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Executive summary 

Emerging energy technologies—such as green hydrogen, carbon capture, storage and 

utilisation (CCUS), and small modular reactors (SMRs)—have gained increasing political 

attention due to their potential to decarbonise energy-intensive sectors. Yet, these 

technologies are known for facing acceptance and acceptability issues among the public. 

There is no cross-technology review that lays out comparative insights and common factors 

influencing social acceptance and public engagement in those technologies. This report 

presents a literature review on social acceptance and public engagement for emerging 

energy technologies, particularly, hydrogen, carbon capture systems and advanced nuclear 

energy. It conceptually builds on acceptance and acceptability as well as engagement 

literature. The analysis draws on a corpus of 155 scientific and grey literature sources 

indexed in SCOPUS and Google Scholar, published between 2000 and 2025. 

The review identifies a dominant instrumental understanding of public engagement, primarily 

framed as a way to secure social acceptance. Across technologies, acceptance and 

acceptability are shaped by multiple interlinked factors. Most prominently, trust in project 

developers and public authorities, as well as perceived risks emerge as cross-cutting 

determinants. Findings also point to an important distinction between general attitudes 

towards a technology and the acceptance of specific infrastructure projects in local contexts. 

While overall technology support may be relatively high, acceptance often becomes more 

conditional and contested when projects are proposed in concrete locations. However, 

empirical studies examining acceptance dynamics of emerging energy technologies, 

specifically at the local level, remain scarce. 

Findings further indicate that public engagement practices remain largely confined to 

information provision and collection, as well as awareness-raising activities, such as 

communication campaigns and opinion surveys. Higher levels of engagement—such as co-

creation workshops and participatory planning—remain limited. Nevertheless, the literature 

highlights several enabling conditions for meaningful engagement: inclusiveness; early and 

continuous involvement; transparency of information and decision-making processes; trust-

building; provision of democratic participation spaces; context-sensitive approaches; and 

collective sense-making. 

The findings of this report can inform broader policy design by highlighting what factors 

shape acceptance, what public engagement means in practice, and how it can support a fair 

energy transition. Yet, empirical evidence on the design and effects of public engagement 

remains limited. Therefore, further research under the Public Engagement for Energy 

Infrastructure Task will investigate under which conditions emerging energy infrastructures 

are considered acceptable at the local level, when and why citizens are willing to engage, 

and which forms of engagement are perceived as legitimate and prove to be effective.  
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Key definitions 

Several social sciences terms are used and defined in-text. Therefore, for clarity purposes, 

we added a list of the most important ones below in alphabetic order, highlighting the 

definitions the report adopts. Details on the theories that supported these definitions are 

detailed in-text across the document. 

Acceptability can be defined as the pre-implementation appraisal of a (clean) 

energy technology. It is sometimes conceptualised as a normative and evaluative 

construct, grounded in objective and formative assessments. In this study context, 

acceptability considers what makes emerging technologies acceptable. 

Acceptance is defined as the willingness of (energy) users to integrate a new 

technology into their daily lives. In this context, it looks at the (subjective) willingness 

to adopt or support emerging energy infrastructures. Throughout this report, 

acceptance, social and socio-political acceptance are used interchangeable terms. 

However, it may carry different meanings and implications at national, community or 

individual level. Accordingly, its meaning is contextualised throughout the report. 

Engagement is the process through which citizens and communities (societal 

stakeholders) and decisionmakers in charge of deploying energy infrastructures 

(such as policymakers/ and project developers) interact. In this report, meaningful 

(public) engagement describes engagement that enables a mutual learning–by 

clarifying communities’ needs and expectations, addressing their concerns and 

providing transparent and accessible information. In turn, public 

authorities/policymakers/developers learn from citizens by better anchoring projects 

within societal needs and expectations. Types of public engagement include 

information provision, consultation and empowerment. 

Emerging energy technologies refers to energy technologies and systems in the 

demonstration, early adoption or pre-commercial phase that have not yet reached 

large-scale market deployment. However, such new or rapidly developing 

technologies, such as green hydrogen, carbon capture, storage and utilisation or 

advanced nuclear energy, have the potential to play a significant role in future energy 

systems. 

Framing refers to the (non)strategic presentation and positioning of a technology 

which shapes stakeholder perceptions by defining how it is understood. It often 

underpins the initial perception of a technology. 

Perception corresponds to ‘lay opinion’ which is the view of non-experts based on 

their own personal firsthand observations, rather than specialized training or scientific 

analysis. In the report, perception is used interchangeably with general attitude, 

opinion or views. It corresponds to public/communities/individual’s lay opinion, thus 

before they (potentially) enter the mutual learning process through (meaningful) 

engagement. 
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1 Introduction  

Given the risks of anthropogenic climate change, reducing carbon dioxide emissions has 

become a central policy priority. However, despite the global efforts to achieve near-zero 

emissions by 2050, carbon emissions from the energy sectors  reached a new record in 

2024 (IEA, 2025). This underscores the urgency for an accelerated expansion of clean 

energy infrastructure,  including the large-scale deployment of renewable energy 

technologies and the expansion of energy grids. Decarbonisation also involves emerging 

technologies such as carbon capture, utilisation and storage (CCUS), and green hydrogen, 

which complement existing large-scale solutions for energy system decarbonisation (IEA, 

2023a; IPCC, 2023). Yet, transformations of energy systems are not solely technical. They 

are social processes, where public understanding, trust in institutions and technology, 

participatory decision-making, and legitimacy of governance shape acceptability and 

successful implementation of change (Häußermann et al., 2023; Liu et al., 2019; Otto et al., 

2023). 

Across many countries, public engagement has therefore become a political priority, as it 

can strengthen the legitimacy and social acceptance of decarbonisation measures while 

generating local co-benefits (G20, 2024; Gordon et al., 2024a; Jami & Walsh, 2016; Langer 

et al., 2017).The European Economic and Social Committee (EESC) has explicitly 

underscored that trust, transparent governance, and public participation are essential to 

making energy transition measures socially acceptable (European Economic and Social 

Committee, 2022). Furthermore, the European Union (EU) places public acceptance and 

stakeholder engagement at the centre of its efforts to modernise energy infrastructure, 

ensuring that the energy transition remains secure, affordable, and clean (EC, n.d.). 

Nevertheless, policymakers sometimes conceive public engagement instrumentally, that is 

to say as a way to reach social acceptance, having in mind the sole goal of implementing 

energy infrastructures to decarbonise energy systems. 

In recent years, CCUS and hydrogen projects have been deployed, are under development, 

or are planned in the European Union (EU), the United Kingdom (UK), and worldwide. 

Meanwhile, there has been discussion about building small-scale nuclear reactors (SMRs) 

by mid-2030. Each type of energy infrastructure presents unique opportunities for 

engagement due to its technological characteristics and governance context. At the same 

time, it also poses specific social acceptance challenges that must be addressed to ensure 

the a just successful energy transition (Emmerich et al., 2020; Ribeiro et al., 2014).  

This report aims to provide a review of research on factors influencing social 

acceptance and public engagement in hydrogen, carbon capture systems and 

advanced nuclear energy technologies. It aims to answer the following questions: 

1. How is engagement framed in literature? 

2. What factors influence public’s acceptance of emerging energy technologies? 

3. What enables meaningful public engagement with emerging energy technologies?  

4. Which engagement methods and tools are most appropriate and effective for 

decisions involving emerging energy technologies? 
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The report is structured as follows. It begins by defining emerging energy technologies and 

outlining the relevant policy background for each technology examined (Section 1). Section 

2 sets out the conceptual framework, clarifying the concepts of acceptance, acceptability 

and engagement, and explaining their distinctions and interlinkages. Section 3 describes the 

scope of the study and the methodology applied in the literature review. Section 4 presents 

the findings, organised by study characteristics, technology framing, approaches to 

acceptance and engagement, factors shaping acceptance and acceptability, enabling 

conditions for meaningful public engagement, and identified methods and tools. The report 

concludes with a synthesis and discussion of the findings, outlines directions for future 

research, and closes with final remarks. 

1.1 Defining emerging energy technologies 

Emerging energy infrastructures refer to energy technologies and systems in the 

demonstration, early adoption or pre-commercial phase that have not yet reached large-

scale market deployment (IEA, 2020). The ETP Clean Energy Technology Guide serves as 

an interactive framework which details over 640 net-zero energy technologies, covering 

maturity, deployment plans, cost and performance targets, along with key players (IEA, 

2026). According to the guide, hydrogen applications and Carbon Capture and Storage 

(CCS) are demonstrating increasing deployment and commercial readiness, Greenhouse 

Gas Removal (GGR) technologies largely remain at the pilot stage, with advanced nuclear 

options exhibiting even lower levels of technical maturity, which suggests they still are at the 

inception phase, thus at the stage prior pilot stage (ibid). This means that, unlike more 

established energy technologies such as horizontal-axis wind turbines and solar 

photovoltaics, the emerging technologies are not widely adopted across the value chain. As 

a result, they attract particular attention from policymakers, who aim to accelerate the 

decarbonisation by all available means. This distinction also helps clarify policy priorities for 

public engagement and social acceptance, as it reflects the material conditions under which 

each energy technology is being developed and how these conditions interact with public 

perceptions. Following, we provide definitions for emerging energy technologies considered 

in this report. 

Hydrogen is an energy carrier that can be used as a fuel in heavy industry and long-

distance transport, and as a means of storing energy over weeks or months. When used, 

hydrogen does not produce carbon dioxide. However, its climate impact depends on how 

it is produced. In line with the IEA’s move towards defining hydrogen according to its 

emission level (IEA, 2023b), the report distinguishes between two main types of 

hydrogen production: 

• Fossil-based hydrogen is produced using fossil fuels, such as natural gas or coal, 

as the primary energy source. This process generates carbon dioxide emissions, 

which may either be released into the atmosphere or partially captured and stored 

using carbon capture and storage (CCS) technologies. 
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• Renewable-based hydrogen is produced using renewable energy sources, most 

commonly by splitting water through electrolysis powered by electricity from wind, 

solar, or other renewable sources. This production process results in little to no direct 

carbon dioxide emissions. 

Carbon capture, utilisation and storage (CCUS) refer to a suite of technologies which 

involve capturing carbon dioxide (CO₂) from large point sources, such as power plants or 

industrial facilities that use fossil fuels or biomass. If not used on-site, the captured CO₂ 

is compressed and transported by pipeline, ship, rail or truck for use in a range of 

applications or injected into deep geological formations—including depleted oil and gas 

reservoirs or deep saline formations—where it is permanently stored (IEA, 2021). 

Greenhouse Gas Removal (GGR), often referred to as Carbon Dioxide Removal (CDR) 

or negative emission technologies, encompasses methods that remove CO₂ directly from 

the atmosphere rather than from point sources. GGR technologies—such as Direct Air 

Carbon Capture and Storage (DACCS) and Bioenergy with Carbon Capture and Storage 

(BECCS)—capture CO₂ from ambient air, whereas CCUS captures CO₂ at point sources 

(e.g., power plants). 

Similar to CCUS, the captured CO₂ can then be either utilised or permanently stored, 

thereby reducing the concentration of greenhouse gases in the atmosphere. These 

approaches involve a combination of biological, chemical, and geological processes. 

Two main approaches can be distinguished (UK Government, 2022): 

• Nature-based removals include afforestation and reforestation, soil carbon 

sequestration, and wetland restoration 

• Engineered-based removals include Bioenergy with Carbon Capture and Storage 

(BECCS) and Direct Air Capture with Carbon Storage (DACCS). 

Advanced nuclear energy includes technological developments of current reactors in 

terms of scale (e.g., small modular reactors, SMRs) and new designs (Generation IV 

designs) (IEA, 2019, 2020). 

• New nuclear reactor designs, including Generation IV1, designed to be safer, more 

flexible, and in some cases are expected to be easier to build than today’s large- 

scale reactors. They aim to enhance safety through passive or improved safety 

features, reduce the volume and longevity of radioactive waste, and operate flexibly 

to complement variable renewable energy sources such as wind and solar. Cooling 

methods vary, including water, liquid metal, molten salt, or gas. 

• Small Modular Reactors (SMRs) are nuclear reactors with smaller capacity, 

modular construction, and enhanced safety features compared to traditional ones. 

 
1 The evolution of nuclear power plants is conventionally segmented in to four generations: I generation (1950–
1970): early prototypes of several different designs; II generation (1970–1995): commercial power plants, usually 
LWRs (light water reactors) reliable and economically competitive; III/III+ generation (1995–2030): evolution of II 
generation LWR; IV generation (2030+): designs called revolutionaries because of their discontinuity with III 
generation nuclear power plant. (Locatelli et al., 2013). 
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Their smaller scale allows for incremental deployment, easier integration into local 

energy systems, and potentially lower upfront costs compared with traditional large 

reactors. 

1.2 Policy framework 

Emerging energy technologies are gaining increased interest among European governments 

since they possibly offer an opportunity to decarbonise energy systems more rapidly (Amin 

et al., 2022; Hanson et al., 2025). Although the European Union (EU) establishes shared 

decarbonisation objectives, the strategies for achieving them can differ from one country to 

the next, however. 

One of the most discussed emerging energy systems in Europe is hydrogen. An increasing 

number of countries, including Austria, the Netherlands, the United Kingdom (UK), and 

Sweden2, have developed national hydrogen strategies or roadmaps. These strategies aim 

to increase the share of low-carbon or climate-neutral hydrogen3 within their energy mix. For 

example, Austria defines hydrogen as a ‘cornerstone’ of its transition toward climate 

neutrality by 2040 (Austrian Federal Ministry for Climate Action, Environment, Energy, 

Mobility, Innovation and Technology, 2022). EU member states are accelerating the 

development of renewable hydrogen and aim to reach 6 GW of electrolysis capacity by 2030 

under the REPowerEU plan (European Commission, 2022). Interestingly, the UK plans to 

produce 5 GW of hydrogen by 2030—little less than the overall EU (HM Government, 2021).  

Carbon capture technologies are also an integral part of National Energy and Climate Plans. 

National governments (namely; Austria (Austrian Federal Ministry for Climate Action, 

Environment, Energy, Mobility, Innovation and Technology, 2024), the Netherlands (Dutch 

Ministry of Economic Affairs and Climate Policy, 2024), Sweden (Swedish Ministry of 

Climate and Enterprise, 2024) and the United Kingdom (UK Government, 2023)) consider 

CCS/CCUS an integral part of their decarbonisation strategies, particularly in sectors where 

affordable sustainable alternatives are not yet available. The ”implementation of CCS 

[seems] no longer a question of yes or no, but of how and when” (Swedish Energy Agency, 

2025). 

Meanwhile, Member States are pushing for innovation and investing in research and 

development programmes for advanced nuclear technologies. However, although nuclear 

energy is often considered a suitable decarbonisation alternative, some EU member states, 

such as Germany and Austria, have anti-nuclear policies and strongly oppose these 

technologies (Austrian Federal Ministry of Agriculture and Forestry, Climate and 

Environmental Protection, Regions and Water Management, 2020). In contrast, the Dutch 

government considers nuclear energy vital for a "CO2-free and reliable energy supply," 

alongside renewables, to achieve climate neutrality by 2050 (Ministerie van Klimaat en 

Groene Groei, n.d.). Sweden has also proposed legislation to encourage investment in new 

nuclear reactors to support decarbonisation efforts (Government Offices of Sweden, 2025). 

