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            Abstract
          
        

        
          Despite possessing competitive climate technologies, South Korea’s ecosystem faces a chronic valley of death at the demonstration phase, where technologies stagnate at the commercialization stage due to rigid institutional constraints and a limited domestic market. To address these structural bottlenecks, this study redefines global Research, Development, and Demonstration (RD&D) in developing countries as a strategic “spatial fix” and an innovation pathway for technological completion, moving beyond conventional unilateral foreign aid. Centering on Korea’s Carbon-Neutral 100 Core Technologies, the methodology employs a three-phase supplier-driven co-alignment framework grounded in a logic model specifically tailored for climate technology demonstration within developing-country contexts. The first phase initiates from the supplier side with a strategic analysis involving a sequential screening process, conducted first by policy experts to ensure alignment with national strategic initiatives for global cooperation, and subsequently by technical experts to evaluate R&D necessity and technological rewards at the elemental technology level. The second phase matches these supplier priorities with the official climate demands of recipient countries through Nationally Designated Entities (NDEs), ensuring institutional receptiveness and inter-governmental alignment. The third phase concludes with a final supplier-side verification by multidisciplinary committees—comprising technology, policy, and commercialization specialists—utilizing the Analytic Hierarchy Process (AHP) to prioritize projects based on demonstration feasibility and strategic interests. Findings indicate that sustainable global RD&D hinges on the strategic “push” from suppliers, which is precisely integrated with the “pull” of recipient countries. Ultimately, transitioning national policy toward a reciprocal incentive structure will invigorate global RD&D cooperation and facilitate the international commercialization of carbon-neutral technologies, thereby providing a vital strategic mechanism for South Korean suppliers to successfully bridge the valley of death at the demonstration phase.
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      1. Introduction
      As the global climate crisis intensifies, the strategic value of climate technologies has become more critical than ever as a key driver for the effective implementation of greenhouse gas mitigation and climate adaptation (IPCC, 2023). In response to these international demands, the United Nations Framework Convention on Climate Change (UNFCCC) has established the Technology Mechanism; however, structural bottlenecks in the sustainability of actual cooperation persist (UNFCCC, 2015; UNFCCC Technology Executive Committee and Climate Technology Centre and Network, 2024). While technology-supplying countries tend to remain cautious about substantive technology transfer due to uncertainty in commercial incentives, recipient countries exhibit asymmetric path dependency by relying on one-sided support, resulting in most international cooperation initiatives remaining limited to short-term pilot projects (Ockwell and Byrne, 2016; Seres et al., 2009).

      In addition to structural constraints in international cooperation, the domestic foundation of the climate technology industry itself faces multiple challenges, including funding shortages and market uncertainty (An, 2018; Son et al., 2020). In response, the Korean government has undertaken cross-ministerial efforts to foster climate technologies, such as selecting Korea’s Carbon-Neutral 100 Core Technologies and strengthening a mission-oriented R&D innovation system (Government of the Republic of Korea, 2020; Ministry of Science and ICT, 2024). Nevertheless, the domestic climate technology ecosystem is confronted with a “demonstration valley of death”, in which research outcomes fail to diffuse into the market due to the high public-good nature of climate technologies, long investment recovery periods, and the limitations of a relatively small domestic market (IEA, 2023; OECD, 2024). In particular, despite domestic technological capabilities reaching over 80% of those of global leading countries, structural bottlenecks have emerged in which technological gaps cannot be narrowed because of stagnation at the commercialization stage (KCCI–SGI, 2023).

      This study focuses on global Research, Development, and Demonstration (RD&D) targeting developing countries as a strategic approach to overcoming these limitations (Ockwell and Byrne, 2016; Sajid et al., 2024). RD&D (Research, Development, and Demonstration) is defined as a non-linear innovation process that bridges the critical gap between laboratory-scale R&D and market commercialization (Jolly, 1997). While traditional R&D focuses on scientific discovery, the demonstration phase serves as a strategic "bridge" to validate technical performance and stakeholder acceptance under actual operational environments (OECD, 2024)1). To date, projects targeting developing countries have largely been discussed from the perspective of benefits to recipient countries, while relatively little attention has been paid to the strategic interests or technological rewards that Korean researchers and developers in the carbon-neutral sector can secure (Park, 2022; Yi and Kim, 2024). As a result, cooperation has often been framed merely as a moral obligation—something researchers “ought to do”—rather than as a pathway capable of generating strategic incentives that researchers actively “want to pursue” (Amoah and Marimon, 2022; Mazzucato, 2018).

      Accordingly, this study redefines cooperation with developing countries as a strategic R&D pathway for completing domestic technologies and proposes a reciprocal co-alignment framework that places participation incentives for technology suppliers at the highest priority in project planning (Ockwell and Byrne, 2016; Yi and Kim, 2024). Overseas demonstration in developing countries can serve as a spatial fix that circumvents domestic institutional and spatial constraints, while also functioning as a means to secure clear strategic benefits—such as risk sharing through linkage with international climate finance and early entry into expanding developing-country markets (Bossink, 2017; Climate Policy Initiative, 2024). Based on Korea’s Carbon-Neutral 100 Core Technologies, this paper aims to present a methodology for creating a virtuous cycle in which domestic R&D outcomes evolve into global innovation by identifying promising projects that maximize technological rewards for suppliers (Ministry of Science and ICT, 2024).

      To prioritize the realization of tangible returns for technology suppliers, this study defines its analytical scope as Korea’s Carbon-Neutral 100 Core Technologies, which were jointly derived by relevant ministries to achieve national carbon-neutral missions (Government of the Republic of Korea, 2020; Ministry of Science and ICT, 2024). Building on this scope, the study designs a stepwise supplier–recipient–supplier co-alignment framework that begins with the supplier perspective, incorporates recipient-country demands, and ultimately returns to the supplier perspective (Sajid et al., 2024; Yi and Kim, 2024). Through this systematic process, the study proposes a methodology for simultaneously securing technical feasibility and market acceptance, while identifying priority and flagship projects that are aligned with national strategic objectives (KISTEP, 2024; Mazzucato, 2018).

    

    

  
    
      2. Research Background
      
        2.1. The Importance of Climate Technologies and Efforts and Limitations in Building a Global Climate Technology Cooperation Framework
        Climate change–induced global social and economic ripple effects are intensifying, and accordingly, the strategic value of climate technologies as a core driving force for the practical implementation of greenhouse gas mitigation and climate adaptation is increasing (IPCC, 2023). Under these circumstances, the United Nations Framework Convention on Climate Change (UNFCCC) and the Conference of the Parties (COP) have defined Technology Development and Transfer as a core pillar of climate action, and have developed a cooperation framework centered on the Technology Executive Committee (TEC) and the Climate Technology Centre and Network (CTCN) (UNFCCC, 2015; UNFCCC TEC and CTCN, 2024).

        However, structural limitations still remain in terms of the sustainability of technology cooperation. Technology-supplying countries show weakened willingness to transfer technologies due to concerns such as the protection of intellectual property rights and uncertainty in commercial compensation structures, while recipient countries exhibit an asymmetric structure in which they continuously demand technology and financial resources (Ockwell and Byrne, 2016; Seres et al., 2009). As a result, international climate technology cooperation often remains at the level of declarative agreements, revealing limitations in failing to develop into substantive technology transfer or long-term partnerships (Ockwell and Byrne, 2016; Sajid et al., 2024).

        Korea has also actively promoted the entry of excellent domestic technologies into developing countries and their localization and commercialization, in line with these international trends, centering on climate technology cooperation consultative bodies (Green Technology Center, 2018; National Institute of Green Technology, 2023). Through these efforts, Korea aims to contribute to the achievement of national NDCs, preempt emerging global markets, and enhance its status as a climate-leading country; however, the operational approach remains confined to a one-directional, donor-centered beneficiary framework (Park, 2022; Yi and Kim, 2024).

      

      
        2.2. The Current Status and Limitations of Climate Technology in Korea
        
          2.2.1. Policy Efforts for the Development of Climate Technology in Korea
          The Korean government has also been making proactive policy efforts to develop climate technologies based on an acknowledgment of their importance (Government of the Republic of Korea, 2021; Ministry of Science and ICT, 2024). In particular, the Act on the Promotion of Technology Development for Climate Change Response defines climate change response technologies as technologies related to greenhouse gas mitigation and technologies that contribute to climate change adaptation. This Act aims to establish a research foundation for mitigation and adaptation technologies and to foster and develop them in a systematic manner. In addition, it seeks to promote international cooperation in technology in order to achieve carbon-neutrality and contribute to the development of the national economy, and explicitly stipulates the national responsibility for addressing climate change issues (Government of the Republic of Korea, 2021).

