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Foreword  to the Proceedings of the Behave 2025 conference  

Sylvain Waserman, Chairman - ADEME, French Agency for Ecological Transition 

Dear readers, 

It is my great privilege to introduce you to the official Proceedings of 

the 8th Behave Conference of the European Energy Network (EnR) 

and to present to you this collection of high-quality extended abstracts. 

As Chairman of the French Agency for Ecological Transition 

(ADEME), I am proud that we had the opportunity to host this edition 

in Paris, France. Behave is the flagship event of the EnR Network 

bringing together around 400 participants from across Europe and beyond demonstrating the 

relevance and importance of the Networkôs work.  

To adapt to the inevitable consequences of climate change and to limit its already tangible 

effects, changes in our lifestyles and in the collective organisation of our society are 

necessary, beyond purely technical innovations. This is why we decided to broaden the scope 

of Behave: from energy efficiency to sufficiency, and from behaviour change to broaden 

lifestyles changes, which are essential to ensuring a just and inclusive transition to carbon 

neutrality. It is important to promote the social, technical, economic and institutional 

conditions that will facilitate the adoption of more moderate lifestyles and make them more 

desirable and accessible.  

Rethinking our production and consumption models is a sine qua non condition for the 

transition ahead, and sufficiency offers a concrete pathway to achieve it, as a strategic lever 

for economic sovereignty and resilience. Sufficiency seeks to meet individual and collective 

needs while reducing pressure on resources, biodiversity, greenhouse gas emissions, as well 

as our dependence on raw materials. In doing so, it strengthens the sovereignty and long-term 

resilience of territories.  

There is far more to gain than to lose from climate action in France, Europe and across the 

world. The concept of a ójust transitionô, enshrined in the preamble to the Paris Agreement, 

reflects this reality. The priority now is to ensure that the transition actually takes place, as 

this is a major public interest objective, one that will ultimately determine all others. 

Nevertheless, the transition may also entail negative effects on the profitability and viability 

of certain economic activities, as well as on living standards and social inclusion. Research 

in the social sciences and humanities is essential to properly assess these impacts, understand 

how to reduce or mitigate them, and place them in perspective alongside the many co-benefits 

generated by the transition.  

We aim to continue the dialogue on these issues at the 8th edition of the Behave conference. 

Scientific knowledge, an essential source of reliable expertise, is more necessary than ever in 

a democracy to inform public debate and to design and implement policies that are effective, 

efficient and aligned with the needs of citizens, public authorities, economic actors, and civil 

society. Exchanges between the research community and practitioners can offer valuable 

insights for shaping and delivering effective policies. 

Since 2009, Behave has successfully brought together researchers and decision-makers from 

politics and business to share innovative solutions and make progress together. Behave 2025 

will once again provide an opportunity to continue this exchange. I wish you an insightful 

reading of these proceedings and a productive conference! 
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Foreword to the Proceedings of the Behave 2025 conference 

Irina Uzun-Dupouey, Head of Unit for European Cooperation - ADEME, French Agency 

for Ecological Transition 

I am grateful for the opportunity to lead the 8th edition of the Behave 

Conference on 11th -12th December 2025 in Paris, France. As Chair of 

the Behave Organising Committee, I worked with great people to make 

this important event a success for the European Energy Network. 

Behave is an important conference for national energy agencies in 

Europe, as it provides a unique forum for policymakers, academia, 

industry and practitioners to share ideas and experiences in promoting 

effective solutions for reducing CO emissions and mitigating climate change.  

This yearôs edition has a broad scope, and the title ñFrom energy efficiency to sufficiency: 

the need for a change in lifestyles to ensure a just transition to carbon neutralityò emphasizes 

the issues we would like to discuss with stakeholders. The call for proposals, launched in the 

framework of the Behave conference, shows that these topics are of interest and are gaining 

momentum.  

We are proud to have received 233 contributions from many countries all over Europe and 

beyond. Behave 2025, as in previous editions, was tailored to bring together researchers in 

multiple disciplines, policymakers, practitioners and professionals in the field of ecological 

transition and behaviour change. These conference proceedings comprise extended abstracts 

that have been peer-reviewed by a Scientific Committee consisting of members from 

numerous European universities, the European Commission and a sustainable energy 

organisation in New Zealand. This publication includes selected extended abstracts presented 

at the conference, either in parallel sessions or via posters. 

Before you delve into reading, I would like to extend my gratitude to many people who 

contributed to this editionôs organisation. I would like to thank the Sustainable Energy 

Authority of Ireland, the 2025 EnR President ï especially, Carol Geraghty and Declan 

Meally; Rebecca van Leeuwen from RVO/Netherlands Enterprise Agency, Chair of the EnR 

Working Group Behaviour Change and my co-Chair in the EnR Committee, as well as other 

EnR Network member agencies of the EnR Committee. I would also like to thank the EnR 

Working Group Chairs for their continued support and collaboration ï you are at the heart of 

our network!  

I would also like to thank the members of the Scientific Committee, in particular, Marta 

Lopes, Paolo Bertoldi, Sea Rotmann, Nathalie Ortar, Lory Barile and Lisa Ryan, for all their 

hard work throughout the call for proposals and beyond. I also thank the EnR partner, the IEA 

Technology Collaboration Programme on User-Centred Energy Systems, and, especially, 

Samuel Thomas, Head of Secretariat, for his great support and cooperation.  

Finally, I would like to thank my team at ADEME/ French Agency for Ecological Transition 

ï for their great work provided in the National Committee and beyond ï in particular, David 

Thibeau from the Professional Stakeholdersô Mobilisation unit (Executive Directorate of 

Mobilisation for Ecological Transition); Solange Martin, Anaµs Rocci and Patrick Jolivet 

from the Executive Directorate of Forecast and Research; Marie Hervier Collas from the 

Sustainable Consumption Unit of the Circular Economy Direcorate, and Philippe Masset, 

Director of the Europe and International Affairs Directorate, as well as my fellow Europe and 

International Directorate colleagues ï especially, Corinne Carretero and V®ronique T®tu, for 

making this conference a remarkable success.  
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Foreword to the Proceedings of the Behave 2025 conference 

From energy efficiency to sufficiency: the need for a change in lifestyles to 

ensure a just transition to carbon neutrality 

     
Marta Lopes Nathalie Ortar  Sea Rotmann Lory Barile  Lisa Ryan 

Behave 2025 is the 8th edition of the biannual EnR event focusing on the application of 

behavioural insights in policies, programmes and actions to foster energy efficiency and 

combat climate change. This conference edition has broadened its scope from energy 

efficiency to sufficiency under all its forms within different sectors ï energy, housing, 

transport, food, digital - highlighting the importance of promoting lifestyles change to ensure 

a just transition to carbon neutrality. 

Behave 2025 will bring together over 400 participants from across Europe and further 

beyond. The Behave call for proposals attracted 233 extended abstracts, spanning research, 

practice and policy-focused work. 

Contributions were received in various thematic priorities of the conference: 

- Instruments, interventions and evaluation of behaviour change and evolution in social 
practices in the fields of energy and the environment. This includes multidisciplinary 

approaches to behaviour and social practices; behavioural solutions within organisations; 

economic analyses of behavioural interventions (e.g., cost-effectiveness and efficiency); 

and the scalability and long-term sustainability of policy experiments, including spillover 

and snowball effects. 

- Just and inclusive transition, including challenges and stakeholder ownership; energy 
poverty and vulnerable consumers; public participation in shaping energy and 

environmental policies; civil society-led initiatives; and community engagement. 

- Acceptability and ownership of public policies by stakeholders and the public as well as 
of low-carbon projects and technologies, norms, standards and strategies in determining 

decarbonisation decisions in industries and, more broadly, businesses. 

- Sufficiency practices in the ecological transition; the role of infrastructures in enabling 
conditions, social dynamics, and collective practices for sufficiency; sufficiency in the 

design, production and distribution of goods and services; instruments used by public 

authorities to promote and support sufficiency practices at different territorial levels. 

- Foresight exercises and the role of scenarios for carbon neutrality on decision-making 

and public action; positive narratives on transition and sufficiency, changing 

imaginations. 

These proceedings showcase a wide range of perspectives on how to support lifestyle changes 

and advance the transition to clean energy. Together, the contributions highlight the diversity 

of potential solutions and the multifaceted complex challenges in this field. They underscore 

the need for meaningful changes in behaviours and social practices to improve energy 

efficiency, accelerate the shift to renewable energy, and promote sufficiency in a just and 

inclusive manner. 
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We extend our sincere thanks to all authors and participants for their valuable contributions, 

which we believe will provide strong momentum for continued and impactful action in this 

field. 

On behalf of the Scientific Committee, we welcome you to Behave 2025 and wish you a 

successful conference! 

Paris, 11th -12th December 2025 
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Extended Abstract 

 

1. INTRODUCTION 

While the residential sector accounts for approximately 30% of total energy consumption in the 

world [1], the desired level of energy efficiency in households has yet to be achieved[2]. We 

need a clearer understanding of how to quickly and cost-effectively shift towards a 

decarbonized residential sector by encouraging the widespread use of energy-efficient practices. 

Nevertheless, even with ambitious goals and accessible technologies, the pace of homeowner 

retrofit adoption remains slow.  Homeownersô retrofit decisions are influenced by more than 

costïbenefit considerations, with uncertainty acting as a major barrier. However, seeing others 

adopt retrofits can reduce this uncertainty and encourage adoption through social learning. 

It is therefore crucial to understand and model how micro-level homeowner decisions are 

shaped under uncertainty and social influence, so that policies (financial incentives, information 

campaigns, etc.) can be designed to more effectively overcome these barriers. Computational 

social science approaches, particularly agent-based modeling, offer a promising way to capture 

these complex human factors in technology adoption.  

Despite growing interest in ABM for retrofit modeling, most models oversimplify decision 

processes, fail to capture evolving beliefs, and inadequately address the multifaceted nature of 

uncertainty. According to the uncertainty categorization of Baustert et al. [3] and Akbari et al.  

[4] uncertainty can manifest in various forms, such as aleatory uncertainties (arising from 

inherent variability and randomness) [4], [5], [6], [7] and epistemic uncertainties (stemming 

from knowledge gaps) [8], [9], [10], [11]. However, only a small body of research has explicitly 

addressed these uncertainties, and many of these distinct types remain largely unexamined in 

https://research.tue.nl/en/persons/saeed-akbari
https://www.tue.nl/en/research/research-groups/design-and-decision-support-systems/information-systems-in-the-built-environment
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the existing literature.On the other hand, only a limited number of models account for evolving 

opinions over time, and none fully address uncertainty from multiple perspectives. This is a 

critical shortcoming, as real-world decisions are dynamic. Homeowners adjust their opinions 

and uncertainty levels over time through social interactions and learning. Moreover, a recent 

review found that only a small fraction of published energy retrofit ABMs were validated or 

calibrated with real-world data. Many models rely purely on theoretical behavioral assumptions 

without empirical grounding, raising concerns about their predictive validity [12]. 

Additionally, to our knowledge, no prior study has simultaneously integrated discrete choice 

modeling, microsimulation, and the Relative Agreement algorithm within an agent-based 

framework. . The relative agreement model, first proposed by Deffuant et al. (2002) [13] 

characterizes each individualôs attitude by an opinion (xi) and uncertainty (Ui); To date, only 

three studies have applied it in a similar context [14], [15], [16]. Discrete choice models 

(DCMs), long established in econometrics since the 1970s, offer statistical estimates of 

individualsô preferences and behavior. In the scope of this paper,  Araghi et al. [17] demonstrated 

how to couple DCMs with agent-based simulations to govern agent decision-making. Lastly, 

spatial microsimulation, a well-established method in social science and urban studies that 

facilitates detailed population estimation within small geographic units using limited micro-

level data [18] has previously been integrated with agent-based social simulation in only one 

study [19].  

Given the above gaps, the aim of this research is to develop and demonstrate a computational 

model that more realistically simulates residential retrofit adoption under uncertainty and social 

influence. In fact, its key contribution is the explicit modelling of uncertainty alongside the 

embedding of empirically based decision rules into dynamic social and spatial structures. To 

achieve this, we construct an agent-based model informed by discrete choiceïbased decision 

rules, generate a synthetic population through microsimulation, and incorporate social 

networkïdriven opinion dynamics to capture the role of peer effects and information diffusion. 

Figure 1 encapsulates the holistic workflow: we analyze survey data using a discrete choice 

model (DCM) to derive agentsô decision rules and generate a synthetic population, embed it in 

a small-world network, and apply the Relative Agreement algorithm to simulate opinion and 

uncertainty dynamics; finally, agents with DCM-derived utilities, updated beliefs, and 

uncertainty scores enter an agent-based model to make probabilistic retrofit adoption decisions 

through interactions with neighbors and the built environment. 

 

Fig1. Informing ABMs with discrete choiceïbased decision rules, generated synthetic 

population using microsimulation, and social-network-driven opinion dynamics 
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2. AGENT-BASED SIMULATION FRAMEWORK 

Figure 2 illustrates the complete simulation framework, outlining the integration of economic 

feasibility, behavioural uncertainty, social influence via relative agreement, and probabilistic 

adoption within an agent-based modeling environment. The simulation model begins with the 

initialization of geospatial and agent-specific data. Inputs include a geographic map of 

Eindhoven in GeoJSON format, population density by neighborhood, and synthesized agent 

characteristics drawn from real-world demographic distributions.  

First. each homeowner agent is assigned attributes such as age, income, education level, 

housing type, energy label, year of construction, and a willingness-to-pay (WTP) for retrofit 

technologies. In addition to these socioeconomic characteristics, agents also possess cognitive 

traitsðnamely, an initial opinion value and three uncertainty components (U1, U2, U3), 

reflecting behavioral hesitation toward technology adoption. Based on neighborhood 

boundaries and population density, agents are spatially distributed and linked to their respective 

NeighbourhoodAgents. A social network is formed by connecting agents within a certain 

exposure distance to simulate local peer influence. 

At each simulation time step, agents begin by recalculating their WTP and comparing it to the 

minimum cost of available retrofit options. If the agent cannot afford any option, it becomes 

eligible for a randomized subsidy intended to simulate public financial support mechanisms. 

Based on their updated WTP, agents then determine a feasible choice set of affordable 

technologies. Parallel to this economic filtering, agents interact with a small number of 

randomly selected neighbors in their social network. Using the Relative Agreement (RA) 

algorithm, agents evaluate whether a neighbor is more confident, i.e., has lower average 

uncertainty, and, if so, may adjust their opinion and uncertainty values accordingly. Once social 

influence is applied, agents calculate a utility score for each option in the feasible set using a 

predefined equation based on personal attributes. These utilities are converted into probabilities 

via a sigmoid function. Agents then make probabilistic adoption decisions using [20]. If 

adoption occurs, the cost is deducted from WTP, and agents may continue adopting additional 

options if their budget allows. 

After each adoption decision, agents update their internal states, including adopted technologies 

and remaining willingness to pay. These updates feed into the next simulation step. The process 

repeats over multiple time steps, capturing how adoption patterns evolve across space and time. 

The model records outputs such as the number of adopters by technology type, neighborhood-

level adoption rates, changes in opinions and uncertainty, and the impact of subsidies on 

adoption. These results support analysis of how economic capacity, cognitive flexibility, and 

social influence drive the spread of sustainable retrofit technologies. 
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Fig2. Agent-based simulation framework for residential retrofit adoption under economic, 

social, and behavioural uncertainty 

3. CONCLUSION 

Although implementation is planned for future work, this framework makes a theoretical 

contribution by integrating discrete choice modeling, microsimulation, opinion dynamics, and 

agent-based modeling into a unified platform. It deepens understanding of how heterogeneous 

preferences, social influence, and multidimensional uncertainty interact to shape adoption 

dynamics. Future applications include calibrating the discrete choice component with real 

survey data, generating a spatially explicit synthetic population, and simulating evolving 

opinions and uncertainty diffusion. This would enable systematic policy experiments to 

evaluate interventions such as financial incentives and support decision-making for accelerating 

residential retrofit uptake in diverse urban settings. 
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Extended abstract   

1. INTRODUCTION 

A just energy transition is key to achieving universal energy access, as emphasised in the UNôs 

Sustainable Development Goals. However, energy poverty affects over four billion people 

across the globe [1], often resulting from a combination of low incomes, high energy pricing, 

and energy-inefficient housing. A lack of standard frameworks to identify energy-poor 

audiences has made it difficult to develop effective interventions [2].  

The Hard-to-Reach (HTR) Energy Users Task of the Users TCP by the International Energy 

Agency (IEA) is a global collaboration aiming to identify hidden energy users and ways to 

better engage them to achieve a just energy transition. Here, it collaborated with the Users 

TCPôs EmPOWERing All Task, which focuses on integrating gender perspectives to promote a 

more inclusive energy transition. 

Building trusted relationships and working directly with community members and frontline 

organisations when designing and implementing energy interventions has emerged as a crucial 

strategy to better reach priority audiences [3]. Thus, the two Tasks held a joint workshop in 

Northern Sweden to elevate local Indigenous voices and explore the tension between the 

ñgreenò and ñjustò aspects of the energy transition.  

Indigenous peoples have faced significant challenges around energy systems due to historical 

colonialism, marginalisation, and systemic inequities [4]. In Sweden, a push for decarbonisation 

and electrification has resulted in the expansion of renewable energy generation [4,5] and 

mining facilities to supply materials for Low Carbon Energy Technologies [6] that have adverse 

impacts on the traditional livelihoods of Indigenous S§mi, who rely on the land for reindeer 

herding.  

https://orcid.org/0000-0001-8067-2074
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We present some workshop insights here, having directly engaged with community members 

to glean Indigenous perspectives on the energy transition. These learnings will inform further 

research around how Indigenous stories can get subsumed by broader global narratives 

promoting the ñgreen and just energy transitionò. 

2.  WORKSHOP OVERVIEW 

2.1. Purpose 

A main purpose of the HTR Task is engaging hidden energy users and  building connections 

with community and frontline providersðespecially Indigenous stakeholders. A key 

deliverable is to hold three international expert workshops. The Task has held two workshops 

to dateðthe first was hosted jointly by the Consortium of Energy Efficiency and the U.S. 

Department of Energy in June 2024, and the second by the Swedish Energy Agency in June 

2025. While both workshops elevated local and global Indigenous voices, the focus of this 

presentation will be on the more recent workshop, which featured direct input from the Gabna 

reindeer herders in Kiruna.  

Collaborating with Indigenous subject matter experts from the EmPOWERing All Task to 

brainstorm how to address problematic approaches and narratives supports both Tasks in 

developing recommendations for policy makers and intervention designers that more fully 

support the just transition. 

2.2.  Methodology 

The workshop was held as participatory field research in Kirunaða town undergoing 

unprecedented transformation and relocation due to mining. From June 14th-16th 2025, 

workshop attendees visited local communities, businesses, and government agencies to discuss 

how to strengthen democratic processes to include marginalised energy users to ensure a more 

ñjustò green energy transition.  

The workshop opened with a discussion with a municipality representative on June 14th. On 

June 15th, after getting an expertôs overview on the Swedish colonial history relating to energy 

issues and S§pmi [see also 4], attendees embarked on a field trip to hear how the green energy 

transition is affecting S§mi, and what the proposed new Per Geijer mine would mean for the 

Gabna reindeer herding community [7]. They later met to discuss increased polarisation, 

conflicting narratives, and consequences for the S§mi and other Indigenous peoples, guided by 

the expertise of Kristina Sehlin McNeil (Assistant Director at V§rdduo-Centre fºr S§mi 

Research).  

Attendees also discussed potential future collaborations across the HTR and EmPOWERing All 

Tasks. Mikajosefin, a member of the S§mi youth association (S§minuorra) gave her perspective 

on the Swedish energy transition, as part of a global discussion on Indigenous challenges with 

Mark Hardin from the Mashpee Wampanoag tribe (U.S.) and Hinerangi Pere from the Waikato 

TǕinui iwi (Aotearoa New Zealand). On June 16th, participants visited the Kiruna Kin Museum 

and recently moved town hall, hearing from an Indigenous curator whose village had been 

displaced to make way for mining. 

2.3. Data Collected / Findings 

During the workshop, several key findings emerged. ñGreen Colonisationò was discussed in the 

context of non-solved, partly historical, and partly continuing impacts on the Indigenous S§mi 

communities [4,5,6,7]. While mines, hydro dams, and wind farms may be essential to Europeôs 

green energy transition, they threaten S§mi communitiesô way of life and millennia of culture 

and traditions.   
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In the past, many large-scale hydro power plants have flooded homes, landscapes, and reindeer 

pastures, with other Indigenous lands becoming degraded and fragmented [4,5]. The current 

iron ore mine, the largest in the world, has already destroyed significant amounts of reindeer 

migration routes and led to the displacement of a large part of the city of Kiruna [8].  

The nearby proposed new Per Geijer mine, is the largest critical rare earths deposit in Europe. 

The European Critical Raw Materials Act (CRMA) ñdesignates strategic projects (such as this 

mine) to increase EU capacity to extract, process and recycle strategic raw materialsò [9]. The 

risk assessment has ñnot included human rights, nor social and cultural impacts, of the projecté 

[the mining company] has not yet proposed measures to prevent or mitigate adverse impacts on 

reindeer herdingò [7]. Historically, the legal standing of Indigenous S§mi in Sweden has been 

weak, which has been flagged as a potential human rights violation [4,5,7].  

During the workshop, the two S§mi representatives from Gabna reindeer herding community 

described their role in the decisions that will impact their livelihood as ñinclusion without 

agency.ò Although they are consulted about these changes, they cannot veto projects, they are 

not compensated for their time, and decision-makers can abort the discussion if there is no 

consensus. The prevailing narrative is ñotheringò not just Northern and Southern Swedes with 

regards to their stance in the green energy transition [10], but also paints reindeer herding S§mi 

as ñelitesò. 

3. CONCLUSIONS / RECOMMENDATIONS 

While any push to decarbonise and further the green energy transition is hailed as a positive, 

these efforts often impact local communities and hidden energy users in adverse ways. Even 

efforts to include priority audience perspectives can fall short if not fully thought throughð

e.g., while the S§mi are consulted about changes, they do not have real legal power. To achieve 

a truly just transition, it is necessary to meaningfully and fully engage with Indigenous 

communities by listening and learning from them and making them a part of the process through 

co-design, integrating Indigenous knowledge alongside scientific inquiry. It is imperative to 

properly compensate them for their time and efforts. Further, it is crucial to map and highlight 

the cumulative impact of all the green transition projects, not just individually, but through a 

broader energy justice lens.  
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Extended abstract: 

Improving energy efficiency is a key lever for effective climate policy. Equally important, 

however, are its contributions to enabling a just and inclusive transition and preventing or 

mitigating energy poverty [1]. Many public or regional energy efficiency funding schemes in 

Austria rarely focus explicitly on vulnerable or low-income households, which often face 

specific living conditions and barriers to accessing public funding schemes, as most of them 

target higher income groups or behaviours and practices referring to these groups [2]. 

In response to this challenge, the Austrian Climate and Energy Fund launched the program 

"Energy Saving at Home ï Consultation and Appliance Replacement" in 2023. Its primary aim 

is to reduce energy costs and improve energy efficiency in low-income, vulnerable or energy-

poor households. The program provides personalized, needs-based energy consultations carried 

out in the beneficiariesô homes, and includes the replacement of up to two outdated, defective, 

or inefficient appliances with new, energy-efficient models. Importantly, the program is 

designed to minimize effort for participants: it requires no pre-financing or co-payments and 

offers additional information on available social support services to improve overall household 

well-being. 

Program structure and delivery 

The Climate and Energy Fund implements the program in collaboration with several 

stakeholders, most notably the social organization Caritas and the household appliance supplier 

Electronic Partner. Caritas is responsible for identifying and engaging target households and 

conducting the initial consultations, while Electronic Partner manages appliance procurement 

and logistics through a national retailer network containing of 134 regional retailers. 

Households gain access to the program through an initial consultation at a local Caritas office, 

where eligibility is checked and the funding agreement is signed. Caritas may also refer 

beneficiaries to other relevant support services and institutions (e.g. local authorities, energy 

supplier) or provide advice in other challenging circumstances. 

Subsequently, the Caritas assigns a trained energy advisor that contacts the household to 

schedule an in-home consultation. These advisors ï either certified energy consultants or 
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specially trained social workers ï offer tailored advice on energy-saving practices, switching 

energy providers, improving living conditions, and utilizing other social support schemes. The 

special training for social workers is supplied by the government and contains diverse learning-

modules, e.g. concerning heating-systems or deep understanding of energy bills. The 

consultation within the beneficiaries household also includes selecting up to two for 

replacement, ordered jointly with the beneficiaries to suit the household's needs. Only 

refrigerators, fridge-freezers, freezers, electric stoves, washing machines and dishwashers can 

be replaced by the program. 

Appliances are delivered and installed by local retailers within the network of Electronic 

Partner, who also remove and dispose of the old equipment. Households do not bear any 

financial burden at any point during the process. 

Program strengths and accessibility 

The programôs decentralized structure and the involvement of multiple stakeholders are key 

success factors. Initial consultations take place at the Caritas offices throughout Austria, where 

vulnerable households can also receive advice on other relevant issues and access broader social 

support services. Energy consultations are conducted by certified energy advisors or specially 

trained social workers who complete a dedicated training module in "social energy 

consultation." Caritas is responsible not only for coordinating both the consultation and 

appliance replacement processes but also acts as the sole point of contact for beneficiaries. 

Additionally, Caritas handles all financial transactions with appliance retailers and the 

administrative body of the Climate and Energy Fund. 

Notably, the program also includes tenants ï an often overlooked group in energy efficiency 

schemes. When appliances belong to landlords, arrangements are made in advance regarding 

their disposal or storage and the ownership of new appliances in case of tenant relocation. 

Selling old appliances is prohibited. 

The program is promoted by Caritas and the Climate and Energy Fund through materials in 

different languages. Caritas also conducts targeted outreach campaigns in selected 

neighborhoods and with partner organizations to reach elderly or energy-poor populations more 

effectively. Moreover, the program is introduced at relevant stakeholder events to encourage 

referrals from municipalities and public bodies. 

Preliminary results and evaluation 

A central objective of the program is to encourage low-income and vulnerable households to 

use household energy more efficiently ï primarily through personalized energy consultations 

and appliance replacement. This is intended to help reduce individual energy costs while 

contributing to a decrease in overall energy consumption in Austria. However, it is important to 

note that many vulnerable households already consume relatively little energy due to financial 

constraints, which inherently limits the potential for further savings. 

Unlike many other schemes, "Energy Saving at Home ï Consultation and Appliance 

Replacement" stands out for its low-threshold, regionally accessible approach and its simplified 

application process. It avoids complex income assessments, relying instead on clear eligibility 

criteria and personal support from Caritas. Beneficiaries are accompanied throughout the entire 

process and are not required to make any financial contribution ï making the program a unique 

model compared to similar initiatives, such as Germanyôs ñStromspar-Checkò. 

To date, nearly 13,000 households have received initial consultations, and approximately 

12,000 have received full energy consultations. Over 16,000 appliances have been replaced. 
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Beneficiary backgrounds and living conditions are highly diverse, varying significantly across 

regions. 

An evaluation of the program is currently conducted. Its goal is to assess whether low-income 

and vulnerable households are being adequately reached, and whether the services and 

measures offered can be optimized to improve both targeting accuracy and beneficiary 

satisfaction. The evaluation is based, among other things, on documentation from the energy 

consultations, which provides insights into the living conditions of participating households ï 

particularly regarding energy costs and consumption, building conditions, savings potential, 

and the most frequently addressed consultation topics.  

At the same time, the evaluation aims to identify ways to improve the implementation process 

and reduce potential inefficiencies. A key challenge of the program is the considerable 

administrative effort required from participating actors, stemming from its intentionally low-

barrier design aimed at facilitating access for vulnerable households. Initial results from this 

evaluation are expected by the end of the year. 
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Extended abstract 

1. Introduction 

The increasing share of intermittent renewable energy sources presents a major challenge 

for maintaining grid balance, underscoring the need for greater demand flexibility [1], [2], 

[3]. Demand Response (DR) is gaining policy interest for its potential to shift electricity 

use through economic incentives [4], [5], [6]. DR is commonly divided into implicit DR, 

where consumers manually adjust usage in response to dynamic pricing, and explicit DR 

(or Direct Load Control, DLC), where utilities or aggregators remotely manage specific 

loads like heat pumps and electric vehicle charging [7], [8].  

In the residential sector - the focus of this study - DR potential varies widely across and 

within programs [9], [10], [11], [12], [13]. Participation is shaped not just by financial 

incentives but also by social and psychological factors such as norms, control, and personal 

values [14], [15], [16], [17]. Compared to implicit DR, DLC requires less consumer effort 

and offers more reliable flexibility [18], [19], [20], [8], [21]. Yet, consumer participation in 

DLC remains low, indicating a need for deeper insight into user perspectives [8], [22].  

Consumer perspectives on DLC have been examined across diverse disciplines and 

methods, revealing a complex interplay of motivations, barriers, and enablers affecting 

https://www.uu.se/
https://orcid.org/0000-0002-9284-5523
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willingness to participate (e.g. [23], [24], [25], [26], [27], [28], [29], [30], [31]. Financial 

benefits are the most commonly cited motivator [32], [33], [34], [35], [36], followed by 

environmental concerns [37], [38], [15]. Other motivators include interest in automation 

[9], [39], [36], [40], local sustainability [37], [41], [42], increased energy awareness [43], 

and comfort [44].  

Barriers often relate to perceived loss of control, as consumers are reluctant to surrender 

autonomy over devices [45], [8], [39], [46]. Acceptance tends to increase when override 

options or opt-outs are available [47], [48], [45], [27], [49]. Concerns over privacy and data 

security are also significant [50], [51], [52], [53], [54], [55]. Trust in service providers is a 

crucial enabling factor [47], [48], [56]. Consumers are more likely to participate when 

providers demonstrate transparency, technical competence, and clear communication about 

program benefits [26], [8], [57] [58], [59].  

Mistrust - whether before or after enrolment - can act as a major barrier [59]. Trust is also 

influenced by consumers' understanding of electricity systems and the role of DLC in 

addressing broader energy challenges [60], [61], [26]. The growing recognition of the 

óSocial License to Operateô concept has brought attention to broader public acceptance of 

DLC and the need for trust, transparency, and alignment with societal values [62], [63], 

[64].  

Building on this body of work, the present study adopts a quantitative approach to further 

explore householdsô views and increase knowledge on their willingness to invest, 

motivations and barriers, as well as interest in and acceptance of DLC by an independent 

aggregator or electricity supplier. 

2. Methodology 

To assess households' view on DLC, a large-scale survey was conducted. The sample 

included nearly 40,000 customers from four distribution system operators, mostly 

households not yet using DLC - referred to as potential flexibility providers - and about 

10,000 customers of an independent aggregator, considered active flexibility providers. 

Response rates were 3.3ï3.9% for the former and 14.4% for the latter. 

The higher response rate among active flexibility providers likely reflects greater interest 

in the topic, as most had already invested in solar panels, electric vehicles, or home batteries. 

Among potential flexibility providers, fewer had taken such steps, though still more than 

the general population (see Table 1). 

Table 1: Investment in home batteries, solar panels and electric cars among active and potential flexibility 

providers as well as the population in general  
Investment Active flexibility 

providers 

Potential flexibility 

providers 

Population in general 

Has home battery 96% 6% ~1% 

Has solar panels 99% 22% ~10% 

Has electric vehicle 52% 27% ~11% 

  
Gender distribution also differed: female respondents were notably underrepresented 

overall, and even more so among active flexibility providers (see Figure 1). This likely 

reflects both a male-dominated aggregator customer base and greater male interest in energy 

technology. 
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Figure 1: Distribution of gender across the two groups of households 

Besides gender, the sample was not fully representative in terms of age, education, income, 

household size, origin, and housing. Respondents tended to be older, higher-income, more 

educated, and more likely to live in single-family homes and be of Swedish origin. 

To explore preferences when it comes to business models for DLC, the survey included Discrete 

Choice Experiments (DCEs) related to electric heating, electric vehicles, and home batteries. 

Table 2 outlines the five attributes used in each experiment. 

Table 2: Overview of attributes and their levels in the three discrete choice experiments 

Attribute   Level 1 Level 2 

Electric heating 

Max number of control events   Once per day   Unlimited 

Possibility to temporarily regain control   Never   Always 

Financial compensation [monthly average]   SEK 500   SEK 1,500 

Impact on indoor temperature   No impact   Impact 

Controlling actor   Electricity supplier   Independent aggregator 

Electric vehicle 

Max number of paused chargings   Every charging   Every 5th charging 

Max extended charging time   30 minutes   3 hours 

Financial compensation [monthly average]   SEK 500   SEK 1,500 

Possibility to temporarily regain control   Never   Always 

Controlling actor   Car manufacturer   Independent aggregator 

Home battery 

Control events   Nighttime   Always 

Possibility to temporarily regain control   Never   Always 

Financial compensation [monthly average]   SEK 500   SEK 1,500 

Contract termination notice period   1 month   3 months 

Controlling actor   Electricity supplier   Independent aggregator 

  

Each DCE asked respondents to choose between different combinations of attribute levels, 

such as ñhighò vs. ñlowò compensation. One attribute concerned the preferred type of actor 

offering the service, and respondents also rated their trust in each actor, which was later 

used as a numerical variable. 
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Eighteen profiles (combinations of attributes) were selected and grouped into six sets of 

three, and respondents had to choose one profile from each set. Even when no option was 

appealing, the forced choice format yielded valuable data on relative preferences. 

