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Abstract


This study explores the potential of deliberative and polycentric governance models to address the complex challenges of the energy transition trilemma, balancing energy security, environmental sustainability, and energy equity. The article aims to develop an integrated deliberative–polycentric framework for managing the energy transition trilemma and to illustrate its implementation relevance through an applied example of heat pump deployment. The analysis primarily draws on evidence and examples from Europe and the United States, reflecting the regions most frequently discussed in the reviewed literature and policy materials. Drawing on an extensive literature review and desk-based analysis, the research adopts a non-empirical, theory-building approach grounded in interpretive policy analysis. The study synthesizes insights from scholarly works and policy documents to construct an integrated analytical framework. It argues that hybrid governance, merging the inclusivity and transparency of deliberative democracy with the flexibility and redundancy of polycentric systems—can enhance legitimacy, adaptability, and effectiveness in energy policymaking. Through thematic synthesis, key governance principles are identified, including multilevel coordination, stakeholder participation, transparency, and justice. The findings highlight that the synergy between deliberation and polycentricity offers a promising path toward more resilient, participatory, and just energy systems, while acknowledging the implementation challenges of such models.
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1. Introduction


The transition to a low-carbon economy has emerged as one of the most pressing and multifaceted imperatives in contemporary academic discourse and policymaking agendas. Far from representing a purely technological shift, this transformation constitutes a profound reconfiguration of socio-technical systems, governance arrangements, and societal norms [1]. Central to this process is the progressive phasing out of fossil fuels, the large-scale deployment of renewable energy sources (RES), advancements in energy efficiency, and the systemic restructuring of industrial production, infrastructure, and consumer behaviour. Increasingly, the energy transition is framed as a multidimensional and multilevel challenge that intersects with broader objectives of climate change mitigation, sustainable development, economic justice, and social equity [2].



Recent scholarship emphasises that the effectiveness and democratic legitimacy of the energy transition hinge not only on technological innovation and cost-efficiency, but also on the design and implementation of robust institutional frameworks that accommodate a plurality of actors, interests, and governance levels [3]. In this regard, governance—the coordination of actors, institutions, and resources across spatial and sectoral boundaries—has become a central analytical lens [4]. In this article, governance is understood not simply as government action, but as the broader set of formal and informal arrangements through which public and private actors coordinate decision-making, allocate resources, and steer socio-technical change. In energy transitions, this includes the design of rules and incentives, the distribution of authority across levels (local–regional–national–international), and the mechanisms through which stakeholders participate, contest, and legitimize policy choices. Governance therefore directly shapes implementation capacity—i.e., whether technological options can be translated into feasible projects under real-world constraints—and how transition costs and benefits are distributed across society. This broader understanding is particularly relevant for the energy trilemma, where security, sustainability, and equity objectives must be managed simultaneously rather than sequentially. Traditional governance paradigms, grounded in centralised and hierarchical state control, are proving inadequate for managing the uncertainties and complexities of the Anthropocene. Consequently, there is growing momentum toward more decentralised, participatory, and adaptive forms of governance [5].



Historically, energy policy was shaped by a monocentric governance model in which national governments and vertically integrated utilities exerted primary authority over energy production, distribution, and regulation [6]. This top-down approach marginalised civil society, relegating citizens to the role of passive consumers with minimal influence over strategic energy decisions. However, the intensification of the climate crisis, the proliferation of decentralised energy technologies (e.g., rooftop solar, battery storage), the digitalisation of energy infrastructures (e.g., smart grids), and the increasing volatility of global energy markets have exposed the structural limitations of centralised governance [7].



Among decentralized low-carbon technologies, heat pumps provide a useful illustrative example for examining the governance of heating-sector decarbonisation, particularly in residential buildings and retrofit initiatives [8]. Their deployment depends not only on technical performance, but also on subsidy design, electricity tariffs, grid readiness, installer capacity, building conditions, household-level decision-making, and affordability considerations [9,10]. For this reason, heat pumps are treated in this article as an implementation-sensitive technology through which the relevance of deliberative and polycentric governance can be illustrated. This example also reflects a broader shift in energy systems toward decentralised technologies whose effective deployment depends on governance capacity, institutional coordination, and public acceptance. The International Energy Agency (2023) reports that decentralised renewables now account for more than 30% of global electricity generation, underscoring the urgency of revisiting legacy governance arrangements [11]. In response, scholars and practitioners have turned to alternative governance models better suited to dynamic and uncertain policy environments.



