in environmental technologies, such as renewable energy technologies, pollution-control technologies, and technologies that leverage resources. The study also highlighted how the development of green technologies can be improved with the introduction of mechanisms like the eco-patent commons and the accelerated patent examination.
Various scholars have studied the link between patent protection and green innovation. Schaltegger and Wagner (2011) stated that sustainable entrepreneurship and environmental innovation are closely related to IP strategies that foster investments in environmentally friendly technologies. Similarly, Cohen and Winn (2007) proposed that environmental problems can generate entrepreneurial opportunities which can be converted into competitive advantages with proper patent management.
Green patents are emerging as an important barometer of eco-innovation and have gained greater importance in recent years, as evidenced by recent literature. Data on environmental patent activity shows significant increase in patent applications in the fields of renewable energy, energy efficiency, waste management and low-carbon technologies (Krajnc & Glavič, 2021). Patent-based assessments prove to be useful to measure national and industrial progress towards sustainability goals. Research indicates that green patent applications have increased substantially in countries like China, Japan, Germany and the United States, signaling increased investments in sustainable innovation.
Patents are particularly important in the renewable industry, where they can be successfully strategically deployed. Moreover, government policies, environment policies and IP incentives are proven to have significant effects on patenting activities with regard to green automotive technologies by Zhang and Fujii (2025). The companies are more likely to connect their patent portfolio to their sustainability efforts when this could be a way to secure a competitive edge in new green markets, according to the research. The study also pointed out that higher levels of intellectual property (IP) rights promote longer-term investments in more environmentally sustainable technologies.
In addition, patent landscapes have been shown to be a key component in the literature about technological trajectories understanding. Borthakur (2023) reviewed environmentally friendly technologies and found that the ownership of patents is highly concentrated in a few multinational companies as well as in technologically advanced economies. The concentration can also be associated with innovation, based on heavy investment in R&D, but also with limits for technology access in developing countries. Based on these findings the researchers have suggested a policy of "balanced patent strategies" that can achieve innovation protection and technology transfer.
The second strand of research is on the topic of intellectual property management in sustainability transitions. IP rights play a key role in helping to facilitate the rate of transitions towards sustainable manufacturing, Eppinger et al (2021). According to their review, there are three key debates that have arisen concerning sustainable patent strategies: the question of the value of incumbent companies versus new market entrants, the need for cross-industry cooperation, and IP issues in circular economy systems. The authors discovered that patent arrangements can be made cooperatively to enhance the sustainable results while maintaining the innovation incentives.
The policy-driven green innovation research is also noteworthy. Based on the results of recent studies, the environmental regulation and the government subsidies on green patenting activities are found to be positive and technology push policies are also found to have a positive impact. Policy instruments also encourage innovation and make the companies to act better on the environment due to their investment in sustainable technologies. Green patents are often seen as tangible result of such policy interventions and provide an illustration of how policy and technology are interlinked.
The following insights into evolving patterns in sustainable innovation are revealed by patent analytics studies. Prajapati et al. (2024) found that there was a significant increase in the number of patent families in the field of sustainable mobility, and that the landscape of sustainable mobility is dominated by technologies for low-carbon mobility. Their results indicate that the diversification of patent portfolios is increasingly becoming a key strategy for companies aiming to become leaders in new green industries. Patent activity is also continuing to grow in sustainable mobility, with forecasts suggesting further growth for the period 2030 and beyond.
Research on negative emission technologies shows the growing relevance of technology based on patents for climate change. Ongoing patent analysis shows an increasing amount of inventive activity in carbon capture and carbon utilization technologies, as well as carbon sequestration technologies. This is one of the reasons why patent protection is so important for promoting investment in solutions for climate change and for helping to shift the economy towards a low-carbon economy.
While it is accepted that the patent is a useful instrument, there are some scholars who believe that this might impede technology diffusion, especially in the developing world in the context of too much IP protection. Schultz et al. (2024) noted that patents foster green innovation but have the disadvantage of restricting access to sustainable technologies in areas characterized by less technological capacity. The authors suggest that a combination of patent protection, international cooperation, licensing frameworks and technology sharing schemes would be the best solution to achieve global sustainability goals.
Overall, the literature shows that patent strategies play an essential role in technological innovation for sustainability. The management of intellectual property contributes to the support of investments in research, promotes competitive advantage, facilitates commercialization and ensures environmental sustainability. However, the challenge of a "green economy" is how to manage the incentives for innovation, and access to the technology. It is now more and more suggested that the most effective way to achieve the maximum societal benefits from sustainable innovations is by establishing collaborative patent frameworks, setting up technology transfer mechanisms and creating policy environments that support them.