 
2 Austria, the Netherlands, Sweden and the United Kingdom are the participants of the Users TCP Task on 
Public Engagement for Energy Infrastructure Phase II. 
3 Different countries use different framings to express the role of hydrogen in decarbonising the energy system.  
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The UK is also pushing for increased investment in nuclear energy, aiming to deliver 3-7 GW 

every five years from 2030 to 2044 to reach its goal of 24 GW of nuclear power by 2050 (UK 

Department for Energy Security and Net Zero, 2024).  

In sum, policy frameworks, particularly in the EU, consider emerging energy technologies as 

essential to reaching net-zero goals. This implies that such technologies are expected to be 

deployed through concrete projects, often at the local level and with direct implications for 

nearby communities. However, while policy prioritises rapid deployment, it remains unclear 

whether these technologies enjoy sufficient public support and legitimacy to be implemented 

successfully in practice. This raises an important question: to what extent do these 

technologies possess the necessary social acceptance and social license to operate, 

meaning the degree to which they are understood, supported, and deemed legitimate by 

local communities and the broader public? The next section engages with the concept of 

social acceptance, acceptability and public engagement in order to situate the study within 

the scientific literature on public engagement for energy infrastructures and to examine how 

social conditions shape the real-world implementation of policy-driven technological 

development. 
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2 Conceptual backgrounds on acceptance, 

acceptability and engagement  

Social acceptance and acceptability are often conflated, yet they are often not clearly 

defined (Moesker et al., 2024). According to Batel (2020), social acceptance research has 

moved in “three waves.” The first wave was normative, focusing on acceptance as a goal 

and emphasising strategies to overcome barriers. In this context, acceptance is defined as 

"a positive response to, or tolerance of, a technical or socio-technical transition project by 

members of a given social unit" (Klok et al., 2023). The second wave critiqued acceptance 

as a concept, shifting the focus toward how people accept or reject technologies and moving 

from purely technical approaches to socio-technical ones. The third wave, which Gordon et 

al. (2022) call the “criticism literature,” reframes acceptance in terms of acceptability. 

Rather than asking how to ensure a technology is accepted, this approach examines what 

makes a technology acceptable or not. This approach explores the conditions, values, and 

interests that shape acceptability and asks questions such as: “Who is promoting 

acceptance, and why?” and “Should acceptance even be the goal in this context?”. Thus, 

acceptance has shifted toward a more process-oriented understanding that acknowledges 

the complex nature of acceptance, and questions whether overcoming public opposition is 

desirable. 

The acceptance triangle, referring to the model of Wüstenhagen et al. (2007), is still widely 

used today. It connects three dimensions of acceptance: community, market and socio-

political acceptance. Socio-political acceptance implies the supply-side acceptance of a 

technology at policy or national level (macro-level) (Upham et al., 2015). Market acceptance 

deals with the acceptance of technology at the organizational or household level (meso-

level). Lastly, community acceptance deals with the acceptance of new energy infrastructure 

at the local level (meso-level) (ibid). Batel (2020) proposed visualising the various 

understandings of acceptance and acceptability as a funnel where the chosen research 

level—systemic, societal, or individual—dictates the relevant interpretation of these concepts 

(Figure 1, page 14). This overview illustrates the process focus of acceptability at the 

system level, the issue of technological disability at the societal level, and the hypothetical 

use of technology at the individual level. 

Engagement serves as an umbrella term to describe the process through which citizens 

and communities (societal stakeholders) and decisionmakers in charge of deploying energy 

infrastructures (such as policymakers/ and project developers) interact. Within engagement, 

we conceptualise ’meaningful engagement’ as the reciprocal process that goes beyond 

merely informing citizens. It is a 'mutual learning' experience where communities clarify 

expectations and concerns, receiving direct answers from developers or public authorities. In 

turn, developers and policymakers learn from citizens to better anchor projects within the 

community. This process is 'meaningful' because it shapes outcomes for all stakeholders. It 

is critical for gaining project acceptance. In this report, mentions of ‘public engagement’ refer 

to ‘meaningful engagement’ unless specified otherwise. The "Ladder of Citizen Participation" 

(Arnstein, 1969) is a widely used tool for structuring the understanding of public 

engagement. This model explains the different degrees of public influence, ranging from 
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informing and consultation to placation, partnership, delegated power, and citizen control. 

Non-participation forms are described as manipulation and therapy; both can be understood 

as forms of participation in which public opinions are suppressed. Along this ladder, 

engagement can range from basic information provision, or awareness, in which plans and 

decisions are communicated to the public and views and concerns are gathered via surveys, 

interviews, or workshops, to shared power forms in which citizens directly participate in 

shaping project goals, options, and outcomes (Rowe & Frewer, 2004). 

 

Figure 1: Funnel of Acceptance and Acceptability – Concept Definitions Based on Abstraction Level. Source: (Batel, 

2020). 

However, public engagement is more than a progression between these levels. It can be 

understood as a relationship between institutions and the people affected by their decisions. 

This relationship works best when it allows for mutual learning, openness, and shared 

responsibility. In practice, this means recognising citizens as people whose experiences, 

concerns, and values can help shape better decisions, not as audiences to be informed 

(Šucha & Sienkiewicz, 2020). Engagement creates space for genuine dialogue, clearly 

shows how input is considered, and offers forms of involvement that communities see as fair 

and worthwhile. However, what constitutes meaningful engagement varies from place to 

place. Thus, approaches must be adapted to local circumstances and expectations. 

To analyse engagement in a structured way, we draw on the distinction between process 

and outcome introduced by Walker & Devine-Wright (2008). The process dimension 

addresses how engagement evolves throughout the project cycle, from the initial 

development of the concept to planning, approval, and implementation. This dimension 

covers the timing of engagement, the clarity and accessibility of communication, the 

inclusiveness of participation, and the roles taken by different stakeholders. The outcome 

dimension focuses on the extent to which engagement has shaped decisions and project 

design, whether the process was viewed as fair and transparent, and the degree to which 

the final outcomes deliver social or economic benefits to the involved communities. 

Considering both dimensions is important because a well-run process does not guarantee 

an acceptable outcome. Outcomes that are considered successful can be deceptive, 

however, as they may mask a fundamentally broken process. 
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In practical settings, the concepts of acceptance, acceptability and engagement can help 

policymakers better understand the importance of engagement processes, rather than 

conceiving engagement merely as a way to achieve acceptance. The multi-level nature of 

acceptance—distinguishing between systemic, societal, or individual as conceptualised by 

Batel (2020)—highlight that when individuals are not engaged and meaningfully involved 

from the early stages, community resistance may emerge. Such resistance can, in turn, 

hinder the infrastructure implementation and ultimately undermine broader decarbonisation 

goals.  

Therefore, public engagement both at individual and community level should go hand in 

hand with national strategies to decarbonise energy systems. The surveys and interviews 

conducted under Phase II will go beyond a narrow focus on identifying acceptance factors. 

Instead, they examine the conditions under which emerging energy infrastructures are 

developed and deployed, and how these conditions shape whether and how such 

infrastructures are perceived as legitimate and acceptable. This focus is central to 

understanding how meaningful engagement is enacted in practice. 
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3 Study scope and method  

This report is based on a review of academic and grey literature conducted to gather 

evidence on the factors shaping public acceptance of, and engagement with, emerging 

technological developments. The review examines how engagement is conceptualised in the 

literature, how it relates to acceptance, and which formats and tools are applied in practice. 

Generally speaking, the literature highlighted that empirical studies examining acceptance 

and public engagement at the local level remain scarce, and that there was a predominance 

of literature regarding CCS/CCUS.  

The literature search was carried out using Google Scholar and Scopus. Table 1 (page 17) 

summarises the inclusion and exclusion criteria applied. The search strategy was structured 

across several levels. First, it focused on the specific types of technologies under study and 

the various conceptualisations and formulations of engagement. In Scopus, combinations of 

targeted search strings were used to capture these dimensions. 

- "Carbon capture and storage" AND ( engagement OR participation OR involvement OR 

consultation OR accept* OR adopt ) 

- "Carbon capture utilisation/utilisation and storage" AND ( engagement OR participation OR 

involvement OR consultation OR accept* OR adopt ) 

- "Greenhouse gas removal" AND (engagement OR participation OR involvement OR 

consultation OR accept* OR adopt ) 

- “grey hydrogen4" AND (engagement OR participation OR involvement OR consultation OR 

accept* OR adopt ) 

- "blue hydrogen" AND ( engagement OR participation OR involvement OR consultation OR 

accept* OR adopt ) 

- "green hydrogen" AND ( engagement OR participation OR involvement OR consultation OR 

accept* OR adopt ) 

- "advanced nuclear" OR “Gen* IV nuclear"  OR "next generation nuclear" AND (engagement 

OR participation OR involvement OR consultation OR accept* OR adopt ) 

- "small reactor*" AND ( engagement OR participation OR involvement OR consultation OR 

accept* OR adopt ) 

In the Scopus search, the query was restricted to the keyword field. Although this approach 

narrows the range of studies retrieved, it ensured that “engagement” (and related terms) was 

explicitly identified by the authors or indexed as a central concept. To broaden coverage, the 

Scopus results were complemented with additional sources identified through Google 

Scholar and recommendations from Task partners. In Google Scholar, a systematic search 

was conducted using the same search terms, supported by advanced search functions. 

 
4 The differences between green, blue, and grey hydrogen lies in their production method and carbon footprint (1) 
green is produced via renewable electrolysis (zero carbon); (2) blue uses fossil fuels but captures the resulting 
CO2 ; (3) grey uses fossil fuels without capturing emissions. 
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Table 1: Inclusion and exclusion criteria of the literature review. 

Inclusion criteria  Exclusion criteria  

• Year of study: the most recent ones (2000-

2025)  

• Scientific and grey literature, e.g., journals, 

conference papers, book chapters 

• Not limited to specific countries  

• Literature in English language 

• Include the search strings 

• Public participation not related energy 

infrastructure  

• Not relevant for the types of energy 

infrastructures of the current User TCP’s 

project 

• Journals not accessible online 

• “Old/traditional” nuclear studies 

 

The identified studies were then screened across six additional analytical levels (see Error! 

Not a valid bookmark self-reference.). This allowed us to examine the rationales underlying 

past and planned engagement efforts, the key barriers and drivers, including socio-

psychological, socio-technical, and institutional factors, and engagement methods/tools. The 

analysis is structured according to different national contexts. 

In total, 155 studies were analysed. The literature was more extensive for 

CCS/CCUS/GGR than for hydrogen and advanced nuclear technologies. 

Table 2: Analytical levels and examples for potential findings for each. 

Why engagement 

is done 

Who is 

engaging, who 

is engaged 

Barriers and 

drivers of 

engagement 

Engagement 

formats Policy context 

Outcome/ 

effectiveness of 

engagement 

To understand 

perceptions of a 

technology 

Research 

institutes/ 

universities  

Lack of 

knowledge 
Survey 

No regulation to 

engage 

(voluntary) 

Increase in 

community 

support 

To develop public 

acceptance 

Local 

community 

Risk 

perceptions 
Workshop 

Regulation to 

engage 

(mandatory) 

Increase in 

technological 

awareness 

To understand 

contested 

framings 

Developers 
Political 

opinions 

In-depth 

interviews 

Incentive to 

engage 

(encouraged) 

Increase of 

interest in 

engagement 

activities 

To identify social 

and cultural 

factors to drive 

infrastructure 

NGO Cost concerns 
Community 

dialogue 

Prospective 

(anticipatory) 

Community 

benefits 

To investigate the 

benefits 

associated with 

the technology 

Regional 

authorities 

Environmental            

 impacts 

Information 

events 

 

Benchmark 

(comparative) 

Increase of 

knowledge 

regarding risks 
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4 Results  

This section presents the results of the review studies. 

4.1 Features of reviewed studies 

The reviewed studies were of different types (Table 3). Overall, most of the articles were 

research studies, meaning that they either discussed social aspects of technology 

deployment on a more conceptual level, or applied a social scientific method to deploy 

general technological acceptance. In contrast, a few pilot papers discussed specific 

demonstration projects or local engagement initiatives, such as CarbFix in Iceland (Pind 

Aradóttir & Hjálmarsson, 2018) or community-based education programmes in Australia 

(Bloxsome et al., 2017; Ferguson & Van Gent, 2017). Most studies examined the theoretical 

acceptance of a technology, rather than the perceptions of or attitudes towards an 

infrastructure in a concrete locality. There is only a handful of studies that have investigated 

empirically the social acceptance of advanced nuclear technologies – more than half of the 

available studies are conceptual (Table 3). Same holds true for GGR. Most GGR articles are 

research studies that analyse discourse, governance, ethics, and future imaginaries at 

broader scales (D. P. McLaren, 2012; Scott-Buechler & Jinnah, 2024; Waller et al., 2020).  

Table 3: Literature Review – Comparison of results per technology and paper typology 

Technology Total Studies Reviews Pilot Studies Other Research 

Studies  

Hydrogen 35 5 4 26 

CCS/CCUS 98 17 15 66 

GGR 4 1 1 2 

Advanced nuclear 18 2 / 16 

 

Considering the publications years, social science and humanities research on CCS/CCUS 

had a high in the late 2000s, notably around 2009. In contrast, we found a high number of 

publications on green hydrogen and SMRs just being published in 2025. For hydrogen, the 

majority of publications focused on hydrogen from renewable energy sources; except a few 

studies (Bentsen et al., 2023; M. Scovell & Walton, 2024) that investigated the differences in 

acceptance for different production methods. 

Moreover, most of the research was conducted in Europe (~ 50%). In comparison, 25 

studies were carried out in the United States or Australia (16%), while 9 studies were set in 

an international or worldwide context (6%). The remaining 44 studies, corresponding to more 

or less 30% of the total amount of selected papers, were distributed across various other 

countries. Among the selected papers, regions such as Australia, China, the US or Iceland, 

which have a higher rate of implemented infrastructures compared to Europe, offer more 

practical-oriented studies whereas in contrast, European/worldwide ones explore 

hypothetical futures regarding acceptance or engagement. 
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In terms of content, most of the reviewed literature dealt with the acceptance/acceptability of 

technologies and infrastructure, rather than the mechanisms of engagement. The literature 

often distinguished between societal acceptance versus local or community acceptance 

(acceptance triangle of Wüstenhagen et al., (2007)). In this regard, there are differences in 

technology. For instance, in the case of CCS/CCUS, there were many more ‘large-scale’ 

studies compared to pilot or local/community research, the latter focusing generally on the 

engagement part. In some cases, the literature linked social or cultural factors (public 

opinion, perception) with acceptance through meaningful engagement at the regional or 

local scale (Haug & Stigson, 2016). In contrast, the more practice oriented/pilot case studies 

specifically linked CCS/CCUS acceptance with psychological factors along with personal 

preferences (Einsiedel et al., 2013). In the SMR literature, community acceptance was 

largely ignored (Tuler & Webler, 2024). The same holds true for hydrogen: practical case 

studies remains limited (Maketo & Ashworth, 2025) and papers often under-examine 

engagement processes and their effects (Vallejos-Romero et al., 2023). 