          As part of efforts to concretize policy directions into actual technology development, the government selected Korea’s Carbon-Neutral 100 Core Technologies through a joint, cross-ministerial initiative, taking into account the importance of carbon-neutral technologies (Ministry of Science and ICT, 2024). Based on this initiative, the government aims to achieve the 2030 Nationally Determined Contribution (NDC) and carbon neutrality by 2050 through technological innovation. The three fundamental directions of policy implementation are (1) mission planning in partnership with the private sector, (2) rapid and flexible investment, and (3) the establishment of a foundation for technological innovation (Kattel and Mazzucato, 2018; Ministry of Science and ICT, 2024).

          The Korean government is not limited to the development of climate technologies, but is devoting extensive policy efforts to ensure that research outcomes can diffuse into the actual market at the commercialization stage. In addition, in order to overcome the structural limitations arising in the climate technology demonstration process, the government is systematically establishing a promotion policy framework, including measures to increase technology commercialization rates and to expand local demonstration activities (e.g., Eighth Plan for the Promotion of Technology Transfer and Commercialization, 2022; First Basic Plan for Climate Change Response Technology Development, 2022).

        

        
          2.2.2. Limitations of Domestic Climate Technology Development – Delays in Commercialization and the Demonstration-Stage Death Valley
          Despite the government’s multifaceted legal and policy support efforts, the domestic climate technology ecosystem is facing a structural bottleneck in which technological development outcomes fail to translate into actual commercialization (An, 2018; Son et al., 2020). Experts identify the “gap at the demonstration stage” as a decisive factor causing the organic disconnection between the R&D phase and market take-off, and analyze this gap as stemming from three key bottlenecks at the levels of finance, market, and institutions (Bossink, 2017; Sajid et al., 2024).

          First, market uncertainty arising from the narrow scale of the domestic market and a policy-dependent demand structure is undermining private-sector dynamism. The climate technology industry exhibits the characteristics of a “policy-dependent market,” in which demand is determined by changes in policy orientation or energy supply and demand conditions. As a result, firms face significant difficulties in establishing long-term investment recovery plans, and when carbon pricing schemes or incentive mechanisms capable of offsetting the high initial costs (Green Premium) compared to conventional technologies are insufficient, the formation of a self-sustaining market is inevitably delayed (IEA, 2021; OECD, 2024).

          In particular, domestic firms face limitations in entering public procurement and global markets due to excessive competition within a narrow domestic market and a lack of operational track records in real-world settings. This insufficiency in demand-creation mechanisms further exacerbates funding discontinuities, ultimately acting as a factor that causes firms possessing innovative technologies to be eliminated at the threshold of commercialization (An, 2018; Yi and Kim, 2024).

          Second, due to the capital-intensive nature unique to climate technologies and their long investment payback periods, a severe “investment death valley” emerges at the demonstration stage. According to a survey conducted by the Sustainability Growth Initiative (SGI) of the Korea Chamber of Commerce and Industry (2023), more than 60% of domestic climate-tech firms identified difficulties in securing financing as the greatest barrier to commercialization (KCCI–SGI, 2023). Compared to general IT services, climate technologies require a much larger scale of initial capital investment and involve longer investment recovery periods, resulting in a problem of “financial mismatch,” whereby private venture capital investment fails to continue through the later stages of commercialization (Climate Policy Initiative, 2024; OECD, 2024). The burden of such capital costs and financial discontinuities constitutes a major reason why firms that have succeeded in early-stage technology development become stalled at high-risk phases such as large-scale process demonstration (Bossink, 2017; Sajid et al., 2024). The International Energy Agency (IEA, 2023) has likewise emphasized that the severe funding gap at the demonstration stage is a key inhibiting factor in the global diffusion of climate technologies (IEA, 2023).

          Third, a phenomenon of “regulatory lag,” in which laws and institutions fail to keep pace with the speed of new technology development, is slowing the pace of innovation. As pointed out by the Korean Association for Regulatory Studies and the Federation of Korean Industries (2024), there are frequent cases in which promising climate technologies—such as waste plastic pyrolysis or hydrogen mobility—are constrained by existing frameworks under the Waste Management Act or current safety standards, preventing them from obtaining even opportunities for demonstration (Korean Association for Regulatory Studies and Federation of Korean Industries, 2024). Even when temporary approvals are granted through regulatory sandbox schemes, delays in subsequent legal and regulatory revisions necessary for full-scale commercialization hinder the stabilization and market entry of these technologies (Korean Association for Regulatory Studies and Federation of Korean Industries, 2024). In particular, for convergent technologies such as renewable energy, hydrogen, and carbon capture, utilization, and storage (CCUS), jurisdictions under multiple ministries—including the Farmland Act, Road Act, and Building Act—are intricately overlapped, and the absence of integrated guidelines exposes a structural limitation in which substantial administrative time and costs are consumed from the demonstration planning stage onward.

          In conclusion, as financial, market, and institutional factors interact in a complex and reinforcing manner, domestic climate technology firms face structural difficulties in transitioning from the demonstration stage to full commercialization (Sajid et al., 2024).

        

      

      
        2.3. Strategic Value of Global Demonstration Projects Targeting Developing Countries
        This study focuses on the necessity of “global demonstration projects targeting developing countries” as an effective alternative for addressing the structural challenges faced by the domestic climate technology ecosystem (Green Technology Center, 2018; National Institute of Green Technology, 2023). This approach departs from conventional discussions of global RD&D that are centered on developed countries, and instead represents a process of redefining the differentiated strategic value that the unique environments of developing countries provide to technology suppliers, in line with mission-oriented and systemic approaches to climate innovation (Kattel and Mazzucato, 2018; Mazzucato, 2018; Ockwell and Byrne, 2016). This is redefined as an essential pathway for technological innovation aimed at resolving the physical and economic constraints of R&D faced by Korea as a technology supplier and securing tangible “strategic benefits,” rather than viewing developing countries merely as recipients of aid within a conventional one-directional donor framework (Bossink, 2017; Jiang et al., 2024).

        
          2.3.1. Existing Perspectives on Climate Technology Cooperation with Developing Countries
          To date, climate technology cooperation projects targeting developing countries have primarily been discussed with a focus on the benefits gained by the developing countries themselves (Ockwell and Byrne, 2016; Seres et al., 2009). In contrast, relatively little attention has been paid to the returns obtained by the technology providers, i.e., researchers and developers in Korea’s carbon neutrality field (An, 2018; Kim and Lee, 2019). As a result, cooperation projects targeting developing countries tend to become entrenched in a binary framework of donors and beneficiaries, particularly when structured around ODA (Green Technology Center, 2018; Ikram and Es-sadki, 2025; Park, 2022).

          This perspective defines technology cooperation as a core instrument for implementing international agreements such as the UNFCCC and the Paris Agreement (UNFCCC, 2015). From this perspective, cooperation with developing countries falls within the domain of moral and political responsibility that developed countries are expected to bear under the principle of common but differentiated responsibilities (CBDR) (UNFCCC, 2015). Such a perspective is useful in explaining the normative justification for international cooperation, but it has a limitation in that it does not sufficiently capture the strategic motivations of technology-supplying countries (Mazzucato, 2018; Sajid et al., 2024). Because cooperation is addressed mainly at the level of what ought to be done, the motivations of research and development actors in the field—namely, what they actually want to do—are treated as secondary considerations (Amoah and Marimon, 2022; Yi and Kim, 2024).

          This study seeks to move beyond these limitations of existing perspectives by redefining cooperation with developing countries as a strategic RD&D approach for the completion and advancement of domestic technologies (Kattel and Mazzucato, 2018; Yi and Kim, 2024).

        

        
          2.3.2. Demonstration Projects in Developing Countries: Potential as a Strategic Tool
          There is a need to re-examine projects targeting developing countries as strategic tools. Such projects need to be viewed beyond one-way aid, with attention paid to their value as strategic instruments that provide tangible returns to technology suppliers (Amoah and Marimon, 2022; An, 2018). This study focuses in particular on the value of cooperation with developing countries as a strategic means to overcome the “death valley” at the demonstration stage (Mazzucato, 2018; Sajid et al., 2024).
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          Global RD&D targeting developing countries performs the following strategic functions in concrete terms. First, it provides a spatial fix for the demonstration environment. In the domestic context, dense regulations, lack of suitable sites, and already highly developed infrastructure impose limitations on conducting large-scale demonstrations of disruptive innovation technologies (Jiang et al., 2024; Son et al., 2020). By contrast, some developing countries provide relatively open environments through new city development, regulatory sandboxes, or the designation of special zones, and empirical studies show that well-designed demonstration programs can significantly enhance innovation and diffusion outcomes in such contexts (Bossink, 2017; Sajid et al., 2024). In particular, climate technologies require demonstration under heterogeneous conditions such as high temperatures, high humidity, weak power grids, and diverse agricultural environments, and data accumulated under these conditions enables technological advances that are difficult to achieve solely within domestic environments (Sajid et al., 2024).

