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ABSTRACT: The deepening of global climate governance urgently needs to solve the institutional predicament between the
monopoly and sharing of low-carbon technologies. In analyzing the institutional obstacles to the sharing of low-carbon technology,
the study found significant asymmetric conflicts between developed and developing countries in technology supply, institutional
rules, and market dynamics. The current international rule system (such as the Agreement on Trade-Related Aspects of Intellectual
Property Rights and Bilateral Investment Agreement) has solidified the “central-periphery” pattern of technology distribution
through tools such as “prohibition provisions on compliance requirements” and “green patent barriers”, resulting in developing
countries facing dual pressures of “compliance costs” and “technology dependence”. In contrast, developed countries have fallen
into the predicament of “innovation involution” due to the mismatch of technological application scenarios. Based on the theory of
the technology life cycle and the perspective of subject complementarity, there is a structural mutual benefit space in the supply
and demand of low-carbon technologies among different countries: developing countries can shorten the industrial decarbonization
cycle through technology sharing, while developed countries rely on technology diffusion to digest excess capacity and consolidate
their dominance in rules. By deconstructing the practical effectiveness of the low-carbon patent sharing platform and the defensive
patent licensing model, it is highly feasible to reconstruct the technology sharing incentive framework with the “open-source
mechanism”. Constructing a multi-level incentive mechanism to promote corporate participation, introducing dynamic defensive
patent commitments, strengthening institutional capacity building, establishing a coordinated regulatory mechanism, and enhancing
stakeholder compliance mechanisms are institutional optimization pathways. These provide a legal basis for harmonizing the
exclusivity of intellectual property rights with the public nature of climate governance, and also offer strategic references for China’s
participation in the formulation of global low-carbon technology regulations.
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1. Introduction

While reshaping the paradigm of human existence, industrial civilization has also pushed climate governance into
the contradictory predicament of “global public domain” and “private rights of technology”. The 1.5 °C temperature
control target established by the Paris Agreement essentially creates a hard legal constraint on national emission
reduction obligations. However, the conflict between “intellectual property protection” and “climate justice” has led to
a contradiction between the monopoly of low-carbon technologies and the demand for their sharing. Although
developing countries, including China, have strengthened their emission reduction commitments through policy
documents such as Strengthening Response to Climate Change—China’s Nationally Determined Contributions, the
monopoly of low-carbon technologies still puts their low-carbon transformation at risk of a “commitmental-capacity”
break. Therefore, driven by the logic of collective action in climate governance, countries urgently need to break through
the binary opposition between “compulsory licensing” and “voluntary sharing” of low-carbon technologies and explore
a rebalancing path between property rights rules and public interests.

The current emission reduction strategies in climate governance can be summarized into two categories: the first
is to achieve stock reduction through industrial scale control; the second is to restructure the production mode by relying
on low-carbon technological innovation. The latter has become the priority option of the international community
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because it combines the effectiveness of emission reduction and economic growth. However, the monopoly of low-
carbon technologies has led to a “center-periphery” distribution pattern of low-carbon technologies—developed
countries benefit from monopolies such as patent protection, while high licensing costs and a gap in tacit knowledge
constrain developing countries. Take China’s energy transition as an example. However, the /3th Five-Year Plan for
the Development of Renewable Energy clearly states the goal of “promoting the localization level of raw materials,
product preparation technologies, production processes and production equipment throughout the entire industrial
chain”, a large number of key technology patents are still concentrated in European and American enterprises, resulting
in many industries in China being unable to obtain effective low-carbon technology support. As a result, the policy
ambition of reducing emissions cannot be achieved [1]. Under the current global low-carbon technology governance
system, breaking down technological monopoly barriers and promoting the sharing of multinational technology have
become core challenges for China and other developing countries in achieving low-carbon transformation.

2. An Argument on the Necessity of Sharing Low-Carbon Technologies from a Win-Win Perspective
2.1. Low-Carbon Technology Is Not a Broad Ecological Benefit Optimization

Low-carbon technology falls under the category of green technology or environmentally friendly technology. Its
essential feature lies in achieving absolute reduction of carbon emissions through industrial technological innovation,
rather than optimizing ecological benefits in a broad sense [2]. The term “low-carbon technology” as mentioned in this
article specifically refers to technologies that directly reduce carbon emissions (such as carbon capture and renewable
energy), which is distinguished from the broader concept of “green technology” (including ecological restoration and
other technologies). Low-carbon technologies can be classified into two categories based on the degree of innovation:
progressive technologies (such as energy efficiency improvement processes) reduce carbon emissions per unit of output
through marginal improvement, focusing on the rational use of existing patents; Breakthrough technologies (such as
hydrogen production, carbon capture and storage) have triggered intense conflicts between intellectual property
protection and global public interests by disrupting existing production models. Compared to progressive technologies,
breakthrough technologies are more related to the effectiveness of climate governance and are the focus of international
law to reconcile the exclusivity of private rights with climate justice. However, its controversy lies in that its research
and development costs are highly dependent on patent monopoly incentives. Still, the overly long technology lock-in
period will exacerbate the gap in emission reduction capabilities between developed and developing countries.
Therefore, this study explicitly defines breakthrough low-carbon technologies as the research subject, and the term
‘low-carbon technologies’ used hereafter refers to this category of technologies.

Currently, most technology sharing platforms focus on breakthrough technological innovations, such as Carbon
Capture and Storage (CCS) and other frontier technologies, which are crucial for global environmental governance.
However, the success of technology transfer relies not only on these revolutionary technologies but also on the sharing
and dissemination of incremental technologies used in everyday operations. For example, optimization designs like
energy efficiency improvements and renewable energy integration technologies. These incremental technologies can
significantly reduce carbon emissions in the short term and have wide adaptability and operability. Therefore, it is
recommended to include incremental technologies within the scope of global technology sharing platforms. By
promoting such technologies, developing countries and emerging markets can achieve technological progress more
quickly, without having to wait for more expensive and complex breakthrough technologies [3]. Furthermore,
promoting incremental technologies helps accelerate the dissemination of technology, especially in resource-
constrained regions, where environmental benefits can be achieved at a lower cost. By enhancing the sharing of
incremental technologies, we can ensure broader accessibility and drive a global low-carbon transition.