To assess which attributes influenced choices most, a conditional logit model was used. 

This method estimates how attributes affect the likelihood of a profile being selected, such 

as how compensation levels impact decisions. The profiles were well-balanced in the sense 

that they enabled a clear estimation of the attribute effects. To avoid confusion and ensure 

reliable results, it was also ensured that the attributes were not too similar to each other. 

3. Results 

The results of the survey study show that there is a fairly widespread perception among 

households that flexible electricity use can lead to reduced climate impact and a more 

sustainable energy system. This perception is significantly more common among active than 

potential flexibility providers. This also applies to their approach to the grid capacity 

challenge and their belief in flexible consumption as part of the solution.  

Households are fairly willing to temporarily reduce or shift their electricity use manually, 

and they are comparatively even more willing to invest in technology for the purpose of 

DLC. When it comes to the willingness to delegate the control of electricity use to an 

external party, this willingness is relatively limited. 

The factor that has the greatest impact on households' willingness to engage in DLC is the 

potential to reduce their electricity costs, followed by trust in the actor in question and a 

desire to reduce their electricity consumption. The factor that constitutes the greatest barrier 

to DLC is a perceived loss of control over the loads at hand. Contrary to expectations, lack 

of knowledge did not have a significant effect on the willingness to engage in DLC. 

Interest in DLC tends to be highest among men with high levels of education and income. 

Whether their interest in energy-related innovations has influenced their decision to invest 

in technology for DLC purposes, or whether the causality is the other way around, is 

unclear, but there is a clear correlation. 

The results from the analyses using the conditional logit model regarding DLC of electric 

heating, electric vehicles, and home batteries show that all attributes had a significant 

impact on householdsô choice of profiles, although the direction and strength of the effects 

varied (see Table 3). 
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Table 3: The respective impact of attributes on the choice of profiles for DLC 

Probability that the attributes influence the choice of profiles for DLC of electric heating 

Attribute   OR*   CI**  

Maximum number of control events [unlimited]   1.46 1.39 ï 1.52 

Possibility to temporarily regain control [always]   3.15 2.99 ï 3.31 

Financial compensation [SEK 1500]   2.67 2.54 ï 2.82 

Impact on indoor temperature [yes]   0.64 0.61 ï 0.67 

Trust in controlling actor [aggregator]   1.06 1.04 ï 1.07 

Observations                                                                                                                                 22,764 

R² Nagelkerke***                                                                                                                         0.181 

Probability that the attributes influence the choice of profiles for DLC of electric vehicles 

Maximum number of paused charging sessions [each session]   1.33   1.26 ï 1.41 

Maximum extended charging time [3 hours]   0.89   0.84 ï 0.94 

Monthly financial compensation [SEK 1500]   7.16   6.60 ï 7.77 

Possibility to temporarily regain control [always]   5.37   4.98 ï 5.78 

Trust in controlling actor [aggregator]   1.10   1.09 ï 1.12 

Observations                                                                                                                                   15,321 

R² Nagelkerke***                                                                                                                           0.331 

Probability that the attributes influence the choice of profiles for DLC of home batteries 

Control [always]   1.24   1.18 ï 1.30 

Possibility to temporarily regain control [always]   2.52   2.40 ï 2.64 

Monthly financial compensation [SEK 1500]   5.17   4.87 ï 5.48 

Contract termination notice period [3 months]   0.76   0.73 ï 0.80 

Trust in controlling actor [aggregator?]   1.08   1.07 ï 1.10 

Observations                                                                                                                                   24,209 

R² Nagelkerke***                                                                                                                           0.222 

* Odds Ratio (OR) is a statistical measure used to quantify the strength of the association between two events, 

usually an exposure and an outcome. It is especially common in logistic regression and caseïcontrol studies in 

medicine and the social sciences. 

** A confidence interval (CI) is a range that, with a certain level of confidence, is expected to contain the true 

value of a population parameter, such as a mean, proportion, or odds ratio. A 95% confidence interval, for 

example, means that if the experiment were repeated many times, approximately 95% of the calculated 

intervals would contain the true parameter value. 

*** Nagelkerke RĮ, also known as Nagelkerkeôs pseudo-R², is a measure of how well a logistic regression 

model (or other non-linear regression model) explains the variation in the dependent variable. It is an extension 

of Cox & Snell R², adjusted to reach a maximum value of 1, making it easier to interpret and compare with the 

classical R² from linear regression. 

 

Households tend to have slightly more trust in independent aggregators than other actors 

when choosing offers related to LDC. However, the difference is small, and the choice is 

more strongly influenced by other factors than trust, such as the level of financial 

compensation and the possibility to regain control over the flexibility resource in question 

when needed. 
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Extended abstract 

Portugal is firmly committed to achieving carbon neutrality by 2045, advancing its original 

2050 target. This national ambition is structured within the National Energy and Climate Plan 

2021-2030 (PNEC 2030), which outlines five interlinked pillars: decarbonisation, energy 

efficiency, security of supply, internal energy market integration, and innovation and 

competitiveness. Among these, energy efficiency stands as a key priority, fundamental to 

reducing consumption and fostering a more autonomous and sustainable energy system. 

 The energy transition demands behavioural change, citizen empowerment, and the promotion 

of sustainable habits. Within this context, the REPowerEU Plan, launched in May 2022 as a 

response to energy market disruptions and geopolitical instability, reinforced the urgency of 

energy transition measures across Europe. Portugal incorporated this plan into its Recovery and 

Resilience Plan (PRR), where the reform RP-C21-r44 outlined the creation of ñEspa­os 

Energiaò (Energy Spaces) ï one-stop-shops for energy efficiency. 

The "Espa­os Energia" initiative aims to provide accessible support to citizens in adopting 

energy efficiency and renewable energy measures, enhancing energy literacy and stimulating 

behavioural change. This aligns with several goals of the PNEC 2030, including: 

- Reducing primary energy consumption in a cost-effective way; 

- Increasing the use of renewable energy sources; 

- Enabling a fair and inclusive transition, particularly by tackling energy poverty and 
involving citizens as active agents of change. 

The initiative was co-developed through a design-thinking approach that involved more than 

20 institutions from the energy, social, and public sectors. It is coordinated by ADENE ï 

Ag°ncia para a Energia, with strategic partnerships including the National Association of 

Municipalities (ANMP), National Association of Parishes (ANAFRE), National Confederation 

https://www.adene.pt/
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of Solidarity Institutions (CNIS) and the National Network of Energy and Environment 

Agencies (RNAE). 

The application of Design Thinking ensured that solutions are citizen-centered and responsive 

to real-world needs. This methodology involved extensive co-creation sessions, bringing 

together over diverse organizations and numerous stakeholders, including government, 

academia, industry, and civil society. Through this collaborative and iterative process, Design 

Thinking enabled the development of a base model for the EE's functions, service structure, 

governance, financing, and physical/virtual interfaces, as well as variants of this model tailored 

to different territories. This approach fostered an innovative and practical design, promoting 

deep understanding of user needs and ensuring the resulting spaces would genuinely empower 

citizens in energy efficiency and sustainable behaviors. 

The services offered by the Espa­os Energia (EE) are divided into: 

- Mandatory Services, such as: 

  - Technical advice on energy equipment and solutions; 

  - Support in evaluating commercial proposals; 

  - Guidance on financial incentives; 

  - Interpretation of energy bills; 

  - Basic information on renewable energy and self-consumption. 

- Optional Services, depending on local capacity, including: 

  - Energy efficiency in small businesses and buildings; 

  - Circular water use and sustainable mobility; 

  - Community energy management; 

  - Smart energy solutions; 

  - Application support for funding; 

  - Promotion of green jobs and support for vulnerable consumers. 

To facilitate citizen access, a digital platform and website were developed, and a dedicated 

training programme (Academia ADENE) was launched to capacitate EE technicians, ensuring 

consistent and high-quality service delivery. 

 
Figure 1 ï Rede Espa­o Energiaôs Website 

 

The Call for Tenders 01/2025 from the Environmental Fund is crucial for the establishment and 

initial operation of the "Espa­os Energia" (EE) network in Portugal. This notice, which is a key 

reform (RP-C21-r44) within Portugal's REPowerEU chapter of the Recovery and Resilience 

Plan (PRR), directly aims to support the creation of one-stop-shops for citizens concerning 

energy efficiency. Its primary contribution is to guarantee the necessary financing for the 

creation and initial operation of at least 50 physical "Espa­os Energia", providing non-
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reimbursable grants to eligible promoting entities such as municipalities, intermunicipal 

entities, parish councils, and other local or regional bodies, or national public/private entities in 

consortium. By allocating funds from the Environmental Fund, the notice ensures that these 

entities can swiftly and effectively operationalize their services to empower citizens in energy 

efficiency and renewable energies, promote energy literacy, and foster sustainable behaviors, 

thereby combating energy poverty and accelerating local decarbonization. 

As of March 31, 2025, a total of 115 physical Espa­os Energia are operational across Portugal, 

surpassing the original targets of the PRR. This success highlights the initiativeôs scalability 

and adaptability, as well as its contribution to Portugalôs energy independence and 

decarbonisation pathway. 

   

Figure 2 - Energy Spaces brought to life 

 

Importantly, the EE model enhances public understanding of energy use, promotes sustainable 

behavioural shifts, and directly addresses energy poverty, one of the core challenges in ensuring 

a just transition. The initiative includes monitoring mechanisms, with performance data being 

reported to the National Observatory for Energy Poverty (ONPE) to support evidence-based 

policymaking. 

 

In conclusion, the "Espa­os Energia" initiative is a practical and scalable model for fostering 

behavioural change and citizen participation in the energy transition. It exemplifies how local-

level action, supported by national strategy and cross-sectoral collaboration, can lead to 

significant progress in energy efficiency, renewable energy adoption, and social inclusion. Its 

success thus far marks a milestone in implementing the PNEC 2030 and REPowerEU 

objectives, and offers valuable insights for replication in other EU contexts. 
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Extended abstract 

Excessive consumption is a major driver of greenhouse gas emissions [1]. Particularly in high-

income countries, consumption levels far exceed what is environmentally sustainable [2]. To 

ensure well-being for all within planetary boundaries a shift in consumption patterns is needed, 

especially in the global north. We need to move towards sufficiency - the idea of óôliving with 

enoughôô. However, in consumption-oriented cultures, sufficiency remains a politically and 

socially sensitive topic. Consuming less is often perceived as a sacrifice, while exposure to 

advertisements reinforce the norm of purchasing more than necessary.  

The affluent hold a pivotal key to the transition toward sufficiency-oriented lifestyles. A 

growing body of research shows that the wealthiest 10% of the global population are 

responsible for nearly half of global greenhouse gas emissions - both through consumption and 

investment patterns [3, 4]. Their environmental impact far exceeds their proportional share and 

disproportionately drives climate extremes and planetary boundary transgressions [5]. 

But their relevance goes beyond emissions alone. Affluent individuals also shape norms around 

"the good life", influence policy and investment decisions, and often occupy powerful positions 

as investors, organizational leaders, and role models [6]. While their emissions are 

disproportionately high, they also possess greater carbon capability - the capacity to act, 

influence others, and adopt low-carbon alternatives more swiftly than other groups [5]. 

Engaging affluent individuals and households in rethinking consumption, embracing 

sufficiency, and leveraging their influence could unlock substantial and rapid emissions 

reductions, and help catalyze a broader cultural and systemic shift. 

One promising strategy to increase societal acceptance of sufficiency is to frame it not as a loss, 

but as a source of gains - for individuals, society, and nature. Co-benefits could play a key role 

in this by highlighting the non-environmental advantages of reduced consumption, such as 

individual benefits or benefits for nature or society [7]. Research suggests that especially 

messages emphasizing personal benefits such as more free time and more well-being can be 

effective in encouraging sufficiency behavior [8]. These framings may help in creating a 

positive sufficiency narrative. 

Objective 

In our study, we explore the role of co-benefits in shaping the perception and experience of 

sufficiency among Dutch consumers, with a particular focus on the affluent segment. By 

identifying which co-benefits are most frequently experienced and valued, we aim to contribute 

developing more effective ways to communicate sufficiency and promote sustainable behavior 

in practice.  

Method  

mailto:d.bredenoort@hva.nl
mailto:n.m.benoist@hva.nl
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A representative sample (n = 1203) of the Dutch population was surveyed about co-benefits. 

Additional high-income participants were recruited, resulting in 267 participants in the top 10% 

income group. The research focused on three consumer domains; travel, food and clothing. 

Participants were asked about, among others, their values, current behavior, willingness to 

change, and perceived co-benefits in each domain. 

Perceived co-benefits of climate-friendly behavior were assessed through three domain-specific 

items related to travel, food and drink, and clothing. Each item was introduced with a brief 

example of sustainable behavior relevant to the domain (e.g., taking the train, choosing plant-

based products, or buying second-hand clothing). For example, the travel question read; 

ñIf I were to choose a more climate-friendly option in travel for climate reasons, such as taking 

the train, electric (shared) transport, or bicycle, thené (please select up to three options).ò 

Participants selected up to three co-benefits from a randomized list of 14 response options: 

I save money (1), I become healthier (2), It aligns with what is important to me (3), I have more 

time for family and friends (4), I contribute to fair labor conditions (e.g., no child labor) (5), I 

help create a better world for future generations (6), I reduce societal costs (e.g., from water or 

air pollution) (7), I feel more connected to nature (8), I am seen as a role model by others (9), I 

help preserve animals and plants (biodiversity) (10), I help mitigate climate change (11), I 

reduce the use of water, land, or raw materials (12), Other, namely [open field] (13), I 

experience no benefits (14).  

Preliminary results 

Most frequently mentioned co-benefits across all three domains were ensuring a better world 

for future generations (intergenerational justice), reducing the use of water, land and resources 

and saving money.  

Focusing on the top 10% income group reveals several differences in how co-benefits are 

perceived. Compared to lower and middle-income groups, this group more often identified the 

reduction of the use of water, land, and resources as a co-benefit across all domains. They also 

reported "being seen as a role model" more often, particularly in the travel domain. 

Conversely, the top 10% income group is  less likely to perceive co-benefits related to 

biodiversity, especially in the travel and food & drinks domain. Compared to other income 

groups, the top 10% income group is less likely to perceive saving money as a co-benefit in the 

travel and clothing domain. In the clothing domain specifically, they mentioned the co-benefit 

labor conditions less frequently than other groups. In the food domain, they more often cited 

health as a relevant co-benefit. 

First conclusions and upcoming research 

Our findings confirm that co-benefits can play a crucial role in shaping how sufficiency is 

perceived and experienced by consumers, and thus in advancing climate-friendly behavior. 

However, these benefits are not perceived uniformly across income groups. The affluent - a 

group whose consumption patterns are disproportionately responsible for environmental 

degradation - perceive different co-benefits than the rest of the population. Most notably, they 

value the reduction of the use of water, land, and raw materials more consistently across 

domains, and are more likely to see themselves as role models in the travel domain. Meanwhile, 

co-benefits such as biodiversity protection and fair labor conditions resonate less with this 

group. 

To accelerate the transition toward sufficiency-oriented lifestyles, it is vital to tailor 

communication and interventions to the specific motivations and perceived benefits of high-
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income groups. Our results suggest that messages emphasizing resource efficiency, social 

recognition, and intergenerational responsibility may resonate more with this audience. At the 

same time, a broader transformation will require addressing the structural drivers of 

overconsumption, including the social norms and systems that currently valorize affluence. 

Building on the insights from our co-benefits study, we are conducting two intervention projects 

aimed at translating sufficiency into concrete action among affluent consumers. 

The first project, in collaboration with sustainable travel agency Better Places, focuses on 

reducing air travel among high-income holidaymakers. Using domain-specific co-benefits that 

resonate with this groupðsuch as resource efficiency and social recognitionðwe are 

developing and testing sufficiency-framed narratives at key digital touchpoints in the customer 

journey (e.g., email, website). Target behaviors include opting for train travel and choosing 

closer holiday destinations. 

The second project, commissioned by the Dutch Ministry of Infrastructure and Water 

Management, targets circular consumption behaviors in the domains of textiles, electronics, and 

furniture. In collaboration with a creative agency, we develop interventions that (1) raise 

awareness of the climate impact of affluent consumption patterns, (2) leverage social norms by 

showing that others are already acting, and (3) connect sustainable choices to existing altruistic 

and biospheric values. 

Together, these studies aim to operationalize sufficiency for high-impact groups by framing 

ñlessò as a pathway to more meaning, coherence, and climate impact. 
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Extended abstract   

1. INTRODUCTION  

Renewable Energy Communities (RECs) have become an essential component of the 

European Union's strategy for accelerating the clean energy transition. While economic 

incentives remain important drivers, the willingness of citizens to join RECs is strongly shaped 

by psychological and behavioral factors. Previous research has primarily focused on general 

attitudes toward renewable energy, leaving a gap in understanding how individuals perceive 

different REC operational models. In this study, we distinguish three main REC models: (1) 

Peer-to-Peer (P2P) Energy Trading, where households exchange surplus energy within local 

boundaries, (2) Shared Renewable Energy Installations, and (3) Demand Side Response (DSR) 

model. These models vary in complexity and the level of user involvement, which can 

significantly influence participation. Our attitude measures were designed to represent key 

characteristics underlying these three REC configurations, though not in a direct one-to-one 

mapping. Instead, they capture the essential trade-offs and decision dimensions that 

differentiate these operational models. 

This study investigates the latent dimensions underlying such preferences through 

exploratory factor analysis, providing a framework for designing REC models that align with 

diverse user expectations. 

mailto:mbielecki@swps.edu.pl.
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2. METHODOLOGY  

Data were collected through a Computer-Assisted Web Interview (CAWI) conducted in 

November 2024 using quota sampling from the Ariadna online panel. The survey targeted 

homeowners who either owned photovoltaic (PV) systems or intended to install one within the 

next year, ensuring respondent relevance to REC participation. 

After quality screening, which excluded 113 participants exhibiting straight-lining behavior 

on psychometric scales, the final sample comprised N = 924 respondents. The sample was 

characterized by a high educational profile (55.8% held a bachelor's degree or higher). 

Regarding residence, 40.9% lived in rural areas, while only 8.6% resided in the largest cities 

(450k+). Most respondents (75.5%) lived in detached houses. With respect to PV ownership, 

59.4% already had PV systems, and 40.6% were planning to install one. 

Attitudes were measured through eight bipolar items on a seven-point semantic differential 

scale (1 = strong preference for the left option, 7 = strong preference for the right option), 

selected from an initial pool of nine variables. Each item represented a trade-off between two 

contrasting REC operational variants. The dimensions were designed to capture key behavioral 

and structural aspects of RECs that characterize the three main REC models under 

investigation: 

¶ Decision-Making Approach - Manual control by community members vs. Automated 

decisions managed by an app or algorithm; 

¶ Data Sharing and Digital Management - Complete privacy and manual savings 

management vs. App-based savings optimization in exchange for data sharing; 

¶ Participation Structure and Time Commitment - Active, individual participation with 

higher time investment and larger profits vs. Group participation requiring less time and 

accepting smaller financial gains; 

¶ Financial Risk and Responsibility - Full individual investment and responsibility for 

infrastructure vs. Shared financial risk within a group; no ownership of installations 

(lower cost, no liability); 

¶ Profit Orientation - Maximizing individual financial returns vs. Reinvesting profits into 

local social or community projects; 

¶ Initial Investment Level - Higher upfront investment in photovoltaics for greater 

financial returns vs. Lower initial investment with reduced REC profits; 

¶ Organizational Structure - Individual decision-making with personal responsibility for 

infrastructure vs. Group participation with shared decision-making and distributed risks; 

¶ Infrastructure Ownership - REC-owned production installations ensuring energy 

independence (with associated costs) vs. External ownership avoiding financial 

responsibility but limiting autonomy. 

Each of these trade-offs reflects critical organizational choices faced when designing REC 

models. Respondents were asked to position themselves on each continuum according to their 

personal preference. 

An Exploratory Factor Analysis (EFA) was conducted in R using the psych package. The 

number of factors to extract was determined via Parallel Analysis, which supported a three-

factor solution. Factors were extracted using the Minimum Residual method with an oblique 

oblimin rotation, reflecting the theoretical expectation of correlated dimensions. Model fit was 

assessed using the Tucker-Lewis Index (TLI) and Root Mean Square Error of Approximation 

(RMSEA). 

3. RESULTS 

The three-factor model demonstrated excellent fit (TLI = 0.97, RMSEA = 0.045), 

confirming the adequacy of the solution. The factors accounted for 42%, 35%, and 23% of the 

variance, respectively: 
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¶ Factor 1: Delegating Control (42%) ï Captures preferences for automation, such as 

algorithms or apps managing energy decisions, optimizing consumption, and handling 

financial operations versus direct personal control. 

¶ Factor 2: Convenience & Shared Risk (35%) ï Reflects a preference for collective 

participation models that reduce personal risk and time involvement, even when 

associated with smaller financial returns. 

¶ Factor 3: Community Investment (23%) ï Represents a tendency toward low initial 

investments, social reinvestment of profits, and avoidance of individual financial 

responsibility, as opposed to profit-maximizing individualism. 

The factors were moderately and positively correlated (r = 0.43-0.56), suggesting that while 

conceptually distinct, these dimensions often coexist in individual preference structures. 

To validate the factorial structure and examine its relationship with REC acceptance, we 

conducted correlation analyses between the three attitude dimensions and both overall REC 

acceptance (based on Theory of Planned Behavior measures) and cost perception beliefs. The 

three factors showed distinct correlation patterns: Factor 1 (Delegating Control) demonstrated 

a moderate positive correlation with overall REC acceptance (r = 0.23, p < .001) and minimal 

correlation with cost concerns (r = 0.07, p < .05). Factor 2 (Convenience & Shared Risk) 

exhibited the strongest positive relationship with overall acceptance (r = 0.34, p < .001) while 

showing a slight negative correlation with cost perception (r = -0.10, p < .01). Factor 3 

(Community Investment) displayed the weakest correlation with overall acceptance (r = 0.10, 

p < .01) but the strongest positive correlation with cost concerns (r = 0.20, p < .001). 

4. DISCUSSION AND CONCLUSION 

This study moves beyond the simplistic dichotomy of ñpro-REC vs. anti-RECò attitudes 

and advances acceptance understanding by revealing three distinct psychological dimensions 

underlying citizen preferences. The differential correlation patterns validate our 

multidimensional approach: Convenience & Shared Risk showed the strongest positive 

relationship with overall acceptance and negative correlation with cost concerns, suggesting 

cooperative models reducing individual burden may most effectively promote participation. 

Conversely, Community Investment's weak acceptance correlation but strong cost concern 

association reveals a barrierðthose attracted to low-investment, socially-oriented models are 

most cost-sensitive. 

These insights have direct policy implications. REC developers should offer multiple 

participation models aligned with different attitudinal profiles: automation-enabled options for 

those comfortable delegating control, cooperative structures for risk-averse convenience-

seekers, and low-barrier community-benefit models for investment-limited participants. 

Recognizing these diverse psychological orientations enables more inclusive REC 

configurations that overcome participation barriers and accelerate the EU's energy transition 

objectives. 
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Extended abstract  

Introduction and background: 

The domestic energy sector plays a pivotal role in global energy consumption and associated 

carbon emissions. In the UK, households account for approximately one-third of total 

energy use and one-quarter of carbon emissions. Globally, the residential sector is 

responsible for 22% of energy use and 17% of CO  emissions. As the climate crisis grows 

more urgent, reducing domestic energy use offers a major opportunity for mitigation. To 

act effectively, we need to define what can be reduced.  

 

We propose to use the term óenergy wasteô rather than alternatives like óenergy efficiencyô 

to explicitly frame the issue as the problem requiring action: to reduce whatever is defined 

as waste. Although the term óenergy wasteô appears frequently in academic and policy 

discourse on domestic energy use, it is rarely defined or critically examined. Where it does 

appear, the focus tends to be narrow: either addressing inefficiencies in energy conversion 

processes or misalignment between designed and actual operational energy use in buildings. 

In this paper, we bridge this conceptual gap, by developing a more holistic understanding 

of energy waste. 

Methodology 

We developed a new framework following an iterative analytical approach, a simplified 

presentation of which comprised of three steps. We first pursued developing a conceptual 

understanding of the phenomenon based on our expert understanding of the subject and 
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preliminarily outlined three lenses:  

Á Energy chain: We started with the traditional óenergy chainô, which captures conversion, 

transmission and distribution losses from óprimary energyô sources (fossil fuels, various 

forms of renewable energy from direct and indirect solar energy, nuclear and 

geothermal) to ósecondary energyô suitable for human use (electricity, refined 

petroleum), to ófinal energyô delivered to homes, to óuseful energyô converted by end-

use devices for end use.  

Á Service system: We then shifted focus from the energy chain to energy services, 

recognising that people use energy-dependant services, not energy itself. In line with 

existing literature, we understand energy services as functions performed using energy, 

directly or indirectly, that enable, facilitate or add value to human experiences, which 

are means to meet human demands. This lens allowed us to consider how various inputs, 

both energy and non-energy, can be organised to deliver a system of services effectively. 

For example, access to work or shops may involve not only different transport modes, 

but also different urban forms.  

Á Sociology of consumption: Finally, we turned our attention to the questions of how and 

why the energy is used. Given its prominence in energy research, we thought that 

theories of social practice can be useful to explore these questions. Practice theory 

suggests that energy demand and use is not an individualised behaviour, but is socio-

technically structured, as it is part of, and an outcome of, social practices.  

Out second methodological step was to position our emerging conceptual understanding 

within the broader literature. We conducted a search on 6 June 2025 using the Web of 

Science database with the search string: ñenergy waste*ò AND (home* OR house* OR 

domestic OR dwelling* OR residential). The search yielded 311 papers. After excluding 

non-English publications, conference proceedings, and records that did not address energy 

waste in dwellings (based on titles, abstracts and full texts), 119 papers remained for in-

depth analysis. Strikingly, only one of these papers offered an explicit definition of energy 

waste. In more than half of the papers, the term was used within óenergy managementô 

discourse, with the remaining papers almost equally split between the first and second 

lenses. This likely reflects variation in terminology, with different aspects of the 

phenomenon often discussed under different terms like energy efficiency, conservation, 

management or savings. This represents a limitation, and future searches should include 

these terms to capture a broader range of perspectives. 

The review revealed four key dichotomies that underpin understandings of energy waste: 

Á Supply-side vs demand-side perspectives 

Á Top-down vs bottom-up approaches 

Á Linear vs systems thinking 

Á Technical vs social dimensions 

Time has also emerged as an important dimension against which energy waste should be 

considered. Finally, we used these insights to revise our initial framework and stabilise 

emerging concepts. 

Results 

The revised framework ï Energy Waste Triad ï comprises three interrelated components 

(Figure 1 and Table 1): (1) energy conversion chain, (2) service system, (3) sufficiency, 
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which should be considered along the full lifecycle of the building (Table 2). 

 
Figure 1. Energy Waste Triad. 

Table 1. Energy Waste Triad: core characteristics.  

Characteristics 

Energy Waste Triad 

Energy conversion chain Service system Sufficiency 

Focus Technical system managing 

resources  

Socio-technical systems  

System scales: 

- Micro: materials and 

technologies 

- Meso: building 

- Macro: neighbourhood 

or city 

Problematisation of energy 

need; sociology of 

consumption 

Energy waste cause Technical inefficiencies. Inefficient system design 

and utilisation 

Excessive system design 

and use 

 
Table 2. Energy Waste Triad: opportunities to reduce energy waste across building lifecycle stages.  

Building lifecycle 

stages 

Energy Waste Triad 

Energy conversion chain Service system Sufficiency 

Materials extraction 

and manufacturing 

Reduce embodied energy in 

materials and 

technologies 

Use local sources materials Shift focus from meeting 

demand to living within 

means  

Design Specify high-efficiency 

end-use technologies 

Design for service 

efficiency with minimal 

resource input 

Consider waste heat 

recovery in system design  

Assess how new 

technologies create 

additional demand 

Construction Use local, low-embodied-

energy materials and 

systems 

Use offsite and modular 

construction to cut energy 

use 

Challenge material 

wasteful, fast construction 

practices  

Operation and use Ensure operation of energy 

systems to their 

specifications 

Reduce energy intensity per 

service delivered  

Enable reflective 

engagement via energy 

monitoring and feedback 

Maintenance and 

renovation 

Use durable materials to 

reduce renovation 

frequency 

Utilise modular 

construction to reduce the 

need for full replacements  

Challenge frequency of 

renovation cycle 

Challenge using renovation 

to expand property size 

Demolition  Reuse and recycle materials  Develop neighbourhood 

systems to support reuse 

Evaluate and improve 

sharing economy practices 

Transport Consider energy use for transport throughout building lifecycle 
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Concluding thoughts and future steps 

Energy waste remains a difficult phenomenon to address, partly because energy itself is 

invisible. Unlike material waste, it lacks physical presence and is harder to quantify in 

meaningful social terms. The Energy Waste Triad offers a conceptual tool to articulate, 

structure, and communicate the many dimensions of energy waste. 

This paper is part of the Energy Demand Observatory and Laboratory (EDOL) project. 

EDOL offers a valuable chance to test the Energy Waste Triad in practice. It gathers data 

from over 2,000 households. The data includes detailed gas and electricity consumption, 

internal temperature, humidity and survey answers on energy use, comfort and appliance 

ownership. Though the dataset does not capture all energy uses or all household membersô 

behaviours, it allows initial testing of the three energy waste lenses. This work will guide 

future improvements to the framework. It will also reveal gaps in existing data collection 

efforts for the EDOL project. 
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1. INTRODUCTION  

The hospitality sector, increasingly aware of environmental concerns, is focusing on 

improving resource efficiency so as to reduce its environmental impact. In Malta, where 

tourism is a vital economic pillar, the hospitality sector significantly influences the local 

environment. Although resource-efficient practices are known, their actual implementation 

and effectiveness remain uncertain. To address this gap, this research investigates 

sustainability practices and behavioural trends in 4- and 5-star hotels, using specifically 

tailored questionnaires to explore the perspectives of both hotel management and guests on 

sustainability.  

1. OVERVIEW OF THE MALTESE 4 AND 5-STAR HOTEL INDUSTRY   

A look at the most recent statistics of the Maltese hospitality sector [1], specifically the 4- 

and 5-star hotel sector, as presented in Figure 1, shows the results of a thriving 2.5bnú 

industry.   

2. METHODOLOGY  

Over recent years, research on energy use in the local hospitality sector has grown, with 

studies such as Magro and Borgôs [2] analysis of CHP systems in hotels, Gonzalez and 

Yousifôs [3] case study on a sustainable hotel in Gozo, and the Interreg DETOCS project [4] 

focusing on tourism decarbonisation. However, there remains a significant gap in local 

http://www.um.edu.mt/
http://www.um.edu.mt/
http://www.um.edu.mt/
https://www.energywateragency.gov.mt/
https://www.energywateragency.gov.mt/
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research addressing behavioural patterns in hotel management and guest practices. To address 

this, the current study prioritised the collection of primary data through questionnaires. As a 

result, a detailed field study using two custom-designed questionnaires was implemented:  

i. A technical questionnaire aimed at hotelsô top management, consisting of 35 mostly 

closed-ended questions, incorporating a mix of general óYesô/óNoô questions and 

Likert scale questions sub-structured in 3 distinct sections, namely, (a) Energy and 

Water Practices, (b) Perception and Behaviour, and (c) Energy Audits and Funding 

Schemes; and  

ii. A guest-focused questionnaire comprising 9 Likert scale structured questions aimed 

at gathering insights into hotel guestsô awareness of sustainable practices within the 

hotels they were staying in. The questionnaire explored guestsô views on hotel 

sustainability efforts and the influence social media marketing and green 

certifications had on their booking decisions.  

The management questionnaire was conducted through phone recruitment and, in some cases, 

follow-up meetings, while the guest questionnaire was distributed in paper or online form 

during the check-out process.   

  
Figure 1. Infographic: 4 and 5-star hotel sector performance over 2019-2023 period (Author AI 

Generated) 

3. RESULTS AND FINDINGS  

What follows are the main findings of the study carried out.  

1.1. Management Technical Survey Results  

1.1.1. Overview of Results and ECO Certification  

Fifteen 4- and 5-star hotels accepted to participate in the study, 8 of which are ECO certified. 

Eco-certification for hotels is a process whereby a third-party agency verifies that a hotel 

meets specific sustainability criteria, demonstrating its commitment to environmental and 

social responsibility. In Malta, there are currently three sustainability certifications which are 

endorsed by the local licensing authority, the Malta Tourism Authority, namely, the EU 
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Ecolabel, Green Key, and Global Sustainable Tourism Council (GSTC) [5], with a total of 17 

4- and 5-star ECO certified hotels. Despite lacking any certification, those hotels without an 

ECO credential still demonstrated a strong commitment towards resource efficiency, 

including measuring energy consumption by use and having implemented some form of 

energy and, or water efficiency measures, program or technical system (e.g. use of energy-

efficiency lighting, water conserving fixtures, etc.). Amongst those hotels which had an ECO 

certification, four showed an environmental commitment over and above what is required 

from being certified.   

1.1.2. Behavioural Trends  

Apart from gauging what resulted as being a robust commitment towards environmental 

sustainability, which was clear from the responses received, the questionnaire also delved 

into management perspective on the importance of various sustainable practices as shown in 

Figure 2.  