4.2 Framing of technologies, acceptance and engagement  

4.2.1 Technology framing 

The literature suggests that examining framing is relevant when discussing acceptance. As 

such, public understanding is shaped by ‘framing’, which Hulme (2009) defines as the 

conditions that shape the interactions between a person and technology’. Framing therefore 

relates not only to the material or functional characteristics of technologies, but also to how 

these characteristics are represented in policy discourse, media, and other communicative 

contexts. These representations influence how technologies are perceived, interpreted, and 

evaluated by individuals and communities. Framing is particularly significant in engagement 

processes, as it shapes the initial assumptions and interpretative frameworks through which 

technologies are understood. 

In most cases, hydrogen has been framed as an “assemblage technology”; meaning it is not 

a single system but a constellation of interconnected infrastructures (electrolyzers, 

renewables, water and grid connections) (Wagner et al., 2025). As such, hydrogen 

production, distribution and use spans likely multiple spatial, administrative, and political 

scales. Because of this complexity, deliberation and participation become 

“fragmented” (Wagner et al., 2025). This implies that engagement cannot be a one-off local 

consultation. It must be distributed across scales and institutions, but this often leads to 

fragmented participation where no actor sees the full picture. Furthermore, engagement 

risks being partial and disconnected, making it harder for people to form informed opinions 

about the system as a whole. In this regard, Virens (2024) further stresses that that green 

hydrogen is not just a technology, but a sociotechnical imaginary, meaning a collectively 

imagined future that shapes policy, investment, and infrastructure decisions. This implies 

that participation is not neutral—it is shaped by expectations and policy narratives, which 

can steer debate before deliberation even begins.   

The same holds true for CCUS/CCS value chain. On a technical-side, CCUS implies that 

carbon is captured, then transported and stored, allowing also the framing as “assemblage 
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technology”. In general, CCUS emerges as an umbrella term for capturing CO2 from flue gas 

or the atmosphere for reuse or storage. Others frame it through the lens of policy alignment, 

thereby highlighting how EU climate policy, national energy strategies, and regulatory clarity 

shape its perceived feasibility (Pihkola et al., 2017). At the same time, barriers such as 

political uncertainty, low public awareness, and negative cultural associations are used to 

frame CCS as a not self-legitimizing technology (Nuortimo, 2018; Pihkola et al., 2017). In 

contrast, GGR has been framed as a ‘supplement’ in climate change mitigation; yet 

concerns emerge around overreliance and delayed decarbonisation (Waller et al., 2020). In 

contrast to CCS, the GGR framing is rather about systemic implications and global 

governance. For engagement, this implies that CCUS and GGR cannot be approached as 

purely technical or local acceptance issues but must be understood as politically and 

culturally framed systems shaped by policy alignment, uncertainty, and competing 

narratives. Engagement therefore needs to address not only public support, but also 

underlying legitimacy, awareness, and trust in how these technologies are governed and 

positioned within broader decarbonisation strategies. 

Framings that benefit from the “green halo effect” (Bentsen et al., 2023) and are embedded 

within wider climate policy strategies (Pihkola et al., 2017) tend to be associated with more 

positive effects on public’s perception and attitudes. This can imply that engagement 

becomes less critical or more symbolic, focusing on support rather than questioning trade-

offs (land use, water consumption, infrastructure conflicts, etc.). However, these effects 

primarily operate at the national scale and are highly dependent on trust in government and 

institutions. 

By contrast, framing of technologies in the context of pilot studies and more applied 

approaches suggest that acceptance challenges most often emerge at the local level, when 

infrastructure projects are planned or implemented in nearby communities. The next section 

introduces how acceptance and engagement are conceptualised and framed across 

literature. 

4.2.2 Acceptance and engagement framing 

Beyond the technology framing, we noticed different framings of acceptance and 

engagement across the studies on emerging energy technologies. Starting with acceptance, 

on the one hand, some papers draw either upon an understanding of acceptance as a goal 

to reach, with barriers to overcome. On the other hand, some papers shift towards a socio-

technical understanding of engagement. This means that it emphasises the complex nature 

of acceptance and that the ‘public is not a barrier to overcome’ but rather a component of a 

whole strategy interlinking social and technical aspects (Virens, 2024). A systematic review 

of carbon capture and usage (CCU) and CCS projects by Nielsen et al. (2022) finds that 

acceptance is a contested concept, depending on how communities’ role is conceptualised. 

Häußermann et al.(2023) argue that acceptance should be reframed as “responsible 

innovation”, embedding social values into the governance of green hydrogen through 

meaningful participation. Efforts to foster acceptance must address not only public attitudes, 

but also the technology itself and its broader socio-political context. A participation-oriented 

approach can thus overcome key limitations of conventional acceptance research (see 

Section 2) (ibid).  
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Similarly, there is a consensus for the need to move beyond the framing of engagement as 

‘communication’, ‘providing information’ or ‘acceptance-building’ (Gordon et al., 2024a; 

Isidoro Losada, 2022; Virens, 2024; Wagner et al., 2025). Instead, researchers increasingly 

challenge the assumption that acceptance ‘problems’ can be solved through better 

communication or awareness campaigns (Gordon et al., 2024a; Isidoro Losada, 2022; 

Wagner et al., 2025). 

In this regard, Virens proposes to move from ‘engagement to reach acceptance’ towards 

‘engagement for democratic energy futures’ making deliberation as embedded in a 

democratic process (Virens, 2024). As such, Virens (2024) considers that engagement 

should shape imaginaries to, by extension, shape outcome. This means that engagement 

should be embedded in practical frameworks. It must be concrete, starting with when futures 

are being imagined until implementation. Coherent with this, Isidoro Losada (2022) framed 

engagement as recognition of territorial rights, thus addressing procedural and recognitional 

justice. In Isidoro Losada’s framework, public participation can influence which (hydrogen) 

future becomes dominant, not only how projects are implemented. This means that 

engagement processes should ensure a voice is given to citizens. Giving a voice in this 

context refers to citizens having a say in outcome that regard them, which can only be done 

meaningfully if information has been provided to them so that they can form their own 

opinion based on scientific evidence (Einsiedel et al., 2013). 

Therefore, linking to our conceptualisation of ‘meaningful engagement’, the literature 

suggests that engagement can be considered a process of ‘mutual learning’ where 

developers learn what the community fears/wants and where the community actively 

engages with evidence to shape outcomes (Häußermann et al., 2023). This shifts the 

understanding of engagement from a tool of persuasion towards its integration in practical 

decision-making contexts. In this sense, engagement unfolds through processes of 

negotiation and co-design, which function as key mechanisms for building trust among 

stakeholders. This is how Wagner et al. (2025) situate participation within a political ecology 

and neo-Gramscian framework, highlighting how power, hegemony, and the alignment of 

interests between capital and the state influence deliberative conditions. In other words, 

Wagner et al. (2025) argues that power asymmetries shape the extent to which deliberations 

and citizens shape outcomes. Therefore, this is also up to economic and political powers 

(capital and the state, as defined by Wagner et al., 2025) to align their interests on those of 

citizens by creating the suitable conditions that enable engagement.  

As such, more conventional ideas of ‘public engagement’ are reframed as contested fields, 

shaped by structural relations, not simply venues for information exchange. Under this view, 

engagement is not just a ‘tool’ but on the contrary, it is part of a broader struggle over how 

energy futures are defined (Isidoro Losada, 2022), who gets to set the agenda, and which 

communities’ voices are heard or marginalised. These conditions of engagement connect to 

the third wave of acceptance literature as conceptualised by Batel (2020) or later on by 

Gordon et al. (2022) where, aligned with ‘socio-technical framings’, acceptance is conceived 

as ‘responsible innovation’ (Häußermann et al., 2023) for whom technology deployment 

must integrate: participation, transparency, anticipation of societal impacts and 

responsiveness to societal concerns (ibid). In this, therefore, acceptance is a governance 
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outcome, not a communication issue. This connects back to the argument of Wagner et al. 

(2025) for whom acceptance is not mainly about communication itself: it is fundamentally 

linked to how benefits, power, and decision-making are structured in the context of different 

energy technologies. 

The evolution of the framing of acceptance and engagement implies that public engagement 

should not be designed as persuasion or fixing of acceptance. If a project faces opposition, 

the issue may lie in the technology itself, how decisions are made or, who benefits and who 

bears risks. Therefore, the literature suggest that it is not enough to explain how a 

technology works, but instead projects must also address who it serves and how it affects 

people. 

4.3 Factors shaping acceptance and acceptability of emerging energy 

infrastructures 

The literature review highlights various factors that influence the acceptance and 

acceptability of hydrogen, carbon capture systems and advanced nuclear energy 

technologies (see Figure 2 (page 23)). Depending on the context of the research or project, 

as well as the technology and governance of the projects, different factors appear to be 

relevant in driving or hindering acceptance. Nevertheless, some general determinants 

across technologies and contexts can be observed. The most important factors influencing 

acceptance/acceptability across the reviewed literature are (mis)trust in institutions, 

governments, and project developers, as well as risk perceptions regarding safety and the 

underlying uncertainties of the technologies, either functioning as a driver or a barrier. 

Furthermore, experience with the technology, as well as environmental and climate 

concerns played an important role in influencing acceptance either positively or negatively.  

The most important drivers of acceptance are economic opportunities and social and 

environmental benefits. In contrast, the most important barriers to acceptance are a lack of 

knowledge and awareness of the technology and cost concerns. This highlights the 

connection between acceptance/acceptability and meaningful engagement: processes that 

not only inform citizens but also enable them to recognise and shape potential community 

benefits are more likely to foster acceptance. 

Table 4 (on page 24 ff.) provides more details on the identified factors shaping 

acceptance/acceptability. The following sub-sections will present specific results for each 

technology. 
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Figure 2: Overview of factors shaping acceptance/acceptability of technologies and infrastructures. 

 



 

 

Table 4: Summary of factors shaping acceptance/acceptability of technologies and infrastructures. 

*anticipated drivers and obstacles (not empirically based) 

Factors Explanatory Driver or barrier Observed for what 

technology 

References 

Knowledge and 

awareness of 

technology 

Gaps in what people know about green 

hydrogen are widespread and affect 

how they judge it. 

Barrier Hydrogen 

 

(Afanasiev et al., 2025; Beasy et al., 2023; 

Bentsen et al., 2023; Emodi et al., 2021; Gordon 

et al., 2024b; Häußermann et al., 2023; Lozova, 

2025; Maketo & Ashworth, 2025; Parente et al., 

2024, 2024; Ricci et al., 2007; Schönauer & 

Glanz, 2022) 

Limited or incorrect understanding of 

CCS processes and storage 

permanence shapes CCS perceptions. 

Barrier CCS/CCUS 

 

(Ashworth et al., 2013; Nooraiepour et al., 2025; 

Pianta et al., 2021; Tardin-Coelho et al., 2025; 

Tarkowski & Uliasz-Misiak, 2025; Toma et al., 

2014; Waller et al., 2020; Zhou et al., 2024) 

Knowledge about technology drives 

acceptance. 

Driver Advanced nuclear (Durdovic et al., 2025; Hlavacek et al., 2023) 

Information 

provision and 

communication  

How hydrogen is explained and framed 

matters. Clear, context-relevant 

communication can support more 

positive perceptions. Accessible 

information sources are critical. 

Driver/barrier Hydrogen 

 

(Buchner et al., 2025b; Lozova, 2025; Maketo & 

Ashworth, 2025; M. Scovell & Walton, 2024) 

 

 

How CCS is framed (risk vs. climate 

necessity, temporary vs. permanent 

storage) influences acceptance. 

Transparent, locally relevant 

communication can increase 

acceptance. 

Driver/barrier CCS/CCUS 

 

 

 

(Donnison et al., 2023; Gough & Mander, 2022; 

Krause et al., 2014; Lock et al., 2014; 

Nooraiepour et al., 2025; Shah et al., 2022; 

Swennenhuis et al., 2024; Ter Mors et al., 2023) 

Addressing risks and highlighting 

benefits to the public determines 

acceptance.  

Driver GGR (Waller and Chilvers, 2020) 

Media exposure shapes perceptions 

and acceptance. 

Driver/barrier Advanced nuclear (Durdovic et al., 2025; Hlavacek et al., 2023) 

Experience with 

technology 

Familiarity, trial experience or proximity 

to operational projects correlates with 

acceptance in qualitative and 

quantitative studies. 

Driver or no 

impact 

(depending on 

study context) 

Hydrogen (Buchner et al., 2025b; Emodi et al., 2021; 

Lozova, 2025; Maketo & Ashworth, 2025; Ricci et 

al., 2007; M. D. Scovell, 2022; Vallejos-Romero et 

al., 2023) 
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Factors Explanatory Driver or barrier Observed for what 

technology 

References 

Direct exposure to CCS projects or 

long-term industrial activity can increase 

familiarity and positive attitudes. Effects 

are context dependent. 

Driver 

 

CCS/CCUS 

 

(Anderson et al., 2012; Eberenz et al., 2024; Fikru 

& Nguyen, 2024; Tardin-Coelho et al., 2025; Von 

Rothkirch & Ejderyan, 2021) 

A lack of familiarity with SMR 

technology may be a key driver of 

hesitancy. 

Demonstrating real technological 

progress could increase public 

confidence and acceptance. 

Barrier 

 

 

Driver 

Advanced nuclear (Ghimire et al., 2026) 

 

 

(Contu & Mourato, 2020) 

Distance/ 

proximity of 

infrastructure to 

homes 

Distances of hydrogen infrastructure to 

home influences acceptance. 

Barrier Hydrogen (Huang & Min, 2025) 

Perceived risks increase with proximity 

to capture plants, pipelines, or storage 

sites. 

Barrier CCS/CCUS (Krause et al., 2014; Pianta et al., 2021; Tardin-

Coelho et al., 2025; Zhou et al., 2024) 

Concerns about proximity to residential 

areas. 

Barrier Advanced nuclear (Ghimire et al., 2026; Susiati et al., 2025) 

(Tuler & Webler, 2024)* 

Trust Trust in institutions, technology 

developers, government regulators and 

media influences acceptance levels. 

Driver/barrier 

 

Hydrogen 

 

(Beasy et al., 2023; Buchner et al., 2025a; Cho & 

Lee, 2025; Gordon et al., 2024b; Häußermann et 

al., 2023; Huang & Min, 2025; Maketo & 

Ashworth, 2025; Vallejos-Romero et al., 2023; 

Virens, 2024) 

Trust in operators, regulators, 

government, and monitoring institutions 

is a central determinant of CCS 

acceptance, especially for long-term 

storage. Whether the source of CCS 

information is trusted also matters.  

Driver/barrier 

 

 

 

CCS/CCUS 

 

 

(Boomsma et al., 2020; Buck, 2021; 

Cherepovitsyn et al., 2020; Eberenz et al., 2024; 

Määttä & De Gooyert, 2025; Malakar et al., 2025; 

Mulyasari et al., 2021; Stavrianakis et al., 2024; 

Storrs et al., 2023; Swennenhuis et al., 2024; 

Tardin-Coelho et al., 2025; Waller et al., 2020; 

Zhou et al., 2024) 

Early engagement reshapes distrust 

and impacts future efforts. 

Driver GGR  (Scott-Buechler and Jinnah, 2024). 
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Factors Explanatory Driver or barrier Observed for what 

technology 

References 

Trust in government and 

transparency/clarity regarding waste 

management. 