2.2. Structural Obstacles Exist in the Sharing of Low-Carbon Technologies

Although existing research generally recognizes the core value of low-carbon technologies in climate governance,
it lacks an in-depth analysis of the structural obstacles to multinational sharing. For instance, the academic community’s
focus on the circulation of low-carbon technologies (research and development — verification — production) has
mostly been concentrated on economic efficiency analysis, while overlooking the contradictions and conflicts between
technological monopolies based on patents and the technological acquisition demands of developing countries [4]. For
instance, according to Article 66, Paragraph 2 of the Agreement on Trade-Related Aspects of Intellectual Property
Rights (TRIPS Agreement), “developed countries have the obligation to encourage enterprises to transfer technologies
to the least developed countries”. However, the Bilateral Investment Agreement (BITS) led by the United States and
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Europe have adopted “prohibition provisions on performance requirements”, such as Article 8 of the United States
Model Bilateral Investment Agreements (BIT Model), “Restricting the host country from requiring technology sharing
on the condition of market access” essentially weakens the ability of developing countries to use domestic policy tools
to eliminate the monopoly of low-carbon technologies. In the game practices of various countries, the gap in low-carbon
technologies among different countries has further intensified: Developed countries consolidate their technological
monopolies by means of “green patent barriers” (such as carbon capture technology patent pools), while developing
countries are forced to bear the dual pressure of “compliance costs” and “technology dependence” due to the strict
application of flexible provisions in the Agreement on Trade-Related Aspects of Intellectual Property Rights (such as
mandatory licensing under Article 31). Take the photovoltaic industry as an example, although China accounts for 70%
of the global module production capacity, the patents for the preparation process of thin-film batteries are still held by
European and American enterprises such as First Solar, forcing the industrial upgrading to be constrained by the
accumulation of licensing fees and the hidden technological gap [5]. Against this backdrop, relying solely on domestic
technological iterations in developing countries is difficult to break through the structural predicament. Only by exploring
appropriate paths for sharing low-carbon technologies can a substantial leap in emission reduction efficiency be achieved.
At present, the international framework for sharing low-carbon technologies can be classified into three categories
based on the technology life cycle: research and development cooperation (such as cross-border joint laboratories),
patent licensing (such as the authorization of standard essential patents), and institutional coordination (such as
multilateral carbon tariff mechanisms) [6]. Among them, patent licensing, as the core link in the transformation of
technological achievements, carries the structural contradiction between the strong protection demands of developed
countries for intellectual property rights and the inclusive access demands of developing countries. In the field of low-
carbon technology, developed countries monopolize the formulation of technical standards due to their first-mover
advantage, while developing countries, lacking institutional discourse power, are forced to accept asymmetric terms in
technology transfer. This institutional paradox highlights the inherent contradictions in the governance of low-carbon
technologies: on the one hand, the global public nature of the climate crisis demands open and shared technologies; on
the other hand, the existing intellectual property system, by strengthening patent exclusivity, turns low-carbon
technologies into a geopolitical leverage. In terms of global climate governance, technology sharing has significant
collective action value; from the perspective of benefit distribution, such a sharing mechanism can achieve a win-win
scenario, where developed countries can monetize their technologies, and developing countries can build capacity.

2.3. Low-Carbon Technology Sharing: Bridging Emission Commitments and Technological Disparities in Developing
Countries

For developing countries, the necessity of sharing low-carbon technologies stems from the structural imbalance
between global emission reduction commitments and the uneven distribution of technology. During the process of
industrialization, the high-carbon path dependence and the insufficient supply of low-carbon technologies have formed
a sharp opposition, trapping many developing countries in the economic transformation period in a common
predicament: The strengthening of environmental regulations has given rise to an urgent demand for low-carbon
technologies, but the lagging domestic R&D capabilities have led to a heavy reliance on external inputs for technology
supply. This contradiction is particularly evident in energy-intensive industries, where research and development as
well as the transformation of key decarbonization technologies are often concentrated in developed countries, although
developing countries have set ambitious emission reduction targets, they are still constrained by barriers to obtaining
core technologies [7]. The tension of international rules has further exacerbated the “dual lag in quality and quantity”
of technology supply. In the transformation chain of technological achievements from basic research to industrial
application, developing countries generally face institutional bottlenecks: On the one hand, the strong protectionist
tendency of intellectual property rights has raised the threshold for technology sharing; On the other hand, the
fragmentation of international collaboration mechanisms has weakened the effectiveness of technology diffusion. This
asymmetry between the system and technological capabilities forces the technology recipient countries to bear the dual
pressure of emission reduction responsibility and technological weakness when addressing the climate crisis.

2.4. System Coupling in Low-Carbon Technologies: North-South Synergies

For developed countries, the necessity of sharing low-carbon technologies stems from the structural mismatch
between technology supply and demand. Although such countries have an advantage in technological research and
development, the transformation of their industrial structure leads to a large number of low-carbon technologies being
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difficult to effectively transform in the domestic market. The innovative characteristics of low-carbon technologies -
including the strong specificity of application scenarios and the high frequency of technological iterations - determine
that their promotion needs to be highly dependent on the collaborative adaptation of the external market. When
developed countries transfer high-carbon production links to developing countries through industrial relocation, a
systematic gap emerges between the local retained technological application scenarios (such as intensive industries)
and the existing technological supply directions (such as decarbonization solutions for traditional industries), leading
to a predicament of over research and underapplication of technological achievements [8]. The underlying cause of this
predicament can be attributed to the collaborative failure of “technology, system, and market.” Although government
regulation, economic level, and public awareness have jointly promoted the prosperity of technological research and
development, the unidirectional upgrading of the industrial structure has compressed the space for technological
transformation. Furthermore, in the process of pursuing industrial competitive advantages, developed countries often
alienate low-carbon technologies into strategic assets rather than public goods, further intensifying the conflict between
technological monopolies and the global demand for emission reduction [9]. In the long run, if developed countries fail
to reconstruct the technology diffusion mechanism through shared paths, they may face the dual crises of innovation
competition and the lack of climate responsibility.

Developed countries and developing countries have structurally complementary characteristics in low-carbon
technologies. Developing countries have a rigid demand for mature and directly convertible low-carbon technologies,
while developed countries urgently need to absorb excess capacity and expand market space through technology
diffusion [10]. The former can rapidly narrow the gap in industrial decarbonization capacity through the introduction
of technology, while the latter strengthens its dominant position in the global value chain by means of technology output.
This complementarity breaks the traditional narrative of “technological dependence” and turns to the logic of
collaborative governance based on mutually beneficial exchanges. For developing countries, sharing low-carbon
technologies is not only a breakthrough to break the “high-carbon lock™, but also a strategic lever to reconstruct
industrial competitiveness. By taking over the technology transfer from developed countries, developing countries can
shorten the technology iteration cycle and achieve leapfrog development in areas such as clean energy and energy
efficiency improvement. For developed countries, the sharing of low-carbon technologies will not weaken their
innovation advantages. Instead, it can reduce the sunk cost of technologies through economies of scale. At the same
time, it can embed technical standards into the markets of developing countries and consolidate their rule-making rights.
Suppose both sides can move beyond the zero-sum game thinking and coordinate the mismatch between technology
supply and demand through international mechanisms. In this case, the sharing of low-carbon technologies may become
a “win-win” practice in global climate governance.