 
Figure 2: Managementsô perspective on the importance of a number of common sustainable 

practices 

Hotel management commonly prioritised sustainable practices like ómaximising natural lightô 

and óusing energy-efficient lightingô. Less emphasis was placed on landscaping with native 

plants and limiting room temperature controls, often due to spatial constraints and concerns 

about guest comfort. Most hotels (80%) had conducted energy audits, leading to major 

sustainability improvements such as upgrading heating systems to heat pumps, adjusting 

chiller and boiler settings, adopting LED lighting, and integrating renewable energy and room 

management systems. Only 50% of hotels had applied for energy or water improvement 

funding, citing complex application processes and concerns about eligibility for larger 

organisations as barriers.  

  

1.2. Guestsô Survey Results  

1.2.1. Overview of Results on Sustainable Practices  

From the 15 participating hotels, only two distributed surveys with their guests, collecting 44 

responses The majority of respondents were between 60 and 70 years old, with most visiting 



Back to table of contents 

52 

for leisure purposes and many choosing to stay for a week or longer. A significant majority 

of surveyed guests, 88.6%, identified themselves as environmentally conscious consumers. 

Surveyed on their views on the most impactful sustainable practices in hotels, there was a 

clear consensus that lighting-related initiatives were the most effective, as illustrated in Figure 

3. In particular, respondents rated practices such as utilizing natural daylight, implementing 

energyefficient lighting, and installing automatic lighting sensing as highly effective in 

enhancing sustainability within hotel environments, likely because these are clearly visible 

technical aspects which are easily understandable by the majority of guests.  

  
Figure 3: Guestsô perspective on the most impactful sustainable practices within hotels in general 

1.2.2. Guestsô Behavioural Trends  

Within the same guestsô survey, guests were asked about their behavioural aptitude towards 

their hotelôs sustainability efforts and the impact of social media on their choices.  Below are 

the main take-away from the results obtained:  

Å Overall, guests were highly satisfied with their hotel's environmental endeavours, and 

most guests agreed that their hotel's sustainable practices had a positive effect on their 

comfort; and  

Å While many guests were satisfied with their hotel's social media marketing of its green 

credentials, fewer felt the hotel effectively communicated details about these efforts. 

Å A positive correlation, with a ɟ-value of 0.048 based on a Spearmanôs correlation test 

was observed between the hotel's green marketing on social media and guests' 

preference for sustainable hotels, highlighting the influence of effective green 

marketing on guest behaviour and choices.  

1.3. Comparing Management and Guestsô Perspective on Sustainability Practices  

Comparing the results for the first two positive Likert scale responses for both management 

(i.e. extremely important, very important) and guestsô (i.e. very effective, somewhat effective) 

perspective on sustainability practices used within hotels, yields some interesting results with 

some alignment and some disagreement. As shown in Figure 4, both groups see lighting 

efficiency as important, however respondent groups then differ on the importance given to 

various water-saving measures. Possible reasons for this, include misunderstanding water use 
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impact on resource-efficiency locally and guests prioritizing comfort (e.g. wanting fresh 

linens and towels daily).  

  
Figure 4: Comparison management and guestsô perspective on sustainable practices 

4. CONCLUSIONS  

The hospitality industry in the Maltese Islands is increasingly adopting sustainable practices, 

though balancing environmental conservation with guest satisfaction remains challenging. 

This study, based on surveys from local 4- and 5-star hotels targeting both hotel management 

and guests, reveals that both ECO certified and non-certified hotels are actively pursuing 

energy efficiency and sustainability initiatives. Nonetheless, hotel management widely 

acknowledges the importance of sustainability, supported by internal practices and embracing 

sustainable behaviour. Guest feedback highlights a strong link between environmental 

awareness and hotel choice, with lighting initiatives notably enhancing satisfaction and social 

media praise.  
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1. INTRODUCTION 

In their last Directive on energy efficiency, the European Parliament and the Council 

recommend promoting energy performance contracting for renovation of both private and 

public buildings. ñEnergy performance contracting means a contractual arrangement 

between the beneficiary and the provider of an energy efficiency improvement measure, 

verified and monitored during the whole term of the contract, where the works, supply or 

service in that measure are paid for in relation to a contractually agreed level of energy 

efficiency improvement or another agreed energy performance criterion, such as financial 

savingsò [1]. 

For public authorities who intend to renovate and improve the energy performance of their 

building stock, EPC projects bring at least two advantages compared with traditional 

renovation projects / energy service contracts: 1/ The energy service provider guaranties cost 

savings achieved through the optimisation of building automation installations and 

investment in energy systems and/or insulation solutions. 2/ The totality or part of the 

investment is recovered by energy savings. 

EPC can also be considered as a new form of product-service systems (PSS). Indeed, PSS 

can be associated to ñproduct-oriented servicesò, ñuser-oriented servicesò or ñresult-oriented 

services [2]. The business model proposed by ESCOs (Energy Service Companies) is based 

on guaranteed energy savings, financing and a remuneration linked to the energy savings 

achieved [3]. 

In France, even if the ESCO market is very dynamic, most energy service contracts are not 

performance based [4].  

Ademe, the French ecological transition agency, supported in 2016, the creation of the French 

National Observatory for EPC (ONCPE). The aim was to analyse the evolution of the market 

for EPC, to offer feedback and to promote the development of a culture of energy 

performance and the dissemination of this contractual tool to market players. Most projects 

identified in the data base concern heavy refurbishment projects integrating works on energy 

systems and building envelop [5]. For these projects, the level of investment is usually high 

and financed by public authorities. The payback period is longer than the contract. The energy 

service provider is frequently a consortium gathering a contractor (in charge of the works), 

an operator and a design office. 

mailto:frederic.bougrain@cstb.fr
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For the last two years, the aim of ONCPE was to focus on qualitative analysis and to propose 

case studies. The aim of the paper will be to present the main lessons drawn from seven in-

depth case studies which are detailed on ONCPE website. 

2. EPC: RESULTS OF SEVEN IN-DEPTH CASE STUDIES 

2.1. Methodology 

Data collection is based on interviews with executives in charge of managing and 

administering the contract for the public authorities and the private operators. The interviews 

focused on the organisation of the market procurement, the organisation of the consortium 

and the client, the implementation and operation of the EPC and the results. The aim was also 

to identify the lessons learned from the projects. Interviews were carried out in 2023 and 

2024. All projects were at least launched four years before to get sufficient feedback from the 

operational stage (each energy service provider is in charge of both the maintenance and the 

operation). 

2.2. Main characteristics of EPC 

Table 1: The seven EPC in a snapshot 

Public 

authorities 

Buildings Year and 

length of 

procurement 

Length 

of the 

EPC 

Energy efficiency 

actions 

Works 

(in 

Euros) 

Energy 

saving 

Social 

housing 

Company 

383 

dwellings 

2017 - 7 

months 

10 years Works on building 

envelops & 

equipment, energy 

awareness 

11 

millions 

37% 

Departmental 

Council 

53 

buildings 

2014 - 2 

months 

28 

months 

Monitoring, 

optimisation of 

existing equipment, 

energy awareness 

361 000 19% 

Departmental 

Council 

5 

secondary 

schools 

2017 - 10 

months 

10 years Works on building 

envelops & 

equipment, energy 

awareness 

28 

millions 

Around 

40% 

Health 

authority 

1 hospital 

and 1 

retirement 

home 

2020 - 12 

months 

10 years Works on equipment, 

energy awareness 

340 000 16% 

Regional 

Council  

15 high 

schools 

2008 - 12 

months 

20 years 

(private 

financing) 

Works on building 

envelops & 

equipment, energy 

awareness 

41,8 

millions 

Between 

29 and 

39% 

Social 

housing 

company 

952 

dwellings 

2015 - 19 

months 

10 years Works on building 

envelops & 

equipment, energy 

awareness 

12,8 

millions 

58% (and 

75% of 

renewable 

energy) 

Retirement 

establishment 

(Private) 

64 

retirement 

homes 

2016 - 6 

months 

8 years Works on equipment, 

energy awareness 

- 32% 

3. LESSONS LEARNED 

Each project cannot be comparable since they concern different types of buildings and users. 

Investment costs and energy saving solutions also vary extremely from one project to the 

other. However, some general trends can emerge from these individual case studies: 

The length of the procurement period is longer than for basic energy service contracts. The 

complexity of the projects, data collection, the modelling attached to the measurement & 
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verification plans, the establishment of an accurate energy-use baseline, the procurement 

approach (a competitive dialogue was used in six of the seven projects) contribute to lengthen 

this period. 

Energy savings obtained are always above the contractual target. 

Results are better when the operator is associated to the works and is involved before the 

beginning of its contract. 

Four of the seven projects required large investments (new windows and insultation of the 

walls and the roof). In such situation, there is no possibility to compensate the costs by the 

energy savings. However, public authorities consider these investments are unavoidable to 

keep the value of their assets. 

All operators consider that users play an important role in the performance reached. 

Consequently, a specific budget dedicated to communication and energy awareness actions 

is provided. 

Consultants assisting public authorities play a key role in the success of these projects. Most 

public authorities never experienced EPC. Consultants help them to lead the competitive 

dialogue, to challenge the candidates, to identify the risks associated to these contracts and to 

handle the M&V plans. 

When projects concern several buildings, specific incentives are introduced to avoid the 

negligence of the operator and a focus on the ñeasiestò buildings. 

The main risks concern the loss of information between the procurement procedure and the 

operational stage. When the public project team involved in the set-up of the contract is not 

involved during the operation, this led to a loss of knowledge. The extension of the contract 

of the consultants involved during the procurement procedure is a way for public authorities 

to reduce this risk which is also quite frequent because most EPC are long term contracts. 

Similarly, private operators frequently faced high internal turnover among technicians in 

charge of maintenance and operation. Even if the information is available in the centralised 

control station, there is a need to know about building characteristics, equipment in use and 

occupantsô behaviour. Thus, private operators may also face a loss of corporate knowledge 

and expertise.  

4. CONCLUSION 

The paper investigates the performance of EPC through the analysis of seven projects. The 

results show that EPC is successful in achieving energy performance. It can be considered as 

a new form of business model where the remuneration of the energy service provider is based 

on demonstrated performance and the level of energy savings. It encourages reduced 

consumption since in these contracts, the operator is also selling a level of temperature instead 

of a volume of energy. 
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lieux et résultats. 
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1. General context  

Stated as a public problem [1], [2] in the French public space, sufficiency encounters other 

competing notions such as ñprogressò or  ñinnovationò and some framed as solutions like 

ñinnovationò or ñefficiencyò. And different definitions of sufficiency coexisting [3], it 

leaves some space for interpretation.  

On the one hand, understood as living within ecological limits while ensuring a decent life 

for all [1], sufficiency has gained general attraction as a necessary complement ï or 

competitor ï to efficiency and technological innovation [6], [7]. One result is the recognition 

that the ecological and energy transitions required to meet climate targets and ensure 

planetary sustainability are not merely technical challenges, but also fundamentally social 

and political [2].  

On the other hand, sufficiency somehow implies a different approach to the business-as-

usual economic development, especially suggesting limits to consumption [8] and probable 

major changes in modes of consumption [9]. 

2. Scope and objective 

Discussing limits, notably the existence of maximums that do not threaten othersô good life 

can be problematic in liberal societies [10], [11]. Limits can be politically sensitive [12] and 

contested [13], especially when they are not publicly supported through collective policies 

and validated by the perception that everyone contributes equally [14], [15], [16]. Limits 

and the idea of justice ï or at least of equally shared burden ï thus share a common line of 

thought. 

Public resistance to sufficiency policies often stems not from ignorance or denial, but from 

perceived unfairness in how these policies are designed and implemented [17]. How 

households perceive the fairness of sufficiency-oriented policies and how benefits are 

distributed [17], [18] shape their willingness to share the burden of transitions and their 

degree of public support i.e. the legitimacy of national policies designed to steer individual 
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and structural change [19]. 

Besides, as modes of consumption are socially, politically and economically situated [20] ï 

even when paying attention to environmental issues [21], [22] ï sufficiency cannot be 

tackled as a one-size-fits-all policies. If considered seriously, sufficiency must take into 

account socio-spatial variables and already existing and situated modes of consumption 

[23].  

The main hypothesis of this paper is that the householdsô perception of sufficiency as a 

means for transitions first depends on the materiality of their modes of consumption; 

second, on their political perception of the society. The social acceptability and framing of 

upper or lower limits depend closely on the householdsô means of living and consuming as 

well as how they think politically.  

This hypothesis makes it possible to articulate sociological as well as political science 

approaches; and to go beyond the simplistic opposition between imposed and chosen 

sufficiency. It also enables the understanding of some now well-established cases e.g. low-

income households often practicing sufficiency out of necessity, yet feeling stigmatized by 

policies that frame sufficiency as a moral choice rather than a structural constraint. Or high-

income households defending decarbonised way of life as a moral individual choice, yet 

having practises that are harmful to the environment. 

3. Research Objectives 

One research question drives this research: how modes of consumption and political 

perceptions interact with each other to influence the perception of sufficiency? 

Following previous work [23], we address four dimensions of the quality and quantity of 

material life (quantity and intensity of use of home equipment; mobility; food; and other 

consumption and waste management). Those dimensions account for about three-quarters 

of a householdôs carbon footprint [24] and include habits subjected to strong citizenship 

injunctions [25].  

Four modes of consumption are thus identified in mainland France in 2024. They are then 

confronted to other variables such as socio-demographic, political, attitudinal, and support 

for sufficiency policies. The methodology and the data available allow for some 

quantification of the relationship between modes of consumption, perceived justice and 

willingness to share the burden of transitions. Some national policy tools (e.g. consumption 

caps, sufficiency incentivesé) are estimated in terms of fairness, legitimacy but also 

possibility and capacity by households. In the end, the paper aims at developing a typology 

of justice-sensitive sufficiency adopters. 

4. Methodological framework 

To answer this question, a survey was conducted in 2024 gathering 7.028 individuals in 

mainland France. It was administered online, using the quota method. The sample is 

representative of the population of France aged 18 years old and over, allowing for 

statistical inference. The design of the questionnaire drew on previous questionnaires 

established either in academic and public research for conducting similar enquiries into 

consumption, lifestyles and environmental issues.  

Statistical analysis by geometric data analysis (GDA) and ascending hierarchical clustering 



Back to table of contents 

59 

(AHC) [26], [27] carried out on the data allowed the construction of the four different modes 

of consumption in France. Each is characterized by different types of energy-consuming 

practices and degrees of sufficiency or profligacy. The results concerning those modes of 

consumption are already published [23]. This paper aims at going one step further by 

understanding the articulation between those modes of consumption and the perception of 

what is enough and what is just, thus measuring the feasibility of some public policies 

discussed at different degrees in the French public space. Modelling is mainly used here. 

5. Main results 

Households belonging to different modes of consumption make different judgments about 

sufficiency and the limits to be set. Likewise, their relationship to politics and public 

policies is not identical and ranges from effectiveness to justice, individual to collective 

actions, obligation to incentiveé The question of who should do what and to what extent 

is therefore not shared by everyone. In the end, our main hypothesis is verified: modes of 

consumption are structural variables of the perception of sufficiency. But within, this 

perception is also modulated by more political variables. 

The analysis suggests that material abundance does not correlate with a sense of 

ñenoughnessò. Indeed, high-income households with the most important practices in terms 

of quantity and quantity are less likely to accept limits whatever their design. On the other 

hand, households with fewer possessions are more likely to support the idea of limits. 

Generally, there seems to be a deep reluctance to accept strict binding consumption caps.  

This paper is useful in the perspective of a democratic discussion on the limits to 

consumption [28] by showing the diverse starting points of the different groups that form 

French society. For some, setting boundaries is more difficult to accept. More generally, 

this paper also enables to empirically decline (and de-generalize) the notion of planetary 

boundaries framework [5] contrary to theoretical [29] or normative [30] approaches.  

6. Conclusions and recommendations  

If taken seriously, sufficiency must explicitly address energy justice. And for sufficiency 

policies to be effective, materials as well as political variables must be tackled. The research 

also suggests that sufficiency can reinforce social inequalities if not carefully framed, hence 

the importance to address injustices. In this context, institutions and perceived reciprocity 

are key to sufficiency acceptance; and sufficiency is more acceptable when framed as 

equitable. Making decision-making spaces and policy design or processes more inclusive, 

and accounting for differentiated responsibilities must be emphasized. 
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Extended abstract 

Introduction 

The town of Lac-M®gantic in Quebec, Canada, is known for having been the site of a major rail 

disaster about a decade ago, caused by a runaway train carrying 7.7 million liters of crude oil 

that derailed in the downtown area, resulting in the deaths of 47 people1. The reconstruction 

was carried out with a focus on adopting renewable energy sources to move away from carbon-

based energy, which was at the root of the tragedy. Lac-M®gantic became home to Hydro-

Qu®becôs2 first and only all-electric microgrid allowing for the local production and 

consumption of solar energy. Moreover, the municipal apparatus has been adapted, and citizens 

involved in transforming their town into a living laboratory for municipal energy transition. 

This small, rural, remote municipality struggling against demographic decline, has risen again 

thanks to remarkable citizen mobilization centered on inclusive energy transition. Continuing 

the citizen consultations initiated during the reconstruction, the town established a citizen 

committee, InnovCIT£ (Innovation Committee for Ecological Transition). As a discussion and 

reflection group, a center for ideation and innovation, and a training ground for citizen 

ambassadors, the committee co-constructs a new governance model for the transition with 

multiple stakeholders. In this regard, it serves as a model and has become a subject of research. 

For four years, benefiting from significant resources provided by the federal Smart Renewables 

and Electrification Pathways Program (SREPs, CAN $2.5 million), with Hydro-Qu®bec as the 

main partner, the town and the committee have led numerous initiatives promoting inclusive 

energy transition. More than thirty initiatives have been identified, including the development 

of community housing equipped with technologies that support energy flexibility, partnerships 

with indigenous communities, the organization of an energy transition week for citizens, local 

businesses, and regional municipalities, the creation of a citizen service portal, and more. 

Notably, Lac-M®gantic was among the first municipalities to engage in wind energy projects, 

which enjoy strong social acceptance. These projects generate royalties for the municipality, 

 
1 Lac-M®gantic marks 10-year anniversary of rail disaster that killed 47 people - The Globe and Mail. 
2 Hydro-Qu®bec is the state-owned corporation responsible for electricity generation, transmission, and 

distribution in Quebec. 

mailto:bourliaguet.bruno@hydroquebec.com
https://www.theglobeandmail.com/canada/article-lac-megantic-marks-10-anniversary-of-rail-disaster-that-killed-47/


Back to table of contents 

63 

which are reinvested in the energy transition through grants for renovation or electric mobility 

projects. As part of a participatory research project, researchers from Hydro-Qu®becôs research 

center were able to attend the committeeôs monthly meetings, participate in various activities, 

and conduct semi-structured interviews with its members. These different methods allow us to 

characterize an ongoing energy transition and draw useful lessons from it. In this presentation, 

we will briefly describe Lac-M®gantic and its history, as well as the events that led to the 

reconstruction of its downtown with a focus on energy transition. We will show how engaged 

citizens were placed at the heart of this transition, list their various initiativesðsome more 

innovative than othersðand analyze their impacts. Through an analysis of the energy transition 

as a municipal public policy, we will highlight two key issues: governance challenges as 

perceived by municipal officials, and more specifically, resource-related challenges. 

Citizen Participation 

Building on its long-standing experience in this area, the municipality established a new citizen 

committee, chairedðas required by lawðby elected officials, composed of co-opted citizens, 

and supported by municipal employees. According to Arnsteinôs ladder of citizen participation 
1, citizen involvement in Lac-M®gantic is particularly active and significant. Committee 

members are engaged at multiple levels, from deliberation to active participation in initiatives. 

The committee has a discretionary budget, and some initiatives are carried out under its control 

after approval by the municipal council, such as the provision of municipal grants. It is also 

continuously informed and consulted regarding energy transition initiatives. 

Numerous, Innovative and Inclusive Initiatives 

Over thirty initiatives have been launched in the past four years, varying in scale and targeting 

different categories: youth, seniors, low-income households, entrepreneurs, local merchants, 

etc. These include among others the drafting of a transition plan, organizing an energy transition 

week to engage citizens, setting up a citizen help desk to guide residents toward available grants, 

expanding communication tools (e.g., videos made by high school students, online games), 

electrifying transportation and equipment, and developing energy-efficient or electricity-

generating infrastructure (such as the fire station and housing units). There are also economic 

development projects centered on the energy transition. Some of the more innovative initiatives 

deserve special attention, such as using revenue from a wind farm to subsidize citizen purchases 

that support the energy transition (e.g., electrification of equipment, heat pumps). The origin of 

the distributed funds is consistently highlighted to make the wind farmôs contribution tangible 

and to strengthen its social acceptance. The fact that the subsidies are financed without 

additional tax pressure also contributes to its acceptability. 

Governance Challenges 

Such a transition cannot occur without an appropriate organizational structure. The municipality 

experimented with several governance models, with mixed satisfaction. However, the core 

bodies of the transitionðmunicipal council, civil servants, the committee, and Hydro-

Qu®becðhave remained stable; it is rather their coordination that has fluctuated. Two key 

factors partly explain these fluctuations: the challenge of aligning ecological and energy 

transitions, and the availability of resources. We observed imbalances and tensions between the 

energy and ecological transitions. These were amplified by Hydro-Qu®becôs very active 
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involvement and the influx of resources for the energy transition, while some citizens are more 

motivated by values associated with ecological transition. 

Resource Challenges 

The issue of resources is unavoidable when analyzing public policy. Here, we use a framework 

proposed by Knoepfel et al.2. With the help of this heuristic tool, we can illustrate how the 

monetary resources provided by the SREPs program were gradually transformed into human 

resources (with the handicap of recruitment challenges and the benefit of return trajectories) 

and organization, how citizens contributed as supplementary human resourcesðparticularly by 

bringing their experiences and skillsðand how the deadlines imposed by funding programs and 

their short-term objectives posed challenges, while the energy transition itself unfolds over the 

long term. In fact, resource challengesðwhich are typically about resource scarcityðhave, for 

the municipality of Lac-M®gantic, become challenges of resource management, resource 

transformation, and now resource sustainability. 

 

Figure 1: public policy resources framework 

Conclusions 

The town of Lac-M®gantic firmly positions itself as a model for municipal energy transition in 

Qu®bec and elsewhere. Regarding the strong public participation, it could also claim to be a 

model for public involvement. This reality should be especially relevant for communities 

undergoing reconstruction, particularly following disasters3, cases that may become more 

frequent due to the effects of climate change, think about the recent fires in Los Angeles or 

Jasper.  

[1] Arnstein, S. R. A Ladder of Citizen Participation. Journal of the American Institute of 

Planners 35, 216-224, doi:10.1080/01944366908977225 (1969). 

[2] Knoepfel, P., Larrue, C., Varone, F. d. r. & Savard, J.-F. o. Analyse et pilotage des 

politiques publiques : France, Suisse, Canada.  xxvi, 425 pages ; 23 cm (Presses de 

l'Universit® du Qu®bec, 2015). 

[3] Birkland, T. Lessons of Disaster, Policy Change after Catastrophic events.  

(Georgetown University Press, 2006). 
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1. Overview 

The European energy crisis of 2022ï2023 marked a pivotal moment, with ripple effects that 

extended across markets, industries, and households. Triggered by a confluence of 

geopolitical disruptions, including the significant curtailment of natural gas imports from 

Russia following its invasion of Ukraine, the crisis exposed heavy reliance on natural gas and 

thus highlighted the pressing need for security of energy supply. In response to this 

multifaceted crisis, characterized by surging energy prices and inflationary pressures, 

European governments implemented a range of measures aimed at mitigating the impact on 

both economies and consumers. France, in particular, adopted an energy conservation 

program through its Plan de SobriËetËe EnergËetiqueË , which aimed to incentive reduction in 

energy demand. The program had two main strands: a national call for a 10% reduction in 

energy consumption and, more specifically for households, a media campaign entitled Pour 

la plan`ete, chaque geste compte, translated as For the planet, every gesture counts. The aim 

of the campaign was to encourage energy saving through energy saving tips, the main one 

being to lower the temperature of heating appliances to 19ÁC. Moreover, political largely tried 

to incentive energy saving thought their personal behavior. For example on the morning of 

Tuesday 27 September 2022, the Minister for the Economy and Finance explained on national 

radio that he planned to wear turtlenecks in his ministry: a question of sobriety in an era of 

energy restrictions.3 Beyond the program itself, the French government deployed a large 

narrative around the energy crisis and the need for energy savings (see for example the 

interview of the Prime Minister on the 5 december 2022 at the French Television4) 

During this 2022-2023 winter, gas and electricity consumption, adjusted for weather 

variations, fell by 12.2% between 1 August 2022 and 31 July 2023, compared to the 2018-

2019 reference year. More specifically, electricity consumption in households decreased by 

11% between 2019-2021 and 20222023. The aim of this paper is twofold: firstly, to 

decompose the decrease in residential electricity consumption in France during the winter of 

2022-2023, and secondly, to assess the potential influence of energy-saving incentives from 

political statements, whether based on the narrative of energy saving tips or energy crisis. 

While theory suggests that energy conservation incentives may be effective, the empirical 

evidence seems to indicate important differences in effectiveness. Indeed, several meta-

analysis tried to show and explain these differences in effectiveness [1, 2, 3, 4]. Based on 

these meta-analyses, four broad categories emerge: monetary incentives, goal-setting, 

 
3 Bruno Le Maire vante son col roulËe, question de sobriËetËe 
4 Interview de M. Gabriel Attal, ministre chargËe des comptes publics, `a BFMTV le 5 dËecembre 2022, sur la crise ËenergËetique, lôinflation, 

le Covid, la lutte contre les fraudes et les cyberattaques. 

https://www.huffingtonpost.fr/politique/article/bruno-le-maire-vante-son-col-roule-question-de-sobriete_208284.html
https://www.vie-publique.fr/discours/287456-gabriel-attal-05122022-politique-economique
https://www.vie-publique.fr/discours/287456-gabriel-attal-05122022-politique-economique
https://www.vie-publique.fr/discours/287456-gabriel-attal-05122022-politique-economique
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feedback, and information strategies. Despite the growing interest in the 2022-2023 energy 

crisis and its macroeconomic consequences, as well as its impact on consumer behaviour, 

limited research has empirically analysed the direct effects of energy conservation policies 

on household energy consumptionduring this period. The European literature on energy 

demand management during the crisis focuses largely on the macroeconomic effects of 

energy price volatility and the behavioral shifts in energy consumption, yet there remains a 

gap in understanding how policy measures, such as informational strategies and goal setting 

incentives, directly influence residential consumption patterns. Previous studies, such as 

those by [5] and [6], examine consumer behavior but do not fully integrate the role of policy 

interventions in driving conservation. This paper aims to bridge this gap by assessing the 

effects of the French governmentôs energy conservation incentives, with a focus on the 

impacts of price signals and political statements on residential electricity consumption. 

2. Methodology 

Drawing on the framework of [7] and [8], adapted to the French electricity retail market, the 

study employs an Autoregressive Distributed Lag (ARDL) model. It is well-suited to capture 

both the short-term and long-term dynamics of the relationship between energy consumption 

and explanatory variables such as price changes and political statements. The model is 

applied to a dataset covering the period from 2019 to 2023, with a particular focus on retail 

electricity prices, political speeches about energy conservation, and broader discussions 

surrounding the energy crisis. By utilizing this empirical approach, the paper aims to quantify 

the effects of price and political shock variables on energy consumption patterns in the 

residential sector. 

The methodological contribution is twofold: first, it relies on a semi-supervised classification 

of over 12,000 political speeches using XGBoost to identify those related to energy 

conservation efforts. Second, this vector is integrated into the ARDL model to refine the 

decomposition of consumption reduction. 

3. Key findings 

This paper offers new insights into the drivers of reduced residential electricity consumption 

in France during the 2022-2023 energy crisis. By decomposing the 11 TWh reduction 

observed in household electricity use, the analysis quantifies the relative contributions of 

price increases, political communication, and weather conditions. The results show that price 

signals accounted for the largest share of the reduction (6 TWh), while unusually mild 

temperatures explained 2.4 TWh. Importantly, political statements related to the energy 

crisisðthose emphasizing scarcity and potential risksðcontributed an additional 2 TWh 

reduction. In contrast, political statements focused solely on energy-saving tips or general 

conservation messages had no measurable impact on consumption. 

Moreover, a counterfactual analysis reveals that, even in the absence of the tariff shield, 

electricity consumption would have been higher without the conservation efforts driven by 

political signals deployed during the crisis. In other words, non-monetary incentives played 

a critical role in driving demand reduction at a time when price signals alone were not yet 

sufficient to influence consumption, especially in late 2022. This finding underscores the 

effectiveness of political communication in generating immediate behavioral responses, 

particularly before the full impact of price adjustments materializes. However, generic 

conservation messages, when not anchored in a context of urgency or crisis, appear 

insufficient to change behavior at scale. 
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This analysis also reveals important heterogeneity in responsiveness across household tariff 

profiles. Only households on off-peak tariffs reacted significantly to both price changes and 

crisis communications. In contrast, households with base tariff profiles showed limited 

flexibility and no significant reduction in consumption. This suggests that structural factors, 

such as tariff types and consumption patterns, shape householdsô ability to respond to external 

shocks. From a policy perspective, these results highlight the importance of sustained and 

well-targeted communication strategies during energy crises. One-off announcements are 

unlikely to deliver lasting impacts; instead, repeated messaging around the urgency of the 

situation is necessary to maintain reduced consumption over time. Moreover, price signals 

remain a powerful tool but require reinforcement to sustain their effects. Finally, the limited 

impact of general energy conservation messages suggests a need to rethink how these 

campaigns are designed and communicated, especially outside of crisis periods. Overall, the 

findings call for differentiated policy approaches that account for household profiles and 

structural constraints, ensuring that demand-side measures are both effective and equitable in 

times of crisis. 
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Extended abstract   

1. Context and motivation 

The concept of sufficiency emerged within ecological thought in the 1990s [1, 2], where it 

was proposed as an alternative to dominant environmental strategies centered on 

technological solutions. Since the early 2000s, sufficiency has received growing attention in 

both academic and policy arenas, particularly in response to growing concerns about climate 

change [3].  

Despite its increasing visibility, sufficiency remains a contested concept, with varying 

definitions and interpretations. The literature generally distinguishes between two main 

perspectives: sufficiency-as-state and sufficiency-as-means [4, 5]. The first perspective, refers 

to a desired state in which resource use remains within ecological limits while ensuring that 

everyoneôs basic needs are met fairly [6]. This implies respecting both a lower limit, below 

which well-being is compromised, and an upper limit, beyond which resource use becomes 

environmentally unsustainable. The second perspective  interprets sufficiency as a set of 

measures or strategies aimed at reducing absolute resource use [7, 8].  

These two interpretations are closely linked: achieving sufficiency-as-state requires 

sufficiency-oriented actions, especially as technological strategies alone fall short for fair and 

sustainable transitions [9]. Yet, the transformative potential of sufficiency-as-means depends 

on how it is defined, especially regarding its framing as a voluntary and individual approach  

[10]. While a growing body of research challenges this understanding and argues for 

embedding sufficiency within political and institutional frameworks, the individual and 

voluntarist view remains influential. It continues to shape policy-making and is often 

reflected in modelling approaches based on rational choice theory, where a representative 

agent seeks to maximize utility through consumption choices [11, 12]. However, while such 

models provide useful insights into individual decision-making mechanisms, they may be 

limited in addressing the social equity dimensions of sufficiency.  

These reflections underscore the limitations of framing sufficiency solely as a matter of 

individual voluntary action. In response, we propose an original framework rooted in social 

choice theory and distributive justice. Building on sufficientarianism, which defines a lower 

threshold of well-being, we extend this approach by incorporating an ecological upper bound, 

thereby introducing the concept of eco-sufficientarianism. We formalize this framework 

using social welfare functions that aggregate individual outcomes into a collective decision-
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making criterion. This approach moves beyond traditional cost-benefit logic and 

individualistic sufficiency models and enables the evaluation of the distributional impacts of 

public policies. 

2. Sufficientarianism 

Sufficientarianism is a well-established theory of distributive justice, originally developed by 

Frankfurt [13] as a critique of egalitarianism. Rather than aiming for strict equality, it argues 

that justice requires ensuring everyone has enough. Over time, the concept has evolved, 

incorporating elements from prioritarianism.  

Several authors have attempted to formalize sufficientarianism using axiological and 

axiomatic methods. These approaches typically rely on a welfarist framework, treating utility 

as interpersonally comparable lifetime well-being, and define sufficientarianism as a ranking 

over utility distributions.5  The most comprehensive formalization to date is proposed by 

Bossert et al. [14]. Their critical-level sufficientarianism introduces a sufficiency threshold 

ʃɴ ᴙ, giving absolute priority to individuals below it. Utilities above the threshold matter 
only in tie-breaks, reflecting a lexical structure. Formally, a utility distribution for ὲᶰὔ 
individuals is given by the vector ό όȟȣȟό ᶰᴙ, where each ό represents individual 
lifetime well-being. The set of all possible distributions is given by ɱ ẕ ᴙᶰ . The 

sufficientarian ordering Ὑ is a reflexive, complete, and transitive binary relation on ɱ, where 
όὙὺ expresses that social state ό is at least as desirable as the state ὺ. 