          Second, it provides an effective pathway for securing financial resources. Climate and clean energy projects in developing countries often face high capital costs and significant financial and institutional risks, which constrain private investment (Ikram and Es-sadki, 2025). In response, recent studies highlight the importance of policy-driven demonstration programs and risk-sharing mechanisms that blend public and private finance (Amoah and Marimon, 2022; Jiang et al., 2024). Global RD&D targeting developing countries enables the design of a structure that combines domestic public funding with international and private resources, thereby reducing the cost burden associated with high-risk demonstration phases (OECD, 2024).

          Third, by preempting markets in consideration of the expanding demand for climate technologies in developing countries, it is possible to mitigate uncertainties arising from the narrow domestic market. Empirical and policy-oriented research indicates that investments and project pipelines in renewable energy, clean transport, and energy efficiency are growing rapidly in developing and emerging economies, and that early entry combined with robust demonstration track records can shape long-term competitive advantage (Yi and Kim, 2024). Accordingly, securing track records at an early stage through on-site demonstrations and preempting potential markets directly contribute to reducing market uncertainty while simultaneously enhancing the international competitiveness of domestic technologies (Climate Policy Initiative, 2024; Jiang et al., 2024).

        

        
          2.3.3. Proposal of a Climate Technology Cooperation Framework for Developing Countries That Prioritizes the Return of Technology Suppliers
          This study proposes a mutually beneficial linkage (co-alignment) framework that prioritizes the returns of suppliers in order to translate the potential of demonstrations in developing countries into tangible outcomes (Ockwell and Byrne, 2016; Yi and Kim, 2024).

          The core of the framework proposed in this study lies in mutual benefit that places the return of technology suppliers as the highest priority in project planning. At the international level, recent discussions on collaborative RD&D also stress the importance of moving beyond one-way technology transfer toward mutually beneficial innovation partnerships (Ockwell and Byrne, 2016; UNEP DTU Partnership, 2017). In this regard, the framework proposed in this study is differentiated in that it takes the strategic demands of suppliers as the starting point of the planning process, consistent with innovation-system approaches to climate technology cooperation (Ockwell and Byrne, 2016).

          In order to prioritize the tangible returns of technology suppliers, this study defines its analytical scope as Korea’s Carbon-Neutral 100 Core Technologies, which were jointly identified by multiple ministries with the objective of achieving the national carbon neutrality mission (Ministry of Science and ICT, 2024). Based on this scope, the study designs a stepwise linkage (co-alignment) framework that starts from the supplier, moves to the demand side, and then returns to the supplier in a supplier–demand–supplier sequence (An, 2018; Yi and Kim, 2024). Through this systematic review process, this study proposes a series of methodological steps to simultaneously secure technological feasibility and market acceptability, and to derive priority and key implementation projects that align with national strategic objectives (Kattel and Mazzucato, 2018).

        

      

    

    

  
    
      3. Data and Methods
      The reciprocal framework proposed in this study is structured as a three-step sequential process that integrates quantitative and qualitative analyses (Bossink, 2017; Sajid et al., 2024). As a pilot application of this framework, this study defines Korea’s Carbon-Neutral 100 Core Technologies as the research scope and derives priority and promising technologies that, from the domestic perspective, maximize the strategic potential of overseas demonstration in developing countries while also aligning with their technological demands (Ministry of Science and ICT, 2024; Yi and Kim, 2024).

      
        3.1. Research Scope – Carbon-Neutral 100 Core Technologies
        
          3.1.1. What Are the Carbon-Neutral 100 Core Technologies?
          As part of a mission-oriented R&D approach, the Korean government has identified science and technology as the key driving force for achieving carbon neutrality by 2050 through the fundamental transformation of high-emission sectors, including energy, industry, transport, buildings, and the environment (Government of the Republic of Korea, 2020; Ministry of Science and ICT, 2024). In this context, the government established the Carbon-Neutral Technology Innovation Promotion Strategy (Inter-ministerial Joint Initiative, 2021) and defined the Carbon-Neutral 100 Core Technologies by reflecting Korea’s unique geographical characteristics, industrial structure, and technological environment (Ministry of Science and ICT, 2021). In particular, the technology selection process strategically prioritized the following domestic specificities.

          First, geographical constraints such as limited land availability and low average wind speeds were taken into consideration (Agora Energiewende, 2021). Unlike Europe or North America, where the development of large-scale renewable energy complexes is more favorable, domestic conditions make it particularly urgent to secure high-efficiency and large-scale technologies that maximize spatial efficiency (Agora Energiewende, 2021).

          Second, the framework aimed to transform an industrial structure centered on carbon-intensive manufacturing sectors such as steel and petrochemicals. To effectively drive the transition of Korea’s core industries toward low-carbon processes, priority was given to disruptive innovation technologies that go beyond incremental efficiency improvements and fundamentally restructure industrial systems (Inter-ministerial Joint Initiative, 2021).

          Third, the framework sought to secure technological sovereignty amid a global context in which climate technologies are emerging as new trade barriers. Reflecting the judgment that the localization and self-reliance of core technologies are essential to maintaining national competitiveness in response to international environmental regulations such as the Carbon Border Adjustment Mechanism (CBAM), this consideration was explicitly incorporated (Dentons Lee, 2025; OECD, 2024).

          In the selection process, the government established the Carbon-Neutral Technology Planning Committee in February 2021, composed of experts from academia, industry, and research institutes. Subsequently, in June, a Special Committee on Carbon-Neutral Technologies was launched, consisting of five technical working groups covering energy, industry, transport, buildings/ICT, and the environment (Ministry of Science and ICT, 2021). Through consultations with government agencies and industrial stakeholders, the committee collected 562 technology demands and conducted a thorough review of domestic and international R&D trends (Ministry of Science and ICT, 2021).

          Based on this analysis, 17 strategic technology areas were finalized in October 2021. These areas include, among others, solar power, wind power, hydrogen supply, energy storage, power grids, and nuclear energy (Korea Institute of Energy Research, 2021; Ministry of Science and ICT, 2021). Within these 17 areas, the committee evaluated carbon reduction potential, cost-effectiveness, and technological feasibility, deriving 447 candidate technologies across 114 subcategories. Subsequently, through a review process involving 233 top national-level experts, the Carbon-Neutral 100 Core Technologies optimized for Korea’s carbon-neutral pathway were finally confirmed (Ministry of Science and ICT, 2021; Yi and Kim, 2024).

        

      

      
        3.2. Research Design
        This study designs a supply-driven co-alignment process that begins with the strategic needs of technology providers, integrates the needs of recipients, and then returns to the provider perspective to determine final priority projects. The overall process is structured as a three-step feedback system, consisting of supplier-side analysis (Step 1), demand-side analysis (Step 2), and final supplier-side verification and prioritization (Step 3), as shown in Fig. 2.
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        3.3. Methods
        
          3.3.1. Step 1: Supplier-Centered: Screening of Promising Fields and Technologies
          In this study, a logic model was employed as the core evaluation framework, to identify technology fields among domestic carbon-neutral technologies that are promising for overseas demonstration and international cooperation with developing countries, and to establish concrete evaluation criteria for deriving global RD&D projects by field (KISTEP, 2024). To fully realize the strategic potential of overseas demonstration projects targeting developing countries, a strategic approach grounded in a clear implementation rationale is essential, rather than arbitrarily selecting ongoing R&D projects (Bossink, 2017). Accordingly, evaluation indicators were constructed using the logic model, a representative framework applied across the entire cycle of policy and project planning, management, and evaluation (KISTEP, 2024). The logic model structurally presents the pathway through which a project achieves its objectives and clarifies the causal relationships among objectives, strategies, activities, inputs, and expected outputs, thereby enabling the verification of project efficiency and feasibility (KISTEP, 2024). In particular, at the planning stage, the logic model serves to identify design flaws or inconsistencies in implementation logic at an early stage and to preliminarily assess the operational viability of a project (OECD, 2024). At this stage, the analysis focuses on describing the project’s implementation logic itself, rather than on specific outputs or impacts. In Korea’s national R&D program feasibility studies, the logic model is also utilized as a core analytical tool.

          First, problem definition explains the fundamental rationale and background for project implementation by identifying technological, social, and policy-related problems. Second, objectives specify the outcomes to be achieved through problem resolution and examine their appropriateness and feasibility. Third, activities define the concrete R&D tasks and implementation procedures required to achieve the stated objectives. Fourth, inputs refer to resources such as human capital, financial resources, and infrastructure, which serve as the basis for assessing the practical feasibility of project execution. Fifth, outputs specify the types and scope of direct results generated through project implementation. Sixth, assumptions identify external factors and risks that may influence project implementation in advance (KISTEP, 2024).