One such model is polycentric governance, a concept most notably elaborated by Elinor Ostrom. Polycentric governance denotes the coexistence and interdependence of multiple centres of decision-making operating at different spatial and functional scales—from local cooperatives and municipal governments to national agencies and transnational institutions such as the European Union (EU) and the United Nations Framework Convention on Climate Change (UNFCCC) [12,13]. Polycentric systems enhance institutional redundancy, promote resilience, and foster policy innovation by enabling localised experimentation. Empirical evidence from Germany’s Energiewende (“energy transition” in German) and Denmark’s community wind cooperatives illustrates how subnational actors and grassroots initiatives can play a catalytic role in accelerating renewable deployment and fostering public trust [14]. However, the distribution of authority across multiple centres does not by itself guarantee legitimacy, inclusion, or social acceptance. For this reason, polycentric governance needs to be complemented by attention to the procedural quality of decision-making. Concurrently, the rise of deliberative democratic theory has brought renewed attention to the procedural dimensions of governance. Deliberative democracy emphasises inclusive, transparent, and reflexive processes of collective reasoning as essential to legitimate and effective decision-making, especially in high-stakes domains such as energy transitions [15]. It posits that legitimacy stems not merely from electoral mandates or legal authority, but from the quality of argumentation and the extent to which all affected stakeholders are meaningfully engaged in shaping outcomes. Deliberation is thus conceived not simply as a mechanism for consensus-building but as a civic practice that nurtures democratic competence, mutual respect, and shared responsibility. Citizens’ assemblies on climate change in the UK and France, along with participatory planning processes in the Netherlands, exemplify how deliberative formats can enhance policy responsiveness and social acceptance (OECD, 2020) [16]. These normative and analytical developments converge in the conceptual framework of the energy trilemma, as articulated by the World Energy Council [17]. The trilemma identifies three core and often competing objectives of energy policy: (1) energy security (the uninterrupted availability of energy at affordable prices), (2) environmental sustainability (minimising ecological and climate-related impacts), and (3) energy equity (ensuring fair and affordable access to energy services). Historically, policymakers have often prioritised one objective at the expense of others—for example, promoting energy equity through fossil fuel subsidies at the cost of environmental degradation [18]. Recent events, such as the energy price volatility following the 2022 Russian invasion of Ukraine, have highlighted the persistent trade-offs and the urgent need for integrated solutions (IEA, 2023) [19].



Despite the growing recognition of both deliberative and polycentric governance in the energy transition literature, important gaps remain in how these approaches are theorised and operationalised in relation to the energy trilemma. Existing studies often examine deliberative mechanisms (e.g., participation, legitimacy, social acceptance) and polycentric arrangements (e.g., multilevel coordination, experimentation, redundancy) as parallel or loosely connected strands, with limited integration into a single analytical framework that explicitly addresses security, sustainability, and equity simultaneously. Moreover, the governance implications of implementation-intensive decarbonisation measures in the heating sector—where distributional effects, building conditions, and local capacity strongly shape outcomes—are still underrepresented compared to electricity-focused transition debates. This limits the ability of research and policy to understand when trilemma synergies can be realised in practice and when they are likely to produce trade-offs or inequities. This article contends that a hybrid governance architecture—integrating the structural flexibility of polycentric organisation with the procedural strengths of deliberative engagement—holds promise for reconciling the tensions inherent in the energy trilemma. Such an approach can diversify centres of authority, promote institutional learning, and embed participatory norms in energy policymaking.



The main aim of this work is to develop an integrated deliberative–polycentric governance framework for managing the energy transition trilemma—balancing energy security, environmental sustainability, and energy equity. To illustrate the framework’s implementation relevance, the article applies it to an applied example of heat pump deployment as an implementation-sensitive low-carbon heating technology. The originality of this study lies in developing an integrated deliberative–polycentric governance framework that explicitly connects procedural dimensions of legitimacy, participation, and public reasoning with structural dimensions of multilevel coordination, institutional diversity, and local experimentation. In contrast to studies that examine deliberative and polycentric governance as separate approaches, this article shows how their integration can support the simultaneous analysis of energy security, environmental sustainability, and energy equity. The contribution is further advanced by applying the framework to heat pump deployment, thereby demonstrating its relevance for implementation-intensive low-carbon heating technologies and extending energy transition governance debates beyond electricity-centred examples.