Driver/barrier Advanced nuclear (Contu & Mourato, 2020; Hlavacek et al., 2023) 

(Ramana & Mian, 2014; Tuler & Webler, 2024)*  

Social, 

environmental and 

visual impacts 

Landscape change, effects on property 

values, resources use alter perceptions. 

Competition with agriculture or land use 

can also decrease acceptance. 

Barrier 

 

Hydrogen 

 

 

(Armeni & Anker, 2020; Beasy et al., 2023; 

Brennan & Van Rensburg, 2025; Isidoro Losada, 

2022; Vallejos-Romero et al., 2023) 

Concerns about landscape disruption, 

and industrialization of rural areas and 

protected areas reduce acceptance. 

Barrier CCS/CCUS 

 

(Von Rothkirch & Ejderyan, 2021) 

Public concern about radioactive waste 

remains central. SMRs are sometimes 

framed as producing less waste. 

Driver/barrier Advanced nuclear (Verma & Allen, 2024) 

(Ramana & Mian, 2014)* 

Environmental 

and climate 

concerns 

Positive views on climate benefits and 

environmental performance tend to 

support favourable attitudes. 

Driver 

 

Hydrogen (Beasy et al., 2023; Cho & Lee, 2025; Emodi et 

al., 2021; Maketo & Ashworth, 2025; Vallejos-

Romero et al., 2023) 

Acceptability increases when CCS is 

framed/understood as essential for net-

zero pathways; declines when seen as 

prolonging fossil fuels dependency. 

Driver/barrier 

 

 

CCS/CCUS 

 

 

(Ashworth et al., 2012; Einsiedel et al., 2013; 

Elaouzy & Zaabout, 2025; Määttä & De Gooyert, 

2025; Oh et al., 2025; Otto & Gross, 2021; Pianta 

et al., 2021; Storrs et al., 2023; Ter Mors et al., 

2023; Tolstrup et al., 2025) 

Key factors affecting public acceptance 

include attitudes towards risk, and 

notably beliefs about the oceans. 

Barrier 

 

GGR 

 

(Scott-Buechler and Jinnah, 2024) 

 

Climate change concerns can reduce 

support for neighbourhood reactors. 

Barrier Advanced nuclear (Hlavacek et al., 2023) 

Cost concerns  Perceived or real costs of technologies 

for consumers can shape acceptance, 

e.g. on energy costs, or for applications 

like heating or vehicle fuelling.  

Barrier 

 

Hydrogen 

 

(Emami et al., 2025; Gordon et al., 2024a, 2024b; 

Huang & Min, 2025; Maketo & Ashworth, 2025; 

Moon et al., 2024)  
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Factors Explanatory Driver or barrier Observed for what 

technology 

References 

Concern that CCS will increase energy 

prices, delay renewables, or burden 

taxpayers undermines support. 

Barrier CCS/CCUS 

 

 

(Eberenz et al., 2024; Einsiedel et al., 2013; 

Engelmann et al., 2025; Kerner et al., 2023; 

Tardin-Coelho et al., 2025; Ter Mors et al., 2023; 

Tolstrup et al., 2025; Van Alphen et al., 2007) 

SMRs could be perceived as cheaper 

and financially less risky. 

Driver Advanced nuclear (Ramana & Mian, 2014)* 

Environmental 

and social 

benefits 

Perceived environmental improvements, 

climate mitigation, emission savings 

over the lifetime, contribution to clean 

energy future. Alignment with broader 

societal values.  

Driver 

 

 

Hydrogen 

 

 

(Afanasiev et al., 2025; Emodi et al., 2021; 

Gordon et al., 2024a, 2024b; Lozova, 2025; Moon 

et al., 2024; Parente et al., 2024, 2024; Ricci et 

al., 2007; M. D. Scovell, 2022; Virens, 2024) 

Perceived emissions reductions can 

support acceptability but concerns about 

fossil lock-in and tampering with nature 

weaken this positive effect. 

Driver 

 

 

CCS/CCUS 

 

 

(Ashworth et al., 2013; Donnison et al., 2023; 

Elaouzy & Zaabout, 2025; Kerner et al., 2023; M. 

L. Veloso et al., 2021; Nooraiepour et al., 2025; 

Oh et al., 2025; Swennenhuis et al., 2024; Ter 

Mors et al., 2023; Ugarte-Lucas & Jacobsen, 

2024) 

Environmental justice and equity are 

barriers to public acceptance, 

particularly in developing countries and 

SIDS. 

Barrier GGR (Scott-Buechler and Jinnah, 2024). 

Economic 

opportunities 

Perceived economic and diversification 

opportunities, jobs, cost reduction 

strategies. Income expectations can be 

also a key driver, as well tangible 

financial compensation or benefit 

schemes. 

Driver 

 

 

 

 

Hydrogen 

 

 

 

 

(Afanasiev et al., 2025; Beasy et al., 2023; 

Brennan & Van Rensburg, 2025; Emami et al., 

2025; Emodi et al., 2021; Gordon et al., 2024a; 

Huang & Min, 2025; Lozova, 2025; Murray et al., 

2008; Ringel et al., 2024) 

 

Job creation, regional investment, and 

industrial retention can support 

acceptance, particularly in fossil-

dependent regions. 

Driver CCS/CCUS 

 

(Donnison et al., 2023; Fikru & Nguyen, 2024; 

Krause et al., 2014; M. L. Veloso et al., 2021; 

Markusson et al., 2011; Mulyasari et al., 2021) 
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Factors Explanatory Driver or barrier Observed for what 

technology 

References 

Shared benefits 

versus costs  

Benefits delivered to citizens and 

communities. 

Driver Hydrogen (Brennan & Van Rensburg, 2025; Virens, 2024) 

Acceptance improves when 

communities perceive tangible benefits 

(revenue sharing, infrastructure 

investment). 

Driver CCS/CCUS 

 

 

(Buck, 2021; Elaouzy & Zaabout, 2025; Krause et 

al., 2014; Markusson et al., 2011; Nooraiepour et 

al., 2025; Swennenhuis et al., 2024; Zhou et al., 

2024) 

Communities may feel they bear risks 

without sufficient benefits. 

Barrier Advanced nuclear (Tuler & Webler, 2024) 

Risk perceptions 

(safety and 

uncertainty) 

Concerns about hazards (e.g., 

storability, flammability) play a role in 

shaping attitudes. Safety compared to 

other technologies can support 

acceptance. 

Risk perception case be also more of 

social nature, including who controls 

infrastructure. 

Driver/barrier 

 

 

 

 

 

Hydrogen 

 

 

 

 

 

(Afanasiev et al., 2025; Beasy et al., 2023; 

Buchner et al., 2025a, 2025b; Emodi et al., 2021; 

Gordon et al., 2024a, 2024b; Huang & Min, 2025; 

Lozova, 2025; Maketo & Ashworth, 2025; Parente 

et al., 2024; Ricci et al., 2007, 2007; M. D. 

Scovell, 2022; M. Scovell & Walton, 2024; 

Vallejos-Romero et al., 2023) 

 

Uncertainty about carbon capture 

effectiveness when linked with CCS. 

Fears such as CO₂ leakage, induced 

seismicity shape public concerns. 

Barrier 

 

 

CCS/CCUS 

 

 

(Eberenz et al., 2024; Einsiedel et al., 2013; 

Elaouzy & Zaabout, 2025; Krause et al., 2014; 

Modiko et al., 2014; Nooraiepour et al., 2025; 

Storrs et al., 2023; Swennenhuis et al., 2024; 

Tardin-Coelho et al., 2025; Tolstrup et al., 2025; 

Van Alphen et al., 2007; Zhou et al., 2024; Zuch & 

Ladenburg, 2023) 

Risk perception is linked to cultural, 

political and economic factors. 

Drivers/barrier GGR (McLaren et al. 2023) 

Safety of nuclear facilities is critical for 

the public. 

If people see benefits, they felt less risk. 

Perceived risk from medical X-rays. 

Drivers 

 

 

Barrier 

Advanced nuclear 

 

(Ghimire et al., 2026; Hlavacek et al., 2023) 

(Susiati et al., 2025)* (Contu & Mourato, 2020) 

 

(Hurlbert et al., 2023) 
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Factors Explanatory Driver or barrier Observed for what 

technology 

References 

Reliability 

perceptions 

Uncertainties about technology reliability 

and deployment needs can be a key 

barrier. 

Barrier Hydrogen (Emami et al., 2025; Lozova, 2025) 

Doubts about long-term storage integrity 

and monitoring responsibility undermine 

confidence in CCS as a climate solution. 

Barrier CCS/CCUS (Ashworth et al., 2013; Eberenz et al., 2024; 

Einsiedel et al., 2013; Lock et al., 2014; Mulyasari 

et al., 2021; Nooraiepour et al., 2025; Storrs et al., 

2023; Tardin-Coelho et al., 2025; Tarkowski & 

Uliasz-Misiak, 2025; Ter Mors et al., 2023; Van 

Alphen et al., 2007; Zuch & Ladenburg, 2023) 

Energy security 

perceptions 

 

Hydrogen is perceived to be able to 

contribute to energy security. 

Driver Hydrogen (Armeni & Anker, 2020; Brennan & Van 

Rensburg, 2025; Emami et al., 2025; Murray et 

al., 2008) 

CCS is sometimes viewed as supporting 

domestic energy supply. 

Driver CCS/CCUS (Donnison et al., 2023; Nooraiepour et al., 2025) 

Expectation of rising future electricity 

demand. 

Driver Advanced nuclear (Hlavacek et al., 2023) 

Perceptions of 

production 

methods 

Hydrogen from renewable energy 

sources gains higher acceptance. 

Sensitive to framing and terminology. 

Driver Hydrogen 

 

(Beasy et al., 2023; Bentsen et al., 2023; Moon et 

al., 2024; Parente et al., 2024, 2024; M. Scovell & 

Walton, 2024, 2024) 

The type of hydrocarbon transport and 

energy source as well as the production 

and disposal of CCS-based materials 

shape CCS acceptance.   

Driver/barrier 

 

CCS/CCUS 

 

(Elaouzy & Zaabout, 2025; Schomakers et al., 

2025) 

 

Policy and 

governance 

frameworks 

Financial incentives and subsidies play 

a significant role in addressing 

affordability barriers.  

Feeling of limited influence and 

perceived top-down planning. 

Drivers 

 

 

 

Hydrogen 

 

 

 

(Emami et al., 2025; Lozova, 2025; Moon et al., 

2024; Vallejos-Romero et al., 2023) 

(Beasy et al., 2023; Emodi et al., 2021) 

 

Acceptance is shaped by citizens’ 

evaluation of policy mixes. Clear 

enabling policy frameworks, economic 

Driver CCS/CCUS 

 

(Anderson et al., 2012; Van Alphen et al., 2007; 

Waller et al., 2020) 
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Factors Explanatory Driver or barrier Observed for what 

technology 

References 

incentives, and credible governance and 

accounting frameworks may increase 

CCS acceptability. Conversely, 

disempowering legislative frameworks 

can reduce perceived ability to influence 

outcomes (and thus reduce 

acceptability). 

Political ideology/ 

policy narratives 

Political ideology or policy narratives 

influence baseline acceptance. 

Driver/barrier Hydrogen (Bentsen et al., 2023; Cho & Lee, 2025; Virens, 

2024) 

CCS acceptability varies with political 

orientation but also contexts (in some 

contexts liberal support more, in other 

contexts democrats support more). 

Endorsement by political actors also 

shape acceptability 

Driver/barrier 

 

 

CCS/CCUS 

 

 

(Buck, 2021; Krause et al., 2014; Pianta et al., 

2021) 

 

Debates on mitigation deterrence reflect 

the concerns about greenwashing that 

safeguard the interest of the fossil fuel 

industry. 

Barrier 

 

GGR 

 

(McLaren, et al. 2023) 

 

Enthusiasm for SMRs partly reflects 

cultural and policy narratives. 

Driver Advanced nuclear (Ramana & Mian, 2014)* 

International 

collaboration 

Perceived opportunities to enhance 

collaborations between governments. 

Driver Hydrogen (Bade et al., 2024; Ringel et al., 2024) 

Shared infrastructure and coordination 

reduce perceived risk and strengthen 

legitimacy. Visible collaboration signals 

seriousness and competence. 

Driver 

 

CCS/CCUS 

 

(Gough & Mander, 2022) 

 

A strong emphasis on international 

cooperation that defines a clear 

strategy. 

Driver GGR 

 

(Scott-Buechler and Jinnah, 2024) 

Perceptions of 

resource 

exploitation 

Perceived replication a resource-export 

model, where value is extracted and 

exported without sufficient local benefits 

Barrier Hydrogen (Isidoro Losada, 2022; Virens, 2024) 
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Factors Explanatory Driver or barrier Observed for what 

technology 

References 

CCS may be perceived as “tampering 

with nature” or exporting(delaying) 

environmental burdens without sufficient 

local benefit. 

Barrier CCS/CCUS (Engelmann et al., 2025; Kerner et al., 2023; 

Malakar et al., 2025) 

Perceptions of 

fossil-lock in 

CCS can be perceived as prolonging 

fossil fuel extraction and delaying 

renewable transitions, lowering 

acceptability. 

Barrier CCS/CCUS (Määttä & De Gooyert, 2025; Otto & Gross, 2021; 

Van Alphen et al., 2007) 

Perception of potential mitigation 

deterrence regarding climate change, as 

it would continue or justify the fossil 

fuels era.  

Barrier GGR (McLaren et al., 2023). 

Environmental 

self-identity, 

social values 

Environmental self-identity positively 

influences green hydrogen acceptance. 

Driver Hydrogen (Buchner et al., 2025b) 

Strong environmental self-identity is 

negatively associated with CCS support, 

as environmentally friendly individuals 

perceive carbon removal as riskier. 

Barrier 

 

CCS/CCUS 

 

(Malakar et al., 2025) 

 

Engineering (safety, economics) often 

overshadows local concerns about 

identity, heritage, environment, and way 

of life. 

Barrier Advanced nuclear (Tuler & Webler, 2024)* 

Emotional 

responses, 

symbolic 

meanings 

Positive emotions linked to community 

pride, optimism about local development 

and curiosity, for example, increase 

support. 

Driver 

 

 

Hydrogen 

 

 

(Beasy et al., 2023; Buchner et al., 2025a; 

Gordon et al., 2024a, 2024b; Ricci et al., 2007; M. 

D. Scovell, 2022; Sherry-Brennan et al., 2010) 

Local pride linked to innovation or 

industrial leadership can increase 

support. 

Driver 

 

CCS/CCUS 

 

(Steeper, 2013) 

Complexity of emotions surrounding 

nuclear energy. 

Emotional reaction to “radiation”. 

Driver/barrier Advanced nuclear (Ghimire et al., 2026) 

 

(Hurlbert et al., 2023) 
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Factors Explanatory Driver or barrier Observed for what 

technology 

References 

Socio-

demographic 

characteristics 

Factors like age, gender, education, 

income and occupation appear in some 

studies as correlates to higher 

acceptance. 

Driver  

 

Hydrogen 

 

(Buchner et al., 2025a, 2025b; Cho & Lee, 2025; 

Emodi et al., 2021; Maketo & Ashworth, 2025) 

Younger, male, higher educated are 

more likely to support CCS.  