2.5. The Low-Carbon Technology Sharing Models Practiced by Developing Countries and Their International
Promotion Pathways

In the global practice of sharing low-carbon technology, India’s wind power industry provides a representative
case. India has introduced and localized wind power technologies through various mechanisms, particularly by forming
diversified technology transfer pathways at the corporate level. Specifically, Indian companies have acquired
technological knowledge through multiple forms, including technology licensing, joint ventures, mergers and
acquisitions, and the establishment of international R&D centers in collaboration with foreign companies. Notably, the
model of acquiring foreign companies through mergers and acquisitions, complemented by independent R&D, such as
Suzlon establishing an R&D center in Europe, has significantly enhanced its technological innovation capabilities. On
the other hand, foreign-funded companies’ wholly owned subsidiaries (WFOEs) established in India, while bringing
advanced manufacturing technologies, have a limited impact on the subsidiary’s local innovation capabilities since the
intellectual property remains controlled by the parent company. In contrast, joint ventures where Indian local companies
hold a majority stake and actively engage in R&D tend to achieve better results in technology absorption and re-
innovation. Furthermore, since 2003, the Indian government has utilized the Electricity Act and the “Generation-Based
Incentive Policy” (GBI) to create a performance-oriented and clear market environment, significantly attracting
independent power producers and international investors, which has indirectly promoted the transfer and localization
of advanced wind power technologies [11]. Therefore, India’s experience indicates that providing local companies with
sufficient control and R&D incentives in institutional design, along with a long-term stable policy environment, helps to
foster the in-depth development of technology sharing platforms. This provides important experiential support for developing
countries to participate in the construction of global technology sharing platforms.
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Brazil has played a significant role in international low-carbon technology sharing by establishing a legal
framework for CCS (Carbon Capture and Storage), becoming the first country in South America to have dedicated CCS
legislation. This provides policy support for low-carbon technology development and attracts international investment.
Petrobras, Brazil’s national oil company, plans to invest $16.3 billion in CCS and other low-carbon initiatives in its
2025-2029 business plan, significantly increasing its commitment to low-carbon technologies. Additionally, Brazil has
demonstrated the global cooperation potential of CCS technology through its collaboration with Norway’s state-owned
energy company, Equinor, on the Northern Lights project. Brazil has also signed a CCS memorandum of understanding
with Norway and established a trilateral cooperation mechanism with the United States, further advancing international
collaboration in low-carbon technologies. The Brazilian CCS Association and the Low-Carbon Technology Association
(SFLCT) have played a key role in policy formulation. Through their cooperation with international organizations and
multilateral institutions, they have demonstrated the importance of policy stability and international cooperation in
achieving net-zero goals.

Based on India’s Nationally Determined Contributions (NDC) proposal, the establishment of a diversified
financing mechanism led by the governments of developed countries, along with the creation of a global low-carbon
technology sharing repository through technology procurement, presents a more operational model of international
cooperation. India’s NDC advocates for incorporating low-carbon technologies into the category of global public goods
and establishing a multinational technology sharing system. However, the compulsory removal of patent protection may
suppress corporate innovation incentives, which could hinder technological progress. By adopting a government-led
financing purchase model, it is possible to protect the intellectual property rights of companies while promoting the
effective transfer and application of technology worldwide [12].

3. Norms and Obstacles for International Low-Carbon Technology Sharing

Currently, the international community primarily promotes low-carbon technology sharing through the formulation
of principled international agreements. The typical norms mainly include the United Nations Framework Convention
on Climate Change and the Kyoto Protocol.

3.1. Institutional Framework for Low-Carbon Technology Sharing under the UNFCCC and the Principle of Common
but Differentiated Responsibilities

The United Nations Framework Convention on Climate Change (UNFCCC) is a convention adopted by the United
Nations General Assembly on 4 June 1992, which is dedicated to establishing a cooperative mechanism to combat
global climate change [13]. (Background on the UNFCCC) The member states of the convention recognize that most
of the greenhouse gases from the past to the present have originated from developed countries [14]. The emissions of
greenhouse gases also exhibit varying trends across different countries. Therefore, the developed country members of
the convention proposed that different member states should undertake obligations and responsibilities of different
degrees - the “common but differentiated responsibilities” [14]. According to this principle, developed countries should
bear the primary responsibilities in combating climate change and assist developing countries in jointly improving the
global climate situation. This conference, for the first time, established low-carbon technology sharing as an official
agenda and positioned it as a key mechanism to coordinate the contradiction between clean energy technology and
intellectual property protection. The UNFCCC categorizes all member states into Annex I and non-Annex I parts
according to different responsibilities. Developing countries are generally located in the non-Annex I area of the
convention. The sharing of low-carbon technologies provides developing countries located in the non-Annex I group
with the opportunity to access advanced technologies from developed countries. This principle requires developed
countries to bear the primary responsibility for emissions reductions in climate governance, while also providing
necessary support to developing countries to promote global climate improvement.

3.2. Institutional Innovations and Execution Dilemma in Low-Carbon Technology Sharing under the Kyoto Protocol:
The Case of the Clean Development Mechanism (CDM)

As a follow-up legal document to the UNFCCC, the Kyoto Protocol made substantial progress in the establishment
of low-carbon technology sharing mechanisms [14]. The Kyoto Protocol emphasizes that whether it is patented
technology or non-patented proprietary technology, processes and empirical practices, it is not only necessary to ensure
the transfer through appropriate forms of financial assistance, but also to “formulate policies and programmes to
facilitate the effective transfer of environmentally beneficial technologies that are public or publicly controlled. And
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create a favorable environment for the private sector to promote and enhance the transfer and acquisition of
environmentally beneficial technologies. The Kyoto Protocol also emphasizes the establishment of a more unified
solution mechanism, using “cooperation” to highlight the common obligations of developing and developed countries in
climate change governance [14]. The cooperation emphasized in the protocol is based on the asymmetric duties constructed
for non-Annex [ and Annex member states, and repeatedly emphasizes the main obligations of developed countries.

The protocol has established the Clean Development Mechanism (CDM) for low-carbon sharing in 12 articles.
This mechanism is also one of the most innovative and flexible achievements of the Kyoto Protocol. It aims to “allow
its contracting parties, namely developed countries, and non-contracting parties, namely developing countries, to
transfer and obtain project-level emission reduction offsets, thereby implementing greenhouse gas emission reduction
projects in developing countries”. In other words, developed countries can fulfill their obligations under the protocol
by helping developing countries reduce emissions (including the sharing of low-carbon technologies) through the CDM
mechanism. However, the CDM mechanism has three preconditions. First, each member state must voluntarily join the
emission reduction project; Second, the project itself must have a truly controllable and long-term beneficial effect on
mitigating climate change. Thirdly, the effect of emission reduction must be accomplished through the project itself. If
developing countries can achieve such emission reduction results regardless of whether they are assisted by the project
or not, then such a project does not meet the requirements under the CDM mechanism [15].

The Kyoto Protocol established low-carbon technology sharing as a key mechanism for addressing climate change,
laying the foundation for the corresponding institutional framework. However, during the subsequent Cancun Climate
Conference, significant differences in positions on technology sharing persisted between developed and developing
countries. Developing countries identified intellectual property protection as a major barrier, whereas developed
countries held a contrary view. The conference failed to bridge these differences, and meanwhile, low-carbon
technology resources remained highly concentrated in developed countries. This uneven distribution of technology
severely constrains the effectiveness of the UNFCCC and the Kyoto Protocol in achieving their established goals.
Although the UNFCCC and the Kyoto Protocol have laid a principle foundation for the sharing of low-carbon
technologies, there are structural flaws in their rule designs: Firstly, they rely on the “moral consciousness” of developed
countries and lack mandatory constraints; Secondly, the conflict between intellectual property protection and the public
interest in climate has not been effectively coordinated, which has led to the sharing of low-carbon technologies
remaining at the level of a declarative commitment.

3.3. Regulatory Contestations and Dilemmas of Exception Clauses in Low-Carbon Technology Transfer under
Bilateral Investment Treaties (BITs): Technology Transfer Requirements (TTRs)

Given the voluntary nature of the commitments under the UNFCCC and the Kyoto Protocol, the practice of low-
carbon technology sharing between developed and developing countries predominantly depends on bilateral investment
Treaties (BITs).