2. Materials and Methods


This study adopts a qualitative, exploratory research design based primarily on an extensive literature review and desk-based analysis. Given the conceptual and normative nature of the inquiry—focusing on governance models for managing the energy transition trilemma—the methodology is situated within the tradition of interpretive policy analysis and critical governance studies. The research design follows a non-empirical, theory-building approach. In addition to the desk-based theoretical analysis, the study incorporates an illustrative case study focusing on the deployment of heat pumps as a governance-relevant technology. The case study follows an analytical–descriptive approach and is used to demonstrate how principles of deliberative and polycentric governance may operate in practice within the context of heating-sector transformation. This approach remains qualitative and does not aim to test hypotheses; rather, it is intended to strengthen the applied dimension and the policy relevance of the study’s conclusions. The rationale for selecting heat pump deployment as the illustrative case study is threefold. First, heat pumps represent an implementation-intensive low-carbon technology whose outcomes depend not only on technical efficiency, but also on subsidy design, electricity pricing, grid readiness, installer capacity, building conditions, and household-level decision-making. Second, they directly intersect with the energy transition trilemma, as their outcomes depend on the interaction between decarbonisation objectives, energy security concerns, and distributional effects. Third, their deployment requires coordination among multiple centres of authority and action, including national regulators, municipalities, utilities, installers, housing organisations, and households, while also depending on deliberative mechanisms such as consultation, trusted advice, transparency, and social acceptance. For this reason, the heat pump case is considered analytically suitable for illustrating the implementation relevance of the proposed deliberative–polycentric framework. However, the case is not treated as a basis for empirical generalisation; rather, it serves as a theoretically informed illustrative case that supports the framework developed through the literature-based Track A and demonstrates how it can be applied to a concrete governance problem. Accordingly, the main conceptual basis of the study remains the synthesis of secondary literature and policy documents, while the case study provides an applied illustration of the resulting framework. The core of the analysis draws from peer-reviewed academic literature, institutional policy reports, and strategic documents from international organizations. The literature search was conducted using Scopus (Elsevier B.V., Amsterdam, The Netherlands), Web of Science Core Collection (Clarivate Analytics, Philadelphia, PA, USA), Google Scholar (Google LLC, Mountain View, CA, USA), and ScienceDirect (Elsevier B.V., Amsterdam, The Netherlands), complemented by institutional websites of the European Union, the International Energy Agency, the World Energy Council, and selected national or governmental bodies. As these are web-based bibliographic databases and search platforms, no fixed software version numbers are applicable; the platforms were accessed through their official websites. The search combined keywords such as “polycentric governance”, “deliberative governance”, “deliberative democracy”, “energy trilemma”, “energy justice”, “energy transition governance”, “heat pumps”, “heating decarbonisation”, “social acceptance”, and “multi-level governance”. Sources were included if they were conceptually relevant to the study, published in peer-reviewed journals, scholarly books, or recognised institutional reports, and provided evidence or arguments related to governance, policy design, social acceptance, equity, or implementation of low-carbon energy transitions. Sources were excluded if they focused exclusively on technical performance without a governance or policy dimension, addressed unrelated technologies, or lacked sufficient methodological or institutional credibility. The review was limited to English-language sources and selected policy documents, which is acknowledged as a limitation of the study. In terms of territorial focus, the review and illustrative examples predominantly cover Europe and the United States, as these contexts provide the most substantial and comparable governance evidence for the trilemma-oriented discussion. Key sources include: scholarly works on polycentric governance, deliberative democracy, energy justice, and sustainability transitions. Policy frameworks and reports from the European Union, the International Energy Agency (IEA), and the World Energy Council. Empirical case studies on national and subnational energy transitions, with particular reference to Central and Eastern Europe. In total, 72 sources were reviewed. These included 52 peer-reviewed academic studies and scholarly books/chapters, 13 institutional and strategic policy documents issued by international or governmental organisations, and 7 empirical or case-oriented sources addressing national, regional, or local energy transition experiences. The reviewed literature was grouped into five main thematic areas: polycentric governance, deliberative democracy and participation, energy justice and the energy trilemma, heat pump deployment and heating-sector decarbonisation, and national or subnational energy transition case studies. This categorisation enabled the analysis to connect theoretical governance debates with policy-oriented and implementation-focused evidence.



Sources were selected based on their conceptual relevance, empirical richness, and citation frequency in the academic literature. A purposive sampling strategy was employed to ensure balanced representation across disciplines, geographic contexts, and methodological orientations. The analysis was guided by two interrelated theoretical perspectives: polycentric governance theory and deliberative democratic theory. These frameworks provided a lens through which to examine institutional dynamics, participatory mechanisms, and the normative underpinnings of energy governance. Key analytical dimensions included: multilevel institutional coordination, stakeholder participation and inclusivity, transparency and access to knowledge, equity and justice considerations. A thematic synthesis approach was employed to identify patterns, divergences, and synergies across the reviewed literature. The approach was informed primarily by the methodology developed by Thomas and Harden [20], who conceptualised thematic synthesis as a structured method for integrating qualitative evidence through three stages: line-by-line coding of text, development of descriptive themes, and generation of analytical themes. Its conceptual and procedural foundations are also consistent with broader work on thematic analysis, particularly Braun and Clarke’s approach to identifying and interpreting patterns of meaning within qualitative material [21], as well as Barnett-Page and Thomas’s comparative discussion of qualitative synthesis methods [22]. In this study, the procedure involved: (i) coding relevant arguments, concepts, and empirical observations from the reviewed sources; (ii) grouping them into descriptive themes such as multilevel coordination, participation, legitimacy, equity, institutional redundancy, and implementation capacity; and (iii) developing analytical themes that linked deliberative and polycentric governance to the three dimensions of the energy trilemma. This method enabled the development of a coherent conceptual model that integrates procedural and structural aspects of governance in the context of the energy trilemma. The overall methodological workflow is summarised in Figure 1. The figure supports the analysis by visualising the sequence of methodological steps used in the study: identification of relevant literature and policy documents, thematic grouping of sources, synthesis of governance concepts, development of the integrated deliberative–polycentric framework, and its application to the heat pump example. In this way, the figure clarifies how the literature review and desk-based analysis were translated into the analytical framework and how the illustrative case was used to demonstrate the framework’s implementation relevance. Track A therefore provides the primary conceptual basis for developing the integrated framework, while Track B has an illustrative and application-oriented function. The purpose of Track B is not to produce empirical generalisation, but to examine whether the framework can structure the analysis of a concrete implementation-sensitive technology and reveal governance conditions relevant to the energy trilemma.




3. Results


As discussed in the Introduction, the energy transition trilemma provides a useful analytical lens for examining the tensions among energy security, environmental sustainability, and energy equity. In practice, these tensions emerge across different governance levels and policy contexts, often requiring trade-offs between affordability, reliability, decarbonisation, and social justice [23].