An ordering 2 is critical-level sufficientarian if there exists a continuous and increasing 

function Ὣ concave such that, for all population sizes ὲ and ά and for all distributions ό
όȟȣȟό  and ὺ ὺȟȣȟὺ , we have όὙὺ if and only if : 

Ὣό Ὣʃ

ᶰ

Ὣὺ Ὣʃ

ᶰ

 

Or  

Ὣό Ὣʃ

ᶰ

Ὣὺ Ὣʃ

ᶰ

 ױױ

ÁÎÄ 

Ὣό Ὣʃ

ᶰ

Ὣὺ Ὣʃ

ᶰ

 

Where: 

ὒ ό Ὥɴ ρȟȣȟὲ ό᷄ ʃȟ 

Ὄ ό Ὥɴ ρȟȣȟὲ ό᷄  —Ȣ 

This principle can be illustrated using Roemerôs indifference curve map [15], a geometric 

representation of distributive ethics. An indifference curve connects all social states ό
όȟό   that are considered equally desirable according to a given ethical criterion. These 

curves can thus be interpreted as iso-welfare curves, describing combinations of individual 

welfare levels that are ethically equivalent. In Figure 2 we propose to illustrate a 

 
5 Within this framework, a social state is represented by a list of individual utilities, and evaluating the 

distribution of utility is equivalent to evaluating the social state itself. 
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sufficientarian indifference map derived from the sufficientarian ordering defined by Bossert 

et al. 

Figure 2: Indifference curve map of the sufficientarian ordering defined by Bossert et al. 

 

Note: The ordering proposed by Bossert et al. satisfies the Pareto criterion, meaning that social welfare increases 

as one moves toward iso-welfare curves located further up and to the right. (In the diagram, the indifference curves 

are depicted as dashed lines in the pink-shaded areas, indicating that no two points within those regions are 

ethically equivalent under Bossert et al.ôs ordering.) 

3. Towards an eco-sufficientarian framework 

In this study we seek to adapt the sufficientarian framework to incorporate the upper bound 

of sufficiency.  

We show that this requires shifting from the timeless perspective used by Bossert et al. (in 

which a utility distribution represents the lifetime welfares of the whole humanity) to a 

temporally situated approach. In a timeless view, one could argue that environmental 

degradation is already implicitly captured, since it eventually affects lifetime utility. 

Under this temporally situated lens, the upper bound can be understood as a way to account 

for intergenerational concerns without explicitly modeling future individualsô utilities. It 

allows us to define acceptable limits to consumption without having to predict precisely how 

environmental degradation will translate into individual well-being. This upper bound, 

conceived as the ecological carrying capacity, reflects a strong version of the precautionary 

principle, grounded in a highly risk-averse approach. 

To formalize the upper bound, we adopt a resourcist approach, linking individual well-being 

to resource use. Let ό 7 Ø, where ὼ is the resource consumption of individual Ὥ, and 
ὡ a concave welfare function. Environmental degradation is given by: 

$ Æ Ø  
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with Ὢ increasing and convex. Given the environmental threshold ὒ, the set of admissible 
social states ό όȟȣȟό  satisfies: 

ὡ ό ὒ 

Figure 3 presents a simple case where Ὢ is assumed to be the identity function, as well as the 
ὡ and ὡ  welfare functions. The green portion, delimited by the upper bound and the lower 
bound for both individuals A and B, corresponds to the set of social states in which 

sufficiency-as-state is achieved. 

Figure 3: Adding the upper bound in the sufficientarian indifference curve map 

 

In this context, a sufficiency policy can be interpreted as a measure that enables reaching the 

green area. This framework can be applied at different scales and allows for the assessment 

of the potential of sufficiency policies in terms of both environmental and social impacts. 
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Extended abstract   

1. Research Aims and Methodology 

Private electric vehicle (EV) drivers in the UK, Europe and elsewhere usually charge their 

EVs at home using their domestic electricity [1],[2] . Furthermore, many studies (e.g. 

[3],[4] ), suggest that, where possible, home-based EV charging will continue to dominate 

charging practices as the diffusion of EVs shifts from early adopters to the early majority 

[5]. As a result, not only is transportôs energy source changing, but also the location of its 

delivery and accompanying social practices. However, there is little research into home 

charging practices. 

In a small study in Oxfordshire, one of the authors found that the more changes early 

adopters make to their practices of parking and charging as compared to parking (and 

fuelling) conventional cars, the greater their satisfaction with EV adoption [6]. The changes 

described include the use of solar photovoltaics (PV) or dedicated time-of-use tariffs to 

maximise cost savings when charging their EV. This finding highlights how the adoption 

and possession of other technologies and innovations designed to support and accelerate the 

domestic energy transition may also support and accelerate EV adoption. Yet studies of the 

interactions between the possession and use of EVs and other elements of the domestic 
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energy transition are also limited. 

As the Energy Demand Observatory and Laboratory (EDOL) project aims to improve 

ñunderstanding of how and why energy is used in homesò, it offers an unparalleled 

opportunity to investigate how EVs fit within the social dynamics of home energy use. This 

paper starts this investigation by analysing patterns of co-adoption of EVs, home chargers, 

solar PV, batteries and time-of-use tariffs. It considers how co-adoption affects whether, 

how and when EV-owning households charge at home.  

As a preliminary step in the EDOL recruitment, an extensive survey was sent to a regionally 

representative panel of over 11,600 households from across the Great Britain who agreed 

to be part of the Smart Energy Research Lab (SERL). SERL collects half-hourly data from 

these householdsô smart meters on an ongoing basis. Between March and June 2025, 3,806 

SERL participants responded to the new survey. Of these, 405 households indicated that 

they currently own or have access to an EV (hereafter referred to as óEV ownersô), 

answering questions on where and when they usually charge their vehicle. The survey also 

includes information on household characteristics, some of which are associated with EV 

adoption.  

Our approach comprises of three stages. First, we segment EV owners by their adoption of 

various combinations of energy transition technologies. Time-of-use tariffs are included in 

this term for ease of reference and to reflect that this is a key low-carbon energy policy that 

affects the social dynamics of charging practices. Second, using descriptive statistics and 

multinomial logistic regression (MNL) modelling, we consider whether EV charging 

practices and household characteristics differ between designated technology co-ownership 

segments. Finally, by linking these segments with the smart meter data, we assess the 

patterns of domestic energy use that result from the adoption of EVs and accompanying 

technologies. 

2. Technology (co-)adoption analysis and findings 

Among the 405 EV owners, 76% have an EV home charger, 61% a time-of-use tariff, 41% 

solar PV, and 26% battery storage. There are sixteen possible combinations of EV owners 

with zero to four of these technologies. The most common combination in the sample is a 

home charger and time-of-use tariff, followed by EV owners who have all four technologies, 

then those who have a home charger only. The remaining combinations with a home charger 

make up a fourth segment, and the co-ownership combinations that do not include a home 

charger make up the fifth segment. Finally, the number of households with EVs, but no other 

related technologies is the smallest of the six groups retained for further analysis (Figure 1). 
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Figure 1: Number of EV owners segmented by co-ownership of energy technologies 

EV owners with storage, solar and / or time-of use tariff, but without a home charger are 

gathered into the óEV+(NoHC)ô segment because they are likely to either charge away from 

home or to ótrickleô charge using a domestic plug over a much longer period per kilowatt-

hour. The óEVOnlyô group will have to make similar choices, but also face potentially 

higher electricity costs, as they have neither production nor storage capacity, nor a time-of-

use tariff with usually cheaper overnight rates. Indeed, only 46% of the EVOnly segment 

plug in at home, compared to 87% of EV owners in the EV+(NoHC) segment ï even though 

the latter donôt have a home charger. Of the EVOnly segment who do trickle charge at home, 

slightly less than half charge mostly overnight (between 8pm and 7am), compared to two 

thirds or more of the other five segments.  

Table 1 shows a selection of descriptive statistics for household characteristics by segment.  

 EV Only EV+(NoHC) EV+HC EV+HC+Sol/Bat EV+HC+ ToU All  

 n = 46 n = 53 n = 67 n = 68 n = 100 n = 71 

Households w 

children (%) 
26% 19% 22% 13% 19% 23% 

Households 

all 65+ (%) 
11% 21% 18% 15% 6% 9% 

Tenure = own 

/ mortgage 
91% 100% 99% 100% 100% 96% 

Non-EV cars / 

hhold (mean) 
0.52 0.68 0.57 0.88 0.62 0.61 

Private 

parking 
67% 92% 91% 99% 97% 99% 

Charge via 

domestic plug 
46% 87% 0% 0% 0% 0% 

EV charge 

time (mode) 

Not charge 

at home 

Mostly 

overnight 

Mostly 

overnight 

Mostly 

overnight 

Mostly 

overnight 

Mostly 

overnight 

Table 1: Descriptive statistics for EV owners grouped by technology co-adoption 

The six segments form the categorical dependent variable, with óEVOnlyô as the reference 

case, to test the significance of the relationships between technology co-ownership and 
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covariates such as those shown in Table 1. The first MNL model includes a dummy variable 

indicating whether the first two segments usually charge from a domestic plug or not (the other 

segments use home chargers). If they do not usually charge at home, this is included as a 

category in the EV charge time variable, as the ówhenô question only applies to those charging 

domestically with or without a home charger. The results suggest that over a third (McFaddenôs 

R2 = 0.36) of the differences between the six segments can be explained by these two derived 

variables for charging practices (model fit statistics: AIC: 959.7; BIC: 1059.8).  Further MNL 

models test the variables related to other household characteristics. 

The last stage of analysis considers the energy profiles of the different groups. Previous 

analysis indicates that EV owners in the baseline SERL sample without solar PV have 

higher consumption than non-EV owners, which peaks in the middle of the night: 

 

Figure 2: Prepared by one of the authors and published in SERL stats report, Vol 2 [7] 

Different combinations of co-ownership of technologies, including time-of-use tariffs, 

affect not only EV ownersô charging practices, but also their energy use profiles. 

Statistically significant differences in the characteristics of households suggests that these 

practices are also socially dynamic and contextual ï highlighting the importance of further 

research into the interactions between EV ownership and other consumption practices at the 

household level. Finally, this work demonstrates that low-carbon policies and technologies 

for transport cannot be siloed from their energy counterparts, but must be considered in a 

holistic manner. 
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Extended abstract 

The study highlights the essential role of integrated resource audits in connecting energy, 

water, and material efficiency strategies. By establishing a comprehensive evaluation 

framework, the proposed methodology facilitates the implementation of effective resource 

management measures, enhancing industrial competitiveness, sustainability, and alignment 

with environmental and economic objectives. This methodology was also applied through 

on-site pilot resource audits, encouraging measurements to accurately quantify key 

performance indicators (KPIs), fully assessing the associated savingsô potential and the 

willingness to implement recommended efficiency measures.  

The work presented was developed under the Horizon 2020 LEAP4SME (grant agreement 

n.Ü 893924) and LIFE-CET LEAPto11 (grant agreement n.Ü 101121013) projects, funded by 

the European Union. 

1. INTRODUCTION 

Resource efficiency audits have the capacity to boost the implementation of energy, water 

and materials efficiency measures, therefore increasing the companiesô competitiveness and 

diminishing the uncertainties of externalities. Commonly, as audits are only óenergy drivenô, 

the potential to address other benefits and combine strategies between energy, water and 

materials efficiency is mainly neglected. This limits the opportunities for continuous 

improvement, not only in energy management but also in areas such as water availability, 

waste and wastewater reduction, CO2 emissions reduction, maintenance cost optimization, 

and enhancement of working conditions, among others.  

The work developed introduces a novel integrated resource audit methodology designed to 

align companiesô operations with circular economy principles while promoting more efficient 

production processes and delivering environmental benefits. Also, by testing the model into 

pilot audits it is possible to: (1) understand which are the points that need to be improved, (2) 

verify the methodology viability, and (3) better understand the decision-making behaviour 

factors in enterprises, through direct interviews/surveys to top management and resource 

management technical staff. 

mailto:ana.cardoso@adene.pt
mailto:enrico.biele@enea.it
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2. METHODOLOGY 

The first step of the resource audit is to set up an initial meeting to clearly define the auditôs 

boundaries, engaging from the beginning the relevant staff (including the companyôs top-

management). During this meeting, the overall methodology of the resource efficiency audit 

and its process should be presented, the person responsible for supporting the auditors 

nominated, and a pre-audit questionnaire requesting specific information from the 

organization shared. This first contact with the audited company is also a valuable 

opportunity to start to assess the barriers and drivers to resource audits implementation, as 

well as which factors may boost the companiesô willingness to implement efficiency 

measures. Afterwards, site visits will be performed during which the auditing team will 

collect information that will allow them to effectively calculate the resource efficiency KPIs.  

The defined KPIs are applied across different evaluation levels (D to A), acknowledging that 

they may not be equally applicable to all companies and sectors. With this configuration, 

enterprises may advance as the KPIs match to their own specific case and/or as they have 

data available or a specific interest. These KPIs enable the accurate quantification of potential 

energy, water and materials savings per year, while also supporting the proposal of tailored 

efficiency measures for each enterprise. Moreover, KPIs leverage existing data, using 

information collectable during an audit procedure, or that is already available and 

systematized within the companiesô legal or voluntary requirements (e.g., ISO standards, 

environmental licensing, etc.). The scenario that corresponds to the level D evaluation can be 

applied to most of the economic sectors and for some economic sectors or companies, this 

evaluation level could be sufficient, even if higher evaluation levels are applicable. This 

depends on the characteristics of the enterprise, and the willingness to pursue a higher level 

of evaluation.  

Table 1 presents the KPIs according to the evaluation level where they can be applied. As the 

evaluation is cumulative, each level must include the KPIs from the previous ones. 

Table 1. Evaluation levels and KPIs 

Evaluation level KPI 

Level D 

Energy intensity [kWh/ú] 

Carbon intensity [t CO2e/kWh] 

Energy specific consumption [kWh/P.U.]  

Renewable energy production [%] 

Total water consumption [m3] 

Water consumption per GVA [m3/ú] 

Water productivity [ú/m3] 

Water costs in the total costs incurred [%] 

Waste valorization rate [%] 

Level C 
Water consumption/employee [m3/employee] 

Materials productivity [ú/P.U.] 

Level B 

Byproducts in production process [%] 

Materials specific consumption [kg/P.U.]  

Water specific consumption [m3/P.U.] 

Water specific cost [ú/P.U.] 

Energy specific cost resulting from the use of water [ú/m3] 

Specific cost of water delivered [ú/m3] 

Energy specific consumption from the water use [kWh/m3] 

Level A 
Alternative water sources used [%] 

Wastewater treated and reused [%] 

Following the fieldwork, a report summarizing the collected data and treated information 

(namely, efficiency measures identified and potential resource savings) is elaborated. Finally, 
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a closing meeting with the technical staff involved, as well as the top management, is 

scheduled to convey all the key points of the audit performed. Moreover, during the closing 

meeting (or immediately before) a survey is to be shared with the top management and 

resource management technical staff involved, to evaluate their decision-making behaviour 

factors and in what measure the participation as pilot during LEAPto11 project influenced 

them. 

3. RESULTS 

The proposed methodology is being applied to real organizations, through pilot resource 

audits, to test and improve the audit procedure. The development of pilot cases is fundamental 

to understand which are the points that need to be adjusted, refined, or adapted, as well as to 

verify the methodology viability. A pilot study validates the assumptions made, collecting 

feedback from a real context, and identifying technical or operational issues.  

Currently, the pilot audits are still underway. The LEAPto11 partners conducting pilot audits 

(ADENE, CRES, EIHP and EWA) will perform at least 3 pilot studies under different 

dimensionsô entities (comprising SMEs and non-SMEs). Moreover, to allow benchmarking 

and comparisons between countries, one activity sector will be transversal to all countries 

(the agri-food sector).  

Nevertheless, from the initial meetings already held with the pilot companies, it is possible 

to infer that the perceived common barriers to resource audits implementation are: (1) 

economical (e.g. initial investment, cost of the recommended efficiency measures, associated 

payback time) and (2) organizational (e.g. lack of human resources, integration with other 

current obligations). On the other hand, the drivers to this implementation are: (1) economical 

(e.g. financing programmes and fiscal incentives), (2) organizational (e.g. strategic 

investment), and (3) market driven (e.g. client request, competition with other companies). 

Finally, the factors that may boost the companiesô willingness to implement efficiency 

measures are (with no particular order): (1) legal impositions, (2) cost reductions 

(maintenance and resources), (3) operation times reduction, (4) clients pressure, (5) 

environmental awareness, and (6) companyôs own policies. 

4. CONCLUSIONS 

The final stage of this work will concentrate on quantifying resource efficiency, encouraging 

measurements to accurately quantify KPIs, fully assessing energy, water and raw materials 

savingsô potential. In addition, it will be possible to evaluate the pilot companies decision-

making behaviour factors and in what measure the participation as pilot during the LEAPto11 

project influenced them, namely through the survey that is to be shared with the top 

management and resource management technical staff involved. However, it is already 

possible to conclude that common barriers to resource audits implementation could be 

economical and organizational, as the drivers are also economical, organization and market-

driven, as it would be expected. Also, aspects such as cost and operation times reduction, 

legal impositions, environmental awareness, and client pressure can act as a boost to 

implement the identified efficiency measures. 
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Extended abstract 

The 2025 survey carried out by the Italian Research Institute Demopolis, on behalf of ENEA 

(National Agency for New Technologies, Energy and Sustainable Economic Development), 

is the highest point of a complex, multi-year research project linked to the Italian National 

Training and Information Program on Energy Efficiency. The Program is coordinated by 

ENEA and promoted by the Ministry of Environment and Energy Security [1].  

The aim of the survey is to evaluate how communication, information, and training actions 

ðparticularly those under the ñItalia in Classe Aò campaign promoted by ENEA - have 

affected Italian citizensô awareness and behaviors [2] concerning energy use, energy-saving 

measures, and sustainable building renovation. 

The research covered five years, starting in 2020, with follow-up surveys in 2024 and 2025. 

It sought to track shifts in awareness, attitudes, and behaviors related to householdsô energy 

efficiency [3]. This study has been focused not only on the impact of economic incentives 

(e.g., Tax reduction, subsidies), but also the influence of public communication efforts in 

shaping behaviors [4]. 

Demopolis investigated a representative sample of Italian households, by conducting 3036 

interviews in 2020, 3800 in 2024 and 4260 interviews in 2025. 

Key trends and shifts in Public Awareness 

Comparative data collected across the three surveys show a significant and continuous 

improvement in Italian householdsô familiarity with energy efficiency topic. Among the most 

notable findings: 

¶ The percentage of individuals who consider themselves ñpoorly informedò about 
energy efficiency dropped by more than 10 percentage points (Fig.1). 

¶ Knowledge of energy rates of home they live in increased by approximately 22% 
(Fig.2). 

¶ Awareness of the energy label of domestic appliances increased about 24.5%. 

https://www.google.com/maps/search/Via+Anguillarese+301+%0D%0A+%0D%0A+00123+Santa+Maria+di+Galeria+(Roma?entry=gmail&source=g
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There was a 10% increase in people who consider their domestic appliances satisfactory from 

the energy efficiency perspective. 

 

Fig. 1 -Self-perception of information on energy use at home 

 

Fig. 2 ï Knowledge of EPC in private dwellings 

Moreover, positive evaluations of home energy performance improved as well. For example: 

Appreciation for energy-efficient windows increased by around 5.7%. 

Awareness of thermal insulation quality rose by 3,5%, despite a slight decline compared to 

the previous year. 

This suggests that, beyond economic motivations, institutional communication has played a 

significant role by fostering informed decision-making about home refurbishment and 

lifestyle improvement towards energy saving. 

The role of Information campaigns 

A crucial challenge in analyzing the results is to distinguish knowledge acquired directly 

through institutional campaigns from knowledge obtained via personal involvement in energy 

retrofitting projects. However, the convergence of initiativesðespecially those several 

actions carried out in the framework of Italian Training Information Programðappears to 
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have substantially strengthened the understanding and the commitment towards energy-

efficient practices. 

The data confirm this assumption: 

¶ Over 77% of respondents consider these campaigns useful (Fig. 3). 

¶ Nearly 88% report a medium and high attention to energy-related comfort at home. 

¶ Close to 90% declare to monitor actively energy consumption to reduce waste.  

 

Fig. 3 ï Perceived relevance of communication campaigns on energy efficiency 

These indicators highlight a general improvement in sustainable behaviors and confirm the 

impact of structured strategic communication [5]. 

Digital Media and institutional channels 

The survey also analyzed how people obtain information on energy efficiency. Alongside 

traditional media - such as newspapers, advertisements, and television - there is a remarkable 

rise of the use of institutional digital platforms and social media: 

¶ Around 24.3% cited institutional campaigns as a key source. 

¶ Approximately 22,6% mentioned official web portals. 

¶ About 21,6% referred to social media networks. 

This digital shift highlights the increasing importance of online tools with traditional media, 

broadening access to information, and fostering greater engagement with public policies on 

sustainability. 

Communication effectiveness  

The analysis indicates that increased public investment in education and communication has 

coincided with heightened awareness. More than 50% of respondents believe they are better 

informed today than five years ago. Over 75% consider information campaigns on rational 

energy use successful, suggesting a clear behavioral transformation accompanied by a deeper 

cultural change. 

Applying classic communication models such as AIDA (AttentionïInterestïDesireïAction) 

[6], the report interprets the populationôs journey as starting from awareness and culminating 
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to tangible action. The campaigns captured public attention, stimulated curiosity, generated 

motivation, and ultimately affected behavior. 

A more evolved model, AIDMA (which adds Memory) [7], offers a deeper framework for 

understanding this transformation. According to this perspective, the campaigns not only 

stimulated action but also boosted long-lasting awareness and memory retention. This is 

crucial for sustained behavioral change, ensuring that energy-efficient practices become 

habitual rather than temporary responses. 

Notably, more than 40% of respondents in the last year reported increased attention to energy-

saving behaviorsðan indicator strongly associated with improved awareness and memory of 

institutional messages. Furthermore, 28,3 % attributed their increased attention directly to 

better institutional communication, emphasizing its transformative potential. 

Public memory and Campaign recognition 

Furthermore, significant finding relay to a stimulated memory of the ñItalia in Classe Aò 

campaign. Approximately 20% of respondents remembered interacting with one of the 

campaign media products, such as TV or radio spots, a dedicated show on the Italian 

Television La7, or multimedia platforms. While this may seem modest, it is a solid benchmark 

of brand awareness, especially for a public campaign addressing complex issues like the ones 

related to energy efficiency. 

This 20% recall rate is particularly significant when interpreted through a branding lens: in 

five years, 40% of survey participants reported an increased willingness to invest in home 

improvements. This correlation between recall and behavior demonstrates the efficacy of the 

campaign strategy and its resonance in the public audience. 

The final section of the report links the findings to theoretical frameworks in behavioral 

economics. Specifically, it highlights the alignment of the Program initiatives with the 

concept of nudging as defined by Thaler and Sunstein [8] according to which nudges are 

subtle interventions that encourage desirable behaviors without restricting freedom of choice, 

often relying on cognitive principles such as heuristics, framing, and social norms. 

The integration of these techniques into the campaignsðthrough informative events, media 

products, urban labs, and educational toolsðhas fostered a stronger culture of energy 

responsibility. Rather than imposing regulations, the campaigns have gently guided citizens 

toward environmentally friendly behaviors, leveraging both emotional and rational appeals. 

Conclusion: from awareness to cultural change 

In a nutshell, the 2025 Demopolis survey underlines the effectiveness of ENEAôs 

communication and education initiatives. The progressive rise in public awareness, the 

widespread attention to energy-saving behaviors, and the increased recognition of 

institutional campaigns suggest a meaningful cultural shift. 

The synergy between economic incentives, well-crafted public communication, and digital 

tools has successfully transformed abstract sustainability goals into tangible actions. Italian 

households appear increasingly informed, engaged, and empowered to take energy efficiency 

seriouslyðnot only as a way to reduce energy bills but as a contribution to a broader 

environmental and social commitment. 
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Extended abstract  

INTRODUCTION  

Deeply rooted in air travel, holidays represent a huge generator of carbon emissions [1-2]. 

Due to their discretionary nature, far-away destinations could be replaced by closer 

destinations, connected by public transport. This is especially true for frequent flyers: do they 

really need air travel to satisfy the desire for discovering new places, cultures, and 

experiences? For the Swiss people, located at the very heart of Europe, destinations that can 

be reached at a fraction of carbon emissions are indeed available. The challenge is, however, 

how to make them appealing.  In this conference contribution, we introduce a smartphone 

app aimed to tackle this challenge, targeting young frequent flyers aged 18-35 years old. The 

app features were informed by the behavioural Model of Action Phases (MAP) [3] and by 

learnings from workshops we performed with potential app users in the Swiss city of Lugano. 

The MAP theorises behaviour change as a process through four stages, suggesting that 

progress occurs through goal setting and shifts in personal and social norms, self-efficacy, 

and perceived behaviuoral control. If individuals start perceiving flying as problematic, they 

begin thinking to set a goal for change (pre-decision). Then, an increase in perceived 

behavioural control on alternatives to flying supports goal setting (pre-action), which then 

helps to put the new behaviour into practice (action), and to maintain it over time (post-

action).  

MATERIALS AND METHODS  

The app was called Treeps, with a wordplay hinting at both travel and nature. It was co-

designed by an inter-disciplinary research team including sociology, computer science, 

communication, and natural science experts. Based on previous experience in behaviour 

change apps in the mobility and energy domains [4-7] the research team suggested use of 

gamification, and identified three key features: i) feedback on carbon emissions of past 

holiday trips (acting on goal setting and personal norms), ii) suggestions for holiday 

destinations that can be reached by travelling on the ground and/or close to home destinations 

https://luganolivinglab.ch/
https://luganolivinglab.ch/
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that can substitute for short-break trips (acting on perceived behavioural control), and iii) 

possibilities for social interaction within the community of app users, to share experiences 

(acting on descriptive social norms) and ask for support on how to perform low-carbon 

holidays (acting on perceived behavioural control).  Target frequent flyers using the Treeps 

app were also expected to be quite keen on technology [8-11]. We thus opted for providing 

those features via an artificial intelligence ChatBot tool. The ChatBot was thought to provide 

users with trip suggestions and to stimulate them to upload pictures and short descriptions of 

their trips, to be automatically posted on Instagram, which allows richer interactions, such as 

liking and commenting.  

To get feedback on the ChatBot feature, we ran a workshop with 17-19 year-old high school 

students (4th December 2025, two one-and-a-half hour sessions, overall 80 participants). 

Participants were prompted to think of the following situations and to list positive and 

negative implications: ñArtificial Intelligence offers you suggestions for holiday 

destinationsò and ñArtificial Intelligence asks you about your trips and helps you to share 

them on social mediaò. Participantsô answers, collected via the Wooclap digital tool, were 

inductively classified in categories, that informed the final design of the Treeps app.  

RESULTS  

The Treeps app is organised in four main sections. The home page shows gamified user 

statistics, reporting the points the user collected by interacting with the app and the Instagram 

page (Figure 1.a). Just below, the ChatBot, specifically called ñTreepsBotò, feature is given 

salience: the sentence ñLetôs talk about sustainable tripsò invites to interact with the 

TreepsBot, by asking for suggestions on possible new trips, or talking about past holiday 

experiences (Figure 1.b).   

Workshop findings indicate that features providing trip suggestions by the TreepsBot were 

well-received, as a way to quickly get ideas for holiday destinations. However, concerns 

existed about the risk to only get suggestions for well-known places. We thus opted for 

creating a dataset of novel and appealing ñTreeps destinationsò, and for training the 

TreepsBot to just pick ideas from there, suggesting them based on the usersô characteristics 

and needs. We built a dataset of 200 destinations that can be reached on the ground via public 

transport, starting from the Swiss city of Lugano. To populate it with novel and appealing 

destinations, we invited about 40 employees of the local university of applied sciences to 

share memorable experiences about train trips across Europe and close-to-home leisure 

destinations reachable by regional public transport. By relying on experiences by other 

people, we expected the Treeps set of low-carbon destinations to better match Treeps usersô 

interests and desires. The resulting list of destinations is made available in a dedicate Treeps 

section, called ñPlacesò, which reports short and catchy destination descriptions (Figure 1.c), 

accompanied by a direct link on how to reach them by public transport (link to the route 

suggested by the Swiss Federal Railways route planner) and where to sleep (link to the 

Google Hotels webpage, filtering sustainability-certified accommodations).  

The features aimed at providing TreepsBot support for sharing experiences on social media 

were instead negatively assessed by workshop participants, who felt they would preclude 

creativity and lack authenticity. We thus opted for limiting the TreepsBot role in experience 

sharing. The TreepsBot was trained to ask users to upload pictures of destinations they 

reached by sustainable mobility, to estimate the saved carbon emissions by public transport 

(compared to plane or car, for destinations closer than 200 kilometers), and to ask users to 

pick one of three motivational sentences providing injunctive social norm messages, 

randomly selected from a list of 20 injunctive messages developed by the research team. 
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Users could share any destination they visited-included those outside the Treeps set of places 

- providedthey reached it by  public transport or active mobility (cycling, walking). These 

elements are automatically built into a post, published at the bottom of the home page, in a 

dedicated app section (Figure 1.d), and in the Treeps Instagram page, which automatically 

considers all users as followers, if they are on Instagram.  

Finally, Treeps uses a combination of push notifications, comments/liking on Instagram posts, 

and prizes to maintain interest over time, thus possibly increasing the behavioural effect. 

Every Tuesday, users receive a bespoken notification inviting to share experiences on 

previous weekendôs trips, while on Thursday a notification invites to discover possible new 

destinations with the help of the TreepsBot and provides feedback on the user position in the 

point-based leaderboard, inviting to more interaction with Treeps, to climb the leaderboard.   

 

 

Figure 1. Screenshots of the Treeps app. 

CONCLUSIONS  

The Treeps app was fully available for iOS and Android since April 2025, and in May 2025 

it was offered for three months to n = 102 individuals joining a randomised controlled trial 

(preregistered on AsPredicted platform, #220688). The treatment group was randomly 

assigned starting from a N = 204 sample of volunteers living or working around Lugano. 

Future research will thus report on the trial effects, allowing to thoroughly estimate the short- 

and long-term impact of Treeps use on holiday air travel, and to better understand the role of 

social norms and community-based processes in shaping sustainable leisure travel behaviour.   
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Extended abstract: 

The negative consequences of climate change are threatening human societies and will continue 

to increase in terms of intensity and frequency in the future [1]. Human consumption of energy 

based on fossil fuels, generating carbon emissions, is one of the main causes of climate change 

[2,3]. Thus, a radical shift in our energy governance model is required to phase out fossil fuel 

and shift to more sustainable and efficient energy use (energy efficiency strategy) and 

reconsider our overall energy consumption, shifting to a sufficiency energy strategy by reducing 

the energy demands and needs based on how much energy is needed in terms of minimum and 

maximum consumption [4,5,6,7]. 

Public participation in energy governance could help define and adopt more socially just 

efficiency and sufficiency measures [8,9,10]. Focusing on France and the Netherlands, some 

attempts to include the citizens at the highest level of energy and climate decision-making arose, 

including the climate assembly in France (2019-2020) and the energy citizen assembly (2023) 

or climate citizen assembly (2025) in the Netherlands. These attempts left debatable output 

regarding citizens' tangible influence on energy policies. In the French case specifically, if the 

citizens involved managed to reach a consensus and develop ambitious energy policy proposals, 

the latter failed to convince the rest of the population or the policy-makers to pass effective 
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laws [11]. At the local scale, EU schemes aim to encourage the development of local initiatives 

such as the energy communities (within the REPowerEU Plan6) leaving an emerging space for 

an increase of public participation in energy governance. In France, the slow trend of the 

decentralisation of the energy system correlated with a decrease in trust in the central 

government could contribute to increased energy citizenship development through citizen-led 

energy projects [12, 13]. In the Netherlands, the National Climate Agreement establishes a new 

local governance structure for the production of renewable energy strategies, namely regional 

energy strategies (RES). Those RES are locally defined areas which are required to develop 

plans where and how to produce renewable energy in their region, thereby providing sometimes 

more agency (still rather limited) to citizens for promoting local co-production of energy among 

residents [14]. However, limitations remain in the so-called citizen inclusion of citizens in local 

decision-making, as resistance from local governments towards higher citizen inclusion has 

already been underlined [15]. Moreover, these initiatives are all very nascent and pose a lot of 

challenges, leaving the question: how ready citizens are to take a more important role in energy 

governance processes from which they remain at best informed, if not fully excluded [16]. 

Previous qualitative work conducted with citizens in both French and Dutch contexts showed a 

strong interest from the general public to be more involved in energy governance [17]. 

However, it remains unclear how institutional stakeholders in energy governance are ready (or 

not) to increase the level of public participation in energy governance. 

Our study aims to evaluate the existing energy stakeholders' narratives regarding breaks and 

enhancers for public participation in energy governance in France and the Netherlands. 

Building on Markantoni et al. [18] , we divided the stakeholders involved in energy governance 

into three groups: public governance bodies (including public servants and elected 

representatives), interest groups (from the energy industry and business sector, but also civil 

society groups like environmental NGOs), and academic researchers and independent experts 

(specialists in energy governance and public participation). Between November 2024 and April 

2025, we conducted interviews gathering the views of 60 of these energy stakeholders (37 in 

France and 23 in the Netherlands). To analyse the transcripts, we apply a mix of deductive 

coding based on an adaptation of the Participatory Capital Framework [17] and inductive 

coding building on participants' open statements to complete the list of inhibitors and enhancers 

for higher public participation in energy governance. To reinforce the validity of our results, 

we employed the Inter-Rater Reliability (IRR) method during the coding of the data by cross-

checking the codes with different coders and checking the code book through blind coding 

sessions with external coders. Combining computing and thematic analyses [19], we unfold the 

narratives developed by participants, underlining the different group membersô willingness to 

accept and facilitate (or not) changes towards more public participation in energy governance. 