In Bilateral Investment Treaties (BITs), technology transfer accompanying investment is the main way for sharing
low-carbon technologies. This approach often encourages foreign parties to share low-carbon technologies through
preferential systems for foreign investment, including market access and operational stages in the host country. Large
multinational enterprises are willing to carry out technology transfer to enter the capital market of the host country, that
is, to invest in corresponding technologies and establish joint ventures with domestic companies to jointly conduct
technological research and development. The rules or policies of the host country that explicitly or implicitly require
foreign-funded enterprises to transfer relevant technologies, production processes, or other proprietary technologies
during the stages of foreign investment access and operation stages are regarded as the technology transfer fulfillment
requirements of the host country [16]. However, such implementation requirements are currently strictly resisted by
most developed countries. Since the Agreement on Trade-Related Investment Measures (TRIMS) itself does not provide
specific regulations for the implementation requirements of technology transfer but only gives member states some
abstract principles for application, therefore, most of the issues regarding the performance requirements of technology
transfer need to be limited by bilateral investment agreements. However, in terms of practical implementation,
developed countries refuse to accept the performance requirements of technology transfer to protect core intellectual
property rights. For instance, the United States, Canada, and Japan have all stipulated the rules prohibiting the
performance requirements of technology transfer in their bilateral investment agreements concluded with other
countries. “In the latest series of bilateral or regional free trade agreements signed, most have set up special investment
chapters and included provisions prohibiting the performance requirements of technology transfer” [17]. For developing
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countries, compliance requirements for technology transfer are a favorable prerequisite for the host country to introduce
low-carbon technologies through the foreign investment access and approval system. Therefore, the spread of the
prohibition rules has undoubtedly dealt a heavy blow to developing countries. As a result, most developing countries
do not support the application of prohibition rules for compliance with technology transfer requirements.

Although TRIMS has not specified the requirements for the performance of technology transfer in Bilateral
Investment Treaties, nor has it mentioned the way to set up encouraging investment measures involving public interests
in human survival and development, most of the Bilateral Investment Treaties signed by developed countries have
stipulated exceptional provisions for the application of the prohibition rule on the performance of technology transfer.
Article 12 of the United States Model Agreement on Bilateral Investment (BIT) grants “the discretionary power of the
corresponding foreign investment review and supervision authority of the host country” [18]. Additionally, Article 30
of TRIPS grants contracting parties the right to make limited exceptions to the grant of patent rights, provided that such
exceptions must not affect the normal development and application of patents. It must not cause unreasonable damage
to the legitimate rights and interests of the patentee. The “measures necessary for the protection of human, animal and
plant life or health” and “measures related to the protection of exhausted biological and abiotic natural resources”
stipulated in Article 12 of the United States Model Bilateral Investment Treaties (BIT Model) are regarded as exceptions
to the prohibition rule on the performance requirements of technology transfer. However, its use shall not be
“implemented in any unreasonable way” and “shall not constitute a disguised restriction on international trade or
investment” [19]. Therefore, the host country may circumvent the prohibition rules on performance requirements of
technology transfer through the above-mentioned exceptions. However, due to the controversy over the interpretation
of exceptional provisions and the scarcity of disputes and arbitration cases related to the application of such
environmental exceptional provisions, it is difficult to have specific and unified practical standards. Judging from
existing arbitration cases, the environmental exception clause is strictly interpreted [17], which makes it difficult for the
host country to overcome the barrier of intellectual property protection by taking advantage of this exception clause to
introduce new technology. Moreover, even if the environmental protection exception is met, it will still be condemned
by developed countries on the grounds of violating the prohibition rule of technology transfer performance requirements.

4. A Better Mechanism to Resolve Sharing Obstacles—A Low-Carbon Technology Sharing Platform
4.1. Innovative Logic and Practical Breakthroughs of the Low-Carbon Technology Sharing Platform

To address the limitations of investment-driven technology transfer, a new type of technology cooperation
mechanism centered on sharing—the Low-Carbon Technology Sharing Platform—has emerged. In 2008, Sony, IBM,
and other private enterprises established the eco-patent commons. Enterprises participating in this sharing platform
publicly disclose their patents, most of which are related to low-carbon technological innovations. Any other
participants on the sharing platform can use the patents on the platform at no cost This sharing platform relies on private
enterprises voluntarily disclosing ecological patents, thus naturally avoiding the obstacles of patent rights protection.
Other participants, through the use of patents on the platform and their application in production and business operations,
not only substantially reduce carbon emissions but also encourage eco-technology innovation, ultimately achieving
sustainable human development and collectively combating global climate change [20].

Typical case: From Eco-Patent Commons to Tesla’s Open Source Project. The Low-Carbon Patent Sharing
Platform demonstrates significant synergistic effects: participants, while offering their patents for free use by others,
can also access and apply other patented technologies within the platform to commercial practices. This mutually
beneficial and win-win mechanism encourages private enterprises to carry out cooperative development. At the same
time, due to the mutual disclosure of patents, backward technologies are excluded, and the flaws of existing patent
technology solutions are made clear at a glance, prompting private enterprises to conduct in-depth research,
development, and innovation better [21]. This kind of innovation is not accomplished by a single party alone. All
participants can carry out innovations based on the already disclosed patents. Therefore, the resulting new patent
solutions are diverse rather than singular, enhancing the timeliness and precision of environmental problem governance.

The low-carbon patent sharing platform is more effective than technology transfer accompanied by investment in
popularizing the wide use of low-carbon technologies, reducing the cost of low-carbon technological innovation,
breaking through the conflicts between developed and developing countries regarding patent protection, and
encouraging joint research and development in the field of low-carbon technologies between developing and developed
countries [22]. For developing countries, the high patent licensing fees for low-carbon technologies of multinational
enterprises in developed countries often put them under significant pressure. They no longer have sufficient funds to
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support subsequent research, development, and innovation. Moreover, the technologies licensed by developed countries
may not necessarily be the most advanced or effective ones currently available [23]. The low-carbon patent sharing
platform can effectively address these two major problems. For example, in 2014, Elon Musk launched an open-source
initiative based on the platform [24], making Tesla’s renewable energy patents publicly available. His public statement
emphasized that, during the early stages of the company, patents were indeed a core asset, and the team had made
significant efforts to secure patent protection. However, as the company grew, the patent system gradually evolved into
a structural barrier inhibiting innovation, failing to achieve its original purpose of encouraging innovation. The essence
of technological leadership, Musk argued, lies not in the quantity of patents held but in a company’s ability to attract
top-tier technical and innovative talent. For such talent, continuous innovation is the primary driving force behind their
R&D activities, and the open-source initiative provides the institutional support needed to achieve their technological
innovation goals [25]. Based on Musk’s discourse, core technical R&D personnel in large tech companies typically do
not oppose patent disclosure. At the same time, corporate managers often excessively exercise patent rights to maintain
market competitiveness and profit margins. This, particularly in the field of low-carbon technologies, has significantly
hindered the efficiency of technological iteration. The low-carbon patent-sharing platform fosters collaboration between
companies, enabling the continuous development of technological innovation and enhancing the technological
acquisition capabilities of developing countries, thereby becoming an effective model of a sharing mechanism.
Empirical evidence shows that this platform model offers a more efficient path for low-carbon technology sharing
between the private sector and state actors (including governments of both developed and developing countries). Tesla’s
open-source initiative has indeed significantly accelerated the development of the global electric vehicle industry through
technology sharing. According to the “2023 Impact Report”, it’s open-source technologies now cover core areas such as
battery management and autonomous driving algorithms. More than 1.8 million Tesla electric vehicles worldwide have
contributed to an annual reduction of over 20 million tons of CO; emissions, with a total lifecycle CO; reduction of 51
tons per vehicle. As of 2023, Tesla has made over 300 patents publicly available, covering key areas such as battery
technology, autonomous driving, and motor design. Among these, patents related to battery management systems (BMS)
have been adopted by several companies, significantly enhancing the industry’s battery performance and safety.