Historically, energy systems have tended to prioritize short-term energy security and economic affordability, frequently at the expense of long-term environmental stewardship and inclusive development [24]. Global reliance on fossil fuels remains entrenched: as of 2022, over 80% of the world’s primary energy consumption was derived from coal, oil, and natural gas, despite increasing investments in renewables [25,26].



The reviewed literature shows that the energy trilemma is most useful not as a static classification of policy objectives, but as an analytical lens for identifying tensions among reliability, decarbonisation, affordability, and justice. This synthesis indicates that trilemma-related trade-offs are context-dependent and shaped by governance capacity, institutional coordination, and distributional safeguards [27,28].



Manifestations of the trilemma are context-specific and shaped by socio-political and geographic factors. At the project level, utility-scale renewable energy installations—such as wind farms or solar parks—may trigger local resistance due to land-use conflicts, perceived procedural injustices, or insufficient community engagement. Empirical studies have documented cases where wind projects in the United States, the United Kingdom, and India were delayed or halted due to opposition rooted in inadequate consultation processes. At the systemic level, the accelerated phase-out of coal and nuclear energy, as seen in countries like Germany, may advance sustainability goals but simultaneously raise concerns about grid reliability and job displacement [24]. Germany’s decision to shut down its last nuclear plant in 2023, alongside coal phase-outs, has sparked debate over increased natural gas imports and energy price volatility [25]. Globally, the surging demand for critical raw materials—including lithium, cobalt, and rare earth elements—required for battery storage and clean energy infrastructure has intensified geopolitical competition [29]. In the German context, renewable energy expansion has also been shaped by policy support mechanisms and citizen ownership models, illustrating the interaction between national frameworks and decentralised participation [30,31]. In response to the complexity of the trilemma, international organizations such as the International Energy Agency (IEA) and the World Energy Council have developed quantitative tools to monitor national performance. While these indices offer valuable macro-level insights, they frequently obscure intra-national disparities, such as regional energy poverty, infrastructure deficits, and socio-economic inequalities [32,33]. For instance, in the European Union, although overall energy access is nearly universal, an estimated 35 million citizens are unable to keep their homes adequately warm during winter. As a result, there is increasing academic and policy consensus on the need for finer-grained analytical tools that integrate distributional justice, institutional resilience, and socio-technical feasibility into national and regional assessments [34]. The synthesis further indicates that trilemma-related tensions require governance arrangements capable of coordinating multiple actors, managing trade-offs, and adapting to uncertainty [35]. In this context, polycentric arrangements are relevant because they distribute implementation responsibilities across overlapping jurisdictions and policy arenas, creating opportunities for experimentation, learning, and local adaptation [33].



Deliberative democratic practices can serve as a critical complement to polycentric governance by embedding inclusivity, transparency, and accountability into the policymaking process. Participatory mechanisms—such as citizens’ assemblies on climate, which have been implemented in France, Ireland, and the United Kingdom—have demonstrated the capacity to generate socially accepted and politically feasible recommendations. Empirical research highlights the potential of such forums to enhance policy legitimacy, mediate stakeholder conflicts, and foster collective learning, all of which are essential for stable and equitable energy transitions [35]. Comparative case studies further illuminate the divergent approaches countries adopt in navigating the energy trilemma. Germany’s Energiewende emphasizes decarbonization, backed by feed-in tariffs and an ambitious renewable energy rollout. However, the simultaneous phase-out of coal and nuclear has heightened dependency on natural gas and imported electricity, raising concerns about security and affordability [36]. In contrast, Poland has maintained a strong reliance on domestic coal, citing energy independence and cost considerations, though mounting EU regulatory pressure and local community energy projects are gradually reshaping its trajectory [37]. The Netherlands exemplifies a consensus-driven approach through its sectoral climate agreements and the polder model of deliberation, facilitating alignment among governmental, industrial, and civil society actors around shared decarbonization objectives [38].



At the international level, effective energy governance requires enhanced multilateral cooperation. Regional integration initiatives—such as the European Union’s Energy Union—aim to harmonize energy markets, reduce import dependency, and coordinate climate goals. Globally, frameworks like the United Nations’ Sustainable Energy for All (SEforALL) and the Clean Energy Ministerial provide platforms for joint research, investment mobilization, and capacity-building, particularly in developing economies [39]. Ensuring sustainable and ethical supply chains for critical materials, facilitating cross-border infrastructure development, and promoting equitable access to finance and technology transfer remain pressing challenges. The energy trilemma offers a valuable analytical lens for understanding the complex and interdependent challenges associated with global energy transitions. Its resolution necessitates governance systems that are not only integrative and adaptive but also deeply participatory and just [40]. When effectively designed and implemented, polycentric and deliberative governance models provide complementary and mutually reinforcing mechanisms that can guide energy transitions toward outcomes that are secure, sustainable, and socially equitable. To illustrate how these governance principles operate in relation to a concrete implementation challenge, the following section applies the proposed deliberative–polycentric perspective to heat pump deployment. This applied example shows how trilemma objectives are mediated by governance conditions rather than by technology characteristics alone.