          The logic model-based project planning framework provides an analytical structure for the strategic design of overseas demonstration (RD&D) projects in developing countries (Bossink, 2017; Sajid et al., 2024). In this study, technologies suitable for overseas demonstration in developing countries were progressively identified through a stepwise filtering approach applied to the Carbon-Neutral 100 Core Technologies, moving sequentially from promising fields (mid-level categories) to promising technologies (subcategories) and ultimately to promising elemental technologies (Ministry of Science and ICT, 2024). The feasibility of implementing the RD&D in developing countries is often determined less by the technical excellence of individual projects than by national policy priorities and institutional receptiveness in the recipient country (Ockwell and Byrne, 2016; Yi and Kim, 2024). Because policy acceptance at the sectoral level and the existence of demonstration infrastructure constitute prerequisite conditions for technology adoption, these factors should be assessed at higher levels rather than at the level of detailed technical items (Sajid et al., 2024; UNEP DTU Partnership, 2017). In this context, a hierarchical approach enables systematic, demand-driven screening by developing countries while maintaining coherence within the national technology system (Ockwell and Byrne, 2016).

          
            	① Step 1-1: Identification of Priority Technology Fields (International Cooperation and Policy Perspective)


          

          Based on the designed evaluation criteria, a selection committee consisting of nine experts in technology commercialization and international cooperation was convened to identify priority technology fields (Amoah and Marimon, 2022; An, 2018). The expert committee conducted a comprehensive review of the 17 mid-level technology categories, considering factors such as suitability for demonstration in developing countries, the necessity of domestic and overseas demonstration, and policy priorities. Because climate technology cooperation with developing countries is often pursued on the basis of government-to-government (G2G) consultations, policy alignment and cooperation feasibility must be considered as primary criteria (Ockwell and Byrne, 2016; Yi and Kim, 2024). Through this process, priority fields with high potential for cooperation with developing countries were selected from among the 17 Carbon-Neutral mid-level categories (Ministry of Science and ICT, 2024).

          To establish a foundation for identifying promising technologies and deriving project candidates, the elements of the logic model were operationalized into evaluation indicators and organized into the following five criteria.

          
            	• Policy priority and alignment with mission-oriented R&D: This criterion assesses alignment with national mission-oriented R&D objectives and linkages with major policy programs, including national strategic technologies (Kattel and Mazzucato, 2018; Mazzucato, 2018).


            	• Level of domestic demonstration completion: Based on technology readiness levels (TRLs), this indicator examines the extent of domestic demonstration to determine the necessity of overseas demonstration (IEA, 2021). When domestic demonstration is insufficient, it serves as a criterion to identify whether domestic demonstration should be prioritized prior to demonstration in developing countries.


            	• Necessity of overseas demonstration: This criterion examines whether overseas, in-country demonstration meaningfully contributes to technological advancement and commercialization in light of domestic constraints related to infrastructure, institutional frameworks, and environmental conditions (Bossink, 2017).


            	• Global technology development and investment trends: Global scalability is assessed by considering R&D investment levels in major countries for similar technologies, as well as support trends in international RD&D programs such as Horizon Europe, the Asian Development Bank (ADB), and the Green Climate Fund (GCF) (Climate Policy Initiative, 2024; OECD, 2024).


            	• Appropriateness of overseas demonstration: This indicator evaluates feasibility and sustainability in the local context of developing countries by considering anticipated project scale, financing feasibility, and required implementation timelines (Sajid et al., 2024; UNEP DTU Partnership, 2017).


          

          
            	② Step 1-2: Selection of Promising Elemental Technologies (Technical Perspective)


          

          The second-round screening is conducted with technical experts in the selected technology fields (Amoah and Marimon, 2022). Even within the same field, the necessity for and expected benefits of in-country demonstration in developing countries vary depending on the characteristics of individual elemental technologies (Sajid et al., 2024). Through expert review, promising detailed technologies suitable for demonstration in developing countries are identified from among the candidate pool of the 100 Core Technologies (Ministry of Science and ICT, 2024).

          For the selected mid-level categories and detailed technologies (subcategories), advisory panels were formed, consisting of two technical experts per technology. The panels qualitatively assessed the appropriateness and implementation feasibility of overseas demonstration projects in developing countries for each elemental technology under the respective detailed technologies. The main aspects examined for each elemental technology during the evaluation process are as follows.

          
            	• Domestic TRL of the relevant elemental technology.


            	• Status of lead and participating institutions and whether demonstration activities have been conducted.


            	• Scale and scope of ongoing demonstration, if applicable.


            	• Necessity and objectives of overseas demonstration projects targeting developing countries.


            	• Reasons and constraints in cases where demonstration is deemed unnecessary.


            	• Types of domestic and international funding sources available for demonstration implementation.


            	• Applicability and market potential of the technology in developing-country contexts.


          

          These review items are all directly linked to the core components of the overarching project logic model, including issue definition, objective setting, inputs and activities, and outputs (KISTEP, 2024). By synthesizing expert opinions, promising technologies suitable for demonstration in developing countries are identified (Ockwell and Byrne, 2016; Sajid et al., 2024). These technologies subsequently form the core candidate pool for planning future in-country demonstration projects in developing countries and serve as a basis for specifying the linkage structure between priority technology fields and elemental technologies (Yi and Kim, 2024).

        

        
          3.3.2. Step 2: Demand-Side Analysis: Assessment and Matching of Local Needs
          While the analysis in Step 1 focused on identifying technologies that should be prioritized for overseas demonstration (RD&D) from the supplier (Korea) perspective, this step incorporates the technology demands and priorities of recipients (developing countries). Accordingly, this stage aims to identify the intersection between supplier and demand perspectives in order to select promising technologies and to derive RD&D cooperation projects.

          
            	① Step 2-1: Demand Survey Targeting Nationally Designated Entities (NDEs) in Developing Countries


          

          To investigate the actual demands on the side of developing countries, this study selected the Nationally Designated Entities (NDEs) of the Climate Technology Centre and Network (CTCN)—a key implementing body of the UNFCCC Technology Mechanism—as the survey target (UNFCCC, 2015; UNFCCC TEC/CTCN, 2024). CTCN is an operational institution that supports developing countries in responding to climate change and carries out activities related to technology cooperation and capacity building (UNEP DTU Partnership, 2017).

          Each Party-designated NDE serves as a central entity that consolidates inputs from government agencies, research institutions, and industry within the country, and coordinates and approves national climate technology demands (UNFCCC TEC/CTCN, 2024). Because developing countries tend to pursue projects in a government-led manner based on national climate policies, selecting NDEs—who represent national-level technology cooperation needs and officially authorize international collaboration—as survey respondents is most appropriate for enhancing both project sustainability and policy alignment (Ockwell and Byrne, 2016; Yi and Kim, 2024).

          Based on the survey, the study analyzes specific local conditions and policy orientations in developing countries using the pool of 296 elemental technologies, and matches these findings with the technology groups derived in Step 1 to identify five priority core technologies (Ministry of Science and ICT, 2024). At the demand survey stage, NDEs from each country provided inputs regarding their technology cooperation needs, including (i) the rationale for technology selection (policy and social background), (ii) relevant legal and institutional frameworks, and (iii) preferred forms of cooperation (e.g., joint research, technology transfer, pilot projects). The internal research team synthesized these inputs to analyze country-specific cooperation needs, institutional and market contexts, and the applicability points of each technology in developing-country settings (Sajid et al., 2024).

          Based on these analytical results, a one-page project concept note was prepared for each elemental technology. Each concept note includes the project overview and objectives, technology description and application areas, target country and implementing institutions for demonstration, application strategy, project duration and budget, diffusion and commercialization strategy, institutional, political, and social stability (implementation risks), as well as expected impacts from technical, economic, social, and environmental perspectives.

          The prepared proposals were submitted to field-specific technical experts (one expert per field, five experts in total) for review of their appropriateness in terms of technical feasibility, commercialization potential, and linkage to international cooperation.

          
            	② Step 2-2: Identification and Verification of Promising Project Candidates


          

          Once promising elemental technologies with high demand are identified through the demand survey, a pool of concrete project candidates that can be developed into actual RD&D cooperation projects in developing countries is established (Sajid et al., 2024). In this process, country-specific conditions for each target country are collected and analyzed.

          First, during the demand survey stage, NDEs provided detailed inputs on the policy and social rationale for technology selection, relevant legal and institutional frameworks, and preferred forms of cooperation (such as joint research, technology transfer, and pilot projects). The research team synthesized these inputs to analyze country-specific cooperation needs, institutional and market contexts, and local application points of the technologies.

          Based on these analytical results, a one-page project concept note was prepared for each elemental technology, and the main contents included are as follows (Amoah and Marimon, 2022; Yi and Kim, 2024).

          
            	• Project overview: Objectives, technology description, and application areas.