Based on the stakeholders' narratives and visions of the current and future energy governance 

structure(s), our results identify bottlenecks and facilitators to higher public participation in 

energy governance in France and the Netherlands. We also analyse the contrasts and similarities 

in narratives and viewpoints presented by participants across different interest groups. In both 

contexts, our key findings are that (a) some gatekeepers (elected representatives, high-level 

public servants and business and industry stakeholders) of the current energy governance are 

reluctant to see a higher participation of the public in energy governance, (b) the current 

institutional, economic, climate and geopolitical source of instability prevent any clear energy 

strategy to emerge (with or without citizen involvement) and (c) organisational factors in the 

 
6 For more details see the European Commission official website consulted the 07/07/2025: 

https://www.consilium.europa.eu/fr/policies/repowereu/ 

https://www.consilium.europa.eu/fr/policies/repowereu/
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current energy governance reinforce inertia, therefore reducing the possibility of increasing 

citizen participation in energy governance. 

Based on these findings, we expand the discussion on the current institutional mechanisms 

preventing or encouraging public participation in energy governance and identify the key 

policies and institutional changes required in current energy governance for citizens to shift 

from their role of energy consumers to being considered as active citizens with effective 

influence on energy matters. More general research on narratives on the future eco-social 

contract is valuable to draw the outline of general social and legal rules that could help reshape 

our current society in the context of interrelated climate and energy crises  [see e.g. 20] We 

conclude by sharing our reflections on the need to evacuate the energy transition paradigm 

which seems to maintain the status quo in current energy trajectories, and instead rethinking 

our energy system from the establishment of a new energy social contract to encourage the 

emergence and implementation of ambitious energy sufficiency strategies that could reinforce 

social justice. 
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Extended Abstract:  

Energy communities (EC) are organisations in which the members, who are traditionally 

outside the energy sector, share in the ownership, production, distribution and use of renewable 

energy at a local level [1], [2]. ECs have been gaining significantly in popularity, particularly 

in Europe. Indeed, the European Unionôs Clean Energy Package in 2018 officially 

acknowledged ECs as crucial players in steering the energy system towards a more 

decentralised use of renewable energy systems in which the role of citizens changes from 

passive consumers to engaged participants both contributing to and directly benefiting from the 

energy transition [1]. The primary goal of ECs is seen not as a mechanism to generate profit but 

to deliver environmental, local economic, or social benefits to the community in which they are 

embedded. It is also recognised that reaching carbon neutrality requires not only the adoption 

of renewable energy technology but also lifestyle changes which if to be widely adopted will 

need to be seen as fair and culturally relevant. However, evidence shows that lifestyle changes 

are gendered. For example, in a study in Norway and the UK, women were found to change 

their energy practices such as doing laundry when the sun was shining, whereas men looked at 

technical fixes [3]. Age can also be a determinant. In Germany older women were found to be 

more likely than younger women to change their behaviour patterns, for example, they cooked 

less to save energy [4]. These differentiations in behaviour linked to social characteristics point 

to the need for disaggregated energy use data. However, such official national level data is hard 

to find with the UK being one of the few countries to do so.  An annual household survey 

collects data about peopleôs housing circumstances (including energy efficiency), linked to a 

range of intersectionality dimensions within a household such as composition, ethnicity, age 

and employment status as well as whether they are tenants (private/social) or owner occupiers 

[5]. The survey respondent is required to provide answers to questions about all the individuals 

in the household.  

mailto:joy@75inq.com
mailto:marielle@75inq.com
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The European Unionôs Member States are explicitly mandated to ensure that through their 

enabling frameworks for ECs "participation in renewable ECs is accessible to all consumers, 

including those in low-income or vulnerable householdsò (Article 22 RED). They are advocated 

as a means by which ordinary citizens can contribute to the energy transition. However, the 

evidence indicates that their membership tends to be rather limited in terms of their social 

diversity with demographics that can be summarised as mainly white, middleclass, middle aged 

and older men with a technical background [6], [7]. This is probably not surprising since 

research indicates that participation in ódesirableô energy activities and energy decision-making 

is influenced by social and economic factors, including gender, economic status, time 

availability and homeownership. For example, explanations for womenôs lack of engagement 

specifically mention time poverty due to care commitments, as well as a fear of insufficient 

technical knowledge to effectively participate with a preference for emphasis on environmental 

benefits, improved home comfort levels and household finance [8], [9]. While for men low 

income or unemployment inhibit volunteering [10] (Taniguchi, undated). A recent study of 71 

ECs has shown that combating energy poverty tends to be the exception rather than the norm 

[11]. A narrow membership limits both the scope of energy communities contribution to 

promoting energy supply from dispersed sources as well as bringing into question whether 

energy communities can be socially just.  

The paper is part of the output of the User TCP Research Programme Empowering All. It aims 

to support policy makers with recommendations for building a framework for enabling energy 

communities to promote just and inclusive energy transitions which promote behavioural 

changes that are not detrimental to wellbeing. For example, by providing financial support to 

enable low-income households to become members of ECs as has the municipality of Eklo, 

Belgium, buys shares on their behalf [11].  To identify households needing support, we 

recommend the UKôs data collection method which provides a more comprehensive 

understanding of household energy use. The survey poses questions about all the individuals in 

the household to a household member who has been designated as the Household Reference 

Person rather than the standard practice of óhead of householdô [5].  

Research shows that many of the people responsible for working with end-users do not 

understand the complexities of the social dimensions of energy poverty and so those in need of 

advice or assistance are being overlooked [12]. In Austria, a course to train energy consultants 

on technical competence and know-how in energy-related matters, paid no attention to the 

social characteristics, such as gender, and age of potential clients who would be the intended 

beneficiary of advice about behavioural change in their homes [13]. 

The paper aims to provide guidance to citizens considering establishing energy communities, 

as well as existing communities, on the importance of social inclusion and how they can ensure 

that their membership reflects the social composition of the communities where they are 

embedded. To provide recommendations based on examples of good practice on how to 

overcome these challenges, we draw on the experiences of several existing EC in Europe using 

semi-structured interviews to identify what works and what does not work in creating inclusive 

ECs. Initial evidence shows that the timing of meetings at weekends and provision of childcare 

can increase womenôs participation. We provide a critical analysis of Horizon Europe project 

SCCALE 203050 Inclusivity Guide which was produced to overcome non-inclusivity in ECs 

[14]. 

Our methodology uses a mixed methods approach. A review of the literature provides an 

overview of the evidence of experiences in establishing and scaling-up energy communities, 

including the challenges of ensuring that their membership reflects the social composition of 

the communities where they are embedded. We use the energy justice theoretical framework to 
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explore how and the extent to which ECs fulfil their social role [11]. The framework helps 

identify three aspects of that role: (i) the extent to which procedures for membership of an EC 

influence the diversity of membership (procedural); (ii) distribution of outcomes in terms of 

benefits and services (distributional) and (iii) which sections of society and their needs are 

ignored or misrepresented (recognitional justice). The framework can also be used to support 

decision-making [15]. Energy justice considers the context, for example the social determinants 

of energy consumption which are gendered and vary across time and location [16]. We view 

the framework, through a gender lens [17] which gives a more nuanced understanding about 

how the energy transition may unevenly distribute benefits, costs and risks, thereby producing 

new inequalities or exacerbating existing ones. Although we use the term ógenderô, we 

recognise that women and men are not two homogenous groups but that, within these groups, 

they are differentiated by a range of intersecting social characteristics such as age, ethnicity, 

socioeconomic status, sexual orientation and other social identities or positions which shape 

social experiences [18] or are affected by economic or political projects [19] which would 

include social inclusion or exclusion from ECs. Therefore, we aim to make a more detailed 

analysis of the social distribution of the energy transition by taking an intersectional approach 

that disaggregates data across different groups without prioritising one category of social 

difference. 
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EXTENDED ABSTRACT  

 

INTRODUCTION 

The sharp rise in energy prices across Europeðparticularly following the Russian invasion 

of Ukraine in early 2022ðtriggered a surge in household-level energy-saving measures [1]. 

While the broader energy crisis encompassed both supply instability and market volatility, 

the price shock was the most immediate factor affecting household behaviour. This study 

investigates the persistence of energy-saving behaviours adopted during the crisis and how 

this varied across household types, tenure, employment status, financial vulnerability, and 

national contexts. 

The crisis stemmed from a sharp reduction in Russian gas imports, heightened demand post-

COVID-19, and global market instability [2]. These factors caused unprecedented energy 

price spikes, exposing long-standing vulnerabilities in residential energy use and affordability 

[3]. Governments introduced emergency measures [4], but many households resorted to 

independent demand-reduction strategies [2], [5]. Although prices have dropped from 2022 

peaks, they remain above pre-crisis levels in several countries [6], [7]. This context allows 

investigation into not just immediate responses but also the longer-term maintenance of such 

behaviours. 

METHOD 

We use data from an online survey (N = 14,254) in eight European countries: Belgium, 

Czechia, Estonia, Finland, Germany, Italy, Romania, and the UK. The survey captures self-

reported behaviours during and after the crisis, alongside socio-economic, housing, and 

financial indicators. Two key behaviour indicators were assessed: (1) whether households 

adopted restrictive energy-saving actions (e.g. reducing heating/cooling, limiting appliance 

use) during the crisis, and (2) whether they continued at least one of these actions after prices 

stabilised. 
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Energy-saving behaviours were identified via a multiple-response item listing: reducing 

heating or AC, limiting energy-intensive appliances, upgrading to efficient appliances, using 

efficient bulbs, programmable thermostats, smart power strips/timers, using less 

water/fuel/energy, óOtherô, or no actions. A follow-up question asked if households were still 

engaging in these behaviours after the crisis. 

Key independent variables included household type (e.g. couples with/without children, 

single parents), housing tenure (owned outright, owned with mortgage, social rental, private 

rental, or living in a free residence), employment status, perceived income adequacy (on a 5-

point scale from finding it very difficult to living very comfortably), and perceived financial 

burden related to energy costs (on a 5-point agreement scale from strongly disagree to 

strongly agree with the statement ñMy energy costs represent a major financial burdenò). 

We employed descriptive statistics and multivariate models: logistic regression for the 

likelihood of adoption and continuation, and Poisson regression for number of actions. 

Categorical variables were dummy coded; analysis used complete cases. While correlational, 

the models offer insight into behavioural patterns and the socio-demographic conditions 

under which behaviours were adopted or maintained. 

RESULTS AND DISCUSSION 

Overall, 21.1% of households reported taking no action during the crisis, while 16.3% 

reported no continued actions afterward. Interestingly, 5,431 respondents (over one-third) 

reported new behaviours after the crisis that had not been listed previouslyðlikely reflecting 

a misunderstanding of the follow-up question. To address this ambiguity, we categorised 

respondents into two distinct groups based on response consistency: those whose post-crisis 

behaviours were a subset of those reported during the crisis (labelled as consistent 

respondents, 62.4%), and those who reported at least one new behaviour after the crisis 

(expanded respondents, 29.9%). Descriptive statistics are presented separately for each 

group, while regression analyses are restricted to the consistent group to ensure 

interpretability and robustness of findings. 

Figure 4 shows the most common actions: switching to LED bulbs (51.6% during; 55.4% 

after), reducing heating or cooling (40.1% to 42.7%), and using less water/fuel/energy (41% 

in both periods). While mean actions per household appeared slightly higher post-crisis (2.14 

vs. 2.07), a paired-samples t-test among consistent respondents found a statistically 

significant decrease: t (9186) = ï47.75, p < .001, Cohenôs d = ï0.498. Engagement varied by 

household and country characteristics. Single-parent households, those under greater 

financial burden, and those reporting low-income adequacy undertook more actions during 

and after the crisis. Respondents in Italy and Romania showed higher levels of activity, while 

Finland and Estonia reported fewer behaviours overall.  
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Figure 4 Energy-saving behaviours adopted during and after the 2021ï2023 energy crisis, disaggregated by 

respondent group. a) Households with consistent responses, i.e. those whose post-crisis behaviours were a subset 

of or identical to those reported during the crisis. b) Households with expanded responses, i.e. those who 

reported adopting at least one new energy-saving behaviour after the crisis. 

Cross-country analysis (Figure 5a) shows Italy and Romania with over 90% of consistent 

respondents continuing at least one behaviour. Finland reported the lowest engagement both 

during and after the crisis. Among expanded respondents (Figure 5b) Finland and Czech 

Republic had the highest rates of newly adopted actions post-crisis.  
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Figure 5 Changes in energy-saving behaviour during and after the 2021ï2023 energy crisis by country and 

respondent group. a) Percentage of households in each country who reported adopting at least one energy-saving 

action during the crisis and continuing at least one of those actions after it, based on respondents with consistent 

responses across both questions. b) Among households whose responses expanded post-crisis, the percentage 

who continued previous actions and/or adopted new ones. Continued and newly added behaviours are shown as 

stacked bars. Percentages are calculated within each consistency group by country. 

Regression analysis (Table 1) shows financial burden as the strongest predictor of both 

adoption and persistence, with a clear doseïresponse relationship [8]. Income adequacy also 

independently predicted both outcomes. Retired individuals, part-time workers, and single 

parents were more likely to adopt and maintain behaviours, whereas unemployed individuals 

were significantly less likely. Cross-country differences were again notable: Italy, Romania, 

and Czechia showed higher levels of behavioural change, while Finland and Estonia showed 

lower levels. 
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Table 1 Summary of regression models 

Model type  Model outcome N Variance Explained 

Logistic Adoption during crisis (any 

action) 

9187 Nagelkerke R² = 0.137 

Accuracy = 67.6% 

Logistic Continuation after crisis 

(any action) 

7762 Nagelkerke R² = 0.078 

Accuracy = 64.3% 

Logistic Continuation of same 

actions only 

6845 Nagelkerke R² = 0.079 

Accuracy = 64.0% 

Poisson Number of actions during 

crisis 

9187 Deviance explained: 

14.9% 

Poisson Number of actions after 

crisis 

7762 Deviance explained: 

15.7% 

 

These findings suggest that behavioural adaptation often reflected constrained circumstances 

rather than purely voluntary action. Financially burdened households were more likely to 

persist with restrictive measures, indicating both resilience and limited alternatives. While 

intent cannot be determined, the data raise important questions about the role of structural 

conditions in long-term behaviour change. 

In the context of a just energy transition, these patterns suggest financially vulnerable groups 

may require targeted support. Relevant interventions include financial aid (e.g. energy 

allowances, social tariffs), infrastructure improvements (e.g. retrofits), and behavioural 

support (e.g. energy advice, default settings) [9]. Behavioural policies must also be sensitive 

to inequality and avoid assuming behavioural freedom where structural constraints exist [10]. 

Cross-country comparison highlights the importance of contextualising behavioural policies 

[11]. Countries with stronger safety nets or existing efficiency programmes may have 

alleviated the need for continued restrictive behaviours. In contrast, countries with weaker 

support structures, like Italy and Romania, saw both higher adoption and continuationð

potentially reflecting fewer options during the crisis [12]. For instance, Finlandðdespite 

offering relatively generous general social protectionsðshowed lower reported adoption and 

continuation of energy-saving behaviours, whereas countries like Italy and Romania, which 

experienced sharper price shocks and had fewer targeted relief schemes, exhibited both high 

adoption and high persistence. While it remains unclear whether continuation was driven by 

choice or necessity, these differences highlight the importance of national policy contexts in 

shaping behavioural trajectories [13].  

These results call for coordinated EU-level strategies that acknowledge national disparities 

in vulnerability and policy capacity [14]. Energy-saving actions must be seen not just as 

environmental behaviours but also as signals of unmet needs [15].  

CONCLUSIONS 

This study offers cross-national evidence that many energy-saving behaviours during the 

energy crisis were shaped by financial pressure rather than environmental motivation. 
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Persistent behavioursðespecially among vulnerable groupsðoften reflect necessity rather 

than proactive change. 

Energy-saving actions should thus be recognised not only as mitigation strategies but as 

indicators of structural need. Country-specific patterns further underscore the influence of 

national contexts and the importance of tailored policy responses. 

A fair and inclusive energy transition will require both EU-wide coordination and targeted 

national support. Future work should integrate self-reported behaviours with actual energy-

use data and assess long-term impacts to inform equitable policy design. 
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Extended abstract   

CONTEXT AND MOTIVATION 

Hydrogen has emerged as a potential ñmissing linkò in low-carbon transitions, with EU and 

French strategies placing it at the core of future decarbonisation and energy system resilience. 

Yet its large-scale deployment faces significant barriers, including techno-economic 

constraints [1], industrial limitations, socio-environmental concerns [2], political challenges, 

and strategic vulnerabilities such as resource dependencies [3] and trade risks. Furthermore, 

the development of a global hydrogen market risks perpetuating patterns of ecological 

unequal exchange, with exporting regions disproportionately bearing water, land and energy 

burdens [4]. 

In this context, although sufficiency strategies7 [5] are occasionally cited as a way to reduce 

pressure on the hydrogen value chain [6], their potential to moderate demand and prioritise 

essential uses remains largely unexplored in energy modelling studies. A second major gap 

in the literature lies in the limited integration of social sciences into these models. In the case 

of hydrogen, recent studies call for participatory foresight exercises that engage citizens in 

shaping and assessing future transition pathways, moving beyond expert-driven 

methodologies to incorporate diverse societal preferences into long-term planning [7ï9]. 

 
7 Sufficiency policies are defined by the IPCC as a set of measures and daily practices to avoid the demand for 

energy, materials, land, water, and other natural resources while delivering wellbeing for all within planetary 

boundaries. 
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This study explores how sufficiency strategies and social preferences can reshape hydrogen 

futures in France. Four long-term decarbonisation scenarios are modelled, combining varying 

policy ambitions and sufficiency assumptions. In a second step, the modelling is extended by 

integrating citizensô preferences, first to weight a multi-criteria evaluation of the four 

scenarios, then to inform the optimisation process and generate refined, socially aligned 

transition pathways. 

METHODOLOGY 

The proposed approach combines prospective energy system modelling with participatory 

multi-criteria analysis and stated preference methods. We use KiNESYS-IFPEN, a TIMES-

based8 global optimisation model covering 29 regions, including France. The model 

minimises total system cost while meeting energy demand and respecting emissions targets. 

It integrates a broad portfolio of existing and emerging hydrogen technologies, allowing 

competition between supply routes and across end-use sectors. Its regional structure explicitly 

captures energy trade flows between world regions. 

Four scenarios are defined (Table 1) to assess the impact of sufficiency measures on the 

French energy system and particularly on the hydrogen value chain. 

Table 1. Scenario overview table 

Scenario Emissions 

reduction 

trajectory 

Other energy and 

climate policies 

Sufficiency 

strategies 

S1 ï Current 

policies 

Moderate 

decarbonisation 

(AME) 

PPE + EU binding 

objectives  
None 

S2 ï Current 

policies + 

Sufficiency 

Moderate 

decarbonisation 

(AME) 

PPE + EU binding 

objectives 
CLEVER 

S3 ï Net-zero 
Net-zero by 2050 

(SNBC) 

PPE + EU binding 

objectives + SNBC 

objectives 

None 

S4 ï Net-zero + 

Sufficiency 

Net-zero by 2050 

(SNBC) 

PPE + EU binding 

objectives + SNBC 

objectives 

CLEVER 

Sufficiency measures are implemented across four major hydrogen end-use sectors: industry, 

heavy-duty road transport, aviation, and maritime. These assumptions are derived from the 

CLEVER scenario, a low energy demand scenario built using country-level bottom-up 

modelling [11]. 

¶ Scenarios are evaluated using a multi-criteria analysis based on six pillars: 

¶ Economic costs reduction: Total energy system cost. 

¶ Climate impact mitigation: Total CO  emissions of the energy system. 

¶ Environmental justice: Composite index of procedural and distributive justice related 
to energy imports, a dimension rarely integrated into quantitative scenario assessment. 

¶ Energy strategic autonomy: Dependence on imported energy commodities. 

¶ Raw materials security: Reliance on critical raw materials and associated supply risks. 

¶ Preservation of lifestyles: Variation in energy service demands. 

 
8 For the full documentation of TIMES, see [10]. 
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To integrate citizens' preferences, each criterion is weighted based on a Discrete Choice 

Experiment (DCE) conducted with a representative sample of French citizens. DCEs are 

stated preference methods in which individuals choose between sets of hypothetical policy 

options characterised by multiple attributes. In our case, the attributes correspond to the six 

evaluation pillars listed above (Table 2). The results allow us to determine the relative 

importance of each criterion in societal preferences, which are then used both to rank 

scenarios and, at a later stage, to inform the optimisation of the energy system model through 

a new composite objective function. 

Table 2. Example of choices set for the Discrete Choice Experiment (DCE). 

Criteria Alternative A Alternative B Status 

Quo 

Economic 

viability 

+2% in total energy 

system costs 

-4% in total energy 

system costs 
No change 

Climate 

mitigation 
-18% in CO  emissions -7% in CO  emissions No change 

Environmental 

justice 

+10% improvement in 

justice index 

+2% improvement in 

justice index 
No change 

Strategic 

autonomy 

-10% in energy import 

dependence 

-5% in energy import 

dependence 
No change 

Raw materials 

security 
+5% in material security 

-2% in material 

security 
No change 

Preservation of 

lifestyles 

+5% in energy service 

levels (e.g. plane travel) 

-30% in energy 

service levels 
No change 

 

MAIN RESULTS, CONCLUSIONS AND ASPIRATIONS 

Preliminary modelling results suggest that hydrogen may play a necessary role in meeting 

French and EU energy and climate objectives across all decarbonisation pathways. However, 

the inclusion of sufficiency strategies significantly alters the scale and composition of 

hydrogen demand, particularly by reducing reliance on e-fuels in the aviation sector. This, in 

turn, mitigates the need for hydrogen imports and reduces pressure on domestic hydrogen 

infrastructure (Fig. 1). 

In the Current Policies scenario (S1), net imports of energy commodities remain high, 

reaching around 650 TWh in 2050. This dependency is moderately reduced in the Net-Zero 

scenario (S3), by approximately 125 TWh. When sufficiency strategies are added (S4), 

imports fall more substantially, to below 300 TWh, mainly due to reduced oil product 

consumption (Fig. 2), a majority of which originates from countries in the Global South (Fig. 

3). These shifts are reflected in the energy strategic autonomy criterion (Fig. 4), which scores 

highest in scenarios with sufficiency measures. 

The multi-criteria analysis (Fig. 4) suggests that a net-zero trajectory incorporating 

sufficiency strategies (S4), offer a more balanced performance across several dimensions. S4 

outperforms other scenarios in climate mitigation, environmental justice, and strategic 

autonomy, while maintaining acceptable trade-offs in economic cost and material security. 

However, such pathways entail significant shifts in energy service demands, requiring 

coordinated societal and policy changes to support transitions in mobility, consumption 

patterns, and industrial use. 
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Future work will focus on three major directions. First, we aim to refine the calculation of 

evaluation criteria, ensuring consistency and comparability across scenarios. Second, the 

upcoming Discrete Choice Experiment (DCE) will be conducted to empirically determine 

citizen preferences, enabling us to rank scenarios based on societal values. Third, beyond 

ranking, we will operationalise these preferences within a novel optimisation framework. By 

replacing the standard cost-minimisation objective of KiNESYS-IFPEN with a composite 

function informed by the DCE results, we will generate new, socially aligned transition 

pathways for the hydrogen sector in France. 

This approach remains subject to limitations, notably in the selection and number of 

evaluation criteria, which must be constrained for feasibility within the DCE framework. 

Moreover, not all relevant dimensions of justice or environmental impact can be fully 

assessed within the boundaries of the model. 

Figure 6. Evolution of hydrogen supply (positive values on the y-axis, MtH2) and demand (negative values on 

the y-axis, MtH2) in France across the four scenarios defined in Table 1. Note: hydrogen co-production and 

dedicated production for refineries are excluded. 

 

Figure 7. Comparison of energy product imports (TWh) in France in 2050 under scenarios S1, S3, and S4, 

disaggregated by energy carrier. 
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Figure 8. Comparison of energy product imports (TWh) in France in 2050 under scenarios S1, S3, and S4, 

disaggregated by exporting world region. 

 

Figure 9. Multi-criteria performance of the four baseline scenarios presented in Table 1. Scores are normalised 

for each of the six criteria, ranging from 0 (lowest-performing scenario) to 1 (highest-performing scenario). 
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Extended abstract   
 

There is a collective agreement on the necessity of combining different actions carried 

out by different actors at different levels to achieve carbon neutrality. Although the focus was 

initially on infrastructural and technological changes in agricultural, industrial or mobility 

systems, the recent years have seen an increased attention to individual lifestyles and 

behaviours. The International Panel on Climate change (IPCC) typically insisted in its 6th report 

[1] that combining technical and behavioural instruments in this area could result in a 40-70% 

reduction in greenhouse gas emissions (GHG) by 2050.  

 

Policy instruments aimed at influencing individual or collective behaviours are certainly 

not new [2]. However, their use has soared in recent years on the wake of the development of 

social psychology, behavioural economics, and ónudgeô approaches in policy [3]. Examples 

now abound of their use to support the development of climate-friendly practices. In a 2019 

study, Howlett & Rawat identified ñfive kinds of behavioural tools [é] most commonly used 

in relation to climate change policy: provision of information, use of social norms, goal setting, 

default rules, and framingò [4]. 

 

This communication draws on a study [5] commissioned by the French Agency for the 

Ecological Transition (ADEME), in which an interdisciplinary group of social science 

researchers and evaluators has been working on the identification of the types of policy 

instruments aimed at supporting voluntary behavioural change (VBC) most frequently 

deployed in France [7] and on their evaluation.  

 

The study has raised three questions, the answers to which forming the basis of this 

communication:  
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- What does the literature on behavioural interventions tell about the potential impact 
of VBC instruments in the area of sustainable transitions?  

- How far are VBC instruments deployed in real-life settings evaluated? In what 

ways? 

- What do these evaluations tell about the real-life impact of VBC instruments in the 

area of sustainable transitions?  

 

Different tools were used to answer these questions, including an interdisciplinary 

review of the literature , at the nexus of social psychology, behavioural economics, sociology, 

policy analysis and programme evaluation; and the identification and synthesis of existing 

evaluations of real-life VBC instruments in France and abroad in the area of sustainable 

transitions. Subsequent findings were then discussed with a community  bringing together 

researchers and practitioners.  

 

Preliminary evidence suggests that existing knowledge remains of limited use to 

evaluate the impact of VBC instruments in the area of sustainable transitions, for several 

reasons: 1) most available knowledge is based on experiments in controlled settings, in which 

real-life conditions associated with effectiveness are not tested [8][9]; 2) knowledge is mostly 

available in the area of social and health policies and it is only of limited validity in the  

ecological transition area [10]; 3) the literature is mostly concerned with individual barriers to 

change, despite the recognised multi-level nature of these barriers in the sustainability area, 4) 

most VBC instruments are used in combination with other instruments, or as part of broader 

sustainability policies, but the complementarity aspects are hardly discussed in the literature; 

5) existing evaluations of real-life VBC remain limited in number and ambition and do not fill 

the above-mentioned knowledge gaps.  

 

These limitations may raise concerns in terms of the relevance of using behavioural 

instruments for sustainability purposes, the potentially limited adequacy of the behaviour 

change techniques [11] being deployed, and ultimately the possibility to improve these 

instruments to trigger genuine behavioural changes.  

 

In response to the above challenges, a new framework is being presented. It is designed with a 

view to help analyse VBC instruments in the sustainability area, and evaluate them. It draws on 

the heuristic value of the transtheoretical model [12][13] [12][13]; considers the variety of 

barriers to change in this area, and their combination; and the potential use of VBC instruments 

in combination with other instruments or as part of broader sustainability policies. The 

framework is tested on the five families of VBC instruments most frequently deployed in 

France, which have been identified in a first work of inventory also commissioned by the 

ADEME [6] : workshops, challenges, personalized support, digital tools, and community 

building. We anticipate that our study will provide actionable insights for improving the design, 

choice, implementation, and evaluation of VBC instruments. 
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Extended abstract 

Demand Side Management (DSM) plays a key role in the energy transition by helping 

balance the volatility of decentralized, renewable energy. It allows households to benefit 

from cheaper, locally produced energy during times of surplus. However, energy 

flexibilityðcentral to DSMðhas a strong social dimension. Understanding how flexibility 

relates to diversity factors such as income, housing, or family status is essential to designing 

inclusive programs and avoiding the exclusion of vulnerable groups from affordable energy 

access. The concept of a social license, originally from the mining sector, highlights the 

importance of legitimacy, credibility, and trust (Boutilier & Thomson, 2011). Applied to 

automated DSM (Adams et al., 2021), it underscores that meaningful, ongoing public 

acceptance depends on recognising social practices, routines, habits, and usersô desire for 

agencyðrather than treating flexibility as a mere commodity. 

Assessing residential energy flexibility requires considering both appliance use and user 

behavior, as identical devices can show different potentials depending on how they're used 

(Afzalan & Jazizadeh, 2019). Flexibility depends on social, cultural, and economic factorsð

what Powells and Fell (2019) term ñflexibility capitalò as ñthe capacity to responsively 

change patterns of interaction with a system to support the operation of that systemò. 

Wealthier households typically have more options, so a DSM policy or program that 

overlooks this matter risks reinforcing existing inequalities. Libertson (2022) adds that 

flexibility is also tied to social status and critiques demand-side technologies for assuming 
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that all users are rational and equal, an assumption that often disadvantages lower-income 

households.  

To address the social dimension of DSM within its cultural and economic contexts and 

support a just and inclusive transition, the Social License to Automate 2.0 task of IEA Users 

Technology Collaboration Programme developed a flexibility readiness framework. The 

framework builds on several supporting activities including a literature review on how 

diversity dimensions affect DSM participation (Henriksen et al., 2025), a diversity-focused 

analysis on energy saving actions of the Flash Eurobarometer 514 data (Eakins et al., 2025), 

energy profile data analyses to understand diversity-specific consumption differences 

(Garzon et al., 2023), and research into social dimensions of energy communities (Martinôs 

et al., 2024). The full Task report provides an overview on the complete results (Diamond et 

al., 2024). 

Methodology. The framework was developed through a multi-stage, collaborative process, 

drawing on findings from other SLA2.0 activities. Based on a synthesis of existing 

theoretical perspectives, flexibility readiness was defined as ñthe readiness to modify oneôs 

energy use in time, space, or intensity to accommodate specific needs regarding power 

consumptionòðincluding shifting, relocating, or adjusting the intensity of use (adapted 

from Libertson, 2022). Diversity dimensionsðsuch as gender, income, age, family status, 

and housingðwere selected based on project research and prior findings (Henriksen et al., 

2025). Expert workshops (5ï7 participants) identified key flexibility factors per dimension, 

created expressions of low, medium, and high willingness to support tangible 

understanding, and mapped socio-demographic traits to these factors, forming the basis for 

the framework. This mapping informed the definition of three flexibility readiness profiles. 

The final framework and profiles were validated and refined in a concluding workshop. 

Results. Based on insights from the literature and expert knowledge, three core dimensions 

of flexibility were defined, impacting the flexibility readiness of consumers: 

¶ Flexibility Capacity: Involves the physical potential for flexibility, including 

prosumer technologies (e.g., solar panels), household loads (e.g., appliances), 

enabling technologies (e.g. home energy management systems), and temporal 

capacity (available time to engage in flexibility).  

¶ Flexibility Ability: Considers the awareness, information accessibility, knowledge, 

skills, energy practices (when, where and what for energy is consumed) and 

flexibility of said practices. In this context, ability to control energy practices and 

ability to transform (ability to change conditions to improve flexibility) also play 

important roles. 

¶ Flexibility Willingness: This refers to the user's motivation to engage in flexibility, 

influenced by perceived benefits (e.g. provided through incentivisation), technology 

affinity, and social norms. 

Our research showed that these dimensions and factors show noticeable variation across 

social groups: Positively, men often exhibit higher technical flexibility capacity through 

greater access to enabling and prosumer technologies, while women tend to have higher 

temporal capacity. Households with young children show increased capacity linked to 

household loads. Homeownership and higher income boost flexibility capacity via access 

to advanced technologies and energy loads. Middle-aged individuals display enhanced 

flexibility ability due to their knowledge and control over energy use, with women showing 

strong awareness and practice-based flexibility. Men often dominate in skills and 
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transformative capacity, supported by financial means and decision-making power. 

Willingness to engage is higher among men, driven by technology affinity and financial 

incentives, whereas women are motivated more by environmental and social factors. 

Higher-income and medium-income households, as well as young, tech-affine individuals, 

also demonstrate strong willingness, supported by homeownership and access to incentives. 

Conversely, low-income households, tenants, and those with young children face barriers 

including limited access to prosumer and enabling technologies, reduced control, lack of 

information, and skill deficits that constrain flexibility. Older adults show lower willingness 

due to low digital literacy, while low-income groups often find limited benefits, reducing 

their motivation to participate. 

Flexibility readiness can therefore be grouped into the following three levels: 

¶ High readiness: tech-savvy, higher-income, homeowners with flexible schedules; 

men favour technology and finance incentives, women lean toward manual 

flexibility and social/environmental motives. 

¶ Medium readiness: groups with potential but limited by access or challenging 

routines, including young people, households with children, and tenants. 

¶ Low readiness: low-income and older households facing financial, informational, 

and routine barriers, especially older women and those affected by language issues. 

These profiles show that flexibility readiness is shaped by intersecting factors such as 

income, age, gender, and housing status, shifting household positions up or down the 

readiness scale. 