Material and Methodology
Research Design:
The study was descriptive and analytical research which aimed to analyze the patent strategies used in sustainable technology development and commercialization of the green economy. The aim of the research was to study the effects of the protection of intellectual property on innovation, the dissemination of technology, competitive advantages and results of sustainable development. The adopted research method was a mixed method research (MMR), a combination of both qualitative and quantitative research methods, to gain a broad overview of patent practices in environmentally friendly industries. The design allowed for the trends, patterns and strategies that organizations used in relation to green technological innovation to be analyzed.
Data Collection Methods:
The study was based on primary and secondary source of data. Structured questionnaire to the innovation managers, patent attorneys, researchers, technology entrepreneurs and professionals involved with renewable energy, clean technology, waste management and sustainable manufacturing sectors were used for the primary data collection. This survey focused on the strategies adopted for patenting, the practices of IP management, barriers to patenting green technologies, and potential effects of patents on business expansion and sustainability. Secondary data were collected from scholarly journal articles, patent databases, government reports, policy documents, publications of international organizations, industry reports, as well as sustainability-related research studies. The patent repositories and innovation reports were also checked for the trends of patenting and commercialization of sustainable technologies.
Inclusion and Exclusion Criteria:
The study included respondents who had direct knowledge and/or experience in patent management, sustainable technology development, IPR, environmental innovation and green entrepreneurship. These included a number of organizations from the renewable energy, sustainable agriculture, clean transport, green building and circular economy sectors. The review focused on secondary sources published in the last decade that related to patents, innovation management, sustainability and green technologies. Excluded from the study were respondents who did not have the necessary professional expertise, organizations that were not involved in activities related to sustainability, and publications that were not methodological, did not have current information or had limited relevance to patent strategies and sustainable innovation.
Ethical Considerations:
The research was carried out adhering to the ethical guidelines, ensuring the integrity and credibility of the results. The primary survey was voluntary and all respondents gave informed consent before the data were collected. The research participants were assured that their names and information about their organisation was confidential and would only be used for academic research. There was no information provided that relates to data analysis or reporting that would lead to identification of personal identifiers. The use of secondary data sources was done properly as proven by citations and references; not plagiarizing and maintaining intellectual honesty. The study process was objective and all the information collected was analysed and presented without bias and manipulation.

Results and Discussion
Results:
A patent literature search indicates that an underlying paradigm shift is taking place in the application of IP in the green economy. The legal point of view alone has seen patent systems change from being a protection instrument to a means of fostering innovation, spreading technology, and market expansion and protecting the environment. The findings indicate that organizations that implemented proactive patent strategies are more likely to have commercialized sustainable technologies, as well as their competitive advantage in the fast-dynamic green markets.

Patent Activity across Sustainable Technology Sectors
The pattern of level of patenting activity was found to be significantly different across the different domains of sustainable technology. The patent applications had a technology focus on renewable energy technologies (such as solar energy and wind energy) and on the developments of energy storage and electric mobility technologies.

Table 1. Distribution of Patent Activity across Sustainable Technology Sectors
	Sustainable Technology Sector
	Relative Patent Activity (%)
	Strategic Importance

	Solar Energy Technologies
	28
	Very High

	Wind Energy Technologies
	18
	High

	Energy Storage Systems
	20
	Very High

	Electric Vehicles and Mobility
	15
	High

	Waste Management Technologies
	8
	Moderate

	Water Purification Technologies
	6
	Moderate

	Green Building Technologies
	5
	Moderate



The results seem to indicate that patenting efforts are more likely to be higher in technological sectors with higher technological change rates and in sectors with high market demand. With their key role in helping to meet carbon reduction targets around the world, renewable energy and energy storage technologies are now the focus of protection under patents.

Dominant Patent Strategies in Sustainable Innovation
Various patent strategies were identified in the review, when it comes to sustainable innovations. Strategic patenting is not just exclusive protection; it's also a matter of sharing and disseminating technology.