            	• Implementation structure: Target country for demonstration, implementing institutions, and application strategy.


            	• Project plan: Project duration, budget, and diffusion and commercialization strategy.


            	• Risk management: Institutional, political, and social stability (implementation risks).


            	• Expected impacts: Outcomes from technological, economic, social, and environmental perspectives.


          

          The prepared proposals were submitted to field-specific technical experts (one expert per field, five experts in total) for validation in terms of technical feasibility, commercialization potential, and linkage to international cooperation. After incorporating the experts’ review comments through a refinement process, three candidate projects were finalized for each selected promising elemental technology, resulting in a total of 15 candidate projects.

        

        
          3.3.3. Step 3: Final Selection from the Supplier Perspective: Strategic Prioritization
          In the final stage, the analysis returns to the supplier (Korea) perspective to determine the promising projects that should be prioritized from Korea’s standpoint, based on country-specific needs identified through the demand survey (Ockwell and Byrne, 2016; Yi and Kim, 2024). Even among countries exhibiting similar technological demands, a selection process is undertaken to identify priority projects by comprehensively considering Korea’s strategic interests and the likelihood of successful local demonstration (An, 2018).

          Selection committees were operated separately for each promising elemental technology. Even for the same elemental technology, different cooperation projects can be developed depending on the demand country’s needs and its policy and institutional conditions; therefore, a pairwise comparison among the three candidate projects derived for each technology is essential (Amoah and Marimon, 2022). The committee applied the Analytic Hierarchy Process (AHP) to calculate relative priorities across the 15 candidate projects. By reflecting the integrated perspectives of technology, policy, and commercialization experts, projects were selected that balance not only technical excellence but also market acceptability and policy validity (KISTEP, 2024; Saaty, 1980). Ultimately, one promising project was selected for each technology, resulting in the final identification of five priority projects that satisfy reciprocity while maximizing the supplier’s strategic interests (Yi and Kim, 2024).

          
            	① Composition of the Selection Committee and Evaluation Method


          

          A Selection Committee composed of field-specific experts was convened to evaluate the 15 promising project candidates identified in the previous stage. To reflect a multidimensional perspective encompassing technical feasibility, policy linkage, and commercialization potential, the committee was composed of technical experts, policy experts, and project planning specialists.

          The Selection Committee was operated separately for each of the five promising elemental technologies, and applied the AHP to determine relative priorities among the 15 candidate projects through pairwise comparisons. AHP is one of the multi-criteria decision-making (MCDM) methods and is particularly useful for deriving priorities among multiple alternatives by quantifying qualitative judgments.

          
            	② Design and Application of the AHP-Based Evaluation Framework


          

          
            	
              (Step 3-1) Design of the AHP Analysis Framework
            

          

          In the first stage of the AHP analysis, four major evaluation categories (Level 1)—policy alignment, technical feasibility, feasibility of implementing the RD&D, and expected impacts and spillover effects—were established to reflect the objectives of this study and the characteristics of climate technology cooperation projects (Saaty, 1980). Subsequently, detailed evaluation indicators (Level 2) were defined under each major category. The specific evaluation indicators for each subcategory are presented as follows.

          
            	
              (Step 3-2) Weight Calculation and Consistency Verification
            

          

          First, weights were assigned to each criterion used for selecting promising projects. The relative importance among the four upper-level criteria—policy and strategic alignment, technical alignment, feasibility of implementing the RD&D, and expected impacts and spillover effects—was compared, followed by pairwise comparisons of the relative importance of the detailed evaluation indicators constituting each upper-level criterion. Experts evaluated relative importance on a 1–9 scale; according to Saaty’s (1980) criteria, a Consistency Ratio (CR) ≤ 0.20 was set as the acceptable range.

          
            	
              (Step 3-3) Evaluation and Final Selection of Candidate Projects
            

          

          For each five key elemental technology that was selected in STEP 3-2, three candidate projects were compared within each technology to select the most promising ones. Each project was assessed based on scores that reflected the weights of four criteria: policy and strategic alignment, technological coherence, feasibility of implementing the RD&D, and expected impacts and spillover effects. The evaluation revealed that the consistency ratio (CR) for all technology groups ranged between 0.1 and 0.2, meeting the AHP acceptance criteria; one final project from each field was identified as a promising global RD&D project.

          
            	
              (Step 3-4) Verification and Interpretation
            

          

          The AHP results were cross-checked by experts in technology and project planning. Beyond simple weighted sum results, the analysis thoroughly considered the institutional and market conditions of developing countries, the potential for local partnerships, and possible risk factors. Through this process, the ultimately selected promising projects are confirmed to be those that ensure both demonstration feasibility and policy linkage in developing countries.

          
            Table 1. 
				
            

            
              AHP evaluation criteria for selection of promising projects
            
            

          

          
            
              
                	Evaluation Category 
(1st Level)
                	Evaluation Criteria
(2nd Level)
                	Detailed Description
              

            
            
              	Policy and Strategic Alignment
              	Alignment with Recipient Country’s Policy
              	Does the project align with the recipient’s NDC, SDGs, and climate strategies?
            

            
              	Alignment with International Cooperation
              	Can the project link with Multilateral Development Banks (MDBs) or other international organizations and global programs?
            

            
              	Technological Coherence
              	Technology Readiness Level (TRL)
              	Does the technology possess a TRL suitable for overseas demonstration?
            

            
              	Necessity of Overseas Demonstration
              	Does the overseas demonstration enable the acquisition of technical data that is unattainable in South Korea due to domestic environmental or geographical constraints?
            

            
              	Expected Technological Advancement
              	To what extent can specific performance metrics (e.g., efficiency, stability) of the technology be enhanced through the acquired data?
            

            
              	Feasibility of Implementing the RD&D
              	Feasibility of the Plan
              	Are the project location (considering priority partners and bilateral climate cooperation countries), duration, and scale feasible for execution?
            

            
              	Understanding of Local Implementation Context
              	Has the local demonstration environment (including infrastructure, institutional frameworks, and resource status) been adequately considered?
            

            
              	Risk Responsiveness
              	Can the project address technical, operational, and policy-related risks?
            

            
              	Expected Impact and Spillover Effects
              	Technological Dissemination Potential
              	Does the project have potential for standardization, commercialization, and broader dissemination?
            

            
              	Socioeconomic Benefits
              	Does the project provide socioeconomic benefits, such as employment creation and improved energy access?
            

            
              	Environmental Benefits
              	Are positive environmental benefits, such as greenhouse gas (GHG) mitigation and the minimization of ecosystem impacts, anticipated from the project?
            

          

          

        

      

    

    

  
    
      4. Results
      
        4.1. Step 1: Supplier-Centered Analysis
        
          4.1.1. Identification of Priority Fields
          Based on the evaluation indicators presented in the previous section—(1) policy priority and alignment with mission-oriented R&D, (2) level of domestic demonstration completion, (3) necessity of overseas demonstration, (4) global technology development and investment trends, and (5) appropriateness of overseas demonstration—a selection committee composed of experts in technology commercialization and international cooperation (nine members in total) was convened to identify priority technology fields. The expert committee conducted its assessment across the 17 mid-level categories of the Carbon-Neutral 100 Core Technologies.

          To ensure balance across major technology categories in the field selection process, an adjustment procedure was applied to avoid excessive concentration in any single major category (e.g., the energy transition sector). As a result, seven fields—solar power, energy storage, power grids, CCUS, zero-energy buildings, eco-friendly vehicles, and nuclear energy—were initially selected.

          However, with regard to the nuclear energy field, significant divergence of opinions emerged among the nine committee members concerning its suitability for overseas demonstration (RD&D) in developing countries. Accordingly, additional consultations were conducted with domain-specific technology experts. The consultation results indicated that, although nuclear technologies—particularly small modular reactors (SMRs)—have recently attracted substantial interest in developing countries and the necessity for future cooperation is sufficiently recognized, the characteristics and TRLs of nuclear-related elemental technologies currently included in the Carbon-Neutral 100 Core Technologies suggest that domestic demonstration should be prioritized before overseas application.

          Therefore, while nuclear energy is considered a promising technology in the long term, it was assessed as not a field for which overseas demonstration projects in developing countries should be planned as a short-term or priority focus, and was thus excluded. Through this process, a total of six priority fields—solar power, energy storage, power grids, CCUS, zero-energy buildings, and eco-friendly vehicles—were finally selected.

          An additional selection procedure was conducted for detailed technologies (subcategories) within each of the identified priority mid-level fields, using the same expert selection committee. The committee members carried out comprehensive evaluations by considering factors such as TRL, suitability for demonstration in developing countries, potential for international cooperation, and commercialization potential of each technology.

          As a result, a total of 16 detailed technologies (subcategories) were identified across the six priority fields, and these technologies were used as the core candidate pool constituting the specific target technology groups for future overseas demonstration (RD&D) projects in developing countries (See Table 3.1 in Appendix 3).