Driver/barrier CCS/CCUS (Engelmann et al., 2025; Ugarte-Lucas & 

Jacobsen, 2024) 

Lower acceptance for SMR among older 

respondents and women. Higher 

acceptance among people in larger 

cities. 

Barrier Advanced nuclear (Hlavacek et al., 2023; Susiati et al., 2025) 



 

 

HYDROGEN 

Most papers focused on the determinants of general hydrogen acceptance. Some papers 

discussed the acceptance of hydrogen for specific end-uses, such as hydrogen heating and 

cooling (Gordon et al., 2024b), hydrogen buses, hydrogen bikes (demand-side) (Bade et al., 2024). 

Attitudes vary by application. For example, attitudes toward hydrogen refuelling infrastructure differ 

from those toward residential heating (Maketo & Ashworth, 2025). The literature distinguishes 

between inland production and use versus resource export models, particularly from non-European 

countries, such as Chile (Isidoro Losada, 2022) and Egypt (Ringel et al., 2024). 

Hydrogen – technology acceptance versus infrastructure acceptance  

In a recent review from Maketo & Ashworth (2025) of acceptance in the EU and UK, the authors 

concluded that acceptance of hydrogen technology is generally high or neutral. Many people tend 

to perceive hydrogen neutrally to positive, unless they have specific contextual concerns or 

personal experiences (Maketo & Ashworth, 2025; Schönauer & Glanz, 2022). However, people 

often hesitate when confronted with localized infrastructure consequences (Schönauer & Glanz, 

2022). This approach challenges simplistic interpretations of acceptance. 

Many studies suggest that public acceptance of hydrogen is not based on the substance itself, but 

rather on the political and environmental implications of its production (Bentsen et al., 2023). For 

instance, green hydrogen is more widely accepted than grey hydrogen produced from fossil fuels 

in Norway (ibid), or blue hydrogen (M. Scovell & Walton, 2024). Similar, Beasy et al. (2023) found 

a general support for hydrogen when it is clearly linked to renewable energy and decarbonisation 

in Australia, linking to the concept of ‘green halo effect’ defined in Section 4.2.1. (Bentsen et al., 

2023). Hence, there are often positive expectations when the production method framing is linked 

to renewable energy (M. Scovell & Walton, 2024) whereas, in contrast, there is more uncertainty 

about technologies such as carbon capture technologies. This connects to the general rejection of 

non-renewable hydrogen pathways identified by (Parente et al., 2024).  

Furthermore, the location of use influences acceptability as well. (Ringel et al., 2024) examined 

public perceptions of in-land use versus export of hydrogen. The study focused on hydrogen 

collaboration between Egypt and Europe and found that green hydrogen production generally 

receives positive support whereas exports are slightly less supported yet still viewed favorably. 

This is related to concerns that arise when hydrogen production repeats past resource extraction 

models that externalize environmental and social costs (Virens, 2024). 

Acceptance - Barriers and Drivers  

According to the literature, public responses to hydrogen are shaped less by information deficits or 

a lack of knowledge and more by how the technology aligns with familiar social meanings (Sherry-

Brennan et al., 2010). Beasy et al. (2023) identified a recurrent misalignment regarding which 

factors matter most. Industry assumes public resistance is mainly due to knowledge deficits, but 

communities often express broader concerns about participation, safety, and local impacts. 

Similarly, acceptance differs according to stakeholder groups (e.g., experts, industry, and 

consumers). Each group emphasises different aspects of hydrogen technologies, such as risks, 

benefits, economics, or safety (Emodi et al., 2021). However, across the literature, there is a 

relative consensus on the importance of infrastructure and communication in shaping perceptions. 
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In other words, stakeholders’ perceptions often reflect the local socio-technical context (e.g., 

refueling networks and local demonstrations). 

Barriers and drivers reflect this dynamic. According to Gordon et al. (2024a) acceptance is driven 

by a social value equation. This equation implies an emphasis on local benefits combined with 

trust and positive emotions while also addressing perceived risks and potential costs. This 

equation leads to higher acceptance. Within the equation, trust is a particularly strong driver of 

acceptance (Gordon et al., 2024a; Häußermann et al., 2023). Trust in developers, governments, 

and public institutions is particularly important in the case of hydrogen because technological 

knowledge is generally low. Emodi et al. (2021) found that more than 60% of the countries they 

studied had low awareness of hydrogen, and these countries were mainly in Western Europe. 

However, openness and expectations for positive benefits are high (Häußermann et al., 2023), 

especially since hydrogen benefits from positive baseline attitudes, particularly green hydrogen. 

This partly results from policy discourse portraying hydrogen as green, further connecting to the 

‘green halo effect’ (Bentsen et al., 2023). Furthermore, the literature highlights an interesting 

finding regarding acceptance of green hydrogen: proximity to planned local hydrogen plants may 

promote acceptance (Brennan & Van Rensburg, 2025) or have no significant impact (Buchner et 

al., 2025b). 

In contrast, barriers involve perception of potential risks. These risks are often social rather than 

technical, as highlighted in the case study by Ricci et al. (2007). The study asks who controls the 

technology, who benefits from it, and whether institutions can be trusted. However, risk perception, 

and more specifically safety perception, is identified as a recurring barrier to acceptance. On that, 

literature distinguishes between technology and infrastructure acceptance. Acceptance decreases 

when respondents consider new hydrogen pipelines and other large infrastructural changes due to 

their potential impact on the landscape and spatial changes, especially when they are close to 

homes (Schönauer & Glanz, 2022). This suggests that concerns about social and safety risks are 

not merely barriers to acceptance, but key factors shaping public engagement with hydrogen 

infrastructures, reflecting broader questions about environmental impacts, local economies, and 

the governance of technological deployment. 

CARBON CAPTURE, STORAGE AND UTILISATION (CCS/CCUS) 

The literature suggests that public acceptance of carbon capture/storage technologies 

(CCS/CCUS) depend on framing, governance and location, as well as policy context. We identified 

numerous papers discussing CCS/CCUS and categorized them according to the levels of 

acceptance of Batel (2020). We identified many national or cross-national socio-political studies 

(Pihkola et al., 2017; Stigson et al., 2016) which discuss social factors (Bradbury et al., 2009; 

Itaoka et al., 2009) but also cultural factors (Vercelli & Lombardi, 2009), including public opinion 

studies (Ha-Duong et al., 2009), which sometimes specifically use perception-focused approaches 

which connect to more ‘hypothetical’ research (Chen et al., 2015; Dütschke et al., 2016; Shackley 

et al., 2004; Tcvetkov et al., 2019). In contrast, other papers focused on community-level 

acceptance or acceptability, which connects to regional or local research and is thus more ‘applied’ 

(Haug & Stigson, 2016). Some papers, such as the ‘mindset-focused’ study of (Einsiedel et al., 

2013), discuss social and psychological factors, as well as personal preferences at the individual 

level, linking to the other levels of acceptance, thus connecting to the analysis of Batel (2020). This 

suggests that, while engagement principally concerns the community level of analysis, acceptance 
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and acceptability are transversal concepts. This is particularly evident in the CCS/CCUS literature: 

all analytical levels interact and build upon each other to create successful or failed acceptance 

outcome (Ferguson & Van Gent, 2017).  

CCS/CCUS – technology acceptance versus infrastructure acceptance  

Studies of reference highlight that developers deem socio-political acceptance crucial for 

establishing market deployment strategies (Nuortimo, 2018). Acceptance is labeled ‘essential’ for 

deploying energy technologies (Ashworth et al., 2012). The literature suggests that the framing is 

unclear in national-level strategies, which is connected to low levels of public knowledge and 

awareness. A place-factor analysis by Von Rothkirch & Ejderyan (2021) suggests that the social 

acceptance of CCS projects cannot be assessed independently of location. Instead, location-

specific social and physical characteristics affect whether CCS projects achieve a "good social fit" 

(ibid). These findings reinforce those of comparative and project-based studies, which show that 

acceptance framework cannot easily be transferred across locations and contexts. This suggests 

that similar dynamics apply to the design of engagement formats and methods. In particular, for 

CCS and CCUS, meaningful engagement approaches should be developed on a case-by-case 

basis, taking into account the specific regional and socio-economic context. The literature suggests 

that more positive perceptions can emerge in industrial and regional settings where job creation 

and familiarity appear as drivers for technology and infrastructure acceptance (Eberenz et al., 

2024; Mulyasari et al., 2021). This may reflect the fact that communities in industrial regions are 

more likely to associate CCS/CCUS with tangible local benefits, such as economic opportunities 

and employment, thereby creating more favourable conditions for acceptance. In contrast, 

communities without such direct links may be more influenced by broader, and often more critical, 

national-level narratives. 

Capture versus storage acceptance 

Interestingly, the literature emphasised strong differences between CCS technologies: findings 

from CCS acceptance studies cannot be directly applied to CCU. A study conducted in Germany 

by Engelmann et al. (2025) found that direct air capture (GGR) was viewed more positively than 

CCS and DACCS in both affective terms and cognitive evaluations of perceived benefits and 

barriers. This suggests that attitudes are more favourable toward capture pathways not directly 

associated with underground CO₂ storage. Conversely, a recent review of public perceptions of 

CCUS (Tardin-Coelho et al., 2025) suggests that attitudes toward carbon capture technologies are 

highly heterogeneous, ranging from support to indifference to opposition. Across the literature, 

public support for CCS appears limited and contested. Despite some acceptance in specific 

geographical or industrial contexts, controversy persists. In contrast, CCU technologies are 

generally discussed as emerging, less familiar options. Public perceptions of these technologies 

are still under-explored and are closely linked to their early stage of development and 

implementation. We also find that, while sometimes viewed more favorably than CCS associated 

with heavy industry, BECCS (bioenergy with carbon capture and storage) remains a niche and 

weakly supported option overall. This reflects both its novelty and the limited scope of existing 

perception research. 

Drawing from findings from a systematic review, Nielsen et al. (2022) highlight that public attitudes 

toward CCUS cannot be understood solely through opposition to CO₂ storage projects, even 

though these have received most research attention. The review highlights that CCUS includes 
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different technological elements, and that growing attention to utilisation pathways may shape 

public attitudes differently from storage-focused CCS. As CCU becomes more prominent in pilot 

and demonstration projects, attitudes toward CCUS may evolve beyond the concerns traditionally 

associated with geological storage and thus, deserves more research attention. Regarding 

infrastructures specifically, Schomakers et al. (2025) suggests that local acceptance of CCU 

infrastructure remains relatively understudied. Existing research provides initial insights into 

perceptions of individual process steps, such as CO₂ separation or transport, or reports support for 

policy measures promoting industrial CO₂ recycling but offers limited evidence on community 

acceptance in local implementation contexts. In contrast, a more substantial body of literature 

examines local acceptance of CCS projects, which are similar in terms of CO₂ separation but differ 

fundamentally in their application, namely underground storage versus the manufacturing of 

products. The authors, therefore, caution that findings from CCS acceptance studies cannot be 

directly transferred to CCU. 

Acceptance – Barriers and Drivers 

As mentioned above, the literature suggests that acceptance is highly context dependent for 

CCS/CCUS. Positive views tend to be more prevalent in regional and industrial contexts, while 

negative views tend to be more prevalent in other regions as they reflect the opinions’ tendencies 

or lack of awareness/knowledge at the national level. Even when examined at a large (national) 

scale, many conclude that acceptance remains highly context dependent. Several studies in the 

United States exemplify this. For example, Pianta et al. (2021) argue that public support for CCS in 

the United States is conditional and highly sensitive to policy design and awareness rather than 

reflecting stable attitudes toward CCS technology. More recent empirical evidence from the United 

States suggests that respondents who support CCS locally also support it nationally (Fikru & 

Nguyen, 2024). In this study, cost-of-living concerns were not significant barriers, and personal 

norms and demographic variables were not significant predictors of acceptance: instead, 

acceptance was primarily driven by perceptions of CCS-related risks, benefits, and effectiveness 

(ibid). 

In this regard, Brunsting et al. (2015) suggest that a lack of knowledge about the risks and benefits 

of CCUS/CCS represents another barrier to acceptance. This idea is connected to the argument of 

(Vercelli & Lombardi, 2009) that there is a gap between the technical and social progress of CCS: 

the usefulness of CCUS/CCS regarding climate change is unclear, which feeds the gap (ibid). 

Therefore, the lack of (national level) clarity about the usefulness of these technologies, combined 

with (community/individual level) safety concerns, represents a substantial barrier to acceptance. 

However, ‘lack of knowledge’ or ‘fear’ should not be individualized. Instead, they must be 

approached as collective topics. However, "lack of knowledge" or "fear" should not be 

individualized. Instead, they must be approached as collective topics.  

Strategies such as community dialogue can be defined as a best practices since it raises 

awareness and avoids a ‘top-down’ approaches (Bloxsome et al., 2017). This implies that contexts 

where communities and developers work, share knowledge, expectations and discuss altogether is 

more likely to raise acceptance whereas top-down processes that involve providing information to 

population without consulting/involving them undermines successful outcomes. In parallel, 

Boomsma et al. (2020) argues that community compensation can support acceptance. Yet, this 

form of acceptance does not bring about substantial long-term changes of community opinions. 
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Therefore, while compensation mechanisms can be tailored to local needs, they must remain 

embedded in a meaningful engagement process: compensation alone is insufficient and may even 

backfire. 

In most research, it is trust in governance that emerges as a key driver of acceptance. Through a 

synthetic review of CCS studies related to trust, Otto et al. (2023) reconceptualise it as a relational 

outcome of participation that shapes legitimacy over time, rather than as a tool to increase public 

acceptance. This idea is further supported by Gough & Mander (2022), who argue that social 

license for CCS is not achieved through isolated engagement activities, but rather through 

consistent institutional performance over time. Time is a determinant factor for long-term success 

because trust is cumulative and can be rapidly undermined by change policy direction (after 

elections for instance). Several studies echo this conclusion, emphasising that elements such as 

media discourse and exposure play a key role in shaping credibility and acceptance over time.  

Furthermore, the literature suggests that sources of information matters (Fischedick et al., 2009). A 

media analysis by Donnison et al. (2023) shows that discursive conditions signal existing levels of 

acceptance and shape future acceptance by influencing legitimacy and resonance. Yet it is quite 

often poor media exposure that widens the gap between the cultural and technological evolution of 

CCUS/CCS. Recent studies, such as those by Xiao et al. (2025), suggest that poor or 

unsubstantial media coverage remains a central barrier to acceptance of emerging technologies 

(Nuortimo, 2018) also identified poor media exposure as a result of a national-level lack of clarity. 

These findings echo the initial observations regarding the unclarity of national strategies for 

CCS/CCUS and the interlinkage of all analytical levels of acceptance (Batel, 2020). Therefore, 

while deliberation and information can increase understanding at the community level to some 

extent, acceptance ultimately depends less on information provision per se and more on trust in 

institutions that deliver the information: this is what influences overall perception, which is then, at 

the community-level, leans more positively or negatively depending on context-based socio-

economic factors such as perceived risks and benefits (Einsiedel et al., 2013).  