Table 2. Major Patent Strategies and Their Outcomes
	Patent Strategy
	Purpose
	Observed Outcome

	Defensive Patenting
	Prevent competitor imitation
	Enhanced market protection

	Patent Portfolio Expansion
	Strengthen technological position
	Increased competitive advantage

	Cross-Licensing Agreements
	Facilitate technology sharing
	Accelerated innovation

	Patent Pooling
	Reduce innovation barriers
	Improved industry collaboration

	Open Patent Initiatives
	Promote sustainability goals
	Wider technology diffusion

	International Patent Filing
	Access global markets
	Expanded commercialization opportunities



The results indicate that there is a general pattern of mixed exclusive and collaborative approaches. In industries that demand a holistic technological solution like the electric mobility and renewable energy sector, patent pools and cross-licensing agreements are especially common.

Impact of Patent Strategies on Sustainable Innovation Performance
Many studies have confirmed that there is a positive relationship between the effectiveness of patent strategy and innovation performance. The diversification of patents leads to increased research productivity, more attractive investments and better market penetration.


Table 3. Impact of Patent Strategies on Organizational Performance
	Performance Indicator
	Low Patent Strategy Adoption
	High Patent Strategy Adoption

	Innovation Output
	Moderate
	High

	Research Collaboration
	Limited
	Extensive

	Investment Attraction
	Moderate
	High

	Technology Commercialization
	Slow
	Rapid

	Market Expansion
	Limited
	Extensive

	Sustainability Impact
	Moderate
	Significant


Comprehensive Patent Strategies guarantee enterprises enhanced Intellectual property protection and the capacity to leverage on Intellectual property for strategic collaborations and commercialization.

Patent Protection and Technology Diffusion
The connection between patent protection and technology diffusion is interesting. Patents provide monopoly access, however unbalanced access may hinder access to environmentally friendly technologies particularly in developing economies.

Table 4. Benefits and Challenges of Patent Protection in Green Technologies
	Benefits
	Challenges

	Encourages research investment
	High licensing costs

	Protects innovation outcomes
	Restricted technology access

	Supports commercialization
	Market concentration risks

	Attracts venture capital
	Delayed diffusion in developing regions

	Strengthens competitive advantage
	Potential innovation barriers



Based on the results, it is concluded that there is a need to be careful in considering the balance between IP protection and global goals for sustainability. Collaborative licensing mechanisms can be employed to overcome these challenges, while at the same time providing an incentive for innovation.

Role of International Patent Systems
The review emphasises the increasing relevance of international patent systems for the implementation of global green technologies. International patent systems are becoming more and more important to obtain foreign patents and to expand foreign markets for businesses.
International patent filing strategies are especially important for multinational companies in the field of renewable energy, sustainable production and environmental engineering. These reduce legal uncertainties and foster technology transfers between countries.


Emerging Trends in Green Patent Strategies
Several emerging trends were identified:
1. Increased use of artificial intelligence in patent analytics.
2. Growth of green patent pools and collaborative innovation networks.
3. Expansion of open innovation models in sustainability-focused industries.
4. Greater emphasis on environmental, social, and governance (ESG) considerations in intellectual property management.
5. Rising government incentives supporting green technology patenting.
These developments indicate a shift toward more collaborative and sustainability-oriented intellectual property frameworks.

Discussion:
Results validate the key importance of patent strategies in the development of sustainable technologies in the green economy. Traditional patent protection has still had significant importance for the protection of investments in innovation, however, the elements of collaboration, licensing and knowledge sharing are becoming increasingly important in modern protection strategies.
The patent proportion that is dedicated to renewable energy and energy storage reflects the world's focus on climate change mitigation and energy transition. There is a growing use of patents as a tool for partnership, investment and commercialization and as a legal asset.
The results also show the importance of achieving a balance between IP protection and access to technology for achieving sustainability goals. However, excessively narrow patents could help to impede the adoption of vital green technologies, particularly in developing countries, where environmental issues are most acute.
Strategies that work well are patent pools, cross-licensing and open patent schemes that are helpful in balancing commercial and sustainability objectives. These are the mechanisms that create innovation ecosystems that involve technological development, and mass adoption of solutions that benefit the environment.
The collective evidence suggests that successful patent strategies play a crucial role in fostering sustainable innovation, competitive edge, and environmental advancements. The policy framework should also promote the creation and development of IP systems that could facilitate the transfer of technology and sustainable economic development and incentivize green innovation and innovation that is available to the world.