        

        
          4.1.2. Identification of Promising Detailed Technologies and Elemental Technologies
          For the six mid-level categories and 16 detailed technologies (subcategories) selected in the previous section, an expert advisory committee was established by considering the characteristics of each technology and domain-specific expertise (two experts per technology, covering 16 subcategories, for a total of 32 experts). The committee conducted qualitative assessments of the appropriateness and implementation feasibility of overseas demonstration projects in developing countries for the elemental technologies under each detailed technology.

          Following the indicators presented in Section 3.2.1—including the domestic TRL of each elemental technology and the status of lead and participating institutions and demonstration activities—the expert opinions were synthesized to identify technologies suitable for overseas demonstration. As a result, a total of 26 elemental technologies were derived as promising technology groups that are appropriate for demonstration (RD&D) in developing countries and require priority implementation (See Table 3.2 of Appendix 3). These technologies serve as the core candidate pool for planning future in-country demonstration projects in developing countries and provide the basis for concretizing the linkage structure among priority technology fields, detailed technologies, and elemental technologies.

        

      

      
        4.2. Step 2: Demand-Centered Analysis
        
          4.2.1. Results of the Demand Survey
          Survey requests were sent to the Nationally Designated Entities (NDEs) of a total of 30 countries across Asia, Africa, and Latin America and the Caribbean (LAC). Valid responses were obtained from 14 countries (N = 14). The respondent countries were Tajikistan, Zimbabwe, The Gambia, Pakistan, Afghanistan, the Philippines, Malaysia, Palestine, Cambodia, Bangladesh, Sri Lanka, Lao PDR, Jordan, and Kazakhstan. The regional distribution of the respondent countries is presented in Table 2.

          
            Table 2. 
				
            

            
              Regional distribution of respondent countries
            
            

          

          
            
              
                	Continent
                	Subregion
                	Country Names
                	Number of Countries
              

            
            
              	Asia
              	South Asia
              	Pakistan, Afghanistan, Bangladesh, Sri Lanka
              	12
            

            
              	Southeast Asia
              	Philippines, Malaysia, Cambodia, Lao PDR
            

            
              	West Asia / Middle East
              	Palestine, Jordan
            

            
              	Central Asia
              	Tajikistan, Kazakhstan
            

            
              	Africa
              	Africa
              	Zimbabwe, The Gambia
              	2
            

          

          
            
              Note: The total number of responding countries is 14.
            

          

          

          In the survey, summaries of technology briefs for developing countries were provided for the six priority fields and 26 elemental technologies, including (i) technology definitions, (ii) applicability in developing-country contexts, and (iii) expected impacts when applied in developing countries. Respondents were asked, at the national level, to select the top three technology fields (mid-level categories) with the highest cooperation demand, as well as the elemental technologies with particularly high demand within each selected field. For the first-, second-, and third-priority technologies, respondents were allowed to select more than two options. Priority weights were assigned as follows: 45% for first priority, 35% for second priority, and 20% for third priority, and composite scores were calculated accordingly. As a result of the analysis, five core elemental technologies that showed consistently high demand across a majority of respondent countries were identified, and these were used as priority candidate technologies for planning customized RD&D demonstration projects in developing countries in the subsequent stage (Table 3).2)

          
            Table 3. 
				
            

            
              Elemental technologies selected through the demand survey in developing countries (5 technologies)
            
            

          

          
            
              
                	Major Category
                	Mid-Level Category
                	Subcategory
                	Elemental Technology
              

            
            
              	Energy Transition
              	Solar Power
              	Multi-application photovoltaic systems
              	Building-integrated photovoltaic (BIPV) technologies
            

            
              	Site-diversified photovoltaic deployment technologies
            

            
              	Energy Storage
              	Short-duration energy storage systems
              	High-power lithium-ion battery technologies
            

            
              	Power Grids
              	Intelligent transmission and distribution systems
              	Power grid operation and engineering technologies accommodating renewable energy variability
            

            
              	Transport
              	Eco-friendly Vehicles
              	Advanced secondary battery cell performance technologies
              	Reuse and recycling technologies for end-of-life secondary batteries
            

          

          

        

        
          4.2.2. Identification and Final Selection of Promising Project Candidates
          Based on the demand survey presented in Section 3, five promising elemental technologies with high demand from developing countries were identified. In this subsection, a pool of promising project candidates was constructed by developing concrete projects that can be advanced into actual RD&D cooperation initiatives in developing countries, building on these technologies.

          First, during the demand survey stage, NDEs from each country provided inputs regarding their technology cooperation needs, including (i) the rationale for technology selection (policy and social background), (ii) relevant legal and institutional frameworks, and (iii) preferred forms of cooperation (e.g., joint research, technology transfer, pilot projects). The internal research team synthesized these inputs to analyze country-specific cooperation demands, institutional and market contexts, and key points for applying each technology in developing-country settings.

          Based on these analytical results, a one-page project concept note was prepared for each elemental technology. Each concept note included the project overview and objectives, technology description and application areas, target country and implementing institutions for demonstration, application strategy, project duration and budget, diffusion and commercialization strategy, institutional, political, and social stability (implementation risks), and expected impacts from technological, economic, social, and environmental perspectives.

          The prepared proposals were submitted to field-specific technical experts (one expert per field, five experts in total) for review of their appropriateness in terms of technical feasibility, commercialization potential, and linkage to international cooperation. After incorporating revisions based on expert feedback, cases in which more than three countries expressed demand for a given technology in the NDE demand survey were addressed using a purposive sampling approach grounded in expert judgment by the research team. To ensure objectivity in the selection process, qualitative screening criteria—including policy alignment, technology absorption capacity, and demonstration feasibility—were established. Based on these criteria, three countries were finally selected for each promising technology, resulting in a total of 15 candidate projects.

          The pool of promising project candidates derived through this process constitutes cooperation-based projects that jointly reflect the actual demands of developing countries and the applicability of domestic technologies, and thus possesses strong potential to be developed into future international joint RD&D projects. The final set of selected promising project candidates is summarized in Table 4.

          
            Table 4. 
				
            

            
              Promising project candidates (three per technology, total: 15)
            
            

          

          
            
              
                	Promising Elemental Technology
                	Target Country
                	Candidate Project Title
              

            
            
              	Building-integrated photovoltaic (BIPV) technologies
              	Lao PDR
              	Demonstration and standardization project of BIPV centered on public buildings and educational facilities in Lao PDR
            

            
              	Malaysia
              	Demonstration project of building-integrated photovoltaic (BIPV) systems for high-rise commercial and public buildings in Malaysia
            

            
              	Cambodia
              	Introduction and demonstration project of building-integrated photovoltaics (BIPV) for achieving carbon neutrality in Cambodia
            

            
              	Site-diversified photovoltaic technologies
              	Bangladesh
              	Development of a nationwide diffusion model through demonstration of small-scale, customized agrivoltaic systems in rural Bangladesh
            

            
              	Palestine
              	Demonstration of an energy–water self-sufficiency model using small-scale distributed agrivoltaic systems in conflict-affected areas of Palestine
            

            
              	Zimbabwe
              	Development of a commercialization model integrating agrivoltaic technology demonstration and smart agriculture for large-scale farms in Zimbabwe
            

            
              	High-power lithium-ion battery technologies
              	Zimbabwe
              	Enhancement of energy storage systems in Zimbabwe
            

            
              	Malaysia
              	Microgrid demonstration accommodating renewable energy variability in island regions of Malaysia: application of short-duration battery energy storage system (BESS) based on high-power lithium-ion batteries
            

            
              	The Gambia
              	Demonstration project of high-power lithium-ion batteries (short-duration BESS) to accommodate renewable energy variability in rural and island microgrids in The Gambia
            

            
              	Power grid operation and engineering technologies accommodating renewable energy variability
              	Zimbabwe
              	Demonstration of power grid operation and outage mitigation linked to the Victoria Falls solar project in Zimbabwe
            

            
              	Kazakhstan
              	Demonstration of grid flexibility enhancement and efficiency improvement of aging transmission and distribution systems in response to renewable energy expansion in Kazakhstan
            

            
              	Afghanistan
              	Demonstration of grid operation and variability accommodation linked to private solar projects in Afghanistan
            

            
              	Reuse and recycling technologies for end-of-life secondary batteries
              	Sri Lanka
              	Demonstration project of second-life battery reuse to integrate renewable energy and stabilize EV charging infrastructure in Sri Lanka
            

            
              	Jordan
              	Demonstration project of EV second-life battery reuse for renewable energy integration and power grid stabilization in Jordan
            

            
              	Tajikistan
              	Energy storage system (ESS) demonstration project using second-life EV batteries to stabilize the power grid and expand renewable energy integration in Tajikistan
            

          

          

        

      

      
        4.3. Step 3: Supplier-Centered Analysis
        
          4.3.1. Overview of AHP Analysis Results
          The AHP MCDM analysis was conducted for five technology fields that are selected as primary technologies—BIPV, agrivoltaics, high-power lithium-ion batteries, power grid operation and engineering, and reuse/recycling of secondary batteries—selected based on the Carbon-Neutral 100 Core Technologies. The evaluation was conducted by a multidisciplinary committee comprising 15 expert roles across the technology, policy, and commercialization sectors. Notably, two policy experts were assigned to evaluate the policy aspects of two technological areas each. This was based on their specialized domain knowledge and policy proficiency in both respective fields, allowing for a more integrated and expert-driven assessment of the policy dimensions. Consequently, the committee consisted of a total of 13 unique individual participants. The expert group conducted the assessment by considering not only technological feasibility but also the potential for demonstration in developing countries and linkage with policy frameworks.