Conclusion. The flexibility readiness framework can offer valuable insights into how 

households can adapt energy use to support system needs. However, focusing solely on 

individual flexibilityðespecially when tied to technological resourcesðrisks reinforcing 

inequalities and overlooking the broader imperative of reducing overall energy demand. 

This is where the concepts of sufficiency and sobriety are crucial: DSM should not only aim 

to shift consumption in time, but also reduce it to ecologically sustainable levels (Guillard, 

2021; Thomas et al., 2019). Without this, DSM programs risk privileging high-consumption 

households with the means to automate, rather than encouraging restrained, conscious 

energy practices. 

Embedding DSM in community contexts can strengthen both flexibility and sufficiency 

with shared goals like optimizing local renewable energy, autonomy, and energy solidarity 

fostering more inclusive engagement. Framing flexibility as part of a collective effort to 

reduce dependence on the grid encourages more conscious and cooperative consumption 

practices, moving beyond individual performance toward broader ecological responsibility. 

Flexibility readiness should therefore also assess how practices align with sufficiency and 

social valuesðnot just technical responsivenessðto ensure DSM contributes meaningfully 

to climate goals and systemic change. 
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Extended abstract   

In the face of climate change and ambitious ecological objectives, sufficiency is increasingly 

gaining traction as a necessary complement to efficiency and substitution in sustainable 

transformation processes. Food producers and retailers are also coming under rising pressure to 

meet established sustainability goals and to conserve resources across their entire supply chains. 

The production and distribution of fruits and vegetables, in particular, contribute substantially 

to ecological burdens: long-distance transport spanning thousands of kilometers, combined with 

energy-intensive storageðsuch as refrigerated shipping across oceansðare significant CO  

drivers[1]. At the same time, conventional farming practices often involve extensive 

monocultures with high pesticide use, which accelerate biodiversity loss [2]. Besides that, 

single-use packaging is a crucial environmental factor. Plastic packaging is still essential in the 

food industry due to its hygienic properties, protective function, storage stability, and low 

cost[3]. However, it accounts for more than one-third of global plastic consumption and is a 

major contributor to pollution.[4] Its short lifespan and careless disposal often cause serious 

ecological harm, ranging from the massive accumulation of plastic waste to contamination of 

ecosystems.[4] 

Although consumers show increasing interest in sustainable products and environmental 

issues[5], many food manufacturers and retailers hesitate to adopt sufficiency-oriented or 

resource-saving practices due to fear of additional costs and adverse market reactions. 

Understanding consumers' trade-offs in favor of sustainability is essential to developing a more 

effective and sufficient transformation[6]. This is particularly true in food purchasing, where 

decisions often involve complex trade-offs between ecological ideals, price sensitivity, 

convenience, and other product attributes[7]. Knowing how individuals evaluate and prioritize 

these factors is vital for designing products, assortments, and marketing approaches that support 

sustainable consumption. 
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Fresh produce like apples provides an ideal context for analyzing such decision-making 

processes. Apples are among the most frequently purchased food items; consumers are very 

familiar with them, and they come in many forms that clearly convey environmental signals, 

such as packaging type, origin, or production type (e.g., organic certification). Despite the 

growing availability of sustainable alternatives, we have limited knowledge of which 

ecological features consumers prioritize and how far they are willing to go to make 

sufficiency-oriented choices, even if it means sacrificing comfort or paying higher prices[8]. 

To address this gap, our study investigates which product characteristics and ecological 

attributes influence consumer preferences when buying apples, and which compromises they 

are willing to make for more sustainable options. Part of the survey was a choice-based 

conjoint (CBC) experiment, in which participants were repeatedly presented with sets of four 

apple product profiles that systematically varied across five attributes. Participants were 

asked to select the product they would most likely purchase for each set. In a second step 

(dual-response format), they were additionally given the option to reject all presented 

products by selecting a ñnoneò option. The apple profiles varied systematically along five 

central product attributes: 

¶ Origin  (From the Region, Germany, Italy, New Zealand) 

¶ Packaging (unpackaged, paper, bioplastic, conventional plastic) 

¶ Point of sale (supermarket, discounter, farmersô market, organic store) 

¶ Certification (none, EU organic, Bioland) 

¶ Price  

For origin, we selected four levels representing a range of environmental implications 

associated with transport and seasonality: apples from the region, Germany, Italy (as an 

example of intra-European import), and New Zealand (as a long-distance overseas import). For 

packaging, we included unpackaged, paper, bioplastic, and conventional plastic options. These 

alternatives were chosen based on current market availability and guided by the packaging 

classification matrix by Burgstaller et al.[9], which categorizes materials according to their raw 

material source (fossil-based vs. renewable) and biodegradability. The point of sale included 

supermarkets, discounters, organic food stores, and farmersô marketsðreflecting the most 

common food retail formats in Germany, which differ in terms of accessibility, price level, and 

perceived sustainability. For certification, we distinguished between no certification 

(conventional), the EU organic label, and Bioland, one of Germanyôs most recognized and 

stricter organic certifications[10]. Finally, price levels were defined in alignment with actual 

retail prices for apples in Germany and varied systematically to allow for an estimation of price 

sensitivity across the different product profiles. Figure 1 shows an example of a conjoint choice 

set. 
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Figure 1: Example of conjoint choice set. 

A quantitative online survey was conducted with 948 German consumers. Part-worth utilities 

were estimated using a hierarchical Bayes approach to analyze the CBC data. Based on these 

estimates, we assessed the relative importance of each product attribute, analyzed combinations 

of features, and compared them to provide nuanced insights into how consumers rank trade-

offs. Results show that origin had the greatest influence on choice behavior, followed by point 

of sale, packaging, and price. Organic certification played a minimal role. Apples from the 

region, German apples, and unpackaged apples received the highest evaluations. On the other 

hand, plastic-packaged apples and imports from New Zealand were firmly rejected. 

Examining utility combinations reveals how consumers balance ecological signals with other 

factors. For example, unpackaged apples with a high price were rated more favorably than low-

priced apples in plastic packaging. Likewise, conventionally grown but unpackaged apples 

were preferred over Bioland-certified apples in paper packaging. These findings indicate that 

consumers are willing to make trade-offs and perceive sustainability as added value. They are 

guided by a sufficiency logic that prioritizes simplicity, visibility, and ecological coherence 

over abstract certification or reduced cost. 

In conclusion, sustainable food choices reflect a complex interplay of perceptions, practical 

considerations, and the visibility of ecological benefits. Our choice-based conjoint experiment 

shows that sufficiency-oriented preferences are measurably present in many consumers' 

everyday decisions, particularly when ecological attributes, such as regional origin or plastic-

free packaging, are available, clearly communicated, and easily understood. The results bear 
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several practical implications. First, price was less important than expected, suggesting that 

sustainable improvements do not always require financial compensation to gain consumer 

acceptance. Second, the consistently high utility values for regional and unpackaged products 

indicate a demand for simpler, low-impact options. This supports the idea that reducing product 

variety, limiting long-distance imports, and eliminating unnecessary or overpacked products 

could serve environmental goals while aligning with consumer preferences. The full results will 

be presented for the first time at the BEHAVE 2025 in Paris. 
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Extended abstract   

1. INTRODUCTION 

Young adults living in large cities often inhabit energy-inefficient housing and struggle to 

afford energy services, placing them at risk of energy poverty (EP). However, this issue is 

frequently overlooked in both in EP measurement and public policy. On the one hand the 

problem is widespread and is therefore often considered as a situation usually faced by 

younger people [1]. On the other hand, young adults supposedly face a lower risk of severe 

health effects are supposed to be lower than for older people and they often do not recognise 

themselves as energy poor [2]. 

Our research examines the energy poverty difficulties faced by young people living in Paris. 

While young households are not often identified as energy poor, we demonstrate that they 

encounter unique vulnerabilities in their energy usage. Adopting an energy justice perspective, 

we investigate the extent to which injustices in the functioning of housing markets and 

institutions cause energy vulnerability among young adults. Specifically, we show how 

housing inequalities, limited access to certain rights and a lack of recognition of their specific 

needs result in energy injustices that can severely impact the daily lives of young adults.  

We first show that energy vulnerability issues experienced by young adults may require a 

distinct approach compared to other population groups and develop the concepts of energy 

vulnerability and energy injustice in relation to this group (2). We then examine the role of 

housing markets and of institutions in producing the energy injustices faced by this group (3). 

We finally discuss the energy injustice ñgapsò faced by young adults as an urban issue (4).  

2. ENERGY VULNERABILITY OF YOUNG ADULTS: A PROBLEM IN NEED OF 
A SPECIFIC APPROACH? 

Vulnerability is usually analysed through three dimensions [3]: exposure, sensitivity and 

capacity of response. Energy vulnerability (EV), which can be viewed as the risk of falling 

into energy poverty, involves several dimensions. In terms of exposure, EV may relate to high 

indoor temperatures in summer, and low temperatures in winter. In terms of sensitivity, EV 
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may be related to certain threats, such as the economic risks faced by certain households with 

low incomes. In terms of capacity of response, EV raises questions such as how certain types 

of households can deal with high energy bills, with income variations, and with inadequate 

housing conditions and a lack of choice regarding heating equipment and thermal insulation 

and fewer opportunities to benefit from certain assistance schemes. 

Conversely, the concept of energy injustice (EI) relates to aspects that create differences that 

perceived as unfair [4]. EI can be analysed along three dimensions stabilised in the literature 

[5]: distributive, procedural and recognition justice. 

Young adults share some common characteristics with regard to EV factors. The transition to 

adulthood involves learning to live independently [6]. Practically speaking, this means finding 

oneôs own place, managing a budget, paying bills, and receiving less support from oneôs 

parents. This learning process also applies to developing new practices, habits and 

understandings, and applied to energy use, it can influence future lifestyles.  

However, young adults are not a homogeneous group [7], suggesting that different forms of 

EV may exist, depending on the group considered: students (who may be local or 

international), employed young adults, and young adults who are neither in education, 

employment, nor training (NEET). These groups differ in terms of income and autonomy, 

both financial and in terms of the material support they receive from relatives. These groups 

also differ in terms of their schedules and how they use urban amenities. Finally, these groups 

can differ in terms of social ties [8], resulting not only in different material circumstances, but 

also in different levels of social support, such as that provided by parents. These differences 

may result in specific energy injustices. For example, energy assistance schemes are often 

inaccessible to students. The way in which different groups interact with institutions can vary, 

as can the recognition of their specific needs. 

3. HOUSING MARKETS AND INSTITUTIONS AS ñPRODUCERSò OF ENERGY 
INJUSTICE 

Based on an analysis of the academic and grey literature, as well as semi-structured interviews 

with stakeholders involved in research and policy implementation, we have identified two 

main ñproducersò of EI.  

On the one hand, the local housing market [9] has specific impacts on young adults, through 

tensions on the segment of small flats, a significant proportion of substandard housing, 

financialisation of the housing market for students and the development of AirBnB, which has 

reduced the supply of affordable housing. Young adults often rent dwellings on the top floors 

which are equipped with inefficient electric heating.  

On the other hand, young adults are dependent on formal and informal institutions that can 

exacerbate their energy vulnerability. For example, access to assistance schemes is usually 

designed for families. Furthermore, there appears to be an informal norm according to which 

it is acceptable to live in poor housing conditions while young. 

4. ENERGY INJUSTICE GAPS FACED BY YOUNG ADULTS AS AN URBAN 
ISSUE 

At city level, we identify three types of EI gaps. 

The distributional EI gap is driven by both housing inequality within Paris, which can result 

in unequal energy burdens, and the need to use additional, often electric, heaters. It is also 

driven by differences in access to energy assistance schemes, with young households mostly 
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not benefitting from the ñCh¯que ®nergieò. Cold or excessively warm homes can impact the 

ability to study at home, potentially impacting academic achievement. 

The procedural EI gap relates to knowledge of where assistance information is available and 

how to access it. There may also be procedural inequalities relating to the possibility given to 

residents to express their needs in collective residences, and to receive help with simple 

repairs. Finally, the timing and spatial availability of some mechanisms is not adapted the 

needs and constraints of young adults. 

The recognition EI gap may be related to informal norms such as the widespread belief that 

young adults do not require high levels of thermal comfort. In terms of formal rules, we have 

identified a gap that disadvantages foreign students. This group might require specific advice, 

to help them navigate the French administrative system. In terms of time and place, the 

specific needs of students who require warm spaces in which to study during the winter period 

are also not recognised. 

5. CONCLUSION 

Although young adults are often absent from statistical analyses and policy approaches 

relating to energy poverty, our work suggests that the poor access to thermal comfort and to 

affordable energy is a problem for many young adults in Paris. Analysing their difficulties 

through the lens of energy vulnerability is a promising approach, as it focuses not only on 

actual energy poverty, but also on this groupôs exposure to the risk of becoming energy poor, 

either temporarily or permanently. Our discussions with stakeholders on the various factors 

contributing to energy vulnerability, their correlates and the injustices that may affect young 

adults contribute to the general research agenda on energy justice [10; 4].  
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Extended abstract   

Introduction and Motivation: 

Buildings account for about 40% of the EUôs total energy use and nearly a third of its 

greenhouse gas emissions [1]. Decarbonising this sector is therefore essential for meeting 

Europeôs climate goals. Achieving this requires more than technical upgrades ð improved 

energy efficiency, lower heating loads, and greater demand-side flexibility are all needed [2]. 

Stronger building performance cuts emissions, lowers costs, and reduces fossil fuel dependence 

[3]. Making buildings more flexible also helps balance supply and demand as variable 

renewables expand. 

However, technical and infrastructural solutions alone are not sufficient. Real-world success 

depends on the willingness of people to accept, adopt, and adapt to these measures in their daily 

lives. Policies promoting retrofits, smart thermostats, EV chargers, or heat pumps inevitably 

require participation from building owners, tenants, and households. Without widespread public 

support, even the best-designed interventions risk delays, limited uptake, or outright rejection 

[4]. Fostering acceptance is therefore not an optional add-on but a core condition for meaningful 

decarbonisation. Understanding peopleôs preferences, motivations, and concerns enables 

policymakers to craft measures that are not only technically sound but also perceived as fair, 

practical, and beneficial [5]. Strong public acceptance can amplify the effectiveness of 

technological solutions by encouraging complementary behavioural changes, such as shifting 

energy use in response to real-time pricing or actively participating in demand-response 

programs [6]. Conversely, poorly designed policies that ignore social acceptance risk backlash, 

resistance, and missed climate targets. 
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While many studies assess technical and economic impacts, fewer explore how people perceive 

these measures. Existing research often focuses narrowly ð on retrofits [7] or pricing [8] ð 

without connecting findings across contexts. Factors like cost, trust, fairness, and responsibility 

all shape support. To make decarbonisation socially viable, fragmented evidence must be 

brought together to guide better policies and future research. 

Research Questions & Objectives: 

This study aims to lay the groundwork for future research on how to foster public acceptance 

of policies and interventions designed to improve the energy efficiency and flexibility of 

buildings. By synthesising what is already known, the project seeks to clarify which factors 

shape public support or resistance and how these insights can inform policy design and 

implementation. 

The central question is: What factors influence public acceptance of decarbonisation measures, 

and how can these insights guide more effective policies? 

To answer this, the project conducts a comprehensive review of studies on public acceptance 

in the context of building decarbonisation. This synthesis identifies common drivers and 

barriers, highlights research gaps, and offers practical guidance to design studies and policies 

that are socially robust and impactful. 

Method: 

This study uses a systematic literature review to map and synthesise current knowledge on 

public acceptance of building decarbonisation measures. Only peer-reviewed articles published 

in English since 2015 in OECD countries are included, focusing on concrete actions like energy 

efficiency upgrades, renewable integration, smart heating or cooling, direct load control, smart 

charging, or dynamic pricing. Searches were conducted in Scopus, Web of Science, GreenFILE, 

and ProQuest using combined thematic and methodological terms related to acceptance, 

attitudes, and user perceptions in residential contexts. Standard screening steps removed 

duplicates and excluded purely conceptual papers to maintain a robust empirical base. Key data 

ð such as intervention type, acceptance drivers, and study methods ð were coded to identify 

patterns and gaps.  

Results and Key Findings:  

To provide a basic overview of the review, Figure 1 shows how the final 548 studies are 

categorised into thematic areas, highlighting the spread across energy efficiency measures, 

demand flexibility and pricing, renewable energy technology and storage, smart home 

technologies, heating and cooling, and related sub-categories.  
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Figure 1: Categorisation of the reviewed studies by intervention type and thematic focus 

Figure 2 presents the geographic distribution of the reviewed studies, showing a strong focus 

on Europe and North America, with additional contributions from Asia, Oceania, and other 

OECD regions.  

 

Figure 2: Geographic distribution of the reviewed studies 
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Across studies on building renovation and retrofits, homeowners and tenants generally show 

strong interest in improving energy performance. Surveys often find that over half intend to 

upgrade insulation, windows, or heating, and in some regions nearly half have done so in recent 

years. However, actual uptake lags behind intentions due to costs, trust issues, and perceived 

hassle. Those who do complete retrofits report high satisfaction, suggesting clear benefits like 

comfort and lower bills help close this gap. For heating and cooling technologies, financial 

incentives and trusted advice appear crucial. Environmental concern alone rarely drives 

adoption. Clear information on costs, savings, and performance can shift hesitant households 

toward investment. Satisfaction with upgrades is generally high, with comfort gains cited as a 

main reason for support. 

For energy-efficient appliances, many consumers see the value but choices are shaped mainly 

by upfront costs and convenience. Labels alone have limited effect unless paired with incentives 

or clear savings. Social norms and information help, but adoption remains low among lower-

income households without targeted support. Some studies find only 5ï6% of low-income 

households benefit from appliance assistance, despite widespread willingness if costs are 

reduced. 

For demand flexibility, peopleôs willingness to join demand-response programs depends on 

trust, fairness, and clear savings. Many are open to flexible tariffs or direct load control if they 

keep override options and see real benefits. In some trials, over half chose flexibility contracts 

when savings were clear, but many expect bill cuts of 10ï15% to participate. Different segments 

exist: some households are open to experimenting, while others are highly loss-averse and want 

guarantees. Similarly, willingness to pay extra for green electricity is shaped by perceived 

fairness, trust, and clear environmental benefits. Most consumers prefer solar and wind over 

biomass and are willing to pay about 5% more if they believe the supply is credible and the 

impact clear. People with stronger environmental or altruistic values are especially likely to 

support paying more. 

Finally, for smart home technologies and electric vehicles, convenience is the top priority. 

While energy efficiency is valued, users adopt smart thermostats, Home Energy Management 

Systems, and smart EV charging primarily for practical comfort and control. Trust in 

automation, the ability to override settings, and clear evidence of cost savings are essential. 

Many households remain unaware of these technologies or discount future savings, highlighting 

the need for awareness-raising and clear, user-friendly solutions. 

Taken together, these findings show that public acceptance is shaped by a mix of perceived 

fairness, trust, convenience, control, and visible benefits. Decarbonisation measures that align 

with peopleôs daily routines, address upfront cost barriers, and offer clear and credible rewards 

are far more likely to gain broad support. 

Conclusions and Recommendations:  

This review confirms that strong public support for building decarbonisation depends on 

measures being fair, affordable, and convenient. To close the gap between intention and action, 

policies should combine clear incentives with trusted information, easy-to-use technologies, 

and safeguards that protect comfort and user control. Programmes should lower upfront costs 

through targeted subsidies, bundled retrofits, or all-inclusive service models for heat pumps and 

smart appliances. Demand response schemes should include override options and clear 

compensation to build trust. 
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Researchers should explore how financing models like on-bill payment, leasing, or pay-as-you-

save can help spread costs. More applied work is also needed on practical ways to protect 

comfort and make new systems easy and reliable for diverse households. Clear communication 

and local advice networks can help ensure people feel confident and empowered to adopt these 

solutions. 

References 

[1] ñIn focus: Energy efficiency in buildings - European Commission.ò Accessed: Jul. 07, 

2025. [Online]. Available: https://commission.europa.eu/news-and-media/news/focus-energy-

efficiency-buildings-2020-02-17_en 

[2] R. Jackson, E. Zhou, and J. Reyna, ñBuilding and grid system benefits of demand 

flexibility and energy efficiency,ò Joule, vol. 5, no. 8, pp. 1927ï1930, Aug. 2021, doi: 

10.1016/j.joule.2021.08.001. 

[3] C. Maduta, G. Melica, D. DôAgostino, and P. Bertoldi, ñTowards a decarbonised 

building stock by 2050: The meaning and the role of zero emission buildings (ZEBs) in 

Europe,ò Energy Strategy Reviews, vol. 44, p. 101009, Nov. 2022, doi: 

10.1016/j.esr.2022.101009. 

[4] M. Fairbrother, ñTrust and Public Support for Environmental Protection in Diverse 

National Contexts,ò Sociological Science, vol. 3, pp. 359ï382, Jun. 2016, doi: 

10.15195/v3.a17. 

[5] L. Steg et al., ñA Research Agenda to Better Understand the Human Dimensions of 

Energy Transitions,ò Front. Psychol., vol. 12, Jun. 2021, doi: 10.3389/fpsyg.2021.672776. 

[6] J. Bender, L. Fait, and H. Wetzel, ñAcceptance of demand-side flexibility in the 

residential heating sector  ï  Evidence from a stated choice experiment in Germany,ò Energy 

Policy, vol. 191, p. N.PAG-N.PAG, 2024, doi: 10.1016/j.enpol.2024.114145. 

[7] A. Akhatova, E. Derkenbaeva, E. van Leeuwen, L. Kranzl, S. Halleck Vega, and G. J. 

Hofstede, ñWho invests in energy retrofits? Mining Dutch homeownersô data,ò Energy Policy, 

vol. 189, 2024, doi: 10.1016/j.enpol.2024.114132. 

[8] E. D¿tschke and A.-G. Paetz, ñDynamic electricity pricingðWhich programs do 

consumers prefer?,ò Energy Policy, vol. 59, pp. 226ï234, Aug. 2013, doi: 

10.1016/j.enpol.2013.03.025. 

  



Back to table of contents 

130 

Policy Impacts on Heating System Adoption in Switzerland: Integrating 

individual behaviour into an agent-based model 

Theme 1, sub-topic 1d) and 6a)  

ἦ ñAcademic contributionò  

Ἠ ñPolicy/practice contributionò 

 

Ola Elassal1*, Jan Abrell 1 and Hannes Weigt1  

1: Energy Economics Group 

 Faculty of Business and Economics 

University of Basel 

Peter-Merian Weg 6, 4002 Basel, Switzerland 

 

e-mail: ola.elassal/jan.abrell/hannes.weigt@unibas.ch,  

web: https://wwz.unibas.ch/de/energieoekonomie/ 

Keywords: Residential heating decarbonization, Policy effectiveness, Behavioural factors, 

Agent-based model (ABM) 

Extended abstract   

Residential heating accounts for 44 % of household energy consumption in Switzerland and 

over 15% of national greenhouse gas (GHG) emissions σ. Switzerland should decrease 

emissions from buildings by 82 % by the year 2030 and achieve a net-zero emissions building 

stock by 2050 (relative to the year 1990) ρω. Electrification of heating systems, particularly 

through heat pumps adoption, offers a one reasonable solution to reduce residential CO  

emissions, with benefits increasing as power grids decarbonize ρυ.  

To accelerate heat pumps adoption, the Swiss government has implemented a range of 

supportive measures. As part of the Climate and Innovation Act, an annual budget of CHF 

200 million is allocated for ten years to support homeowners replacing fossil-based heating 

systems or improving insulation ω. Furthermore, Switzerland imposes a carbon tax of CHF 

120 per tonne, with two-thirds of the revenue redistributed to citizens and businesses, 

benefiting those who consume less fossil fuels χ. While heat pump adoption is increasingð

reaching 21.3% of residential buildings in 2023, up from 17% in 2021ð fossil fuel systems 

still dominate, accounting for 54.4% of residential heating in 2023 τ. Which raises 

concerns about the effectiveness of existing policies.   

The effectiveness of existing policy instruments on sustainable technology adoption has been 

extensively explored using various energy models, which serve as an effective tool for climate policy 

planning ςρ. In Switzerland, recent studies have applied various modelling approachesðincluding 

system dynamics, S-curve fitting, and agent-based models (ABMs)ðto examine the adoption of heat 

pumps in the residential sector. while some studies ςπ find current policies sufficient to meet the 

decarbonization targets, others υȟρψȟςςȟςσ suggest additional policies may be required. Which 
raises the question of whether additional policy support is required to accelerate the decarbonization 

of residential heating. 

Many models focus on financial and technical factors influencing energy efficient technology 

adoption, while behavioral factors remain largely overlooked, which may undermine the 
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effectiveness of existing policies and slow adoption. A growing body of research indicates 

that human decision-making often deviates from full rational models due to cognitive biases 

such as present bias and limited attention. Instead of engaging in a thorough evaluation of 

costs and benefitsρτȟρφȟρχ Individuals often rely on mental shortcuts to simplify complex 

decisions φȟψ. While these shortcuts can ease decision-making, they also introduce 

systematic biases that distort perceptions of technology attributes often leading to an 

overestimation of costs and an underestimation of potential benefits, ultimately hindering 

adoption of energy-efficient technologies ρσ.  

Against this background, this study aims to evaluate the effectiveness of various policy 

instruments in promoting heat pump adoption, while explicitly accounting for behavioral 

factors that influence household decision-making. To do that, we adapt an existing consumer 

choice framework (See Figure 1)ɂoriginally designed as part of the Sweet Cosi project to 

capture individual behavior into energy system models ρ.    

Figure 1: consumer choice framework 

 

 

 

The framework illustrates how several agents interact with each other in the environment that 

characterizes the information and technologies available together with the general state of the world 

(e.g., weather conditions, energy prices). Each agent is characterized by a set of attributes and can 

take decisions in the choice module. To take decisions, agents need information that are observed in 

the environment. However, this information is transformed leading to perceived information. 

Observed and perceived information might be different due to two major reasons: First, information 

that is in principle observable might not be available to an agent. E.g., agents might only be able to 

observe information in their close neighbourhood but not in more distant locations. Second, agents 

might have misperceptions, e.g., agents might observe environmental footprints but only partially pay 

attention to these footprints or wrongly judge their magnitude. The perceived information is processed 

in the choice module, which evaluates the different decision dimensions (e.g., financial, 

environmental, etc.) and combines them into a final choice. Once agents make a decision, they 

communicate it back to the environment. 
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This consumer choice framework is applied to integrate three key behavioural factors 

(environmental preferences, attention to environmental impacts, and present value bias) into 

an agent-based model that simulates the adoption of heating systems in Switzerland. In this 

model, households are represented as agents who make annual decisions about whether to 

retain their existing gas heating system or switch to a heat pump. Each decision is guided by 

a scoring function that evaluates available alternatives based on two key dimensions: 

monetary cost and environmental cost. These individual scores are then aggregated into a 

single overall score for each option, reflecting the agentôs specific priorities. The agent 

subsequently selects the heating system associated with the lowest aggregated score, thereby 

minimizing their perceived total cost. 

The behavioral factors are quantified using three multiple price lists experiments integrated 

into the 2025 wave of the Swiss Household Energy Demand Survey (SHEDS) ρπ. 
First, environmental preferences experiment which aims to capture respondentsô willingness 

to pay (WTP) for carbon mitigation, reflecting the value they place on reducing emissions 

ρρ. Second, attention to environmental impacts experiment which aims to capture the 

extent to which such attention influences actual decision-making, recognizing that 

individuals may not fully consider environmental impacts in their decision making ρς. 
Third, present value bias experiment which aims to capture the tendency to undervalue future 

energy cost savings compared to immediate investment costs ς.  

After data collection, we will run the following policy scenarios, we apply our model to 

analyze the impact of public policies on the adoption of heat pumps in Switzerland. These 

policies include classical economic instruments such as carbon taxes on fossil fuels and 

subsidies on investment costs of heat pumps but also information policies to correct 

misperceptions, and the combination of the two. Our approach allows us to examine the 

impact of policies when behavioural factors are accounted for. To understand their empirical 

relevance, we compare the model outcomes for the scenarios with and without behavioural 

factors. Our approach therefore provides conclusion at two different levels. First, we 

contribute by informing the public debate on appropriate policy measures to decarbonize 

residential heating in Switzerland with an empirically founded model that accounts for 

individualsô behaviour. Second, by comparing model outcomes with and without behavioural 

factors, we draw conclusions on the empirical importance of behavioural factors for 

numerical modelling of heating adoption behaviour and its impacts on public policy support. 
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Extended abstract 

ñHealthy Homeò is a public awareness initiative designed to upgrade the Italian existing 

building stock, with a particular focus on the health and well-being of elderly citizens. The 

action is coordinated by ENEA (the Italian National Agency for New Technologies, Energy 

and Sustainable Economic Development), in partnership with ADA (Association for the 

Rights of the Elderly and Pensioners), which operates in the metropolitan area of Naples. The 

initiative supports the implementation of the revised Energy Performance of Buildings 

Directive (EPBD) within Italy's Integrated National Energy and Climate Plan (INECP) [1]. 

As part of the national program ñItalia in Classe Aò, led by ENEA on behalf of the Ministry 

of Environment and Energy Security, Healthy Home aims to encourage public debate around 

the importance of living in sustainable, healthy environments. The initiative seeks to increase 

the renovation rate among households, especially those most vulnerable to energy poverty 

and health risks, by focusing on the intersection between energy efficiency, indoor comfort, 

and quality of life for people over 65.[2] 

Elderly citizens were deliberately chosen as the main target audience, as they often face 

barriers to home renovations due to anxiety, fear of change, and a lack of familiarity with 

new technologies. [4] 

The project followed a multi-stage approach, combining technical information with 

participatory activities. It opened with an informative workshop that brought together over 

100 participants, including institutional representatives, energy experts, healthcare 

professionals, and local stakeholders. The event aimed to identify practical strategies to 

support elderly citizens during the retrofitting process and promote healthier lifestyles and 

more sustainable energy habits. [5] 

In the second phase, a focus group using the ñWorld Caf®ò methodology was organized with 

elderly participants to explore four central themes: (1) resistance to renovation due to the 
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inconvenience it causes; (2) financial constraints and cost concerns; (3) personal safety during 

construction; and (4) perceived benefits such as improved indoor comfort, health, and energy 

savings. [6] This format encouraged open, structured dialogue and revealed widespread 

uncertainty and hesitation among older citizens, often rooted in prior negative experiences or 

lack of clear information. [7] 

The third stage involved general practitioners, who were asked to assess the health 

implications of inadequate indoor environments for older people. [8] Their findings 

highlighted several critical factors such as poor ventilation, presence of mold, disruptive 

noise, vibrations, and social isolation ð all of which contribute to elevated risks of 

respiratory illness, stress, and psychological disorders. [9] These results reinforced the 

projectôs core message: energy renovation is not just a technical upgrade, but a form of 

preventive healthcare for the aging population. [10] [11] 

To further assess attitudes and housing conditions, a structured questionnaire was 

administered to a sample of 100 individuals aged between 70 and 88 years. Participants were 

recruited through general practitioners, caregivers, ADA association volunteers, and an online 

survey platform. Many respondents were homeowners, with 52.8% residing in apartment 

buildings and 47.2% in other types of dwellings such as single-family homes or duplexes. 

Most respondents reported spending substantial time at home, underlining the importance of 

ensuring a safe and comfortable living environment. 