4.2. Micro-Practice of Multinational Corporations in Low-Carbon Technology Sharing

In addition to the open patent platform model, multinational corporations have established more targeted
technology sharing mechanisms by creating patent pools and global R&D networks. Studies have shown that technology
companies, such as Microsoft and Siemens, have significantly promoted the global diffusion of low-carbon technologies
through systematic technology openness strategies.

Microsoft enables technology sharing through open-source, cross-platform tools, and cloud ecosystems. GitHub
Copilot serves 1.8 million paying developers and 77,000 enterprises. Azure Al supports a diverse range of models and
has 60,000+ customers. Power Platform reaches 48 million monthly active users with low-code/no-code innovation.
Microsoft and LinkedIn have collectively provided digital skills training to 14.1 million people globally, including Al-
related content [26].

Siemens, on the other hand, has developed a global R&D network through the MindSphere IoT operating system,
forming a technology-sharing system in the energy and industrial sectors. This system encompasses joint laboratories,
technology transfer agreements, and professional training. The 2023 report disclosed that 46.8% of its patent portfolio
is related to the United Nations SDGs, and it has achieved modular software and hardware and partner ecosystem
collaboration through the open digital platform Xcelerator, accelerating the transfer and large-scale application of low-
carbon technologies [27].

These micro-level practices demonstrate that enterprise-led technology sharing mechanisms can effectively fill the
gaps left by macro-level institutional frameworks. Overall, the technology-sharing practices of multinational
corporations not only validate the feasibility of market-driven operations but also provide replicable commercial
paradigms for global low-carbon technology governance through the establishment of standardized technology transfer
channels and knowledge diffusion networks. This bottom-up sharing model complements intergovernmental
cooperation, jointly advancing the achievement of global climate governance objectives.

4.3. Regulatory Framework: Access and Operation

The open source model is the primary basis for the operation of the low-carbon technology sharing platform, which
originates from the open source software licensing mechanism supported by the Royal Society of the United Kingdom.
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At the beginning, the open-source mechanism was mainly applied in the development industry of computer software
systems, primarily facilitating the sharing of the “source code” of software design among enterprises. Subsequently, the
modification and distribution of software were no longer restricted by the original patent license. The emergence of
open-source mechanisms has further accelerated the renewal and upgrading of software systems, improved the
efficiency of software, and also significantly reduced the cost of software innovation, eliminating the unnecessary
reinvestment for developers to apply special patches and upgrades to existing software. However, people never thought
that the open-source model would also make certain contributions in the field of environmental protection. Just like
software technology, low-carbon technology is more efficient when individuals or enterprises collaborate, rather than
when one patentee or enterprise holds exclusive rights and undertakes subsequent innovations independently. When
enterprises or individuals disclose their respective low-carbon technology patents, other participants can conduct
research and development based on their patents. At this point, the research and development costs previously
completed by individuals are distributed among the majority of other participants, thus significantly reducing the cost
of innovation [28]. The open-source model is not static but a dynamic and evolving mechanism. Publicly disclosed
patents will change along with the continuous evolution and update of products and knowledge. Moreover, unlike other
closed and centralised R&D models, the decision-making and operation models of the open-source model include
different agendas, methods, and ways to exercise priorities, which better reflect autonomy.

The initial goals of the Low-Carbon technology sharing platform were two-point. The first was to provide strategies
for accelerating and promoting environmental protection and technological innovation [29]. The second was to promote
and encourage joint cooperation and innovation among private enterprises, so as to improve the renewability, emission
reduction, pollution prevention, and other performance of existing technologies, thereby better governing the global
environment [30]. Take patent sharing as an example, a large amount of patent information is stored and incorporated
on the website managed by the World Business Council for Sustainable Development (WBCSD), facilitating searches
by other participants of the platform. The patent information on the platform is open to all other participating individuals
or enterprises for their free use. Of course, the period and scope of such free use will also vary according to different
“patent defensive termination conditions” (defensive termination). Meanwhile, the patents of the low-carbon technology
sharing platform will also be made public to many stakeholders.

The prerequisite for different entities joining the low-carbon technology sharing platform is that the technologies
they provide are carbon-beneficial. These benefits can manifest in various forms, including energy savings, reduction
of waste and pollution, prevention of environmental damage, the use of eco-friendly materials or components, reduced
material consumption, and enhanced renewable capacities, among others [30]. Participating enterprises and individuals
gain benefits from two aspects. One is to showcase the environmental protection technologies mastered by individuals
or enterprises from the perspectives of public relations and the market, indirectly promoting these technologies.
Secondly, it is to declare to the world that the enterprise or technology itself is environmentally friendly and that the
business strategy centres on contributing to the sustainable development of the environment. Due to the two benefits
brought by the mechanism, some enterprises may use environmental protection as a cover or exaggerate the environmental
protection functions of their own technologies to obtain market profits and reduce expenditures on patent licensing fees;
however, the technologies themselves do not affect environmental protection [31]. If such a situation occurs, enterprises
will be penalized by losing their membership of the platform and potentially damaging their public trust.

4.4. Idealized Mechanism: Third-Party Supervision and Proportion of Openness

To ensure the fairness and transparency of the platform’s governance structure, particularly to safeguard the
adequate representation of developing countries in the decision-making process, it is recommended that third-party
regulatory bodies be introduced into the platform’s governance, such as the United Nations Environment Programme
(UNEP). This mechanism would ensure that the platform takes into full account the needs and interests of developing
countries when designing policies and sharing technologies. Specifically, third-party regulatory bodies can play an
independent role in reviewing and assessing the platform’s policies, technology transfer agreements, patent licenses,
etc., ensuring that all parties adhere to the principles of fairness and transparency, and preventing any country or
enterprise from unfairly monopolizing or marginalizing the resources of developing countries through the platform
mechanism. Additionally, by regularly convening a multinational technology transfer committee or technical review
panel, this approach can amplify the voices and influence of developing countries in the decision-making process,
ensuring their interests are not overlooked in the platform’s governance. Furthermore, third-party regulatory bodies can
provide technical assessments, policy recommendations, and other forms of support to developing countries, helping them
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effectively absorb, digest, and utilize shared technologies, thereby ensuring the sustainability of technology transfer. These
mechanisms will not only enhance the platform’s fairness and transparency but also drive the global low-carbon
technology sharing mechanism to better align with the principle of “common but differentiated responsibilities”.