        

        
          4.3.2. Evaluation Structure and Criteria
          Table 5 presents the average weights for each first-level item. The average weights were derived in the following order: Feasibility of Implementing the RD&D (0.324), Policy & Strategic Alignment (0.238), Technological Coherence (0.219), and Expected Impact and Spillover Effects (0.219). This implies that, because of the characteristics of RD&D projects in developing countries, the feasibility of local demonstration and policy or institutional linkage is considered more important than technological innovativeness. The CR values in each category were all below 0.2, confirming they were within the acceptable range. Although some sub-items slightly exceeded 0.1, the level of logical consistency remained within the acceptable standard for AHP.

          
            Table 5. 
				
            

            
              Weights by AHP evaluation indicator
            
            

          

          
            
              
                	Category
                	Policy & Strategic Alignment
                	Technological Coherence
                	Feasibility of Implementing the RD&D
                	Expected Impact and Spillover Effects
              

            
            
              	Building-Integrated Photovoltaics (BIPV)
              	0.273
              	0.263
              	0.367
              	0.098
            

            
              	Agrivoltaics
              	0.320
              	0.273
              	0.275
              	0.132
            

            
              	High-Power Lithium-Ion Battery
              	0.116
              	0.350
              	0.286
              	0.248
            

            
              	Power Grid Operation & Engineering
              	0.310
              	0.109
              	0.398
              	0.183
            

            
              	Reuse/Recycling of Second-Life Batteries
              	0.170
              	0.101
              	0.295
              	0.434
            

            
              	Average
              	0.238
              	0.219
              	0.324
              	0.219
            

          

          
            
              Note: All consistency ratios (CR) were below 0.2, meeting the AHP consistency threshold
            

          

          

          The feasibility of implementing the RD&D showed the highest overall importance (average weight: 0.324), indicating that, owing to the nature of RD&D cooperation with developing countries, field applicability and demonstration-based verification served as key determinants in the evaluation.

          By contrast, technological coherence and policy/strategic coherence showed variations by field, and technologies with weaker industrial or institutional foundations tended to receive relatively lower scores.

        

        
          4.3.3. Results by Elemental Technology
          Based on the field-specific AHP analysis results, the top-ranked project was identified for each technology sector. In fields that prioritized demonstrability and spillover effects (like power grid and recycling), projects with higher potential for on-site application received higher scores. Conversely, in sectors emphasizing technological innovation (such as lithium-ion batteries and BIPV), factors such as technological coherence and economic feasibility were more important. These results show that when Korea’s Carbon-Neutral Core Technologies align with the policy and market needs of developing countries, they can develop into demonstration-focused cooperative RD&D models rather than just technology transfer.

          
            Table 6. 
				
            

            
              AHP score of each promising project
            
            

          

          
            
              
                	Elemental Technology
                	Final Promising Project
                	AHP Score
              

            
            
              	Building-Integrated Photovoltaics (BIPV)
              	Demonstration project on building-integrated photovoltaic (BIPV) systems for high-rise commercial and public buildings in Malaysia
              	0.542
            

            
              	Agrivoltaics (Land-Diversified PV)
              	Pilot and nationwide expansion model for small-scale customized agrivoltaics in rural Bangladesh
              	0.598
            

            
              	High-Power Lithium-Ion Battery
              	Energy storage system enhancement in Zimbabwe
              	0.500
            

            
              	Power Grid Operation and Engineering for Renewable Variability Management
              	Demonstration of power grid flexibility improvement and aging transmission/distribution efficiency enhancement in Kazakhstan
              	0.577
            

            
              	Reuse and Recycling of Second-Life Batteries
              	Demonstration of second-life battery reuse for renewable energy integration and EV charging infrastructure stabilization in Sri Lanka
              	0.494
            

          

          
            
              Note: The overall AHP scores were calculated by incorporating first- and second-level weights from the AHP evaluation results
            

          

          

        

      

      
        4.4. Verification and Interpretation of the Final Selection of Promising Projects
        The AHP results underwent a rigorous cross-verification process by a multidisciplinary panel of experts in technology and project planning. Moving beyond a purely quantitative weighted sum, the analysis integrated a qualitative review of the socio-institutional and market dynamics within the target developing countries. This comprehensive assessment accounted for local partnership potentials, institutional readiness, and systemic risk factors. Through this iterative process, the study finalized five promising projects that demonstrated the highest synergy between technical demonstration feasibility and strategic policy linkage. The specific profiles and the rationale for the selection of these five priority projects are summarized in Table 7.

        
          Table 7. 
				
          

          
            Results and rationale for selection of promising projects by technology area
          
          

        

        
          
            
              	Final Promising Project
              	Applicability to Developing Countries
            

          
          
            	Demonstration project on building-integrated photovoltaic (BIPV) systems for high-rise commercial and public buildings in Malaysia
            	Aligns with local public-sector demand and Malaysia’s renewable energy policy (SEDA Malaysia, 2022); enables efficient module standardization and maintenance systems.
          

          
            	Pilot and nationwide expansion model for small-scale customized agrivoltaics in rural Bangladesh
            	Enhances land-use efficiency and rural income (SREDA, 2021) while addressing national energy access goals and policy priorities (ADB, 2020).
          

          
            	Energy storage system enhancement in Zimbabwe
            	Demonstrates high reliability for decentralized power demand (ZESA, 2021); builds on existing pilot project proposals through international partnerships (AfDB, 2020).
          

          
            	Demonstration of power grid flexibility improvement and aging transmission/distribution efficiency enhancement in Kazakhstan
            	Directly addresses critical grid instability issues (KEGOC JSC, 2021); offers significant potential for power quality improvement and private investment linkage (World Bank, 2022).
          

          
            	Demonstration of second-life battery reuse for renewable energy integration and EV charging infrastructure stabilization in Sri Lanka
            	High market entry potential aligned with the rapid growth of the local mobility sector (ADB, 2021); contributes to resource circulation and carbon reduction goals (CEA-Liten, 2022).
          

        

        

      

    

    

  
    
      5. Discussion
      
        5.1. Conclusion
        This study empirically demonstrates that the core driving force of global RD&D cooperation lies in the precise integration of the strategic “push” of technology suppliers and the policy-driven “pull” of recipient countries (Ockwell and Byrne, 2016; Sajid et al., 2024). In particular, to overcome chronic limitations of existing cooperation projects with developing countries—such as one-off outcomes and low levels of sustained engagement—this study designed and validated a supplier-driven, reciprocal co-alignment process that begins from the supplier perspective, integrates the needs of recipients, and ultimately returns to the supplier perspective to determine final priority projects (Amoah and Marimon, 2022; Yi and Kim, 2024).

        First, through supplier-side strategic analysis (Step 1), this study presents a systematic approach for identifying a portfolio through which domestic research actors can obtain substantive technological rewards (Bossink, 2017; An, 2018). A two-stage screening process was implemented, in which six priority fields with high potential for G2G-based cooperation were first identified through screening by policy experts, followed by a second screening by technical experts that derived 26 promising elemental technologies capable of overcoming the limitations of domestic demonstration (Ministry of Science and ICT, 2024). By positioning researchers’ “want-to-do” technological demands as the starting point of project planning, this approach provides a strategic foundation for enhancing the activation of RD&D targeting developing countries and for improving the sustainability of cooperation with developing-country partners (Mazzucato, 2018; Yi and Kim, 2024).

        Second, through the demand-side analysis and matching process (Step 2), the study linked the supplier’s technological solutions to the actual policy demands of developing countries (targeted pull) (Ockwell and Byrne, 2016; Sajid et al., 2024). The survey of Nationally Designated Entities (NDEs) from 14 countries went beyond identifying simple technology preferences and instead captured local legal and institutional frameworks and infrastructure conditions, which were subsequently operationalized into a pool of one-page project concept notes (UNFCCC TEC/CTCN, 2024). This process functioned as a core mechanism for establishing a reciprocal RD&D structure, providing suppliers with opportunities to obtain extreme-climate data that are difficult to secure domestically, while offering recipient countries solutions optimized for achieving their NDC targets (IPCC, 2023; UNEP DTU Partnership, 2017).