The responses revealed three main areas of concern regarding retrofitting projects: health 

impacts (e.g., dust, noise, respiratory discomfort), safety issues (e.g., accessibility during 

construction, fear of scaffolding or strangers), and exclusion from decision-making 

processes.[12] Poor communication with contractors and lack of progress updates also 

contributed to stress and resistance. Notably, only 33% of participants had already installed 

energy-saving technologies, and most interventions in apartment buildings were focused on 

common spaces, with no installations of EV charging infrastructure.[13] 

While the project gathered valuable qualitative insights, the current lack of quantitative 

impact indicators limits a full evaluation of its effectiveness. Future monitoring phases will 

aim to quantify behavioral changes, such as the number of participants who initiated 

renovations, consulted professionals, or accessed available incentives after engaging with the 

project. Collecting these metrics will be crucial to assess real-world outcomes and inform 

policy recommendations.[14] 

Many respondents indicated an interest in future renovations, especially those encouraged by 

financial incentives. Alongside a growing awareness of sustainability, a clear demand 

emerged for safety-related technologies such as smart alarms and emergency response 

systems, indicating that personal security is a key motivation for investing in home 

improvements.[15] 

One notable gap emerged in terms of access to information. A striking 54% of the sample 

reported never having participated in any awareness or training program related to energy 

renovation. While some had received advice from doctors or professionals such as architects 

and social workers, a significant portion had received no support whatsoever. Moreover, the 

project identified a substantial digital divide among older adults.[16] Although part of the 

sample responded online, many participants faced challenges in using digital tools to access 

renovation information, submit applications, or understand incentive schemes. This finding 

suggests the urgent need for dedicated digital literacy programs tailored to seniors, enabling 

them to navigate energy services, apply for benefits, and make informed decisions.[17] 
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In the fourth phase, energy technicians and experts addressed the practical issues faced during 

renovation projects: noise, dust, service interruptions, and mobility barriers. [18] They 

proposed a set of mitigation strategies, including detailed planning of construction timelines, 

the use of low-impact technologies and sustainable materials, and a commitment to 

transparent and empathetic communication with residents. These recommendations are 

crucial to creating trust and reducing psychological resistance among elderly 

homeowners.[19] 

The project concluded with a public dissemination event attended by about 100 people, 

including institutional representatives, healthcare professionals, architects, social experts, 

and elderly citizens. The event was an opportunity to present project outcomes, share best 

practices, and promote sustainable habits that improve well-being while contributing to 

climate goals.[20] 

Although piloted in Naples, Healthy Home provides a highly adaptable model that can be 

scaled to other regions.[21] To ensure broader impact and institutional continuity, the project 

emphasizes the need for stronger partnerships with stakeholders in the field of public health, 

pension, institutions and the National Association of Italian Municipalities (ANCI). These 

alliances will be key to expanding outreach, integrating energy-health policy frameworks, 

and building long-term support systems tailored to the elderly population.[22] 

The final phase of the awareness campaign will focus on three pillars: (1) providing 

accessible, up-to-date information on financial incentives; (2) offering expert consultation on 

both low-cost and advanced retrofit measures; and (3) promoting capacity building to help 

elderly citizens manage their energy behavior in an autonomous and informed way.[23] 

In conclusion, Healthy Home stands as an innovative and inclusive model that links energy 

policy, social welfare, and healthcare. By addressing practical barriers, digital inequalities, 

and psychological concerns, the project demonstrates how energy renovation can be 

redefined as a tool for dignity, comfort, and well-being in later life ð and as a scalable 

solution for sustainable aging in Europe.[24] 
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Extended abstract   

For decades, climate change mitigation research prioritized energy supply-side and 

technological options. Within demand-side strategies, efficiency measures historically 

received more attention [1]. Yet, this focus has evolved since the IPCC (International Panel 

on Climate Change) Sixth Assessment Report (AR), which broadened the scope to include 

more systemic dimensions. Increasingly, research highlight the role of socio-cultural factors 

and infrastructure design [2], as well as lifestyle choices [3],[4], sufficiency-based solutions 

and [5], well-being approaches [6]. This reflects a growing recognition that transformative 

change involves not only technical adjustments but also shifts in values, and provisioning 

systems. 
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While Energy System Models (ESM) and Integrated Assessment Models (IAMs) are widely 

used to inform and guide decision-makers on energy and mitigation policies, their focus 

remains largely techno-economic. Despite recent efforts to improve demand-side modelling, 

these models often poorly integrate sufficiency, societal and lifestyle aspects. When such 

aspects are included, the emphasis is typically on technology adoption and diffusion rates 

with cost-minimisation framework. Behavioural choices are assumed to be rational and 

modelled through the maximisation of utility functions that represent actorsô preferences, 

potentially overlooking major determinants and drivers [7],[8]. 

Despite progress in integrating demand-side dynamics into mitigation and energy modelling, 

a significant gap remains in how lifestyles and what shape them are represented, particularly 

the challenge of translating qualitative aspects into quantitative indicators. This includes 

identifying robust indicators to coherently assess the impact of lifestyle changes on energy 

demand [9]. 

While improving the efficiency of devices has a measurable and direct impact on final energy 

demand, lifestyle changes influence energy use more indirectly, by altering demand for end-

use energy services upstream in the energy chain. Several scenario-based approaches have 

begun to address this complexity by emphasizing energy services and their associated input 

hypothesis, including the Low Energy Demand (LED) [10],[11] and CLEVER scenarios [12]. 

In pursuit of well-being for all within planetary boundaries, recent research even proposes 

going one step further and explicitly linking energy services to the fulfilment of human needs 

[13].  

To address this methodological gap, this work conducts a systematic literature review of the 

quantitative representation of lifestyles, particularly in relation to energy demand and climate 

mitigation. By focusing on the following research questions: 

- What quantitative indicators are used to represent lifestyles on the demand side? 

- In what context, geographic regions, and types of studies are these indicators used? 

To answer these questions, a lifestyle definition is first needed. In this paper, we adopt the 

framing proposed by Agnew, Pettifor et Wilson, who describe lifestyle as ña unifying meta-

concept comprised of three common integrating elements: behaviors, cognitions and 

contextò, [3]. Lifestyles are considered as ñan amalgam of patterned or habitual behaviors, 

purposeful actions and aspirational self-concepts, responding to and shaped by a mosaic of 

physical, socio-economic and cultural stingsò. In this perspective, behaviours are the 

observable component of lifestyles and are then at the core of the quantified representation 

of lifestyles. By focusing on lifestyles rather than behaviours, this review ensures that 

behavioural ñpatternsò are analysed in relation to cognitive processes and contextual 

conditions: recognizing that behaviours are shaped by, and embedded within, broader 

environments rather than existing as purely individual choices. 

Some studies with scopes close to this review have already been performed. For example, 

Andreou et al. (2022) conducted a systematic review on the key lifestyle changes in current 

mitigation pathways, analysing the modelling approaches and scenarios assumptions 

underpinning them [14]. However, their focus was limited to IAMs and ESMs, and on 

residential and transport sectors. Moreover, their analysis emphasized indicators used to 

assess the impacts of lifestyle changes, rather than those used to explicitly represent lifestyle 

patterns themselves. 

In addition, Sugiyama et al. (2024) developed a classification of variables within IPCC AR6 

scenario database, organizing them across categories (primary energy, emissions, final 
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energy, energy service). However, their approach remained broad in scope while highly 

anchored to a highly specific dataset [15]. Similarly, Wiese et al. (2024) developed a typology 

of twelve service-level indicators to facilitate scenario comparison in sufficiency-oriented 

pathways [16]. While valuable, their review was constrained to pre-established ñsharedò 

indicators and only adopted a singular ñsufficiencyò framing, narrowing its conceptual 

breadth. 

To conduct this systematic review, the search query was structured around four main 

components: 1) lifestyle, 2) indicator, 3) demand-side and 4) excluding factors. Each 

component is composed of several keywords or expressions relevant to its theme. The central 

component ï lifestyle ï is composed of direct references (e.g; lifestyle) and related concepts 

such as sufficiency, practice theory, social practices, low energy demand and various sectoral 

policy associated with ñbehaviourò. These were selected because they contextualise 

behaviour, practices and consumption as embedded in material and social contexts shaped by 

infrastructures, institutions, policy frameworks. Thus, aligning with the adopted lifestyle 

definition. This perspective moves beyond seeing behaviours as isolated or purely individual 

emphasizing their relational and systemic nature. To be included in the initial pool, articles 

had to mention at least one keyword from each of the first three components in their title, 

abstract or keywords and none from the excluding factors component. Using this approach, 

7275 articles were retrieved from the Web of Science and Scopus databases and subsequently 

screened independently by two researchers, followed by a conciliation process to harmonize 

evaluations and build shared prior knowledge.  

During this screening phase, articles were assessed based on their titles and abstracts using 

three main inclusion criteria: 

1. Conceptual integration of lifestyle, either directly or indirectly through related 
frameworks such as social practices, sufficiency, low energy demand framework or 

other approaches that view behaviour as embedded in their social and material 

contexts.  

2. Focus on demand-side of individuals and households, including aspects such as needs, 

wants, desires, energy services, final energy, useful energy, food, goods and everyday 

services.  

3. Quantitative treatment of lifestyle, with inclusion of indicators, metrics, quantitative 
variables or parameters enabling the representation and analysis of behavioural 

aspects.  

Following this initial screening process, additional relevant articles were added based on 

expert consultation and the lead researcher review, some of which originated from the grey 

literature, thereby broadening the scope and representativeness of the final corpus considered 

for screening. 

Once the relevant articles were selected, quantitative indicators representing the lifestyles of 

individuals and households on the demand-side were extracted from them. At this stage, both 

articles and indicators were systematically categorised to enable deeper analysis. For each 

article, in addition to basic bibliographic information, topical focus (lifestyle, sufficiency, 

degrowthé), domain focus (housing, mobility, food, cross-sectoralé), methodological 

approach (survey, statistical analysis, modelling, scenarioé) or also heterogeneity level 

(from ñunique average agentò to very disaggregated types of households) were also recorded. 

Indicators were further categorised according to their associated sector, sub-sector and end-

use (heating, appliance, diet, mode of transportationé) but also according to their unit 

structure (central unit, scale, time relation) and their type (stock, flux, index, share, 
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intensityé). This structured categorisation supported comparative assessment and synthesis 

across diverse studies, enabling the identification of emerging patterns, gaps, and potential 

for more integrated representations of lifestyle in energy modelling. 
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Extended Abstract 

Smart systems are increasingly promoted as tools to support and facilitate the 

acceleration of the energy transition. Researchers though, suggest to be mindful of the social 

implications of smart systems [1]. Smart systems can be extremely helpful for tracking 

consumption, or employing interventions for reducing energy consumption or changing when 

to consume energy [2]. Yet, challenges in using those systems may negate system benefits [3], 

leading to their suboptimal or improper use. The current study reviews existing research on 

smart systems and household energy behaviour. We distinguish between overall reduction in 

energy consumption and load shifting. Load (or peak) shifting, means shifting your energy 

consumption from peak to off-peak hours. It is an important goal for many countries. More 

often the electricity net has to deal with net congestion - when electricity demand exceeds the 

gridôs capacity, potentially leading to shutdowns.   

First, we assess whether smart systems can stimulate changes in household energy 

consumption or can evoke load shifting. Next, we analyse the literature using the motivation, 

opportunity and ability (MOA) framework. The framework posits that behaviour change 

requires individuals to be motivated and recognize personal benefits in changing, have the 

opportunity to act, and be able to do so [4, 5]. Successful behaviour change hinges upon that all 

three components have been met. This study aims to assess how effectively smart systems 

address the three MOA components, to shed more light on the role of smart systems in 

accelerating the energy transition. The ultimate goal of this review is to provide an overview 

with specific guidelines for policy and practice on how to successfully employ smart systems 

in the energy transition.  

A systematic literature review was carried out to study the empirical evidence on how 

smart systems have affected household energy behaviour. The selection of literature followed 

the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) 2020 

guidelines [6]. We included articles from peer-reviewed, English language, journals, published 

from January 2015 to February 2025, who had performed empirical research on how a smart 

system technology had impacted energy (including electricity, gas, water) consumption. Studies 

had to report a measure of behaviour change to be included in the review. Studies that reported 

simulations on existing data, or focused on measures of perception (e.g., intention to reduce 
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energy consumption) were excluded. Finally, we only included studies that examined household 

behaviour (e.g., no workplace energy behaviour). A total of 122 articles was selected for review. 

Most of the studies reviewed report positive effects of smart systems. Households tend 

to either lower their energy consumption, or shift their energy consumption after a smart system 

has been installed [e.g., 7 - 10]. Smart systems thus appear helpful in shifting energy 

consumption to off-peak hours. However, the results are not all positive though. There are 

various instances where the introduction of a smart system initially reduced energy 

consumption, but was later followed by overconsumption. This signifies the danger of rebound 

effects. Finally, we also see that there are cases where smart systems do not change behaviour 

at all. One study for instance, using a mixed-methods design, shows that although smart systems 

enable households to manage their energy consumption more effectively, people are not always 

willing to do so [11].  

The extent to which smart systems help to motivate people to adjust their behaviour 

differs. There are instances where a smart system induces environmental awareness that 

encourages households to live more sustainable [12]. The system helps users become aware 

that their actions have consequences, which in the case of the climate crisis are rather dire. An 

adjustment of behaviour then serves someoneôs self-interest, as it may help to negate those 

negative consequences. Yet, smart systems also can quickly loose its appeal when the novelty 

wears off [13]. People may feel less challenged by the target behaviour and be less motivated. 

Finally, privacy concerns may may also negatively affect motivation [14]. In that case, a change 

in behaviour is not necessarily considered to serve someoneôs self-interest, rather the interest of 

commercial parties.   

From a technological perspective, smart systems provide the opportunity to support 

behaviour change. However, examining opportunities through a social lens produces mixed 

results. There is evidence that people feel that smart systems give them access to control their 

own consumption [10]. The smart system is then acknowledged as a mechanism that enables 

someone that change their energy consumption. Yet, research also suggests that the 

opportunities provided by smart systems are so abundant that people do not know where to start 

and hence not start at all [15]. Thus, a smart system may not always offer the opportunity for 

behaviour change.  

The ability to manage a smart system is an important third factor. While smart systems 

offer a lot of information and insights into household energy consumption, users must 

understand what this information entails and how to act on it. Smart systems that combined 

with interventions such as information prompts with energy saving tips are promising in helping 

users manage and apply the information effectively [16].  

A change in behaviour in unlikely when there are no obvious benefits for change [5]. In 

the case of household energy behaviour, immediate benefits are often monetary. For instance, 

people may shift their consumption to off-peak hours when electricity is cheaper. However, this 

systematic literature review finds that such incentives alone are insufficient to sustain behaviour 

change. In studies where smart systems neither reduced energy consumption nor led to load 

shifting, there was a lack of motivation, ability, or opportunity - either individually or in 

combination. We propose that smart systems can indeed accelerate the energy transition. But 

only if researchers, policy makers and practitioners work together to ensure that households 

understand the information provided by smart systems, are aware of the available assistance 

options of systems in changing energy behaviour, and that in the end, households experience 

the benefits themselves. 
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Extended abstract 

1. INTRODUCTION 

Sustainability crises such as climate change and resource scarcity threaten not only social well-

being, but also the economic sector. While green growth is heralded as a solution by some, it 

does not seem successful in stopping the continuous transgression of planetary boundaries [1]. 

Rather, a new paradigm seems to be needed that goes beyond efficiency and consistency to 

include sufficiency [2] and contributes to the decarbonisation of the economy. In such a 

ñsufficiency economyò, business practices ensure the well-being of all humans while operating 

within planetary boundaries by reducing production and consumption volumes [3]. Sufficiency-

oriented business models encourage consumers to reduce their consumption by managing 

demand through consumer engagement and education or by offering long-lasting products and 

life-extending services [4]. In addition, they anchor sufficiency in all operational processes of 

the company, for example through operations-focused strategies such as aligning the production 

of the business with actual consumer demand or avoiding launches of unnecessary new 

products, as well as governance-related strategies, including limited profit expectations and 

growth targets [5].  

Reorienting and designing business models that support sufficiency can be beneficial for the 

individual company as well as for society and the environment. From a companyôs strategic 

perspective, a sufficiency orientation can improve its market position and reduce the 

mailto:maike.gossen@tu-berlin.de
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reputational risk associated with unsustainable practices [6]. Downsizing production saves 

resources, energy and money and can promote the local economy. In addition, sufficiency-

promoting business practices can help consumers to adopt sustainable consumption patterns 

and avoid overconsumption [7] which in turn can strengthen customer loyalty and help to attract 

new customers [8]. 

While companies are becoming increasingly aware of the potential benefits associated with 

resource savings, the uptake of sufficiency practices is still low. Current business practices 

supporting sufficiency can be observed mainly in small companies and niche areas of the 

economy. In addition, previous research on sufficiency in businesses has mainly used 

qualitative research designs and case studies, so that quantitative assessments of the adoption 

of sufficiency strategies in companies and the implications of their implementation are lacking. 

Therefore, this research addresses existing research gaps regarding the uptake of sufficiency-

oriented strategies, enablers and advantages associated with the adoption of sufficiency 

strategies, as well as scaling activities. 

2. METHOD 
This contribution employs an exploratory sequential mixed methods design. In a qualitative 

phase, expert interviews with companies with a high orientation towards sufficiency were 

conducted between October and December 2024 to explore existing sufficiency strategies 

and understand the prerequisites for their implementation. The semi-structured interview 

guide consisted of a set of guiding questions allowing for open-ended responses. The 

interviews (N=13) were coded using MAXQDA analysis software and analysed using the 

qualitative content analysis method. 

The quantitative phase then built on the qualitative findings and explored the extent to which 

the qualitative findings could be replicated in a larger, more diverse sample of companies 

from Germany, Austria and Switzerland (N=304) with a focus on sustainability, but not 

explicitly on sufficiency. Study participants of the company survey were selected through 

systematic and convenience sampling. The online questionnaire was made available to 

participants via an online platform. The survey was accessible between the end of December 

2024 and the end of February 2025. The invitations to the survey were sent by email or 

shared in newsletters and professional networks, followed by a reminder two weeks later. 

The data analysis is descriptive in nature, i.e. it focusses on percentages, means and standard 

deviations. The mixed methods study has been approved by an ethics committee and was 

pre-registered with an open science platform (https://osf.io/txjsa/). 

3. SELECTED RESULTS 

The following section presents preliminary results on the implementation rates of internal and 

external sufficiency-oriented strategies among companies that participated in the mixed 

methods study, complemented by direct quotes from interviewees that illustrate the reasoning 

behind their adoption.  

The quantitative results of the survey with regard to the adoption of internal sufficiency 

strategies (see Figure 2) highlight that the most commonly implemented internal strategies are 

a sufficiency-oriented culture, the reduction of resource consumption and the adjustment of 

production volumes along needs. One interviewee stated that ñthe production volume [is 

oriented] toward [actual] needs. This year, for instance, we havenôt produced anythingò.   

The results indicate that companies focus on implementing management-driven and 

operational strategies that are often more directly controllable and in line with the 

organisation's existing sustainability practises. In contrast, strategies that challenge basic 

financial principles, such as limiting profits, restricting shareholder returns or avoiding 

innovation cycles, are much less frequently implemented.  
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Figure 1: Uptake of internal sufficiency-oriented strategies 

 

Among the external sufficiency-oriented strategies that address customers and other 

stakeholders, the most frequently implemented strategies are lobbying and activism for 

sufficiency-supporting structures, raising awareness of consumption needs and questioning 

consumption for instance through communication campaigns and adapting sales and marketing 

(see Figure 2). One interviewee stated that bringing attention to sufficiency ñwas the basic idea 

of the company, the purpose itself was actually to raise awareness [é] for our environment and 

our resources and our consumptionò.  

The results suggest that companies are more inclined to implement information and advocacy-

oriented strategies, probably because these approaches are low-barrier and less resource-

intensive and can improve reputation and brand positioning. In contrast, practical and structural 

changes such as the expansion of the business model to include repair services, extended 

warranties or inclusive financing are less likely to be implemented. Another explanation for the 

low prevalence of strategies that complement the product offerings of manufacturers and 

providers, e.g. through repair services, is the high number of service companies in the sample 

of the quantitative survey. 

 

 
Figure 2: Uptake of external sufficiency-oriented strategies 

 

Please note that the remaining results of the study, e.g., enablers and advantages that 

facilitate the implementation and scaling activities to support the mainstreaming of 

sufficiency-oriented strategies, are not included in this extended summary (for reasons of 
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word count) but will be presented at the conference. 

4. PRELIMINARY CONCLUSION  

While this study revealed numerous sufficiency-oriented strategies in practice, there are 

differences in how widely they are adopted. The relatively low implementation rates of 

financial and structural strategies imply that while sufficiency is being integrated into 

activities and operations, far-reaching systemic changes remain limited. The fact that 'soft' 

strategies are the most popular suggests a gap between informational or educational 

sufficiency practices and those that require structural and systemic change and therefore 

remain underdeveloped in practise. This emphasises the need for supportive policy 

frameworks or incentive structures to facilitate wider adoption of sufficiency strategies at a 

strategic level. 
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Extended abstract  

 

Background & objective. 

Canadaôs residential sector must accelerate adoption of energy efficient technologies to 

meet federal energy saving targets of 17 PJ by 2030. Traditional financial incentives alone 

have struggled to convert interest into decisive action. We therefore tested whether low cost, 

behaviourally informed e mail campaigns can (i) raise immediate interest in retrofits and 

(ii) generate transferable insights that improve the uptake of other retrofitsðspecifically 

home air sealing. Our goal is to demonstrate that strategic communications can be a 

scalable, cost effective policy lever that complements, and sometimes outperforms, capital 

incentives. 

In a partnership with Toronto Hydro, we previously ran two field experiments (N= 150,000 

households) to explore how communications can boost retrofit adoption. Each household 

received one marketing e mail whose subject line and body content described heat pump 

co benefits using Function, Social Norm, Environmental, Air Quality, Financial, or 

Combined framings. Open  and click through rates were measured with email analytics. 

Conversion to installation was inferred over 12 months using electricity consumption data. 

The results showed that the different framings varied considerably in their effectiveness, 

with the Function condition outperforming others (e.g., Combined framing) by several times 

in click rates and inferred heat pump installation rates. This study was conducted as part of 

the Program of Applied Research on Climate Action, a partnership between the Privy 

Council Office, Natural Resources Canada, and Environment and Climate Change Canada. 

Methods. 
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Applying learnings from the heat pump study, we co designed an ñultra leanò e mail series 

using pre-consented email addresses from the Canada Greener Homes Grant program from 

Natural Resources Canada. The series (N å 120,000, 5 waves) retains the best performing 

framings from the previous study. Each cohort is compared to a control group based on the 

nature of the experiment. 

In Wave 1, preliminary analytics show an open rate of 69.3% and click through rate of 

45.2% overall. Emails were sent to only those grant recipients that had not already 

completed an air-sealing retrofit. Using an intention-to-action ratio based on previous 

findings, we estimate that around 13% of people who opened the email would complete an 

air-sealing retrofit. For Wave 2, we are measuring whether providing useful information in 

a series of communications will increase click-through rates compared to a one-shot 

communication. The final results of this study, including estimated cost per PJ saved, will 

be presented at the conference. 

Discussion. 

Three design insights have emerged: 

1. Brevity with clarity. In the heat pump study, keeping messages under ~200 words 

quadrupled clicks relative to longer but similarly framed content. 

2. Framing specificity. Co-benefit framings that worked for heat pumps did not work 

as well for air-sealing despite higher, overall click-through rates. 

3. Reciprocity through providing useful information. Early results indicate that 

providing valuable advice and insights ahead of asking for participation may 

increase click through rates. Full results are forthcoming. 

 

Policy relevance & scalability. 

 

Using behaviourally informed communications in the absence of incentive-based programs 

can yield similar PJ savings at a fraction of the cost. 

Conclusions & recommendations. 

 

Behaviourally optimised e-mails can translate homeowner interest into retrofit decisions at 

a much lower cost than direct incentives. We recommend: 

¶ Embedding continuous testing inside government outreach, 

¶ Preferring more concise content focusing on co-benefits, and 

¶ Leveraging reciprocity cues when financial levers are modest. 

Overall, these findings demonstrate how behavioural science can be applied to boost interest 

and adoption of retrofits, and increase policy effectiveness. 
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Extended abstract   

Context 

Since the outbreak of the 2022 energy crisis triggered by Russia's invasion of Ukraine and the 

resulting spike in energy prices, France has implemented a wide range of measures to curb 

domestic demand and protect households from the inflation in energy prices. Among these 

measures, the ñPlan de sobri®t® ®nerg®tiqueò, launched in October 2022, which was widely 

promoted as a national effort to encourage more energy-efficient and responsible behaviours. 

According to official assessments, the plan was a success: the French Transmission System 

Operator (RTE) reported a 9% decline in electricity consumption during the winter of 2022-

2023 (weather-adjusted), with the Ministry for the Ecological Transition attributing part of this 

reduction to "more sufficient behavior."[1] 

Yet this interpretation raises substantial conceptual and empirical challenges. For sufficiency to 

be meaningful, it must not be conflated with short-term behavioural responses to price 

fluctuations or crisis signals. Actions such as turning down thermostats, switching off lights, or 

limiting heating may appear as sufficiency practices; however, when driven by economic 

constraints or fear of scarcity, they fail to capture the essence of what sufficiency truly entails. 

Sufficiency, as defined in the IPCC's Sixth Assessment Report, is "a set of policy measures and 

daily practices that avoid the demand for energy and resources while delivering well-being for 

all within planetary boundaries."[2] Sufficiency is an equity-based theory of distributive justice 

[3] and more importantly, an organizing principle [4] that enables societies to flourish without 

overshooting planetary boundaries. As an institutional and political framework, sufficiency 

relies on long-term structural changes such as land use management, urban planning, 

infrastructure, housing, that provide people to enough of essential services for a good life. 
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In this respect, our paper is also anchored in the broader literature on energy poverty [5], 

particularly the work around affordability of energy and less around access to energy [6]. From 

this standpoint, we distinguish sufficiency from constrained consumption: reducing energy use 

due to unaffordable prices signals deprivation, not sufficiency. Sufficiency implies a voluntary 

and long-term reduction in demand that preserves well-beingðsuch as through renovation or 

modal shift without rebound. This distinction shapes both our method and analysis. 

This paper seeks to reframe the post-Ukrainian crisis narratives in France by providing a micro-

econometric reassessment of household energy use since 2022. Our objective is to distinguish 

between sufficiency and energy poverty and to identify which groups, if any, exhibited patterns 

consistent with long-term sufficiency practices. Specifically, we study the extent to which the 

2022 energy crisis triggered a structural shift in electricity consumption among French 

households, and how much of the observed decline in consumption can be attributed to short-

term, price-driven behavioural adjustments? 

Methodology 

To address these issues, we combine two complementary empirical strategies, each operating 

at distinct scales and leveraging different datasets. First, we estimate short-run price elasticities 

using high-frequency household-level electricity consumption data from ENEDIS. The dataset 

includes 30-minute smart meter readings, disaggregated by tariff type (base vs. peak/off-peak) 

and contracted power level (e.g., 3 kVA, 6 kVA, 9 kVA, etc.). This level of granularity allows 

us to analyse behavioural responses to price variation across diverse technical configurations 

and consumption profiles. We match these consumption data with regulated retail tariff indices 

(TRV) and apply weather corrections using Heating Degree Days (HDD), calculated from 

ENEDIS meteorological observations. After applying the time series for climatic and calendar 

effects, we estimate regional and contract-specific elasticities over the 2022ï2024 period. 

Results 

Results indicate significant variations in price elasticity across tariff structures and contracted 

power level. Households with lower subscribed power, particularly under peak/off-peak 

arrangements, show greater responsiveness to price signals. This pattern suggests that more 

constrained users, either financially or technically, tend to adjust their consumption to price 

variations. Conversely, households with higher subscribed power under base contracts exhibit 

weaker responsiveness, indicating limited behavioural change despite rising prices. These 

disparities underscore the unequal capacity of households to manage their electricity 

consumption, shaped not only by price dynamics, but by infrastructural, contractual, and socio-

economic constraints. It suggests that a part of what has been referred to as sufficiency may in 

fact correspond to energy poverty. 

Second, we conduct a socio-spatial analysis using annual electricity consumption data at the 

Ilots Regroup®s pour lôInformation Statistique (IRIS) level, over the 2019 to 2024 period. 

Although these data lack contract and power-specific information, they can be matched with 

granular socio-demographic indicators from the French statistics office (INSEE) including 

income deciles at the IRIS scale. This approach enables us to explore how electricity 

consumption trends have evolved across the income distribution, and to assess whether these 

observed patterns signal structural shifts or expose differentiated vulnerabilities among 

geographic and social groups. Results based on IRIS-level electricity consumption between 

2022 and 2024 reveal a clear downward trend, though unevenly distributed across income 

groups. The most significant reductions are observed in the least advantaged IRIS zones, 

whereas households in the wealthiest deciles (9 and 10) show either no reduction or a slight 

increase in their electricity use during the same period. Importantly, as prices stabilized in 2024, 
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we observe a partial rebound in electricity consumption among upper-income groups, 

challenging the official hypothesis of a lasting behavioral shift. In contrast, electricity use 

among the lowest-income groups remains persistently lower, reflecting again energy poverty 

rather than sufficiency. 

By combining elasticity analysis with a socio-territorial lens, we provide a comprehensive 

understanding of post-Ukrainian crisis household electricity behaviour in France. The high-

frequency smart meter data reveal how households responded to price signals in real time, while 

the IRIS-level data shed light on broader, longer-term distributional dynamics across 

geographic and income strata. 

Discussion  

Together, these findings call into question the interpretation of the 2022ï2023 electricity 

demand reduction as a structural shift toward sufficiency. Instead, the evidence suggests a dual 

pattern: constrained energy use among vulnerable households and temporary restraint among 

higher-income groups, with limited signs of systemic transformation. Our contribution is 

twofold. Conceptually, we clarify the meaning of sufficiency within the context of energy 

transitions. Sufficiency cannot be inferred from aggregate reductions in demand alone; rather, 

it must be recognized as socially equitable. Empirically, we provide robust evidence that the 

post-Ukrainian crisis decline in electricity consumption in France was largely driven by energy 

prices, rather than a widespread shift toward sufficiency practices. 
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Extended abstract 

Context 

Since the publication of the IPCC Working Group III report in 2022, the concept of sufficiency 

has gained renewed attention in both policy and academic debates [1]. Sufficiency defines a 

corridor bounded below by the imperative to ensure that everyone has enough for a good life, 

and above by the need to avoid overshooting planetary boundaries [2]. It is therefore not a 

marginal lifestyle adjustment, but a systemic approach to shaping societal flourishing within 

ecological limits [3]. This corridor-based understanding makes sufficiency applicable across 

scales, from macroeconomic pathways to sectoral policies in buildings, mobility, and beyond. 

However, existing modelling frameworks remain poorly suited to capture the structural 

contribution of sufficiency to addressing the economic and socio-ecological challenges of the 

21st century [4]. Most conventional models tend to focus on technological efficiency, rather 

than on the underlying conditions that shape demand. In contrast, sufficiency is rooted in 

justice-based theory: it is a governance principle aimed at avoiding unnecessary resource use 

while ensuring that everyoneôs essential needs are met. In this paper, we ask a fundamental 

question: What investments and structural transformations are required to guarantee universal 

access to basic needs through low carbon means, and what are the macroeconomic implications 

of such a transition? Addressing this question requires embedding sufficiency principles into 

macroeconomic modelling. 

Methodology 
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We first identify sufficiency policies in the mobility and housing sectors. To do so, we use 

ChatSufficiency [5], an AI-powered online database developed by the World Sufficiency Lab, 

designed to support researchers and policymakers in navigating the growing body of literature. 

The tool enables users to extract and categorize policy measures that align with the principles 

of the sufficiency corridor; ensuring well-being for all while staying within ecological limits. 

The policies identified through ChatSufficiency reflect a fundamental shift: from optimizing 

consumption to redefining what is necessary and fair in a warming planet, based on the principle 

of ñenough.ò In the mobility sector, for instance, we identify 46 policies [6] focused not on 

increasing cycling rates per se, but on creating structural conditions that allow people to meet 

their basic needs through local, low-carbon accessibility. These include investments in spatial 

planning, proximity-based services, and infrastructure that reduce the need for motorized travel. 

In the housing sector, sufficiency policies emphasize access to adequate and affordable 

dwellings, renovation of existing buildings, and regulation of underuse and vacancy rather than 

simply expanding the housing stock.  

Once the sufficiency-related policies and measures had been identified, the next step was to 

embed them within a macroeconomic modelling framework in order to assess their potential 

macroeconomic impacts. To this end, we used the global version of the ThreeME model 

(Macroeconomic Multi-sectoral Model for the Evaluation of Environmental and Energy 

Policies) [7], an open-source, energy-economy-environment Computable General Equilibrium 

(CGE) model. ThreeME was specifically designed to evaluate the short- and long-term effects 

of environmental and energy policies on key macroeconomic and sectoral indicators. Its 

sectoral disaggregation allows for a detailed analysis of structural shifts, such as changes in 

employment, investment, energy use, and trade balances, across different branches of the 

economy. Additionally, its detailed treatment of energy flows made it well-suited to investigate 

how economic agents adapted their energy-related behaviors under different policy conditions. 

In the version we used, the model represents the global economy, with an explicit distinction 

between major world regions, including the Global North and the Global South.  Having such 

a regional disaggregation enables us to explore equity and justice issues across regions, 

particularly the persistent asymmetries in capacities, responsibilities, and development needs. 

This dimension is crucial in the context of the UNFCCC negotiations and the principle of 

Common But Differentiated Responsibilities (CBDR). It allows us to assess how sufficiency-

based policies may translate differently across regions, and to explore whether low-carbon 

transitions can be aligned with development objectives in the Global South while ensuring a 

fair distribution of effort and resources globally. This framing is essential not only from an 

ethical standpoint but also for ensuring political feasibility and legitimacy in the global 

governance of climate transitions. 

For this article, we developed a set of scenarios to compare different decarbonization pathways. 

Alongside a baseline scenario without specific climate policies, except existing ones, we 

included a techno-efficiency scenario relying solely on technological and energy efficiency 

improvements to reach climate neutrality by the end of the century. In contrast, the scenario we 

focus on in this paper is a sufficiency-based transition scenario, which integrates the policy 

measures identified through ChatSufficiency. This scenario aimed to explore the structural and 

macroeconomic implications of prioritizing demand-side transformations and access-based 

sufficiency measures as a pathway to deep decarbonization. 

To implement this scenario, we propose to enrich the structure of the model by integrating new 

variables that reflect the principles of sufficiency, specifically, an accessibility and affordability 

index (that we call sufficiency index) for mobility and a sufficiency index for housing. These 

indices capture whether people can reach essential services via low-carbon means, and whether 
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their housing conditions meet essential standards in terms of surface area, affordability, and 

energy services. 

Rather than assuming fixed modal shares or behavioural shifts, we start from a normative 

objective: by 2050, 100% of the population should have guaranteed access to essential services 

related to housing and mobility via low-carbon modes. We then quantify investment needs and 

structural transformations required, such as changes in urban form, infrastructure design, or 

housing policies, and how these affect key macroeconomic indicators including GDP, 

employment, sectoral dynamics, trade balances, public finance, and GHG emissions. 