3.1. Applied Context: Heat Pumps as an Implementation-Sensitive Technology


To make the analytical use of the proposed framework more explicit, the heat pump example was examined in four consecutive steps. First, the technology was positioned within the three dimensions of the energy trilemma by identifying its potential implications for energy security, environmental sustainability, and energy equity. Second, the relevant governance actors and levels were mapped, including national regulators, municipalities, utilities, installers, housing organisations, and households. Third, the polycentric dimension was analysed by examining how responsibilities, implementation capacities, and policy instruments are distributed across these multiple centres of action. Fourth, the deliberative dimension was assessed by identifying mechanisms through which stakeholder participation, trusted advice, transparency, and local consultation can reduce implementation barriers and improve legitimacy. This step-by-step application provides the analytical basis for the subsequent synthesis presented in Table 1 and Figure 2. Heating constitutes a central yet often underestimated component of the energy transition trilemma, as it combines high climate relevance with pronounced distributional sensitivity and strong dependence on local infrastructure and building characteristics [41]. Heat pumps are well suited for illustrating deliberative–polycentric governance because they are decentralised, deployment-intensive technologies: they are adopted building-by-building, depend on housing conditions (e.g., insulation levels and heat distribution systems), and require coordination with electricity networks and tariff structures [42,43]. They therefore create a clear interface between system-level climate objectives and place-based implementation choices made by municipalities, housing organisations, households/prosumers, and installers.




3.2. Governance Dimension: Multi-Level Coordination and Local Implementation


Heat pump deployment is shaped by polycentric governance arrangements in which multiple centres of authority and action interact [44]. At national and regional levels, uptake is influenced by regulatory frameworks, financial incentives, renovation programmes, training and certification standards, and electricity pricing structures that can either accelerate or slow down heating electrification. At the local level, municipalities and local intermediaries can play enabling roles even when they do not control subsidy budgets. They can bundle renovation measures, organise one-stop-shops, coordinate upgrades in municipal or social housing, facilitate permitting and local planning, and co-produce information services with utilities and civil society actors [45]. This architecture reflects polycentric logic: different jurisdictions and organisations can pursue diverse implementation pathways, while learning and best practices can diffuse across local networks.



At the same time, heat pump deployment highlights governance frictions that are typical for implementation-sensitive technologies: uncertainty created by changing support schemes, uneven access to skilled installers, limited grid capacity in specific areas, and administrative complexity [43]. These constraints illustrate how the effectiveness of low-carbon technologies depends not only on technical performance, but also on institutional design and coordination across governance levels.




3.3. Deliberation and Social Acceptance: Mechanisms for Legitimacy and Coordination


Heat pump transitions often generate social tensions not because of a single “acceptance” variable, but due to how costs, benefits, and perceived risks are distributed across households and neighbourhoods [46]. Deliberative governance mechanisms can reduce these tensions by improving transparency, building trust, and enabling co-designed solutions that reflect local conditions [47]. Relevant instruments include community consultations for renovation strategies, structured stakeholder forums linking municipal authorities with installers and grid operators, and trusted advisory services that support households in navigating technical options and financing. Deliberation also matters because heat pumps are tightly coupled with building renovation and energy literacy. Households may face uncertainty about performance in older buildings, concerns related to noise or aesthetics, and fear of cost overruns [48].




3.4. Mapping the Technology onto the Energy Trilemma (Synthesis)


This applied illustration demonstrates how a single technology can affect all three pillars of the energy trilemma, while also showing the governance conditions under which synergies are realized. First, in terms of energy security, heat pumps can reduce dependence on imported fossil fuels used for space and water heating by substituting direct fuel combustion with electrification, thereby lowering exposure to fuel-price volatility and supply disruptions [49]. Second, regarding environmental sustainability, heat pumps support emissions reductions in buildings, particularly as the electricity mix decarbonises; their contribution is thus shaped by both device-level efficiency and system-level electricity generation pathways [50]. Third, for energy equity, impacts are conditional: without appropriate governance, heating electrification may intensify inequality through high upfront costs, uneven access to credit, and unequal renovation capacity. With targeted subsidies, renovation support for vulnerable households, and accessible advisory services, heat pumps can contribute to improved thermal comfort and long-term cost stability [51].



An illustrative mapping of these effects across the energy trilemma, together with the associated governance risks, is presented in Table 1. Figure 2 complements this qualitative governance mapping by providing a concise quantitative perspective on recent heat pump sales dynamics in Europe (2020–2023). This trend underscores that deployment trajectories are sensitive to policy design, market conditions, and implementation capacity, thereby reinforcing the governance focus of this study.
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Figure 2. European heat pump sales (2020–2023). Source: authors’ elaboration based on publicly reported market data. 
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Concrete policy instruments already demonstrate how implementation-intensive low-carbon heating can be advanced through multi-level governance arrangements. Case 1 (Poland): The national “Clean Air” programme supports the replacement of high-emission household heating devices and building energy-efficiency upgrades in single-family homes, illustrating how central funding rules interact with local implementation capacity and household-level affordability constraints (including stronger support for lower-income beneficiaries). This case exemplifies how equity considerations and administrative accessibility shape technology uptake under real-world conditions [52,53]. Case 2 (The Netherlands): The Sustainable Energy Investment Subsidy Scheme (ISDE) partially compensates the upfront investment costs of measures such as heat pumps, demonstrating how national incentive design can reduce capital barriers while enabling locally embedded renovation pathways supported by municipalities and intermediaries. Together, these cases reinforce the article’s core claim: trilemma outcomes depend on governance design features—particularly affordability mechanisms, implementation support infrastructures, and multi-level coordination—rather than technology characteristics alone [54].