To further promote the fulfilment of technology transfer obligations by developed countries and enhance the
measurability of their responsibilities in global low-carbon cooperation, this paper proposes the introduction of a
Minimum Patent Openness Ratio as a quantifiable indicator under the principle of “common but differentiated
responsibilities”. This indicator can be defined as “the proportion of low-carbon technology patents shared by developed
countries through publicly available licensing mechanisms (such as FRAND licenses, patent pools, open licenses, etc.)
relative to their total number of relevant patents within each specified cycle under the UN framework™. It is
recommended to set an initial threshold of 25% to 30%, with gradual increases over time. Furthermore, this ratio should
be tailored to the research and development capacities and patent holdings of different countries, with differentiated
roadmaps developed accordingly. Transparent review and disclosure mechanisms should be established by institutions
such as WIPO and the UNFCCC Technology Executive Committee, accompanied by incentive measures (e.g.,
technology credits, financing facilitation) to encourage developed countries to comply. Such quantifiable indicators will
help transform soft law provisions into practical, actionable policy tools, thereby strengthening the sustainability and
accountability of global technology cooperation.

4.5. The Limitations and Legal Risks of Open Source and Defensive Licensing

Although open source and defensive licensing models offer significant advantages, they also present notable
limitations. One key challenge lies in enforcement: most open-source licenses rely on voluntary compliance and lack
robust international enforcement mechanisms. In jurisdictions with weak intellectual property enforcement capabilities,
particularly in the Global South, violations of open licensing terms are often left unremedied. Furthermore, these models
may enable certain actors to engage in free-riding [32], benefiting from shared technologies without making reciprocal
contributions, thus undermining the sustainability and fairness of global technology diffusion efforts. Defensive
licensing strategies, such as patent pledges or collective licensing pools, may be selectively or opportunistically
employed, sometimes as public relations tools, while proprietary rights are maintained elsewhere. Finally, there is the
potential for abuse, where entities may re-license or incorporate open technologies into proprietary frameworks, thereby
restricting downstream access and transparency.

In the open-source technology sharing mechanism, developing countries can access cutting-edge technologies at
no cost and benefit from technological advancements. However, they also face the risk of technological dependence.
When developing countries become overly reliant on open-source technologies, it may lead to insufficient local
innovation, a lack of independent research and development capabilities, and long-term dependence on external technologies.
To address these challenges, it is essential to strengthen local research and development (R&D) and innovation capabilities.
Incentives, such as tax reductions and R&D subsidies, should be provided to technology enterprises in developing
countries to encourage localized R&D and drive the innovation and iteration of indigenous technologies.

Additionally, support should be given for the localization and adaptation of technologies, encouraging developers
and businesses to make adjustments to open-source technologies to better align with local market demands and technical
environments. Furthermore, enhancing the training and cooperation of technical talent is crucial. This can be achieved
by establishing technology training centers and innovation accelerators, as well as by collaborating with international
research institutions and multinational companies to improve the technical expertise and innovation capabilities of local
R&D personnel. Developing countries should also formulate strategies for technological independence based on their
specific needs and resources. A long-term strategy should be developed to ensure that technology sharing and
independent innovation complement each other, rather than being mutually exclusive. The implementation of these
measures will enable developing countries to not only enjoy the benefits of open-source technologies but also avoid
excessive reliance on external technologies, thereby fostering the sustainable enhancement of their independent
innovation capabilities.

In conclusion, establishing an open, cooperative, and institutionally resilient low-carbon technology sharing
platform is a key mechanism for promoting global equitable access to technology. However, the effective operation of
this platform not only relies on international norms and institutional design but also requires active participation from
countries to develop complementary strategies and ensure the effective alignment of domestic systems with
international platforms.
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5. Recommendations for the Pathway of Implementing a Low-Carbon Technology Sharing Platform in China

Given the pivotal role of the platform mechanism in global technology sharing, China, as a major emitter of carbon
and a key driver of technological transformation, has a responsibility to respond and engage at the national strategic
level actively. This section will propose feasible pathway recommendations for China to advance the construction and
participation in the low-carbon technology sharing platform, based on the aforementioned platform logic and the
country’s specific context. This initiative not only represents a significant commitment to fulfilling international climate
obligations but also serves to promote the structural optimization of its low-carbon industries and enhance its
international competitiveness.

Currently, China faces multiple practical challenges in acquiring low-carbon technologies accompanied by
significant investment. First, even if foreign enterprises agree to license low-carbon technologies to domestic enterprises
for use, domestic enterprises still need to pay high technology licensing fees. Second, as high-end and advanced low-
carbon technologies are largely in the hands of developed countries, developed countries led by the United States will
make a big fuss under the pretext of patent protection. Moreover, the question of whether the implied technology transfer
requirements during foreign investment approvals fall under the category of mandatory technology transfer remains
unclear at this stage. Finally, although environmental protection exception clauses are introduced in most bilateral
investment agreements of developed countries, China can invoke these clauses to exercise discretionary power and
impose mandatory technology transfer requirements; however, there is no clear and unified interpretation of the
applicable conditions and defined scope. Therefore, China still needs to be cautious when invoking these exception
clauses to promote the sharing of low-carbon technologies.

5.1. Path One: Building a Multi-Layered Incentive Mechanism to Promote Corporate Participation

To actively promote and implement the low-carbon technology sharing platform, first of all, our country needs to
encourage more enterprises to join this platform. For domestic enterprises, it is necessary to count the number of private
enterprises with low-carbon technologies in the country, and then encourage them to join the platform through
corresponding financial support measures. This fiscal measure includes corresponding tax reduction and exemption by
the government, as well as preferential loans and financing for banks and fund organizations. For instance, China has
already implemented a series of tax incentive policies in the field of low-carbon technologies. These policies not only
alleviate the financial burden on enterprises but also encourage more companies to engage in the research, development,
and application of low-carbon technologies. Specifically, reference can be made to the policy that exempts corporate
income tax for enterprises implementing Clean Development Mechanism (CDM) projects. Enterprises undertaking
CDM projects, such as hydrofluorocarbon (HFC) and perfluorocarbon (PFC) CDM projects, which transfer 65% of the
greenhouse gas emission reduction revenue to the state, and nitrous oxide (N.O) CDM projects, which transfer 30% of
the emission reduction revenue to the state, enjoy specific tax exemptions. For the income derived from implementing
such CDM projects, from the year in which the enterprise first receives the emission reduction revenue, the corporate
income tax is exempt for the first three years and halved for the fourth to sixth years. This concrete tax reduction policy
provides strong fiscal support for the promotion and application of low-carbon technologies [33].

Similarly, in the early stages of the commercialization of carbon capture and storage (CCS) technologies,
government financial subsidies serve as one of the most rapid and effective financing mechanisms. This is likely due to
the current weak market structure for CCS technologies, which forces corporate consortia to rely on government
subsidies, making projects more susceptible to political influence [34]. Therefore, using government subsidies to
incentivize corporate participation in low-carbon technology sharing platforms can not only drive the development of
CCS technologies but also provide valuable insights for promoting other low-carbon technologies [35].