        Third, the final selection and verification from the supplier perspective (Step 3) represents the stage at which project feasibility is consolidated through multidisciplinary evaluation by expert committees (Amoah and Marimon, 2022; KISTEP, 2024). Based on the results of the AHP involving experts in technology, commercialization, and policy, the evaluators assigned the highest weight to demonstration feasibility, reflecting an intention to manage execution risks that are characteristic of developing-country contexts (Saaty, 1980). In particular, policy experts in Step 3 played a decisive role by calibrating the weights between technological and business-related criteria to determine overall strategic value (OECD, 2024; Yi and Kim, 2024). Through this process, the five final priority projects were identified as optimal pathways capable of simultaneously achieving technological advancement and the establishment of a global track record (Bossink, 2017; Sajid et al., 2024).

      

      
        5.2. Implications
        The reciprocal co-alignment framework proposed in this study offers the following important implications at a time when the paradigm of global climate technology cooperation is undergoing a transition.

        
          5.2.1. Academic and International Implications: A Counterintuitive Approach to Global RD&D Cooperation
          Recently, the Climate Technology Centre and Network (CTCN) addressed the “Collaborative RD&D Strategic Framework (2025–2030)” as a key agenda item at its 25th Advisory Board meeting (April 2025), highlighting the growing need for reciprocal RD&D cooperation (UNFCCC TEC/CTCN, 2024). This discussion reflects an emerging shift away from CTCN’s traditional cooperation model, which has been fundamentally recipient-centered, relying on technology matching based on beneficiary countries’ Response Plans, toward a more reciprocal cooperation structure (UNEP DTU Partnership, 2017).

          This study holds significant academic value in that it does not leave the international discourse on reciprocity at a declarative level, but instead adopts a “supplier-led reverse-thinking approach” that positions the strategic needs of domestic research actors—as technology suppliers—as the starting point of project planning (Mazzucato, 2018; Yi and Kim, 2024). By doing so, the study presents a concrete methodological pathway capable of effectively mobilizing the participation of actual technology suppliers in reciprocal global RD&D cooperation (Ockwell and Byrne, 2016; Sajid et al., 2024).

        

        
          5.2.2. Practical Implications: A “Leverage” Tool for Researchers’ Strategic Interests
          For the potential of overseas demonstration in developing countries to translate into tangible outcomes, technology suppliers—namely researchers—must act proactively (An, 2018; Bossink, 2017). However, until now, systematic guidance has been lacking on how to determine which technologies are optimally suited to local conditions in developing countries. If researchers approach overseas demonstration solely on the basis of their currently ongoing R&D projects, there is a risk that they will fail to fully leverage strategic interests, such as acquiring context-specific environmental data or establishing a global track record (Yi and Kim, 2024).

          The framework proposed in this study provides concrete selection criteria for domestic researchers to strategically utilize developing countries as testbeds when confronted with the “demonstration valley of death” arising from institutional constraints and market uncertainty (IEA, 2023; OECD, 2024). By enabling a systematic review of the supply portfolio from the technology selection stage onward, the framework functions as a practical guideline (tool) that encourages voluntary and proactive participation by researchers (Amoah and Marimon, 2022; KISTEP, 2024).

        

      

      
        5.3. Limitation and Future Research
        This study provides meaningful insights as an exploratory case analysis that reexamines the strategic value of overseas demonstration projects in developing countries; however, several limitations also point to directions for future research. First, because the findings are primarily derived from the responses of NDEs in 14 countries, future studies could incorporate additional valid responses from currently underrepresented regions—such as Latin America and the Caribbean (LAC)—to better reflect more diverse regional characteristics. In addition, building on the expertise of the committee members involved in the AHP analysis, gradually expanding the number of participating experts in future research could further strengthen the statistical robustness and reliability of the analytical results.

        In addition, incorporating the perspectives of international organizations and global financing experts—such as the Green Climate Fund (GCF) and the Climate Technology Centre and Network (CTCN)—into the currently domestic stakeholder–centered evaluation framework could enable a more multidimensional prioritization that also captures global funding potential.

        To further enhance analytical validity, cross-validation utilizing quantitative indicators—such as publication and patent counts or objective TRLs—presents a valuable future research pathway. However, as the focus of this study remains on the “Carbon-Neutral 100 Core Technologies” targeted for commercialization by 2030 or 2050, many remain at early stages of maturity, making it inherently challenging to secure comprehensive statistics on patent outputs or granular investment figures at this juncture. Furthermore, given that the research aims to estimate the potential of applying these technologies specifically within the unique environments of developing countries, the analysis prioritized the qualitative assessments of technology, policy, and international cooperation experts over immediate numerical metrics to better capture expected outcomes.

        Ultimately, as these technologies evolve and advance, the accumulation of robust quantitative datasets will become feasible. Building on this progress, the research scope could be further expanded by advancing indicator systems that quantify expected impacts and spillover effects following demonstration projects. Such advancements will facilitate more precise forecasting of the long-term socio-economic influence of global RD&D on domestic industries, thereby providing a more sophisticated strategic framework for national climate technology policy.
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          Appendix 1
          
            1.1. Conceptual Evolution of Demonstration and the Strategic Role of “Bridges”
            The conceptual definition of demonstration has evolved from a terminal stage in a linear R&D model into a complex, non-linear process aimed at resolving inherent uncertainties between technology development and market entry (Jolly, 1997). Jolly (1997) proposed a five-stage non-linear model of technology commercialization, placing particular emphasis on the importance of “bridges” — the connective processes between stages. In this framework, demonstration functions as a critical bridge linking the incubation and promotion phases, serving as a strategic mechanism to validate technical feasibility while simultaneously securing the trust of potential investors and customers (Jolly, 1997). This multifaceted nature is further categorized by international standards; for instance, the OECD Frascati Manual distinguishes demonstration-type activities that belong to R&D from those that fall outside R&D, differentiating engineering-oriented technical demonstration from user- or policy-oriented demonstration aimed at social acceptance (OECD, 2015).

          

          
            1.2. Historical Expansion and Definition of Demonstration in the Korean Context
            Within the South Korean R&D landscape, the role of demonstration has expanded its scope in response to shifting national priorities (An, 2018). While demonstration in the 1990s was largely confined to technical verification for process efficiency in manufacturing, it evolved after the 2000s into a tool for economic value creation by reducing commercialization uncertainties (An, 2018). Since the 2010s, its importance has further shifted toward a stage for validating social value to address complex challenges such as climate change and energy transition (An, 2018). Synthesizing these discussions, this study defines demonstration as “the process of applying technologies under real‑world environmental conditions to demonstrate performance and applicability while facilitating evaluation by actual or potential stakeholders,” drawing on both international standard-setting documents and domestic policy analyses (An, 2018; Jolly, 1997; OECD, 2015). This definition underscores that demonstration must transcend controlled laboratory settings to occur within real-world contexts through interaction between developers and users (Bossink, 2017; Jiang et al., 2024).

          

          
            1.3. Operationalization of Demonstration Stages and Discrepancies in TRL Interpretation
            This study utilizes the TRL framework, an international standard, to operationally define the stages of demonstration (European Commission, 2014; U.S. Department of Energy, 2016). International organizations, such as the U.S. Department of Energy and EU Horizon Europe, generally regard TRL 5 to 7 as the core demonstration phase, specifically defining TRL 7 as “system prototype demonstration in an operational environment” (European Commission, 2014; U.S. Department of Energy, 2016). However, in South Korea, there is a prevailing tendency to interpret TRL 7 as the stage immediately preceding commercialization, as reflected in domestic R&D program guidelines and evaluation practices that classify TRL 7 and above as de facto pre-market or near-commercial stages (An, 2018; Korea Institute of S&T Evaluation and Planning, 2017). This leads to a structural discrepancy whereby the scope of technical demonstration is effectively restricted to TRL 5 and 6, while TRL 7 is often treated as quasi-commercial pilot deployment rather than experimental demonstration (An, 2018). This interpretive gap serves as a critical variable when analyzing global RD&D funding, because international innovation initiatives mandate rigorous operational-environment testing at TRL 7, whereas domestic projects in Korea tend to concentrate on business-centric demonstrations between TRL 7 and 9 (An, 2018; European Commission, 2014; U.S. Department of Energy, 2016).

          

        

      

    

    

  
    
      Notes
      
        1) For a detailed discussion on the conceptual evolution and Technical Level of Readiness (TRL)-based categorization of RD&D, see Appendix 1.
      

      
        2) The results showed no change in outcomes under variations in priority weights (across first to third priorities), confirming that the prioritization of the top five technologies is robust.
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