To make the analytical logic of this mapping more explicit, Figure 3 presents a revised conceptual model showing how heat pump deployment interacts with the three dimensions of the energy trilemma and how deliberative–polycentric governance conditions shape these outcomes. The model draws on seminal contributions to polycentric governance, particularly Ostrom’s work on multiple centres of decision-making, as well as key deliberative governance literature emphasising participation, legitimacy, and public reasoning in complex policy processes.





4. Discussion


Building on the thematic synthesis and the applied heat pump example presented above, the Discussion interprets the deliberative–polycentric framework as a governance response to the tensions of the energy transition trilemma. As discussed above, the energy trilemma constitutes a defining governance challenge because its interconnected dimensions often pull in different directions, generating tensions that demand sophisticated, inclusive, and resilient governance solutions. The deliberative and polycentric model of governance has emerged as an increasingly recognized approach for navigating this complexity [55]. It offers a strategic pathway that merges public reasoning with decentralized institutional structures to create more just, sustainable, and adaptive energy systems [56].



In the context of heat pump deployment, the deliberative dimension should be interpreted less as a general democratic ideal and more as a practical mechanism for improving legitimacy, trust, and implementation quality. Public consultations, local forums, advisory services, and deliberative polling can help identify household-level concerns, clarify technical and financial options, and reduce resistance caused by uncertainty or perceived unfairness [57,58,59]. Such engagement is particularly important where heating choices directly affect living costs, renovation decisions, and perceptions of risk, making informed public dialogue a condition for more robust policy outcomes [60].



The heat pump example illustrates that implementation outcomes are shaped by governance design rather than by technology characteristics alone. In practice, deployment requires coordination between national subsidy schemes, electricity tariff design, municipal advisory services, grid planning, installer capacity, and household-level decision-making. If these elements are weakly coordinated, heating electrification may produce uneven outcomes, including exclusion of vulnerable households, poor-quality installations, or increased exposure to electricity price volatility. This confirms that low-carbon technologies should be analysed as governance-sensitive instruments whose trilemma effects depend on institutional capacity, social trust, and corrective policy mechanisms.



A critical implication of this analysis is that the deliberative–polycentric model involves inherent trade-offs. More deliberation may improve legitimacy but can also increase transaction costs and delay implementation. Greater polycentricity may enable experimentation and local adaptation but can also lead to policy inconsistency, fragmented responsibilities, and unequal access to institutional capacity. These tensions are particularly important in heating-sector transformation, where households differ substantially in income, building conditions, technical knowledge, and ability to absorb investment risks. The framework should therefore not be understood as a universal solution, but as an analytical tool for identifying where coordination, participation, and corrective mechanisms are needed most.



Importantly, the configuration of trilemma tensions and the feasibility of deliberative–polycentric responses vary across countries and levels of socio-economic development. In higher-income contexts with relatively stronger administrative capacity, key constraints for heating electrification often relate to grid readiness, installer capacity, and tariff structures that shape operating costs and public acceptance. In middle-income and transition economies, distributional sensitivity is typically more pronounced due to higher energy poverty risk, constrained access to finance, and a larger share of older, less efficient building stock—making equity-sensitive programme design and administrative simplification especially important. In lower-income contexts, affordability and access barriers tend to dominate, and local polycentric experimentation usually requires stronger enabling national frameworks (e.g., stable incentives, consumer protection, and minimum quality standards) to prevent fragmented or inequitable outcomes. Consequently, the heat pump illustration should be interpreted as a governance-relevant example whose success conditions depend on institutional capacity, socio-economic vulnerability, and energy price structures that differ substantially across contexts.



In addition to security and environmental considerations, purely economic factors have a direct influence on how the trilemma is perceived and on the feasibility of implementation. For households and municipalities, the adoption of heat pumps depends not only on technical suitability, but also on upfront investment costs, access to affordable financing, and the relative operating costs determined by electricity prices and tariff structures. These economic drivers are closely intertwined with equity: high capital requirements and credit constraints can concentrate benefits among higher-income groups unless policy design explicitly targets vulnerable households and reduces administrative barriers. Importantly, economic conditions are not exogenous to governance—subsidy stability and predictability, the administrative costs of participation, consumer protection, and tariff design can determine whether electrified heating is experienced as a cost-stabilising transition or as an affordability shock. Making these economic mechanisms explicit strengthens the deliberative–polycentric argument by showing how market signals are mediated by institutions and can be corrected through inclusive design, transparent information, and adaptive policy learning.



From an application-oriented perspective, the polycentric dimension highlights the need to coordinate heat pump deployment across multiple centres of authority and action. National authorities may define regulatory frameworks, subsidy schemes, and decarbonisation targets, while municipalities, utilities, installers, housing organisations, and civil society actors translate these objectives into locally feasible implementation pathways [61,62]. This distributed arrangement can support experimentation, local adaptation, and institutional resilience, but it also requires mechanisms to avoid fragmented responsibilities, unequal access to support, and inconsistent delivery quality [63,64].