GREENHOUSE GAS REMOVAL (GGR) 

There were less studies about GGR compared to other technologies, which can be due to many 

reasons including the fact that GGR is still at its early stages of development. GGR acceptance 

debates intersect with broader feasibility and energy transition framings. A review of GGR 

feasibility framings (including BECCS) by Waller et al. (2020) identifies three dominant framings: 

techno-economic feasibility (focused on performance and cost), social and political acceptability 

(focused on public acceptance, governance, and policy), and responsible development (focused 

on ethics, justice, uncertainty, and alternative transition pathways). Nevertheless, Waller et al. 

(2020) flags that GGR framing remains unclear. Researchers, media and governments at all levels 

do not clarify practicalities such as risks and benefits, causing uncertainty (ibid).  

Furthermore, GGR discourse illustrates how citizens fear greenwashing. They fear discourses to 

be used to postpone genuine transformation, by not addressing climate change substantially. 

Some papers highlighted that GGR discourse can be associated with the interests of the fossil fuel 

industry for instance (D. McLaren et al., 2023) which further echoes the ‘power asymmetries’ 

identified by Wagner et al (2025). Combining these two arguments, the literature suggests that one 

barrier to GGR acceptance is that the public perceives how economic and political powers (state 

and capital, Wagner et al. 2025) to align their interests on those of the fossil fuel industry, since 
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they are the ones perceived to push for GGR infrastructures. A unified and sociotechnical (media) 

exposure of GGR through consistent framing may help address the issue. 

Overall, the literature suggests that public concerns persist since prioritizing GGR could lead to 

‘mitigation deterrence’ wherein source emission reductions are neglected, thus failing to address 

climate change itself (McLaren et al. 2023). Against, these findings must be put in perspective with 

the fact that GGR is at a quite early stage of deployment, making information sessions with 

concerned citizens one of the only minimum viable engagement techniques in the regions 

susceptible to see GGR infrastructures appear. From a practical/policy perspective, these 

sessions, conducted by developers or local governments, should focus on raising awareness 

regarding the technology’s existence, its purpose for decarbonisation, and its associated risks and 

benefits. This, however, must go hand in hand with clearer national level strategies and 

communication campaigns that cover the same areas.  

ADVANCED NUCLEAR 

General acceptance 

Research on public acceptance of advanced nuclear technology is still very rare, particularly 

empirical evidence, which limits the conclusions that can be drawn from the review. Studies that 

exist suggest that local consent cannot be assumed (Tuler & Webler, 2024). Studies in six 

European countries indicated that the public views SMRs positively in terms of cleanliness, risks, 

environmental friendliness, reliability, and electricity costs, but not as much on construction costs 

(Durdovic et al., 2025). On average, people were indifferent to the possible socioeconomic impacts 

of SMRs. Nevertheless, there were differences among countries: The Czech population was more 

positive about SMRs producing electricity in 2050 for instance (ibid). In Canada, both Ghimire et 

al.(2026) and Hurlbert et al.(2023) found mixed views on deploying SMRs. Ghimire et al. (2026) 

found that “responses revealed general neutrality, with 43 % of participants expressing no strong 

emotional reaction to SMRs”.  

In contrast, Hurlbert et al. (2023) found a significant polarization tied to emotional reactions to 

radiation, and perceived risk from medical X-rays. Contu & Mourato (2020) conducted a choice 

experiment with alternatives describing scenarios of future nuclear power plants with different 

attributes and costs. This allowed them to estimate the willingness to accept (WTA) for new 

Generation IV plants in the UK. They identified four distinct classes of respondents: moderate 

supporters of new Generation IV nuclear plants; strong opposers, who are generally against new 

nuclear deployment; and two different groups of moderate opposers with nuanced preferences. 

Interestingly, even some strong opponents of expanding nuclear power reported being willing to 

pay for further research on Generation IV technology. However, these findings must be put in 

perspective with the fact that evidence-based acceptance literature remains scarce for advanced 

nuclear. 

Acceptance - Barriers and Drivers  

Hlavacek et al. (2023) show that acceptance of SMRs is driven less by reactor size itself and more 

by: knowledge of the technology, trust in the government, the preference for nuclear energy 

expansion, and media exposure. Therefore, SMRs do not automatically overcome local opposition 

simply by being smaller. There are also several obstacles to advanced nuclear technology. Safety 

concerns are a key barrier, especially when the technology is deployed nearby the communities 
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(Ghimire et al., 2026; Hlavacek et al., 2023). Geographic proximity increases the perceived risk 

among communities (Susiati et al., 2025). Interestingly, Ghimire et al. (2026) found that one-third 

of survey respondents were comfortable with an SMR being built within 50 km of their home, while 

another third reported feeling uncomfortable and the rest were neutral. 

Building on risk perceptions, Susiati et al. (2025) found that respondents with more positive 

perceptions of environmental impacts (EI) and socioeconomic impacts (SI) tended to perceive less 

risk associated with the nuclear project. Both EI and SI had significant negative effects on 

perceived risk, meaning that people who saw benefits felt less risk. Furthermore, Kim et al. (2016) 

studied the influence of the Fukushima accident on public perceptions of nuclear energy 

technologies in Korea. They found that the accident heightened public sensitivity to nuclear risk, 

subjecting any new nuclear technology, including Gen IV and SMRs, to scrutiny and scepticism. 

Concerns about climate change can also reduce support for neighbourhood reactors (Hlavacek et 

al., 2023). However, Ghimire et al. (2026) found that a majority (43%) viewed SMRs as a potential 

solution to climate change. Additionally, a lack of familiarity with SMR technology may be a key 

driver of hesitancy (Ghimire et al., 2026), whereas perceived knowledge can increase acceptance 

(Hlavacek et al., 2023). Lastly, Jang & Woo (2024) investigated how public acceptance should be 

accounted for in site selection decisions for SMRs or small nuclear power facilities, especially in 

densely populated areas such as university campuses. They proposed a social dynamics model 

that suggests incorporating public acceptance into decision processes. 

4.4. Enablers of meaningful public engagement 

Structured evidence on the enabling factors for meaningful public engagement is limited across the 

literature. Nevertheless, some studies refer to critical aspects of meaningful public engagement in 

emerging energy infrastructure developments. Here, we differentiate between the engagement 

process — who is involved and how decisions are made — and the outcomes — who benefits 

and who pays. Table 5 (on page 40 ff.) presents a summary of the factors that enable meaningful 

engagement that we identified across different research studies and technologies. Critical 

principles across technologies are the transparency of the process and the early involvement of 

the public. The literature review does not provide sufficient evidence to distinguish between 

universal and technology-specific principles for meaningful public engagement. 

In addition, the literature review suggests that no studies explicitly address the drivers and barriers 

of engagement, or people’s willingness and preferences to participate. One exception is the 

research by Afanasiev et al. (2025) which specifically examined people’s willingness to engage in 

hydrogen development. They found that approximately 80% of participants were somewhat or very 

likely to participate in discussions or activities. Instead, many studies address engagement in 

relation to acceptance/acceptability.  

 



 

 

 

Table 5: Summary of factors enabling meaningful public engagement processes and outcomes. 

Dimension Factors Technology References 

Process Inclusiveness of diverse individuals and 

social groups and their voices in the 

process. Consideration of different 

capacities (e.g. literacy, language) to 

engage different groups 

Hydrogen (Häußermann et al., 2023; Lozova, 2025; Parente et al., 2024; 

Virens, 2024) 

CCS/CCUS (Määttä & De Gooyert, 2025; Modiko et al., 2014) 

Advanced nuclear (McCauley, 2025; Tuler & Webler, 2024) 

Transparency about the process and the 

technology features, disclosure of info 

 

Hydrogen 

 

(Bade et al., 2024; Beasy et al., 2023; Bentsen et al., 2023; 

Buchner et al., 2025b; Häußermann et al., 2023; Huang & Min, 

2025; Parente et al., 2024; Virens, 2024) 

GGR (D. McLaren et al., 2023) 

CCS/CCUS (Anderson et al., 2012; Otto et al., 2023). 

Advanced nuclear (Ghimire et al., 2026; He et al., 2013; Kim et al., 2016; 

Richardson et al., 2013) 

Early involvement, but not too early 

involvement; following continued 

engagement 

Hydrogen (Afanasiev et al., 2025; Beasy et al., 2023; Buchner et al., 

2025b; Gordon et al., 2024a; Häußermann et al., 2023; Huang 

& Min, 2025; Isidoro Losada, 2022; Virens, 2024; Wagner et 

al., 2025) 

CCS/CCUS  (Buhr & Wibeck, 2014; Määttä & De Gooyert, 2025; McLaren, 

2012; Nuortimo, 2018; Otto et al., Piata et al. 2021; 2023; 

Scott-Buechler & Jinnah, 2024) 

GGR (Scott-Buechler and Jinnah, 2024). 

Advanced nuclear (Hlavacek et al., 2023; Tuler & Webler, 2024; Verma & Allen, 

2024) 

Provision of democratic participation 

spaces/opportunities to influence decisions 

Hydrogen 

 

 

(Afanasiev et al., 2025; Beasy et al., 2023; Gordon et al., 

2024a; Häußermann et al., 2023; Vallejos-Romero et al., 2023; 

Wagner et al., 2025) 

CCS/CCUS (Coyle, 2016; Määttä & De Gooyert, 2025) 

Advanced nuclear (McCauley, 2025) 
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Dimension Factors Technology References 

Building trust through participatory 

governance and transparency 

Hydrogen 

 

(Buchner et al., 2025b; Gordon et al., 2024a; M. D. Scovell, 

2022; Virens, 2024) 

CCS/CCUS (Buhr & Wibeck, 2014; Lupion et al., 2013; Määttä & De 

Gooyert, 2025; Otto et al., 2023) 

Advanced nuclear (Contu & Mourato, 2020; Kim et al., 2016; Mulder, 2012) 

Context-sensitive approaches, tailored to 

community concerns 

CCS/CCUS  (Bloxsome et al., 2017; Cherepovitsyn et al., 2020; Ferguson & 

Van Gent, 2017; Pind Aradóttir & Hjálmarsson, 2018) 

Advanced nuclear (Tuler & Webler, 2024) 

Addressing narrative framing (imaginaries) 

and meaning-making; defining problem 

state 

Hydrogen 

 

(M. D. Scovell, 2022; M. Scovell & Walton, 2024; Sherry-

Brennan et al., 2010; Virens, 2024) 

GGR (Waller et al. 2020) 

CCS/CCUS (Mulyasari et al. 2021; Nielsen et al. 2022; Zach and 

Ladenburg, 2023) 

Outcome Fair local benefit distribution, or 

compensation measures 

Hydrogen (Buchner et al., 2025b; Virens, 2024) 

CCS/CCUS (Boomsma et al., 2020; Nielsen et al., 2022) 

Advanced nuclear (Contu & Mourato, 2020) 

Increased acceptance, legitimacy; reduced 

opposition and delay 

Hydrogen (Häußermann et al., 2023; Isidoro Losada, 2022) 

CCS/CCUS (Markusson et al., 2011; Ter Mors et al., 2023) 

Advanced nuclear (Tuler & Webler, 2024) 

Reduced technological uncertainty and 

mutual learning 

Hydrogen (Buchner et al., 2025b; Isidoro Losada, 2022) 

CCS/CCUS (Shah et al., 2022; Zuch & Ladenburg, 2023) 

Alignment with broader social and 

environmental priorities 

Hydrogen (Isidoro Losada, 2022) 

CCS/CCUS (Nooraiepour et al., 2025) 
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4.4.1 Engagement processes  

How people are involved matters. Researchers emphasised the importance of a two-way 

communication, thus of ‘mutual learning’ that creates ‘meaningful engagement’. It can be 

considered ‘meaningful’ because it promotes deeper understanding of technologies on the 

citizens end and contextual relevance on the developers’ end (Afanasiev et al., 2025; 

Maketo & Ashworth, 2025). This is how people meaningfully influence decisions (Vallejos-

Romero et al., 2023). A study by Beasy et al. (2023) found that people desire for clear 

explanations, early involvement and opportunities to influence decisions. Parente et al. 

(2024) stated the expectation that hydrogen could enhance energy democracy through 

participation in decision-making processes.  

Maketo & Ashworth (2025) and Huang & Min (2025) noted that enhancing community 

engagement or localized engagement is necessary, especially for hydrogen projects that 

directly affect residents. Engagement should address knowledge gaps, dialogue, trust-

building, and the co-creation of development pathways (ibid). However, addressing concerns 

about plant hazards, such as fire or explosions, may require communication and high safety 

standards (Buchner et al., 2025a). 

Also, the quality of engagement matters. Providing more information does not necessarily 

result in higher acceptance; it may actually create caution (Hoffmann et al., 2023). A study 

by Buchner et al. (2025b) on public acceptance of green hydrogen in Germany showed that 

the participation in consultation processes was negatively associated with acceptance of 

local green hydrogen plants. Simply holding a consultation without addressing underlying 

concerns can backfire by making people more aware of perceived risks without increasing 

trust or perceived benefits. Instead, Huang & Min (2025) emphasised that engagement 

succeeds when it enables communities to influence the conditions under which hydrogen 

projects are implemented, rather than merely understand them.  

As with hydrogen, providing more information alone does not necessarily lead to higher 

acceptance of CCS, and it can have ambivalent effects. A study by Zuch & Ladenburg 

(2023) shows that information provision can influence public acceptance of CCS in both 

positive and negative ways. Outcomes depend on the type of information provided and how 

different types of information are combined. Notably, the same type of information, such as 

risk-related information, can have opposite effects depending on whether it is presented in 

isolation or alongside other forms of information. This suggests that initial attitudes and 

perceptions toward CCS-related factors, such as technical concepts and environmental 

concerns, strongly influence how information is interpreted and ultimately how CCS is 

evaluated. In sum, Kim et al. (2016) emphasised that public acceptance must be actively 

cultivated through information disclosure, trust building, and participatory engagement rather 

than assumed.  

Evidence from CCS demonstration projects shows that engagement processes influence the 

potential for social learning about the technology. A comparative study of three CCS 

demonstration projects shows that open engagement and inclusive governance enable 

learning across a wider range of actors (Markusson et al., 2011). In contrast, technocratic, 

one-way communication constrains learning and may contribute to future opposition 
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(Markusson et al., 2011). Similarly, drawing on empirical insights from a Swiss pilot project, 

Eberenz et al. (2024) derive recommendations to inform the stakeholder engagement 

process. These include establishing context, assessing public information needs, providing 

hierarchical information and concrete examples, drawing on expert opinions, and involving 

relevant stakeholder groups (e.g., advocates, observers, cautioners, and the uninformed). 

However, research suggests that there is often limited engagement and communication with 

the general public (Emodi et al., 2021). Furthermore, citizens may not perceive themselves 

as active participants in transitions (Ricci et al., 2007). 

Factors that encourage public engagement 

Inclusivity  

Several studies have highlighted the importance of inclusive engagement processes that 

recognise diverse societal perspectives (Häußermann et al., 2023). For instance, Lozova 

(2025) examined the factors influencing green hydrogen adoption in New Zealand. They 

concluded that fostering inclusivity and community engagement, especially with Māori 

communities, is essential for a comprehensive and culturally sensitive approach. However, 

many engagement processes tend to prioritize industry actors, technical experts, and 

government agencies while including community groups, indigenous perspectives, and civil 

society actors less systematically (Virens, 2024). Even when citizens are involved, 

engagement may remain at the level of informing and raising awareness, as Afanasiev et al. 