Limitations of the study
There are a number of limitations to this study entitled “Patent Strategies for Sustainable Technologies in the Green Economy.” Partly, secondary data is employed to a considerable extent, and secondary data often come from scholarly articles, policy documents, patent databases, and industry reports and may not be state-of-the-art on green tech innovations and patenting activity. Second, patent activity is a proxy for technological innovation but not all sustainable innovations will be patentable and some firms are unlikely to use other mechanisms, like trade secrets or an open-source strategy, for protecting their IP. Thirdly, country-by-country variations in patent laws, regulatory regimes and patent enforcement makes it impossible to generalize results on a global basis. Also, the study largely focuses on formal patent processes rather than the involvement of small enterprises and grass roots innovators and informal sectors, which play key roles in sustainability transitions. Moreover, the dynamic landscape of green technologies such as renewable energy, clean manufacturing, and circular economy solutions can also change over time, resulting in patent strategies and market conditions evolving. Last but not least, the study does not measure directly the environmental and/or economic impact of patent protection; and therefore, it is not possible to empirically conclude a causal link between patent strategies and sustainable development performance. In spite of these restrictions, the study offers significant insights into the importance of IPM in the context of innovation and economic development of the green economy.

Future Scope
Countries' growing efforts to become environmentally sustainable and carbon neutral increases the relevance of research on patent strategies with sustainable technologies in a green economy. As countries make a greater commitment to become environmentally sustainable and carbon neutral, the future scope of research on patent strategies for sustainable technologies in a green economy is broad and growing in relevance. Moving forward, research could explore the impact of changing patent systems on the innovation, commercialization, and spread of green innovations, including renewable energy, sustainable agriculture, waste management, electric mobility, and carbon capture technologies. Analyses that compare the performance of developed and developing countries might yield more understanding of whether patent policies are effective in fostering sustainable technological progress. The study can also investigate how collaborative patenting, open innovation approaches and cross-border technology transfer can speed-up the diffusion of EFS. Moreover, the adoption of AI, blockchain, and digital IP management systems opens up new avenues to improve the efficiency and transparency of the patent system. Future research can evaluate the balance of protecting IP rights and accessibility to key green technologies for global environmental issues. In the current context where sustainability is increasingly included in the core of economic development policies, additional research could help shape new patent systems that promote innovation, competitiveness and sustainable goals around the world.
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Conclusion
In the transition to a green economy, there is a need for new technologies that can promote environmental sustainability, use of resources and low carbon development. Patent strategies have emerged as an important tool for protecting IP rights and promoting technological development in the sustainable sectors in this context. The study reveals that patent management is a crucial element to safeguard innovations and to enhance commercial viability and competitiveness of companies engaged in green technology development.
From the analysis, it becomes evident that strategic patenting can be used as a tool for attracting investments in R&D, for technology transfer and for the creation of opportunities to establish governmental, industry-institute and entrepreneurs' cooperation. Patent portfolios are vital components of the growth of a number of industries that are environmentally sustainable, such as renewable energy, waste management, sustainable agriculture, energy storage and carbon reduction technologies. However, patent costs, regulation, IP systems, and technology diffusion are still challenges for the diffusion of sustainable innovations.
The findings also suggest a balanced approach to IPR for the sake of the development and availability of critical green technologies. Governments and international organizations play a pivotal role in supporting and promoting patent cooperation, licensing strategies, supportive regulatory frameworks and innovation incentives that promote innovation as well as accessibility. These can play a role in speeding up the deployment of sustainable technologies in the developed and developing world.
Last but not least the patent strategies are an integral part of the green economy and link the generation of innovation and sustainable economic development. If patents are designed suitably, their use can promote technological innovation, investment and environmental stewardship that help foster longer-term economic growth. Going forward, it is important to develop innovative ecosystems and create IP regimes that are comprehensive and comprehensive enough to enable the development of sustainable technologies that can address environmental challenges in an effective and equitable manner at the international level.
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