For foreign enterprises, since most low-carbon technologies are currently in the hands of developed countries,
encouraging private enterprises from developed countries to join the platform is the key for China to obtain low-carbon
technologies through the low-carbon technology sharing platform. However, based on China’s development experience,
encouraging private enterprises from developed countries to join the platform solely through the domestic government,
banks, and public institutions presents significant challenges. Therefore, our country needs to actively seek incentives
and assistance from international organizations. The United Nations Environment Programme Finance Initiative (UNEP
Finance Initiative for short) has put forward a series of proposals regarding the sharing of low-carbon technologies.
This includes providing corresponding country risk insurance for the low-carbon special Fund, etc. The specific
institutions providing such insurance include the World Bank’s Multilateral Investment Guarantee Agency (MIGA) and
the U.S. Government’s Overseas Private Investment Corporation. In addition to national risk insurance, the above-
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mentioned institutions can also establish low-carbon policy risk insurance to promote the implementation of “national
appropriate emission reduction actions”. However, such insurance is only applicable to the grandfathering scenario of
the free allocation method in carbon emission trading practices [36]. In addition, some public organizations can also
contribute funds to establish specialized organizations responsible for the implementation of low-carbon projects. Such
organizations can provide financial incentives for developed countries to invest in low-carbon projects in developing
countries and for enterprises that actively participate in the low-carbon technology sharing platform [37].

5.2. Path Two: Introducing Defensive Patent Licensing (DPL) Rules

Regarding the licensing rules of low-carbon technology sharing platforms, China can draw on the defensive patent
license model (DPL). Defensive patent licensing is a standardized open patent licensing model, which is mainly used
to encourage the creation of broad, decentralized and open innovation communities (OIC), where all the innovative
technologies provided by participants in this network are patented for defensive purposes. Any participant in the
network can use the patented technologies provided by other participants for free. For instance, in a low-carbon patent
sharing platform, it is necessary to unite the independent owners, enterprises, other suppliers, and related customers of
different low-carbon technology patents for defensive purposes to carry out collaborative innovation [38]. Defensive
patents mainly emerge in contrast to aggressive patents. A group of patent holders often obtains the letter through patent
infringement lawsuits to secure corresponding compensation amounts and make huge profits, and is also known as
“patent trolls”. However, such aggressive patent litigation is not prohibited by law. It is precisely because of the
exclusive nature of patent rights that aggressive patent rights groups or organizations have become “legalized” [39].
Drawing on the defensive patent licensing model can effectively prevent the Chinese government and enterprises from
being threatened by aggressive patent litigation outside the platform.

Defensive patent licensing operates through a series of bilateral obligations. If applied to an environmental
protection patent sharing platform, it can grant each member a permanent, worldwide, and royalty-free patent license
related to low-carbon technologies. It helps each member obtain a patent portfolio composed of a series of patents and
documents such as existing low-carbon technology patents, application patents, provisional terms, and potential future
updates of existing technologies. However, the above-mentioned license must meet four conditions: First, every member
of the platform (here, the member refers to both the licensor and licensee who implement the defensive patent license)
needs to waive the right to file infringement lawsuits against other members for their use of the patent. Even if some
members do not currently own low-carbon technology patents, they can still commit to giving up their exclusive rights
control over the low-carbon patent technologies they obtain in the future within the platform. Secondly, each member
is required to provide a patent portfolio of all existing and future technical information related to low-carbon
technologies. Thirdly, each member must bind all future potential successors of rights (here, successors of rights include
both the overall patent technology and the successors of partial patent technologies in the patent portfolio) to the patent
commitments made by joining the platform and the signed peace terms; Fourth, if any member intends to withdraw from
the sharing, they need to notify other members and those who are about to join within six months. Moreover, before the
expiration of the six-month period, he still needs to continue licensing the patent to other members as a defensive patent
and cannot revoke his commitment. If he withdraws the commitment and files a lawsuit against other members, then the
other members can also withdraw the patent commitment they originally made. However, the defensive license previously
made by the member who violates the patent commitment remains valid for the other members [40].

To prevent potential technology leakage and intellectual property disputes arising from member withdrawals, it is
recommended that multiple global low-carbon technology platforms incorporate legal protection mechanisms and
technical control provisions in their institutional design. Specifically, patent recall mechanisms can be established
through contractual agreements and platform regulations, which would require members to return or revoke certain
licensed patents registered on the platform upon their withdrawal. This would prevent the diversion of key technologies
originally intended for sharing into proprietary technologies that restrict competition. Furthermore, data privacy
protection is a core issue in platform governance. To prevent enterprises from engaging in unfair competition by
utilizing technical data from other parties obtained during their participation on the platform, it is essential to include
purpose limitation clauses and obligations for data deletion or anonymization in the data exchange agreements.
Additionally, dynamic tracking mechanisms should be implemented to ensure that sensitive data is no longer held by
the withdrawing member. Therefore, it is advisable for platforms to embed patent recall clauses within contractual terms,
clearly defining deadlines, scope, compensation, and legal validity; establish obligations for data deletion and legal



Clean Energy and Sustainability 2025, 3, 10009 13 of 17

accountability within data privacy agreements; and set up arbitration or neutral third-party institutions to address
intellectual property and data disputes arising from member withdrawals.

5.3. Path Three: Strengthening Institutional Capacity Building to Promote the Multilateral Collaboration Mechanism
of Low-Carbon Technology Sharing Platforms

The effective operation of low-carbon technology sharing platforms depends on the coordinated development of
institutional capacities among all participating parties. While developed countries currently dominate in the field of
technological research and development, their technology diffusion faces constraints due to market saturation and
limited application scenarios. On the other hand, developing countries often suffer from structural weaknesses such as
insufficient technology absorption capabilities and weak intellectual property management systems. To bridge this
capacity gap, it is essential to rely on the coordination role of international organizations such as the United Nations
Environment Programme (UNEP) and the World Intellectual Property Organization (WIPO) to establish a systematic
capacity-building framework. First, an international technical assistance program can be established, led by
international organizations, to create a low-carbon technology transfer fund that provides targeted technical training and
intellectual property management consulting services to developing countries, with a focus on enhancing their
capabilities in technology assessment, patent strategy, and compliance application. Second, regional low-carbon
technology demonstration centres should be established in developing countries to strengthen the ability to implement
and industrialize technologies through equipment sharing, case-based teaching, and scenario-based training, effectively
reducing technology adaptation costs. At the same time, efforts should be made to actively promote the construction of
“North-South cooperation” research and development alliances, encouraging research institutions and enterprises from
developed countries to participate in low-carbon technology projects led by developing countries. Through knowledge
sharing and talent mobility mechanisms, the independent innovation capabilities of developing countries can be
systematically enhanced, thus ensuring the sustainable development of the technology sharing platform.

In the process of building technology sharing platforms, in addition to the authorization and management of explicit
knowledge such as patents, the transfer of tacit knowledge is also a key element in achieving capacity building. Tacit
knowledge encompasses experiential skills such as equipment operation, system maintenance, and fault diagnosis,
which are often difficult to codify through literature or contracts. To enhance the effectiveness of low-carbon technology
sharing platforms, it is essential to design diversified knowledge internalization mechanisms. Specifically, multinational
technical training centres can be established to improve the on-site operational capabilities of technical personnel from
developing countries through on-the-ground training. Virtual simulation platforms can be developed, utilizing AR/VR
or digital twin technologies for simulated operations and remote skills training, particularly suited for technologies such
as wind energy and biomass.