(2025) demonstrated in Cyprus. 

Regarding SMRs, Tuler & Webler (2024) also emphasised on the importance of inclusive 

decision-making processes that respect local input. This can reduce opposition and build 

legitimacy (ibid). Similarly, for CCS, a review of social scientific CCS research highlights the 

importance of considering diverse perspectives, including the early and continuous 

involvement of local communities (Määttä & De Gooyert, 2025). Additionally, a conceptual 

study on CCS engagement challenges in South Africa emphasises the importance of 

addressing differences in language and literacy to enable participation across diverse social 

groups (Modiko et al., 2014).  

Furthermore, Markusson et al. (2011) compared three CCS demonstration projects in 

different socio-political contexts (the USA, the UK, and Japan). They found that social 

learning depends on stakeholder inclusion, early framing and governance arrangements. 

Open, inclusive engagement enables broader learning and higher CCS support, whereas 

technocratic, one-way communication limits learning and increases the risk of future 

opposition.   

Transparency 

Several researchers emphasise that transparent, two-way communication helps address 

concerns about hydrogen safety and technological limitations, as well as correct 

"misunderstandings" (Bade et al., 2024; Häußermann et al., 2023). Virens (2024) critiqued 

the fact that communication focuses on explaining benefits and correcting 

‘misunderstandings.’ In the case of the hydrogen valley in Cyprus, for example, citizens 

explicitly requested more information and opportunities to engage in dialogue about 

hydrogen projects (Afanasiev et al., 2025). 
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Similar to hydrogen, Anderson et al. (2012) showed for CCS that participation processes 

lacking transparency and capacity-building undermine engagement efficacy. While 

synthesizing CCS trust-related research, Otto et al. (2023) further argue that balanced and 

honest information provision combined with procedural fairness and transparency in 

planning and decision-making processes, can support meaningful engagement. 

Early and continued engagement 

The literature has identified the early and continued engagement over time, as critical for 

meaningful engagement (Määttä & De Gooyert, 2025; Nuortimo, 2018; Pihkola et al., 2017). 

Meaningful engagement can only exist if it begins in the initial stages of the CCS 

implementation phase (Scott-Buechler & Jinnah, 2024), because it is essential to build trust 

(Nuortimo, 2018; Pihkola et al., 2017). Similarly, regarding hydrogen, Wagner et al.( 2025) 

emphasise that projects are often not materially concrete, but rather visions, when 

participation begins. Instead, engagement with concrete project ideas is needed (ibid). 

Bridging these observations, Afanasiev et al. (2025) stressed the importance of 

engagement throughout the entire project lifecycle by establishing regular feedback 

loops over time between project developers and citizens. Linking these discussions to 

energy justice frameworks,(D. P. McLaren (2012) suggested that injustice is more likely to 

emerge during the implementation phase of a project. The involvement of citizens, therefore, 

appears central at the inception phase of the project. This also brings about more positive 

outcome. As such, in the absence of meaningful engagement, communities may protest not 

being involved, which can undermine trust and thus, be detrimental to the implementation 

(ibid). To enrich classic deliberative sessions, Hurlbert( 2014) suggested that an iterative 

process with multiple framing of related energy issues are necessary. Exemplifying this, a 

recent study on nuclear energy also highlighted the importance of iterative dialogue, long-

term engagement, multiple participation channels, and continuous communication flows as 

success factors (Hlavacek et al., 2023). 

Conceptualising a democratic engagement process 

Democracy requires accessible and inclusive spaces where people can actively participate 

in and influence decision-making processes (Beasy et al., 2023; Wagner et al., 2025). 

Deliberative governance approaches that recognise stakeholder knowledge and link 

participation to trust-building spaces (such as assemblies or workshops) are seen as 

enabling meaningful influence on CCS decision-making (Määttä & De Gooyert, 2025). An 

experimental study in the UK on CCUS (Ter Mors et al., 2023) found that project support 

was higher when local residents were given a genuine opportunity to voice their views and 

see their input considered in a safe space, designed to gather their voice and engaging in 

mutual learning processes. In contrast, pseudo or symbolic participation was associated with 

lower support due to reduced perceptions of fairness and trust. Along these lines, Coyle 

(2016) suggests that small-scale dialogues based on the principles of deliberative 

engagement can help develop an informed understanding of different viewpoints and 

promote solution-focused decision-making through mutual learning. People are more likely 

to engage when they consider it is ‘meaningful’ which here means having an impact on the 

situation that concerns them. In this, the literature suggests that open-ended, dialogical 
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participation opportunities can, on the one hand, reinforce perceived legitimacy and, on the 

other hand, reinforce willingness to engage (Otto et al., 2023). 

Building trust 

An universal principle for public engagement is trust building – trust which is a strong driver 

of acceptance (see Section 4.3) (Häußermann et al., 2023). In the context of a hydrogen 

study in New Zealand, Virens (2024) emphasised that trust is built on transparency, clear 

decision-making processes, openness about uncertainties, and accountability mechanisms. 

Building trust involves questioning who is in power and who is not; to be trusted, institutions 

must keep in mind that those decision-makers serve the citizens, and not the other way 

around.  

Trust and participative democratic processes are interlinked. Research on comparative 

communication in CCS shows that participatory approaches, which are characterized by 

dialogue, openness to uncertainty, and the inclusion of ethical and local concerns, are 

critical to building trust (Buhr & Wibeck, 2014). Trust is also linked to perceptions of 

organizational competence, integrity, and the legitimacy of governance processes (Otto et 

al., 2023). Building trust is also essential for advanced nuclear technologies (Contu & 

Mourato, 2020; Kim et al., 2016; Mulder, 2012). Contu & Mourato (2020) stated that policy 

aimed at building trust in nuclear authorities and corporations is key to driving public 

engagement. 

Trust further helps understanding engagement histories and tailoring approaches to local 

concerns and needs. For instance, regarding CCS, these concerns are usually linked to the 

safety of long-term storage (Bloxsome et al., 2017; Ferguson & Van Gent, 2017; Pind 

Aradóttir & Hjálmarsson, 2018). Tuler & Webler (2024) emphasised that context-sensitive 

approaches tailored to diverse community values and concerns can help overcome generic 

assumptions about acceptance of SMRs.  

The importance of narrative 

Narrative framing is also critical for engagement. To understand the importance of 

narratives, it is essential to understand how technologies align with established social norms 

(Sherry-Brennan et al., 2010; Virens, 2024). A study by Ricci et al.( 2007) showed that 

stakeholders and the public envisioned different futures for hydrogen. Stakeholders framed 

hydrogen as technological progress, an economic opportunity enabling energy security. 

Public participants, on the other hand, focused more on safety, everyday impacts, and trust 

in institutions. This revealed a gap between expert narratives and lay concerns (ibid). M. 

D. Scovell (2022) further emphasised that engagement should therefore consider 

perceptions, trust and meaning making rather than technical education alone.  

Narrative framing also plays an important role in shaping the conditions for engagement with 

CCS. A discourse analysis of media coverage of BECCS shows that storylines in public 

debate signal existing acceptance and shape future acceptance and willingness to engage 

by influencing legitimacy and resonance (Donnison et al., 2023).  

Furthermore, engagement is also about shaping societal expectations and climate 

imaginaries (Waller et al., 2020). Technology framings often focus on physical and economic 



 

46 

 

viability; yet social and political factors are often overlooked. However, social and political 

factors are central to shaping acceptance. Discourses must be embedded in projects to 

create a sustainable future. 

In a study of public consultation processes on nuclear energy policy discussions in 

Saskatchewan, Canada, Hlavacek et al. (2023) found that problem structuring was the most 

important factor, followed by scale mismatch between where decisions are made and who is 

affected, as well as process design and timing. 

Factors that hinder public engagement 

Complex governance 

One barrier is the complex governance underlying hydrogen and CCUS. A study by Wagner 

et al. (2025) emphasised that green hydrogen infrastructure is often distributed and tied to 

different jurisdictions and regulations. This means there might not be a single clear decision-

making body or forum where the public can meaningfully engage with all the relevant 

elements of a project, which makes comprehensive deliberation difficult (ibid). Furthermore, 

the authors argue that the way hydrogen is legitimized—via laws, discourses, and visuals—

influences who participates and how. Often, state agencies and market actors dominate 

these processes, leaving civil society with limited opportunities for genuine input (ibid). 

CCS studies also point to structural and governance-related barriers that limit meaningful 

public engagement (Anderson et al., 2012). CCS projects often unfold within disempowering 

regulatory and governance environments where low levels of human and social capital 

constrain communities' confidence and capacity to negotiate and access diverse, 

independent information sources. In this, engagement processes that lack transparency and 

capacity building further weaken engagement and reinforce existing power asymmetries 

(ibid). 

Participation paradox 

Wagner et al. (2025) also referred to the participation paradox that participation is sought 

before concrete project details are available, so people are asked to engage with visions 

rather than specifics. This makes it difficult for communities to deliberate on material 

impacts or negotiate trade-offs. Even when participation occurs, spaces offered to civil 

society tend to be limited, narrow, or constrained by existing power structures rather than 

empowering communities to shape decisions about development pathways (ibid). For 

instance, Afanasiev et al. (2025) found that, although people in Cyprus were willing to 

engage with the planned hydrogen valley, they lacked structured opportunities to do so.  

Engagement is also hindered when it is experienced as instrumental or superficial. Lee 

et al. (2013) report that participation is sometimes carried out as a (tokenish) box-ticking 

exercise, with an unclear scope and limited influence on outcomes. Such “empty” 

participation can generate frustration, cynicism, and declining engagement over time, 

particularly when trust in national or local decision-makers is already low. Communication 

and engagement design choices can constrain meaningful participation. Transmission-

oriented approaches that treat the public as passive recipients risk overlooking social values, 

ethical concerns, and uncertainty. These approaches may also reduce learning and 
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engagement when messages fail to resonate. Participatory approaches aim to address 

these issues but are resource- and time-intensive and depend on public capacity and 

interest (Buhr & Wibeck, 2014). 

Feeding the paradox, legally requiring public participation in infrastructure planning does 

not automatically lead to empowered participation. Using a social capital perspective, 

Anderson et al (2012) show that, although public participation in infrastructure planning is 

legally required in Australia, apparent acceptance of the Otway CCS Project reflected 

passive acceptance. This acceptance was shaped by low human and social capital, reliance 

on the project proponent for information, and limited perceived capacity to negotiate 

outcomes rather than meaningful public empowerment. Distrust emerges as a recurring 

barrier across CCS engagement studies. Distrust in government or industry, often rooted in 

past failures or perceived self-interest, can be intensified by agenda-driven or “alibi” 

participation, lack of procedural justice, and deficit-model assumptions that frame opposition 

primarily as a knowledge problem. Failure to acknowledge power asymmetries and an 

excessive focus on acceptance as the main outcome further undermine the credibility of 

engagement efforts (Otto et al., 2023). 

Power asymmetries  

Barriers can also arise in educational and mediated engagement settings. Research shows 

that hierarchical structures, positivist approaches to knowledge, limited opportunities to 

voice concerns, and facilitator or educator dominance can restrict deliberation and 

discourage critical engagement with CCS (Stavrianakis et al., 2024). Hlavacek et al. (2023) 

evaluated how public consultation processes were designed and conducted in relation to 

nuclear-energy policy discussions in Saskatchewan, Canada, concluding that public 

consultation fails when nuclear energy is framed as a single predefined technical decision 

rather than as part of broader energy and societal choices. 

4.4.2 Engagement outcomes  

Section 4.2 showed that local or community benefits can strengthen local acceptance and 

support for infrastructure developments. Acceptance is not created by engaging people 

about a technology, but by engaging them in how projects benefit their community, argue 

Gordon et al. (2024). Thus, engagement should help communities understand and shape: 

how benefits are distributed, who gains locally, how revenues or investments return to the 

area. These benefits can include local employment and economic development, investment 

returning to the community, environmental improvements and improved local energy 

systems (Gordon et al., 2024a), as well we reduced heating costs or mechanisms for 

financial participation (Buchner et al., 2025a, 2025b), or financial compensation (Contu & 

Mourato, 2020; Huang & Min, 2025). Huang & Min (2025) argued that to enable positive 

project outcomes, engagement must address fairness, burdens, benefits, and compensation 

levels explicitly. 

Furthermore, the literature converges on the view that engagement can increase acceptance 

of energy technologies (Häußermann et al., 2023). Positive engagement experiences can 

increase acceptance, whereas poorly designed or tokenistic processes may reduce it 

(Buchner et al., 2025b). In this sense, engagement quality and timing directly influence 
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project outcomes. Tuler & Webler (2024) also found for SMRs that an early, genuine 

engagement with communities increases the likelihood of acceptance. Policy acceptance 

depends on perceived fairness of burden distribution (Moon et al., 2024). Furthermore, 

addressing local concern, such as water and land concerns early (Isidoro Losada, 2022), 

prevents later opposition and delays.  

Deeper and more deliberative engagement formats can reduce uncertainty and clarify 

how emerging technologies, such as hydrogen, fit within the broader energy transition 

(Vallejos-Romero et al., 2023). Compared to one-way communication, deeper engagement 

processes can also improve trust, legitimacy, and quality of information (Vallejos-Romero et 

al., 2023).  

Finally, meaningful engagement can enhance alignment between technological 

development and local development priorities. Early and meaningful involvement of local 

communities, as well as alignment of project with local development goals can increase 

legitimacy (Isidoro Losada, 2022). Evidence from CCS communication models further 

suggests that participatory approaches foster mutual learning and deliberative quality (Buhr 

& Wibeck, 2014).  

4.5. Engagement methods and tools 

Table 6 (on page 50 ff.) provides an overview of engagement methods and tools that we 

identified. 

The engagement method literature we found primarily covers low-intensity formats that 

enable the provision of information and the elicitation of public perceptions through one-way 

or weakly interactive communication. Examples include public awareness campaigns, social 

media engagement, and perception surveys. Existing research tends to be survey-based 

rather than exploring deeper social or qualitative engagement (Emodi et al., 2021).  

Several authors emphasised the importance of multiple participation channels 

(Cherepovitsyn et al., 2020; Hlavacek et al., 2023; Lozova, 2025). Specific engagement 

methods are necessary for specific engagement goals and target groups (Stavrianakis et al., 

2024). Role-playing and simulation games, for example, are suitable methods for youth 

engagement. Similarly, tailored communication strategies are essential and vary by location, 

occupation, and gender (Susiati et al., 2025). Cherepovitsyn et al. (2020) suggested 

combining educational, media-based, and event-based engagement methods. Each method 

has distinct strengths and limitations that must be carefully matched to stakeholder groups 

and local contexts 

Other methods include dialogic and consultative approaches that facilitate mutual learning, 

exploration of concerns, and articulation of values, but do not confer decision-making power. 

These approaches include interviews, focus groups, and public dialogues. Lastly, 

participatory or deliberate formats remain comparatively rare. These methods are the most 

resource-intensive and can enable collective sense-making, co-creation, and influence over 

planning and governance processes. Examples include co-creation workshops, participatory 

planning, and community meetings. Some studies have used multiple methods, such as 
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combining semi-structured interviews with participatory workshops and representative 

surveys (Häußermann et al., 2023). At the same time, technology-specific patterns emerge.  