The synergy between deliberation and polycentricity is particularly powerful in addressing the energy trilemma. While polycentricity enables flexibility and innovation through multiple autonomous initiatives, deliberation serves as a mechanism to coordinate those efforts, resolve conflicts, and forge consensus. Together, they provide a governance infrastructure that is both participatory and adaptive [65]. The energy transition requires collective decisions about trade-offs between affordability, reliability, and ecological impact. Deliberative forums help stakeholders weigh these trade-offs, share knowledge, and co-design policies. Meanwhile, polycentric structures ensure that diverse experiments and approaches can be pursued simultaneously, with successful models being scaled or adapted elsewhere [66]. This combined model also helps bridge the gap between top-down national mandates and bottom-up community initiatives, encouraging mutual learning and the diffusion of best practices across regions and governance levels [66].



Operationalizing this model involves several critical components. Information and education are foundational [67]. Citizens must have access to clear, transparent, and relevant data about energy systems, costs, benefits, and risks. Establishing open-access databases and knowledge-sharing platforms can empower communities to engage effectively in energy debates. Institutionalizing dialogue is equally vital [68]. Permanent or regularly convened energy councils at national and local levels can create ongoing venues for inclusive deliberation, where government representatives, scientists, industry actors, and civil society organizations collaboratively monitor progress and adjust strategies. These councils can serve as dynamic policy incubators, fostering a feedback loop between the public and policymakers and helping tailor policies to changing local and global conditions [69]. Corrective mechanisms are also essential. Participatory budgeting and other co-decision tools enable citizens to direct public funds toward initiatives that align with multiple goals of the trilemma, such as low-cost clean energy solutions that also enhance system reliability [70]. Additionally, transnational learning networks and partnerships among cities, regions, and international bodies facilitate the dissemination of best practices and innovations across borders, thereby accelerating the global energy transition. Such networks foster mutual accountability and stimulate innovation by exposing local policymakers to diverse perspectives, technologies, and governance models.



To translate the deliberative–polycentric framework into actionable guidance, we outline a practical pathway for formulating and implementing trilemma-oriented strategies (illustrated for heat pump deployment):




	
Diagnose the local trilemma profile: map building stock, grid constraints, energy poverty, and renovation readiness to identify dominant security–sustainability–equity tensions.



	
Set multi-level objectives and roles: align national targets and funding rules with municipal implementation capacity; define responsibilities for regulators, municipalities, utilities, and market actors.



	
Co-design instruments through deliberation: use local forums/consultations and stakeholder panels to identify barriers, acceptable trade-offs, and programme design preferences.



	
Lower upfront barriers and protect equity: implement targeted subsidies, simplified application routes, and complementary renovation support for vulnerable households; ensure consumer protection and transparency.



	
Ensure delivery capacity and quality: invest in installer training/certification, quality assurance, and trusted intermediaries (e.g., one-stop-shops, municipal energy advisory) to reduce performance gaps and build trust.



	
Align price signals with electrified heat: adjust tariff structures and flexibility incentives to avoid penalising heat pump users and to mitigate electricity price volatility risks.



	
Institutionalise coordination and learning: create cross-actor coordination platforms and translocal networks to share best practices and replicate successful approaches.



	
Monitor outcomes and apply corrective mechanisms: track uptake, distributional effects, and user experience; revise programme parameters through feedback loops (adaptive governance).








Nevertheless, this model is not without challenges [71]. Coordinating multiple centres of authority can be cumbersome, and deliberative processes may require considerable time and resources [72]. Furthermore, unequal access to expertise, disparities in civic capacity, and political polarization can undermine the quality of public reasoning [73]. Economically dominant stakeholders may also skew deliberative processes unless safeguards—such as equitable representation, neutral facilitation, and structured access to expert knowledge—are firmly in place [74]. It is also important to ensure that deliberative outcomes are meaningfully integrated into actual policymaking processes, rather than serving as symbolic gestures [75]. Achieving meaningful integration may require institutional reform, the development of legal mandates for public engagement, and sustained political commitment to transparency and accountability. The values underpinning the deliberative and polycentric model align closely with broader principles of climate and energy justice, human rights, and democratic participation (Table 2). This approach affirms the right of individuals and communities to be involved in shaping energy policies that affect their lives. It also acknowledges the responsibilities of current generations to address the needs of future ones and to cooperate across borders in pursuit of a stable and liveable planet. The model encourages a shift away from narrowly defined economic efficiency metrics toward a holistic vision of social well-being and ecological stewardship, elevating ethics and equity as central components of energy governance.




5. Conclusions


The main contribution of this study is the development of an integrated deliberative–polycentric governance framework for addressing the energy transition trilemma. The originality of the framework lies in combining two governance traditions that are often discussed separately: deliberative approaches focused on inclusion, transparency, legitimacy, and public reasoning, and polycentric approaches focused on multilevel coordination, institutional diversity, and local experimentation. By linking these perspectives, the article advances the existing literature by showing how energy security, environmental sustainability, and energy equity can be analysed as interdependent governance outcomes rather than as separate policy objectives.