Additionally, a “mentor-based” technical cooperation mechanism should be promoted, where experienced
technicians are stationed on-site to provide guidance, establishing a long-term collaboration model of “learning by
doing”. Furthermore, a technical knowledge community and dynamic Q&A system can be formed within the platform
to facilitate “learning in practice” and reduce knowledge gaps. These mechanisms will help transform the platform from
a “static information repository” to a “dynamic capacity-building vehicle”, effectively supporting the localization and
re-innovation capabilities of developing countries.

5.4. Path Four: Building a Coordinated Regulatory Mechanism to Improve the International Institutional Framework
for Low-Carbon Technology Sharing

The core regulatory challenge faced by low-carbon technology sharing lies in the institutional differences across
countries in intellectual property protection, environmental regulations, and trade policies. Although the Agreement on
Trade-Related Aspects of Intellectual Property Rights (TRIPS) has established international benchmarks for intellectual
property protection, there is an institutional conflict between its rigid provisions and the urgent need of developing
countries to access low-carbon technologies. To achieve effective regulatory coordination, a three-pronged strategy is
recommended: first, promote multilateral negotiations on the flexibility provisions of TRIPS within the World Trade
Organization framework, creating special exceptions for compulsory licensing of low-carbon technologies for
developing countries; second, revise bilateral investment agreements and free trade agreements to include specific
clauses on technology transfer, clarifying the rights and obligations of contracting parties; and third, establish an
international oversight body for technology transfer, setting transparency standards for technology sharing and dispute
resolution procedures to ensure fairness and operational feasibility in technology transfer. This institutional design aims
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to reconcile the conflict between the protection of private intellectual property rights and the public interest of climate
governance, providing a stable institutional framework for the global flow of low-carbon technologies.

5.5. Path Five: Strengthening Stakeholder Compliance Mechanisms to Build an Incentive and Constraint System for
Low-Carbon Technology Sharing

The effectiveness of implementing low-carbon technology sharing platforms fundamentally depends on the
compliance behaviour of diverse stakeholders. Enterprises, due to concerns over technology spillover risks and market
competition, often lack the willingness to share technologies. Governments meanwhile are constrained by domestic
political and economic limitations, making it difficult for them to effectively promote technology transfer. To enhance
the participation of these entities, a systematic incentive and constraint mechanism needs to be established. In terms of
trust mechanisms, a dual structure that includes legal safeguards and arbitration procedures should be developed,
thereby reducing the risk of technology leakage by establishing specialized dispute resolution bodies for technology
sharing and improving confidentiality clauses. Regarding incentive measures, a differentiated policy toolset can be
designed, including tax incentives such as increased R&D expense deductions and value-added tax exemptions for
enterprises that share core low-carbon technologies, as well as direct financial support such as subsidies for patent pool
participation. On the international coordination front, the transparency framework established under the Paris
Agreement should be leveraged to integrate technology sharing commitments into the assessment criteria of Nationally
Determined Contributions (NDCs), while using climate finance leverage to encourage developed countries to fulfil their
technology transfer obligations.

6. Conclusions and Discussions

This study systematically examines the institutional barriers and breakthrough pathways for international low-
carbon technology sharing, revealing the systemic conflict between technological monopolies and the public nature of
climate governance within the current international rule system. Through an analysis of international norms such as the
TRIPS Agreement and bilateral investment treaties, this paper identifies significant asymmetric conflicts between
developed and developing countries in terms of technology supply, institutional rules, and market dynamics. These
conflicts not only result in developing countries facing dual pressures of “compliance costs” and “technological
dependence”, but also trap the technological achievements of developed countries in the dilemma of misaligned
application scenarios. Based on technology lifecycle theory and the perspective of complementary stakeholders, this
study proposes an innovative approach to reconstruct the technology sharing incentive framework through an “open-
source mechanism”, offering a new solution to reconcile the exclusivity of intellectual property rights with the public
nature of climate governance.

The main theoretical contributions of this study are reflected in three areas: First, it develops an “institutional
barriers-pathway breakthrough” analytical framework that systematically explains the institutional tension in low-
carbon technology sharing. Unlike previous studies that primarily focus on the economic efficiency of technology
transfer, this paper specifically addresses the normative conflicts between intellectual property systems and climate
governance goals, thereby expanding the theoretical perspective of global environmental governance. Second, it
introduces new governance tools such as defensive patent licensing, enriching the theoretical paradigm of technology
transfer. This study finds that the limitations of traditional compulsory licensing models in practice urge a reevaluation
of the incentive mechanisms for technology sharing, with the open-source mechanism, based on voluntary participation,
potentially offering greater sustainability. Finally, through a comparative case study, the research verifies the
complementary potential of countries at different stages of development in technology sharing. The experiences of
Brazil’s CCS legislation and India’s photovoltaic industry development indicate that South-South cooperation and
North-South collaboration can serve as effective pathways to break through technological monopolies.

From a practical standpoint, this study reveals the significant role of low-carbon technology sharing platforms as
a form of institutional innovation. Cases such as Tesla’s open-source initiative demonstrate that by constructing
multidimensional mechanisms that include patent sharing, capacity building, and regulatory coordination, transaction
costs in technology transfer can be effectively reduced. Specifically, the “minimum patent openness ratio” quantitative
indicator proposed in this paper provides a new approach for transforming soft law obligations into actionable
institutional tools. This indicator not only enhances the transparency and predictability of international technological
cooperation but also provides specific quantifiable targets for ongoing international negotiations, such as the technology
finance dialogue at COP28. By setting the MPOR, countries can establish clear commitments regarding technology
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sharing, which not only facilitates the global dissemination of technologies but also integrates with existing tools such
as Technology Readiness Levels (TRL) and the Paris Agreement’s transparency framework, creating a more
comprehensive and coordinated international technology-sharing system. Moreover, the study emphasizes the key role
of tacit knowledge transfer in technology sharing and proposes specific measures, such as establishing multinational
technical training centres, to enhance the technological absorption capacity of developing countries.

This study has several limitations: First, it primarily employs qualitative analysis, lacking a quantitative assessment
of how different incentive measures impact technology diffusion rates. Second, the case analysis focuses on macro-
institutional aspects, with insufficient examination of micro-level corporate practices. Lastly, the empirical foundation
of the policy recommendations requires further strengthening. Future research could delve into the following directions:
Future research will be based on tools such as the Bass diffusion model to construct a prediction framework for the
transfer of low-carbon technologies and quantitatively evaluate the marginal effects of different policy tools; conducting
micro-empirical studies on multinational enterprise technology transfer strategies; and tracking and evaluating policy
implementation effects, especially quantifying the long-term impact of open-source licensing on technological
innovation. Additionally, with the development of digital technologies, emerging tools such as blockchain on
technology sharing platforms also warrant attention.

In conclusion, low-carbon technology sharing is a critical component of global climate governance. By addressing
technological monopolies through institutional innovation and constructing a fair and efficient technology sharing
mechanism, not only can the temperature control goals of the Paris Agreement be achieved, but the collaborative
development of the global green economy can also be promoted. As a responsible major power, China should actively
engage in the formulation of international rules and promote the establishment of a more inclusive and balanced global
technology governance system.
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