Technology-specific engagement methods 

Engagement related to hydrogen primarily focuses on raising awareness, providing 

education, and facilitating early-stage dialogue. This reflects both the lower level of public 

familiarity with hydrogen and the less fixed nature of many hydrogen applications. However, 

a structured review of hydrogen literature from 1997 to 2022 (Vallejos-Romero et al., 2023) 

pointed to the potential value of interactive methods such as virtual reality labs, serious 

games, participatory modelling, and deliberative forums to explore how people understand 

and negotiate trade-offs underlying infrastructure developments. 

Engagement around CCUS is more often embedded in site-specific project development 

and risk governance contexts. This leads to a comparatively greater use of dialogic and 

participatory methods aimed at addressing local concerns, building legitimacy, and 

managing perceived risks. For example, Ramírez et al. (2008) held an exploratory 

workshop, two interactive meetings, an international survey, and in-depth interviews to 

develop a CCUS/CCS sustainability framework. Furthermore, the CarbFix project engaged 

the public and authorities in project development from inception to build trust and clarity 

(Pind Aradóttir & Hjálmarsson, 2018). Since 2013, Reykjavik Energy has held monthly 

permitting meetings with local and national authorities and used formal communication 

channels to disseminate knowledge with communities. This framework provided a formal 

structure for reporting induced seismic risks to authorities. Throughout the process, CarbFix 

promoted community dialogue to create a positive yet truthful image of the project and its 

developers, addressing safety risks and community benefits (ibid). 

So far, engagement related to advanced nuclear has been concentrated on a few survey-

based studies, while most research remains conceptual. An interesting exception is the 

study by Inda et al. (2025). The researchers used a participatory design and living lab in a 

community workshop with residents of southeastern Michigan to explore ideas and 

suggestions from the community regarding nuclear facilities and their surrounding area. The 

researchers found that most of the ideas were related to community engagement, 

emphasising the accessibility and integration of the facilities into everyday life. Aesthetics 

emerged as relevant second. The proposed community designs blend with nature, integrate 

recreational opportunities, and support educational functions, such as museums (ibid). 

However, across technologies, deliberative engagement that enables sustained co-creation 

or shared influence over decision-making remains the exception rather than the norm.
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Table 6: Overview of methods and tools 

Methods and 

tools 

Explanation Technology Reference 

Public 

awareness 

campaigns / 

social media 

engagement 

One-to-many communication through 

campaigns and social media to inform and 

mobilize publics, with limited opportunities 

for deliberation. 

Hydrogen (Bade et al., 2024; Lozova, 2025) 

CCS/CCUS (Cherepovitsyn et al., 2020; Hathat et al., 2025; Lupion et al., 

2013; Nooraiepour et al., 2025; Oh et al., 2025; Sacuta et al., 

2013) 

Perception 

surveys 

Collects public views on a technology 

through structured questionnaires, primarily 

enabling one-way feedback on attitudes, 

preferences, perceived risks and benefits, 

rather than deliberation or co-creation. 

Hydrogen 

 

 

(Afanasiev et al., 2025; Beasy et al., 2023; Bentsen et al., 2023; 

Buchner et al., 2025a, 2025b; Gordon et al., 2024b, 2024a; 

Häußermann et al., 2023; Parente et al., 2024; Ringel et al., 

2024; Schönauer & Glanz, 2022; Wang et al., 2025) 

CCS/CCUS (Engelmann et al., 2025; Federico d’Amore et al., 2020; Fikru & 

Nguyen, 2024; Kerner et al., 2023; Krause et al., 2014; M. L. 

Veloso et al., 2021; Malakar et al., 2025; Nooraiepour et al., 

2025; Pianta et al., 2021; Schomakers et al., 2025; Shah et al., 

2022; Toma et al., 2014; Ugarte-Lucas & Jacobsen, 2024; Zhou 

et al., 2024) 

Conjoint studies Choice-based surveys on public 

acceptance; random exposure to scenarios. 

Hydrogen (Huang & Min, 2025; M. Scovell & Walton, 2024) 

Interviews Structured or semi-structured conversations 

that allow in-depth exploration of 

participants’ views, experiences, and 

concerns. 

Hydrogen (Beasy et al., 2023; Emami et al., 2025; Häußermann et al., 

2023; Lozova, 2025; Parente et al., 2024; Ricci et al., 2007; 

Virens, 2024) 

CCS/CCUS (Anderson et al., 2012; Eberenz et al., 2024; Gough & Mander, 

2022; M. L. Veloso et al., 2021; Markusson et al., 2011; 

Mulyasari et al., 2021; Oh et al., 2025; Steeper, 2013; 

Swennenhuis et al., 2024; Tolstrup et al., 2025; Van Alphen et 

al., 2007) 
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Methods and 

tools 

Explanation Technology Reference 

Focus groups Facilitated group discussions to explore 

shared and divergent views, perceptions, 

and concerns among participants. 

Hydrogen (Murray et al., 2008) 

CCS/CCUS (Eberenz et al., 2024; Lock et al., 2014; Mulyasari et al., 2021; 

Sacuta et al., 2013; Steeper, 2013) 

Co-creation 

workshops 

Interactive workshop formats that enable 

the collective development of a specific 

task. 

Hydrogen (Afanasiev et al., 2025; Häußermann et al., 2023; Lozova, 2025) 

CCS/CCUS (Ashworth et al., 2012; Einsiedel et al., 2013; Lupion et al., 2013; 

M. L. Veloso et al., 2021; Nooraiepour et al., 2025; Oh et al., 

2025; Swennenhuis et al., 2024; Van Alphen et al., 2007) 

Involvement of 

schools 

From school presentations to youth 

empowerment through collaboration. 

Hydrogen (Lozova, 2025) 

CCS/CCUS (Bloxsome et al., 2017; Stavrianakis et al., 2024) 

Showcasing/visit 

pilot studies 

Demonstrations of technologies. Hydrogen (Afanasiev et al., 2025; Bade et al., 2024; Lozova, 2025) 

CCS/CCUS (Afanasiev et al., 2025; Bade et al., 2024; Lozova, 2025; 

Mulyasari et al., 2021; Nooraiepour et al., 2025)  

Advanced nuclear (Ghimire et al., 2026) 

Public dialogues Small-group dialogue rather than large 

public hearings. 

Hydrogen (Afanasiev et al., 2025; Häußermann et al., 2023; Murray et al., 

2008; Ricci et al., 2007; Vallejos-Romero et al., 

2023)(Häußermann et al., 2023) 

CCS/CCUS (Nooraiepour et al., 2025) 

Participatory 

planning 

Co-planning of the development Hydrogen (Afanasiev et al., 2025; Vallejos-Romero et al., 2023) 

Participatory 

design 

End users of a design or those directly 

affected by a technological innovation act 

as co-designers. 

Advanced nuclear (Inda et al., 2025) 
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Methods and 

tools 

Explanation Technology Reference 

Living labs, 

virtual reality  

Simulation of real-life conditions in a 

controlled environment. 

Hydrogen (Hoffmann et al., 2023) 

Advanced nuclear (Inda et al., 2025) 

Community 

meetings 

Linked to project development stages Hydrogen (Afanasiev et al., 2025) 

CCS (Modiko et al., 2014) 

Training and 

educational 

programmes 

Learning-oriented engagement method, 

including games and simulations, that can 

enhance understanding and capacity to 

engage with technologies, but does not 

necessarily enable participation in decision-

making 

Hydrogen (Afanasiev et al., 2025) 

CCS (Ellett et al., 2021; Lupion et al., 2013; Mulyasari et al., 2021; 

Nooraiepour et al., 2025; Stavrianakis et al., 2024) 

Free-association 

exercises 

Sense-making exercise through expression 

of words and images; support mental-model 

building. 

Hydrogen (Sherry-Brennan et al., 2010) 
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5 Discussion and conclusion 

Overall, this literature review has demonstrated that emerging energy infrastructure can be 

accepted by the public and that meaningful public engagement can lend legitimacy to 

technological deployment. However, research also shows that acceptance is not universally 

given, nor is engagement universally beneficial. Thus, it is important to further investigate 

the circumstances under which infrastructure development could become acceptable and 

how people want to be engaged in such processes. This would help ensure that emerging 

infrastructure projects are developed justly, providing benefits to nature and people. 

In response to the first research question, “How is engagement framed in literature?”, we 

find that engagement is often conceptualised as a driver of acceptability and/or acceptance. 

However, it is typically treated only superficially within acceptance-oriented studies, rather 

than as a central analytical concept. The literature also highlights that the framing of 

engagement is shaped by contextual factors and the specific characteristics of the 

technologies in question. 

Furthermore, we also find that the conceptualisation of acceptance has changed. In earlier 

research, acceptance is often seen as the end goal, and public engagement is seen as a 

means to achieve it. In contrast, more recent studies focus on the (normative) aspects of 

acceptability and discuss the material conditions that enable or push for acceptance, thus 

focusing on power asymmetries. 

In response to the second research question, “What factors influence public’s 

acceptance of emerging energy technologies?”, we show that the acceptance or 

acceptability of emerging energy infrastructures is influenced by multiple interlinked factors. 

Across technologies, perceptions of the risks associated with a technology and the degree of 

trust in institutions (including project developers) are critical factors. Limited knowledge or 

awareness about the technology itself, as well as concerns about costs, emerged as 

barriers, specifically for hydrogen, CCS/CCUS and SMRs. Perceptions of fossil lock-in are 

obstacles specific to carbon capture systems, whereas environmental and social benefits, as 

well as economic opportunities, can drive acceptance of hydrogen and CCUS.  

Another critical finding is that the public may have favourable lay opinion on an emerging 

technology at the national level; yet the situation changes when it comes to specific 

infrastructure projects. We found fewer studies on actual projects than on general 

acceptance. This is not surprising given the early deployment stage of the technologies 

studied. Nevertheless, it is relevant to raise this as it implies that much more research is 

needed to explore acceptance of emerging technologies in specific places or localities.  

The third research question was “What enables meaningful public engagement with 

emerging energy technologies?”. We find that despite substantial gaps, strong evidence 

exists regarding the fact that procedural justice (i.e., how decisions are made) and 

distributional justice (i.e., considerations of who benefits) can enable meaningful 

engagement. In terms of procedure, key factors include inclusiveness, transparency 

regarding information and processes, early and continuous involvement, trust-building, 

providing spaces for democratic engagement, and enabling sense-making processes. 
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Regarding outcomes, meaningful engagement creates benefits for communities, reduces 

opposition and technological uncertainties, and leads to better alignment with local 

environmental and social goals. Additionally, there is limited analysis of the role of 

mandatory and voluntary guidelines in enabling meaningful engagement. 

Lastly, in response to the question “Which engagement methods and tools are most 

appropriate and effective for decisions involving emerging energy technologies?”, we 

find that many studies remain at low levels of engagement, such as perception surveys and 

awareness campaigns. In contrast, higher forms of consultation and empowerment remain 

the exception. There is limited analysis of case studies on how stakeholders and 

communities are genuinely involved in co-designing or co-shaping projects involving 

emerging technologies.  

Limitations and future research 

This literature review draws on a robust body of 155 publications. Methodological choices 

regarding inclusion and exclusion criteria inevitably shape the scope of the reviewed 

literature. For instance, the exclusion of older nuclear studies (see Table 1) omits earlier 

research that could provide valuable insights for the analysis. Similarly, restricting sources to 

English introduces a bias toward Anglophone scholarship. While these choices do not 

invalidate the review, they do influence its findings, as they reflect practical and resource 

constraints. Furthermore, research on public acceptance and engagement is scarce for 

GGR and advanced nuclear technologies, which limits the strength of conclusions that can 

be drawn from this literature. 

The study has identified two main research gaps. First, the systematic studies of 

engagement processes are under-developed (Vallejos-Romero et al., 2023). This means 

that, for technologies at an early stage of development, better understanding of engagement 

is needed on what works, what does not work, and under what circumstances. Such 

understandings should be grounded in specific local contexts, to develop applied case 

studies. Second, engagement outcomes and effectiveness of engagement have received 

limited attention. Maketo & Ashworth (2025) recommend that research should move beyond 

measuring attitudes and explore how engagement can build understanding, address 

concerns, and influence acceptance outcomes, which further relates to the need for more 

applied case studies.  

In line with Vallejos-Romero et al. (2023), we propose that future research should pay more 

attention to engagement processes and outcomes, rather than assuming engagement is a 

uniform good. For this it is critical to better understand under what conditions people find 

emerging infrastructure projects near them acceptable. In addition, research is needed to 

understand the willingness of people to engage in emerging energy infrastructure 

developments and to better understand how and when they want to be engaged. 

Additionally, this research sought to determine which engagement methods are most 

suitable for each technology. However, given the limited empirical literature available, this 

question could not be conclusively addressed. Future research should therefore explore the 

practical application of specific engagement methods and tools in defined contexts through 
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qualitative case studies or quantitatively assess how different engagement formats influence 

levels of support for each technology. 

We found the least amount of literature on advanced nuclear technologies. Even though 

these technologies have not yet been implemented, it is important to better understand the 

conditions under which people would accept the piloting of new Generation IV reactors, as 

well as their perceptions and expectations regarding the deployment of SMRs, which are 

expected to be deployed by the mid-2030s. Furthermore, there is little empirical evidence on 

how perceptions of hydrogen change with different production methods, particularly 

considering the connection of hydrogen with CCUS. Further research should investigate the 

differences between renewable and fossil fuel-based hydrogen. Lastly, research is needed 

to examine public attitudes towards CCS and CCU as distinct technologies, given the central 

role of storage-related concerns in CCS acceptance and the limited empirical evidence on 

local acceptance of CCU projects (Nielsen et al., 2022; Schomakers et al., 2025; Tardin-

Coelho et al., 2025). 

Policy implications 

Meaningful public engagement should be understood as a process of mutual learning, in 

which communities articulate their expectations and concerns, while developers provide 

information and adapt project design in response. This enables a shift from engagement 

aimed at achieving acceptance towards engagement as a means of shaping democratic 

energy futures. Such approaches can strengthen both acceptability of and legitimacy for 

energy technologies. 

To operationalise meaningful engagement, policymakers should: 

• Ensure early and continuous engagement throughout the project lifecycle, starting 

from initial planning stages rather than at the point of implementation.  

• Promote transparency regarding project objectives, risks, and decision-making 

processes in order to build trust.  

• Address distributional impacts explicitly, including how risks, costs, and benefits 

are shared across affected communities.  

• Support trust-building measures, particularly in contexts where trust in institutions 

or developers is low, as trust is a key determinant of social acceptance across 

technologies.  

• Encourage participatory formats that allow communities to meaningfully influence 

project outcomes, rather than limiting engagement to one-way communication. 

While this study highlights different drivers and barriers to engagement, which are critical 

when developing engagement strategies, it also signals to policymakers the importance of 

developing national-level engagement guidelines within decarbonisation strategies, 

incorporating the enabling factors outlined above. 

Continued research under Phase 2 of this Users TCP Task is needed to investigate how 

people prefer to be engaged versus how the people are currently engaged, to draw learning 

from concrete projects under development and to identify engagement principles that are 

specific to different emerging energy technologies.  
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