Deliberative governance enhances the legitimacy, transparency, and responsiveness of energy policy by institutionalising inclusive and reasoned public discourse. It enables the articulation and negotiation of diverse stakeholder interests, fosters mutual learning, and cultivates democratic competencies essential for navigating contested policy terrains. Concurrently, polycentric governance facilitates decentralised experimentation, local adaptation, and institutional redundancy by dispersing authority across multiple, overlapping decision-making arenas. This distributed configuration increases systemic resilience and allows for context-specific solutions that are responsive to regional socio-technical conditions.



The illustrative case of heat pump deployment confirms the practical value of the deliberative–polycentric framework for analysing implementation-intensive low-carbon technologies. Rather than restating the technology’s contribution to each trilemma dimension, the case shows that these contributions depend on coordinated policy packages, stable support schemes, trusted advisory infrastructures, and equity-sensitive design. In this sense, heat pumps function as a governance-sensitive instrument that helps identify the conditions under which decentralised heating technologies can support locally feasible and socially legitimate transition pathways.



The practical implication of the analysis is that heat pump deployment should not be treated as a purely technological or market-driven process. It requires coordinated policy packages combining financial support, renovation measures, grid readiness, installer capacity, transparent information, and trusted advisory services. Equity-sensitive design is particularly important, as high upfront costs, administrative complexity, and unequal renovation capacity may otherwise limit access for vulnerable households.



The synergistic integration of these governance modalities holds considerable promise for addressing the structural and procedural deficits of legacy energy governance systems. It enables both vertical and horizontal coordination, enhances the capacity for adaptive learning, and embeds normative commitments to justice and participation within institutional design. Nonetheless, realising the full potential of this model requires deliberate investment in institutional infrastructure, civic capacity, and mechanisms that ensure the equitable distribution of deliberative opportunities and decision-making authority.



Deliberative-polycentric governance model constitutes a forward-looking and ethically grounded framework for steering energy transitions. By reconciling competing imperatives and bridging the gap between technocratic rationality and democratic legitimacy, it provides a pathway toward energy systems that are not only more sustainable and secure, but also more socially just and democratically accountable.
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Figure 1. Overview of analytical steps and applied illustration using heat pump deployment. Source: own study. 
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Figure 3. Conceptual model of how governance conditions mediate trilemma outcomes Source: own elaboration based on the concepts of polycentric governance and deliberative governance [12,15]. 
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Table 1. Illustrative synthesis of heat pumps’ contribution to the energy transition trilemma.
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	Trilemma Dimension
	Governance-Relevant Contribution (Heat Pumps)
	Key Governance Risks
	Governance Tensions and Policy Implications





	Energy security
	Reduced reliance on imported fossil fuels for space and water heating through electrification; increased resilience when paired with domestic renewable electricity and demand-side flexibility.
	Potential short-term stress on electricity networks in areas with rapid uptake; exposure to electricity price volatility if tariff design is not aligned with electrified heat.
	Tension between rapid electrification and grid readiness. Policy should coordinate heat pump support with grid reinforcement, demand-side flexibility, and electricity tariff reform.



	Environmental sustainability
	Lower lifecycle emissions in buildings, especially as the electricity mix decarbonises; scalable decarbonisation pathway for low-temperature heat and building renovation strategies.
	Emission benefits depend on electricity mix and renovation quality; suboptimal installations and poorly insulated buildings can reduce expected performance and perceived effectiveness.
	Tension between technology deployment targets and actual building performance. Policy should link subsidies to renovation quality, installer certification, and performance monitoring.



	Energy equity
	Potential for improved thermal comfort and long-term cost stability when supported by targeted subsidies, accessible financing, and trusted advisory services.
	Risk of exclusion due to high upfront costs, credit constraints, and uneven renovation capacity; distributional impacts may worsen if support schemes and tariff structures are not equity-sensitive.
	Tension between market-based uptake and fair access. Policy should prioritise vulnerable households, simplify administrative procedures, and combine financial support with trusted local advisory services.







Source: Own study.













 





Table 2. Principles of Deliberative-Polycentric Governance Model.
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	Principle
	Description





	Civic deliberation
	Decision-making based on public debate involving citizens and stakeholders.



	Multilevel co-governance (polycentricity)
	Coexistence of multiple decision-making centres operating at various levels (local, regional, national, international).



	Inclusiveness
	Delegation of some decision-making powers to local communities and institutions.



	Decentralization
	Delegation of some decision-making powers to local communities and institutions.



	Coordination and collaboration
	Creating networks of cooperation among actors (e.g., governments, municipalities, NGOs, private sector).



	Local adaptation
	Ability to tailor actions to local conditions and needs.



	Transparency and access to information
	Openness of decision-making processes and easy access to knowledge and data for citizens.



	Decision-making redundancy
	Possibility to continue actions at different levels even if one withdraws.



	Democratization of expert knowledge
	Engaging society in interpreting and utilizing scientific and expert knowledge.



	Inter-actor learning
	Exchange of experiences and best practices among decision-making centres.



	Climate and energy justice
	Prioritizing actions that consider intergenerational and climate justice.



	Equal participation
	Guaranteeing equal access to deliberation regardless of social status.



	System corrective capacity
	Ability to adjust course of action through participatory mechanisms (e.g., participatory budgets).



	Social trust
	Building citizens’ trust in institutions and decision-making processes through participation.







Source: Own study.
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