Results: 

This work is currently in progress: we are in the phase of implementing the three scenarios 

within the model, in particular translating sufficiency policies and measures into the ThreeME 

macroeconomic framework. At this stage, we are not yet in a position to provide quantified 

results. These will be produced in the coming months, and the simulation outcomes will be 

available in time for the December conference, where they can be presented and discussed. 
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Extended abstract 

The European Green Deal aims for climate neutrality by 2050 by transforming the energy 

system towards decarbonisation, decentralisation, and digitalisation. Smart technologies and 

digital energy services play a pivotal role in enabling demand-side flexibility, which is essential 

for integrating renewable energy sources and stabilising the grid [1]. However, these services 

rely on the availability of household-level energy data, i.e., data generated and collected by 

smart energy products such as smart meters or other sensors and devices, creating new value 

for customers [2,3]. Hence, the willingness to share energy data is a critical behavioural factor 

for the successful implementation of a digitalised and flexible energy system. Although users 

recognise benefits of smart technologies such as cost, time and energy savings, comfort or an 

decrease of effort there is growing public concern about data privacy, surveillance, and the 

potential misuse of personal information [4,5].  

Existing research on willingness to share energy data shows that individuals are generally more 

open to data disclosure when they can perceive tangible, individual-level benefits. For example, 

a representative study by [6] in the UK found that a majority of respondents were willing to 

share half-hourly smart meter data when it enabled e.g. personalised tariff information. These 

findings indicate that instrumental motivesðsuch as cost savings or service improvementð

play a key role in shaping attitudes towards energy data sharing. While such studies offer 

valuable insights, they primarily provide descriptive evidence and rarely engage with 

explanatory models that account for underlying psychological or social mechanisms. In 

contrast, studies such as those by Kim, which examine data sharing in general in the field of 

IoT, can provide a more comprehensive picture by drawing on theories such as the privacy 

calculus framework [7]. This approach conceptualizes individual decisions as a trade-off 

between perceived benefits and perceived privacy risks and has been shown to predict 

intentions to disclose personal information in digital contexts. 
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In the energy domain, however, there remains a lack of empirical studies that systematically 

apply such frameworks, especially with a focus on multidimensional benefit perceptions. Only, 

Tschersich et al. [8] explored willingness to share data under different benefit constellations: 

benefits for self, for others, or for both. As Vigurs et al. [9] highlight, existing research focuses 

predominantly on privacy concerns, with limited attention to the perceived benefits of data 

sharing.  

The study addresses two core research questions: 

1. What is the role of different types of perceived benefits in shaping individualsô 
willingness to share energy data? 

2. How does the willingness to share energy data vary depending on the type of third party 
receiving the data? 

The research model of this study draws on the conceptual framework proposed by Bearth and 

Siegrist [10], who applied the risk-benefit approach (which is connected to Social Exchange 

Theory and Economic Exchange Theory) to the case of sharing medical and genetic data. They 

argue that risk and benefit perceptions are predictive variables for the willingness to share data 

(WTS), whereas trust in data recipients is central to forming a sharing decision. 

By transferring and adapting this framework to the domain of energy data, the current study 

extends existing research in two key ways: First, it expands the benefit dimension beyond 

individual utility by incorporating four types of perceived value (efficiency, innovation, 

transparency, collective impact) as conceptualized by Jetzek et al. [11]. Second, it 

systematically examines the role of trust in energy data recipients (e.g., municipalities, 

energy providers, citizen organizations) as a contextual factor in the risk-benefit evaluation. 

This integrated model is particularly relevant in the context of the energy transition, where 

citizensô willingness to share energy data is not only a question of personal utility but also a 

precondition for collective action and system-level transformation. 

The study is based on a quota-representative online survey of Austrian households (n = 1198), 

conducted in 2022 by the fieldwork institute Norstat. A standardized questionnaire was used to 

assess participantsô willingness to share different types of energy data, their perceptions of 

benefits and risks, and their level of trust in various data recipients. 

¶ Willingness to share (WTS) was measured across four data types (e.g., smart meter data, 

data of PV production, data on electricity consumption of dishwasher and washing 

machine) on a 7-point scale (1 = not likely at all, 7 = very likely). 

¶ Risk perception was operationalized via five items adapted from [10], capturing privacy 

and security concerns. 

¶ Benefit perception was measured using four constructs aligned with the Jetzek et al. [11] 

framework. 5 dimensions of generated value through sharing of data were 

conceptualized: 1.) value through data-driven efficiency, 2.) value through data-driven 

transparency of own energy behaviour and 3.) to the collective energy behaviour, 4.) 

value through data-driven innovation and 5.) value through data-driven impact on the 

society (i.e., the transition of the energy system). 

¶ Trust perception was measured with three items per recipient type (public institution, 

energy supplier, community association), adapted from [10]. 
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Additionally, the survey captured respondentsô digital affinity (based on an adapted version of 

the Media and Technology Usage Scale by Rosen et al. [12]), ownership of smart energy 

products, and socio-demographic characteristics. All multi-item scales used 7-point Likert 

response formats, and reliability analyses (Cronbachôs Ŭ) were conducted to ensure internal 

consistency. 

Although the data analysis is currently in progress, first result show respondentsô willingness to 

share energy data is rather moderate, with similar mean values for the public institution (M = 

4.62) and an association (M = 4.61), and slightly higher for an energy supplier (M = 4.74). As 

for the trust for electricity data usage for the right purpose, the respondents reported that it is 

slightly higher than the average for the public institution (M = 4.71) and the energy supplier (M 

= 4.70), and considerably higher for the association (M = 5.35). Respondents associate a 

moderate risk with sharing electricity data, with the lowest risk concerned with the energy 

supplier (M = 4.61), and slightly higher risks affiliated with an association (M = 4.71) and a 

public institution (M = 4.77).  

The five dimensions developed were summarized into two constructs based on a factor analysis, 

i.e. individual benefits through exploitation (1, 2 and 3) on the one hand and collective benefits 

through exploration (4 and 5) on the other. Concerning exploitation benefits, they are more 

associated with the energy supplier (M = 5.20) compared to the public institution (M = 5.07) 

and association (M = 5.08). Similarly, in terms of exploration benefits, the energy supplier 

provides greater perceived advantages (M = 4.95) compared to the public institution (M = 4.86) 

and association (M = 4.88).  

Ultimately, enabling households to actively contribute to the energy system through data 

sharing is not just a technical or legal challenge ï it is a behavioural and communicative one. 

This study helps identify where interventions, trust-building strategies, and targeted 

communication are needed to unlock the full potential of smart, participatory energy systems. 

Thus, this paper contributes to Track 1a of BEHAVE 2025 by combining behavioural science, 

information systems theory, and energy research to better understand the social practices and 

decision-making processes that underpin energy data sharing.  
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Extended abstract 

The increasing integration of renewable energy sources into energy systems necessitates 

enhanced demand-side flexibility to balance variable generation and maintain system stability. 

This study presents a model to quantify a countryôs flexibility potential based on the total stock 

of installed components and their average flexibility per unit, while systematically accounting 

for limiting factors such as financial, regulatory, and behavioural constraints. This enables 

realistic estimations crucial for system planning and effective flexibility program design. 

Additionally, the study analyses policy measures that can address these limiting factors to 

accelerate flexibility deployment. 

For this, flexibility is defined as the ability of a component, or pool of components, to deviate 

from their operational profile, where the operational profile serves as the baseline representing 

the planned or typical operation of the device under normal conditions. The flexibility potential 

is therefore assumed as the maximum possible deviation from an average componentôs baseline 

operation by increasing or decreasing its consumption or production without compromising its 

primary function or user comfort beyond acceptable limits. This ensures that flexibility is 

understood not as an abstract potential but as a measurable deviation from a defined operational 

plan, providing a practical and comparable basis for quantifying demand-side flexibility across 

devices and contexts. A decrease in demand is referred to as positive flexibility, while an 

increase in demand is referred to as negative flexibility. 

The model is applicable to any flexible component. This study illustrates its use for heat 

pumps and electric vehicles (EVs): 

¶ Heat pumps are key flexible loads in electrified heating, with flexibility potential 

strongly dependent on outdoor temperature, which affects both heat demand and the 

Coefficient of Performance (COP). While technical flexibility further varies with 

activation duration and environmental conditions, this study focuses on social, 

regulatory, and behavioural factors influencing uptake. ñTherefore, based on pre-

studies, we simplify the technical potential as the maximum activation over a four-hour 

period at 0ÁC, a temperature at which a balanced upward and downward flexibility 

potential is possible (heating demand exists, but not to the extent that the heat pump 

mailto:regina.hemm@ait.ac.at
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must operate continuously). 

¶ Assessing the flexibility potential of electric vehicles (EVs) requires understanding 

both the total number of EVs and, crucially, the stock of home charging stations, as these 

offer flexibility potential, contrary to most public fast-charging infrastructure, where 

users prioritize rapid, full charging over flexible operation. Flexibility potential is 

further closely linked to user mobility patterns and the availability of private parking, 

which enables home charging and potential PV integration. Regional differences are 

significant: urban areas like Vienna show low private parking rates, while rural regions 

in Austria exhibit high rates, affecting the scalability and spatial distribution of EV 

flexibility potential. 

 

Figure 10 Structure of the developed model as applied to heat pumps, illustrating the calculation of 

realistic flexibility potential from the total stock of installed units and the theoretical heat pump 

flexibility per asset. 

Figure 10 shows the model structure applied to heat pumps. The same model can be analogously 

applied to electric vehicles, with the distinction that, in this case, EVs and charging stations 

need to be considered separately. Starting from the total number of installed assets and an 

average flexibility potential per unit, the model sequentially applies various limiting factors to 

derive the realistic flexibility potential: 

¶ Starting from the total stock of assets, the upper path in the figure reduces this number 

by technical and financial constraints, resulting in a subset capable of providing 

flexibility. This is further narrowed by the proportion of users willing to actively 

participate and enroll in flexibility programs. 

¶ Separately, on the lower path, the theoretical maximum flexibility of an average heat 

pump is limited by technical and environmental factors to reflect what is technically 

feasible, before further reductions due to behavioural and financial factors yield the 

realistically deliverable flexibility per unit. 

 

This structured approach ensures that flexibility estimations reflect not only technical but also 

real-world social and behavioural constraints, providing a practical foundation for system 

planners and policymakers.  
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The model has been applied to Austria using market studies to determine the number of installed 

units and international literature to quantify further influencing factors. While nearly all 

components should be technically smart grid ready [1] by 2030  due to regulatory requirements, 

behavioural factors significantly limit usable flexibility. Especially the step from technically 

capable to actively participating components varies widely depending on user willingness, with 

survey data indicating an openness to participate between 30% [2] and 84% [3]. The 

participation of asset owners in demand response (DR) programs and flexibility services is 

shaped by behavioural openness to external control, financial incentives and perceived 

economic benefits, as well as by social learning within communities. For electric vehicles, 

beyond participation in DR programs, actual flexibility additionally depends on whether 

vehicles are plugged in while parked, while for heat pumps, user interventions such as 

thermostat overrides ([4],[5]) may further limit the average available flexibility potential. An 

estimation of the positive and negative flexibility potential for Austria has been conducted under 

both optimistic and conservative assumptions until 2030, providing a quantified range of 

flexibility contributions under varying adoption and participation scenarios, as shown in Figure 

11. In the conservative scenario for 2030, a positive potential of 135 MW is calculated to be 

available for positive, and 108 MW for negative flexibility services, assuming an outdoor 

temperature of 0ÁC. In the optimistic scenario, these values increase significantly to 650 MW 

for positive flexibility and 520 MW for negative flexibility. As previously mentioned, the major 

differences between the scenarios primarily result from user-related factors. 

 

Figure 11 Estimation of positive and negative flexibility potential of heat pumps for Austria under 

both optimistic and conservative assumptions until 2030. 

Further, different policy measures were evaluated to accelerate the deployment of flexible 

technologies in the energy sector was further developed, categorizing instruments by how they 

can drive technology adoption and flexibility provision. While regulatory and financial 

measures such as fossil fuel bans or targeted subsidies create market pull and reduce entry 

barriers, measures addressing user willingness and informed participation are particularly 

crucial for unlocking flexibility potential in distributed assets. 

Key policy measures therefor include: 

¶ Public awareness campaigns and capacity-building programs [6] that foster 

voluntary participation, enabling users to actively contribute to flexibility and 

decarbonization goals. 

¶ Training programs for installers and sellers [7] of heat pumps and EV chargers, 

enhancing trust while ensuring the flexibility narrative reaches end users effectively. 

¶ Certification schemes [8] for ñflexible-readyò products and installers, providing 
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transparency and further enabling different stakeholders to incorporate flexibility as a 

reliable option. 

¶ Legal requirements for device interoperability ([9],[10]), ensuring technical 

compatibility across manufacturers and systems, which reduces transaction costs and 

user frustrationðtwo major barriers to voluntary flexibility participation. 

Future research could benefit from quantifying the impact of specific policy measures on 

flexibility potential to better understand how financial, regulatory, and behavioural levers 

translate into measurable participation and activation rates. Additionally, the approach can be 

extended to other flexible components and applied across different countries to validate and 

further refine the model. 
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EXTENDED ABSTRACT  

1. INTRODUCTION 

The decarbonization of the residential building stock is central to meeting the European Unionôs 

climate neutrality goals [1]. On a national level, the Netherlands introduced the National 

Climate Agreement (ñKlimaatakkoordò), which sets ambitious targets for the building sector to 

reduce GHG emissions [2]. Especially Dutch social housing associations (HAs) are expected 

to contribute to the national goal of CO2-neutral housing stock by 2050, by transforming their 

existing housing stock with poor energy labels such as E, F, and G to at least energy label D [3], 

[4]. 

Dutch HAs, which manage a large share of low-income social housing in Europe, are 

increasingly engaging in energy-efficient renovation (EER) to reduce energy consumption and 

improve living conditions [5]. However, while insulation and passive measures are widely 

implemented, the integration of regenerative technologies, such as district heating networks, 

heat pumps, or renewable electricity systems, remains limited [6]. The rooftop organization 

Aedes recently adjusted its sectoral goals from a minimum of energy label B to energy label D, 

suggesting that significant barrier remain [4], [7]. These challenges include the realization of 

organizational transformations and large-scale retrofit complexity [3]. Other practical barriers 

that Dutch HAs encounter are asset heterogeneity, limited option of financing and investment 

or internal capacity of professionals [8].  Further decisive ñhidden barriersò are suspected.  

Dutch HAs operate in a complex institutional context. Their decision-making is shaped 

by regulatory frameworks, stakeholder interactions, and market uncertainties [8]. Identifying 

and understanding barriers within this context is critical to accelerating EER. . The aim of this 

study is to investigate and understand the barriers that HAs encounter, using Transaction Cost 

Theory (TCT) and Behavioral Insights (BI) as complementary lenses. 

2. THEORETICAL FRAMEWORK 

TCT has been applied in energy research to uncover ñhidden barriersò in project planning and 

implementation [9], [10], [11]. TCT focuses on the costs associated with due diligence, 

coordination, negotiation, monitoring, and enforcement, especially under uncertainty and asset 

specificity. TC-categories identified in energy related research are due diligence cost, search for 

information cost, negotiation cost; approval and certification cost, monitoring and verification 

cost, trading cost; and enforcement cost [9-11]. Notably, Williamson [12] integrates Simonôs 
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concept of bounded rationality into TCT to account for limited decision-making capacity. In 

ñThe Mechanism of Governance,ò Williamson [13] further emphasizes that behavioural 

assumptions are central to understanding transaction costs in complex environment as part of 

TC-research.           Alongside 

TCT, BI provide a cognitive lens on decision-making. This perspective emphasizes how 

psychological limitations and heuristics shape organizational behavior. Key concepts include 

bounded rationality [14], status quo bias [15]; loss aversion, and present bias [16]. These 

behavioral traits contribute to organizational inertia, slow decision-making, and risk aversion, 

especially when innovations deviate from well-established practices [17]. 

In recent years, BI has become increasingly pivotal in shaping the design, 

implementation, and evaluation of energy policies, as highlighted by Mundaca et al. [18] and 

the OECD [19]. This is especially relevant for the energy-efficiency context, where complex 

decision-making environments are influenced by cognitive biases and limited information 

processing [20]. Behavioural barriers are now widely recognized as shaping how decisions are 

made and sustained within organizations [21]. Reports from the European Environment Agency 

emphasize that phenomena such as bounded rationality, status quo bias, and loss aversion not 

only affect individual but also institutional behaviour. Consequently, even when financial and 

technical conditions are favourable, these psychological constraints can limit the willingness to 

adopt more ambitious renovation strategies. Integrating TCT and BI offers a multidimensional 

understanding of the structural and behavioral mechanisms that constrain EER in the social 

housing sector. 

3. METHODOLOGY 

This study adopts a multiple case study design involving eight Dutch HAs that have 

executed EER projects. The empirical data was collected between January 2023 and July 

2024 and includes semi-structured interviews with decision-makers, as well as document 

analysis of renovation plans, strategy documents, and internal reports. The interviewees 

consisted of key decision makers such as technical managers, project leaders, asset 

managers, and sustainability coordinators. Interview durations ranged between 50 and 90 

minutes and addressed topics such as renovation planning, regulatory compliance, 

technology adoption, tenant engagement, and risk assessment.  

Data analysis was guided by a deductive coding scheme derived from TCT and BI. 

Codes included transaction cost categories such as due diligence cost, negotiation cost, and 

monitoring cost, as well as behavioral patterns such as choice overload, loss aversion, and 

status quo bias. 

4. EXPECTED RESULTS 

Preliminary findings from the case studies indicate that Dutch HAs approach EER with 

considerable caution, often favouring low-risk, and default solutions such as insulation. Despite 

the growing policy pressure towards higher energy labels, decision-making processes within 

HAs are characterized by both transactional inefficiencies and behavioral constraints. 

From a TC perspective, several stages in the EER process are perceived as excessively 

complex, costly, and uncertain. The need to individually assess each buildingôs energy potential 

and technical feasibility contributes to high due diligence costs, particularly in portfolios that 

contain heterogeneous building types. Moreover, the necessity to coordinate with external 

actors, including municipalities and contractors, further increases negotiation and coordination 

costs. Once projects enter the implementation phase, HAs must invest considerable resources 

into monitoring and enforcing contractor performance, aligning renovation schedules with 

tenant needs, and resolving unexpected disruptions, which significantly increases enforcement 
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costs. In addition, behavioural traits play a crucial role in shaping EER-projects. HAs display 

strong status quo bias, which leads them to default to familiar measures even when more 

innovative approaches may offer long-term benefits. Decision-makers often express a 

reluctance to adopt new technologies due to fear of tenant dissatisfaction, uncertainty over 

energy savings, or reputational risks should projects underperform. The complexity of 

renovation options, compliance frameworks, and regulations, further contributes to decision 

paralysis and cognitive overload. As a result, even when financial and regulatory conditions are 

relatively supportive, associations tend to delay or minimize interventions that require more 

extensive planning, cross-departmental coordination, or technical innovation.  

These transaction cost and behavioral barriers often reinforce one another. For example, 

asset heterogeneity not only increases the technical and administrative complexity of planning 

renovations but also amplifies the psychological burden of making the ñrightò choice. This 

results in a higher tendency to delay decisions or settle for incremental, low-risk interventions. 

5. CONCLUSION & OUTLOOK 

This study reveals that EER in Dutch HAs is hindered not only by external constraints but 

also by internal decision-making dynamics. Transaction cost barriers, such as high due 

diligence and coordination costs, combine with behavioural bottlenecks, such as loss 

aversion and decision inertia, to discourage HAs from adopting more ambitious renovation 

strategies leading to decision paralysis. In sum, the decision-making processes of HAs reflect 

a complex interplay between structural transaction costs and behavioral barriers.  

Looking ahead, this research contributes to the fields of behavioural public 

administration, organizational decision-making, and transaction cost economics in energy 

transitions. The findings underscore the need for integrating behavioural insights into policy 

design, such as using nudges, simplified compliance schemes, or default options, can 

empower HAs to make bolder decisions aligned with climate neutrality goals. 
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Extended abstract  

1. Introduction 

The energy transition is widely seen as a defining moral and political challenge of our time. It 

is not only about technologies and targets, but about responsibility, action, and justice ï about 

doing the right thing, and doing it in time. Even so, what happens when the ñright thingò turns 

out to be more complex and complicated than expected? When measures aimed at addressing 

inequality end up reinforcing it instead? Or when policies intended to support a just energy 

transition reproduce the very disparities they were meant to redress?  

Scholars have long warned against reducing the energy transition to a technical issue alone. 

Instead, energy systems are best understood as socio-technical configurations shaped by 

political, economic, and cultural forces, and deeply embedded in everyday infrastructures such 

as transport, housing, and food systems [1,2,3,4].  

Critiquing initiatives driven by good intentions may appear unhelpful in times when action and 

commitment are urgently needed. However, by attending to what does not go as planned, we 

gain insights into how energy transitions unfold ï not only as technical transformations, but as 

social, institutional and political processes. While sustainable energy policies are typically 

designed with ambitious environmental and social goals, they do not always lead to the intended 

outcomes. These unintended consequences (UICs) can range from increased emissions to social 

inequities or technical problems. Examples such as social exclusion and distorted incentives 

mailto:ann-sofie.kall@ju.se
https://orcid.org/0000-0001-8067-2074
https://userstcp.org/hard-to-reach-energy-users-task/
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point to the importance of anticipating the broader, sometimes unintended, consequences of 

energy policies and programmes [5,6].  

2. Analytical Framework 

In this paper, unintended consequences refer to unforeseen negative effects of seemingly 

positive interventions ï such as financial incentives or informational campaigns on energy 

efficiency, behaviour change, and demand-side measures ï particularly when they disadvantage 

vulnerable and marginalised communities. 

To explore this, we draw on the typology proposed by Suckling et al. [7], which categorises 

UICs along two axes: whether they are knowable in advance, and whether they are avoidable. 

This produces four ideal types: Knowable and avoidable: foreseeable effects for which 

preventive action or adjustment would have been possible, but was not taken or 

prioritised . Knowable but unavoidable: consequences that are recognised in advance but 

cannot be prevented due to political, economic, or institutional constraints. Unknowable but 

avoidable: unanticipated outcomes that could potentially have been avoided through broader 

perspectives, participatory processes, or more adaptive governance. Unknowable and 

unavoidable: genuinely unforeseeable effects emerging from complex and dynamic socio-

technical interactions. 

Rather than reducing complex dynamics to a simple matrix, the typology serves as an analytical 

tool for reflecting on the complexity of unintended consequences ï and on the kinds of 

knowledge, processes, and institutional conditions required to address them. 

3. Methodology 

This study draws on a combination of methods: an international policy review, a literature study 

on unintended effects in the energy sector, and a survey with 72 experts from 16 countries. In 

addition, 18 interviews were conducted with individuals involved in programme design, 

evaluation, or policy development in the energy domain. 

In a second phase, the analysis was deepened through case studies from participating countries. 

The cases were selected to reflect thematic variation in energy policy, including pricing 

mechanisms, building retrofits, electrification, mobility, communication strategies, and justice-

oriented frameworks. The six empirical cases presented in this paper were chosen from this 

broader material to illustrate different types of unintended consequences across diverse national 

and institutional contexts. We interviewed individuals responsible for programme design, 

implementation and/or evaluation, and complemented this material with documentation from 

reports, websites, and other relevant sources. 

4. Empirical Cases 

The paper presents six empirical cases from Sweden, New Zealand, and the United States. 

These were selected to reflect variation in geography, policy type, and institutional conditions. 

Each case is analysed in terms of its policy goals, implementation outcomes, and position in the 

typological framework. 

In New Zealand, the phaseout of the Low Fixed Charge tariff, intended to increase fairness and 

remove cross-subsidies, led to higher electricity costs for many low-use, low-income 
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households ï a group already recognised as vulnerable. Meanwhile, the Warmer Kiwi Homes 

programme has delivered clear energy and health benefits but has also raised concerns about 

installation quality and a potential rebound in energy use. In the U.S., Vermont Gasô programme 

promoting heat pump water heaters encountered unanticipated system-level responses that 

limited the expected load-shifting benefits, as customer responses were not aligned with the 

intended behavioural incentives. The Justice40 initiative ï aiming to ensure that 40 percent of 

federal climate and energy investments benefit disadvantaged communities ï illustrates how 

ambitious equity goals can be constrained by institutional and implementation challenges. In 

Sweden, the national rollout of EV infrastructure has progressed rapidly but has so far primarily 

benefited urban areas, exacerbating geographical disparities in access and use. Finally, an 

energy communication campaign in Malmº, Sweden, intended to promote behaviour change, 

struggled to reach its target groups due to mismatches in assumptions about everyday life, 

practices, and the diversity of local communities. 

The analysis was conducted within the framework of the Hard-to-Reach (HTR) Energy Users 

Task of the Users TCP by the International Energy Agency (IEA). The HTR Task is an 

international collaboration that aims to identify hidden energy users and explore ways to better 

engage them in support of a just energy transition [8]. 

The cases were selected to represent variation in geographical setting, type of policy or 

programme and type of UIC. For each, we analysed the intended logic, the consequences 

observed in implementation, and how these mapped onto the typological framework. These 

examples are analysed through the lens of unintended consequences (UICs) ï outcomes that are 

not aligned with the original goals of a policy or programme. Drawing on Suckling et al.'s 

typology, the cases are situated along two axes: whether the consequence was knowable or not 

in advance, and whether it was avoidable. The resulting framework enables reflection not only 

on what went wrong, but also on how knowledge, institutional arrangements, and governance 

capacity shape both outcomes and the ability to respond. 

5. Concluding Reflection 

These cases illustrate how well-intentioned interventions can interact with social, technical, and 

organisational contexts in ways that lead to outcomes misaligned with original goals. Drawing 

on Suckling et al.'s typology, the analysis enables reflection not only on what went wrong, but 

also on the types of knowledge, institutional arrangements, and governance capacities required 

to avoid or manage unintended consequences.  

By framing UICs as part of how transitions unfold, rather than as failures, we argue for more 

inclusive, adaptive and reflexive approaches ï particularly when aiming to engage marginalised 

and vulnerable communities in ways that support a more just energy transition. 
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EXTENDED ABSTRACT 

SCOPE AND OBJECTIVE 

This paper focuses on the role of systemic discrimination (in various forms) as a vulnerability 

factor in causing and/or exacerbating a lack of quality housing as a manifestation of housing 

inequality. Housing inequalities can manifest in various distinct ways, including but not limited 

to housing deprivation, lack of quality housing or lack of access to and/or affordability of 

energy, health and transportation services [1, 2]. We define housing inequality as lack of 

inclusive access to affordable and acceptable quality housing that is defined through meeting 

basic human needs in the context of ongoing sustainability challenges. Importantly, this 

definition does not suggest uniform housing conditions for all but emphasises ensuring that all 

individuals should have affordable and acceptable access to available housing (inclusivity 

concept) that supports their well-being (quality housing concept). While housing inequality 

extends beyond the physical structure of dwellings to the wider built environment, including 

the quality of the surrounding neighbourhood, access to services and infrastructures, this paper 

focuses on quality housing of peoplesô residential dwellings. 

Research on the role of systemic discrimination in housing, and particularly neighbourhood 

inequalities, is already well established, particular with a focus on racialised and ethnic 

discrimination in contexts such as the USA and UK [3, 4]. Similarly, effects and perceptions of 

being or having low-income residents is a focus of existing literature However, less attention 

has been paid to how subjective experiences of discrimination - whether based on race, gender, 

age, or income - shape perceptions of housing quality [5]. This paper addresses that gap by 

http://www.isi.fraunhofer.de/
http://www.isi.fraunhofer.de/
http://www.isi.fraunhofer.de/
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exploring the following research question: How do experiences of systemic discrimination 

relate to peopleôs subjective perceptions of living in adequate, quality housing?    

METHODOLOGY  

We apply a mixed-method approach that integrates insights from a quantitative-qualitative 

literature review, qualitative stakeholder interviews and focus groups, as well as data from a 

quantitative online survey conducted as part of the EU Horizonïfunded HouseInc project (ID# 

101132513) [6]. Specifically, we draw on empirical insights from four case studies conducted 

as part of the project: an urban neighbourhood in Southwest Germany, a semi-urban region in 

northern Italy, two cities in the Moravian-Silesian in the Czech Republic, and a rural informal 

settlement in Southwest Romania. These case studies combine secondary sources with primary 

data collected through 51 stakeholder interviews and six focus groups. The aim is to investigate 

housing inequalities and their effects on particularly vulnerable communities. The data was 

qualitatively coded using MaxQDA. Findings from these qualitative, exploratory case studies 

inform the analysis and interpretation of quantitative survey data gathered across several 

European countries, including the four case study countries (with about 2500 participants). All 

data was collected between November 2024 and April 2025. For the quantitative analysis of 

this paper, we focus on low-income households as one dimension of vulnerability, defined as 

respondents reporting incomes below the national median in each country, to analyse how 

experienced discrimination in the housing sector predicts dwelling problems demonstrating low 

housing quality.   

CASE STUDY FINDINGS   

Findings from the case studies highlight how systemic discrimination drives spatial, social, and 

economic exclusion within the housing sector. In this paper, we identify and examine key 

mechanisms behind these dynamics, including geographic barriers, limited access to public 

transportation, and historical path dependencies, that (re)produce exclusionary policies. 

Moreover, we explore how these factors intersect with the socio-demographic characteristics 

of vulnerable populations, such as ethnic minorities, individuals with migration backgrounds, 

and lower- to middle-class residents defined by limited economic and social capital. These 

qualitative insights inform and contextualize the analysis and interpretation of the quantitative 

survey data, particularly in the contextualisation of observed country-specific variations.  

SURVEY: DESCRIPTIVE STATISTICS  

We begin by presenting some descriptive statistics of the predictors and the dependent variable 

in our analysis of the four European countries. Regarding the predictors, i.e., the experienced 

discrimination in the housing sector, we find that low-income households most commonly 

report discrimination based on their income (reported by 27-33% of respondents, depending on 

country, see Figure 1). Other experiences of discrimination in the housing sector across the four 

countries are related to age (reported by 12-22%), family status (reported by 8-20%), and 

education (reported by 7-20%).  
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Figure 1: Reported experienced discrimination for four EU countries  

Interestingly, the levels of experienced discrimination vary between countries: Italian 

respondents reported the lowest overall rates of discrimination across most categories, yet 

income-based discrimination was the second highest among them. Respondents in the Czech 

Republic reported the highest levels of discrimination across nearly all categories, while in 

Romania, the highest shares of discrimination were reported in relation to religion and 

education. These findings point to clear country-specific patterns in housing-related 

discrimination. Moreover, respondents were able to report multiple reasons for discrimination: 

In Czech Republic most respondents reported at least one form of experienced discrimination, 

followed by Romania, then Germany and lastly Italy.   

Regarding the dependent variable, i.e. dwelling problems demonstrating low housing quality, 

the descriptive statistics show that low-income households are mostly affected by mould on 

windows or in the bathroom (reported by 6-13% of respondents; see Figure 2). Here, we also 

find country-specific variations, indicating fewer dwelling problems in Germany than in the 

other three countries with the highest overall rate of dwelling problems in Romania, closely 

followed by Italy. Hence, country-specific differences in housing quality are visible in the 

results.  
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Figure 2: Reported experience with dwelling problems for four EU countries 

SURVEY: MULTIVARIATE ANALYSES  

To examine being discriminated due to various reasons in the housing sector and its impact on 

housing quality (operationalized by having any one of several dwelling problems), we 

conducted logistic regressions ï one for each country. The results are presented in Table 1. 
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Table 1: Results of country-specific logistic regressions of the discrimination predictors (independent 

variables) on housing quality operationalized by having one or several of the above-presented 

dwelling problems (dependent variable).  

Across countries, the results show that discrimination due to income and age are factors that 

are related to worse house quality. However, the effects are small indicating that other factors 

also impact why people live in good or bad housing. We will analyse the data in further detail 

including covariates in the regression. Moreover, using further dependent variables to 

operationalize housing quality may help to answer the research question more extensively.  

CONCLUSION  

We analysed how experienced discrimination in the housing sector predicts low housing 

quality for vulnerable social groups. Unsurprisingly, the quantitative survey results indicate 

that lowincome respondents primarily report discrimination in the housing sector based on 

their income. Relatively high levels of perceived discrimination are also reported in relation 

to age, education, and family status. Discrimination in the housing sector due to income and 

age are related to bad housing quality. These findings align with, and the country-specific 

differences are interpreted through the lens of the qualitative case studies. This paper thus 

contributes to the literature on systemic discrimination by triangulating insights from multiple 

methods and data sources to uncover types of patterns of housing-related discrimination and 

to inform targeted policy recommendations.  
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INTRODUCTION  

Achieving carbon neutrality requires the replacement of fossil fuels in all sectors, including 

aviation, heavy-duty transport, and chemical feedstocks. Alongside electrification, renewable 

alternative fuels are increasingly recognized as a bridge technology to decarbonize hard-to-

electrify sectors. One viable alternative fuel solution are solar fuels produced through 

artificial photosynthesis. This process mimics nature by using solely solar energy, water, and 

existing CO2 to generate high-energy hydrocarbons [1], [2].   

In addition to the techno-economic development of sustainable energy innovations, current 

research emphasises the importance of public understanding about how these technologies 

work, their potential benefits and risks. This enables individuals to make informed decisions 

about adopting and using them, rather than relying on potentially false assumptions [3], [4]. 

However, awareness and knowledge about sustainable fuel solutions is rather low in the 

public, which can lead to increased risk perceptions, false beliefs, low acceptance, and a lack 

of adoption intentions [5].  

This line of reasoning presupposes that the public is willing and motivated to actively engage 

in information-seeking and processing behaviours. However, current research shows that 

individuals may deliberately engage in information avoidance, defined as the intentional 

decision to delay or avoid (risk) related information. While some scholars define information 

avoidance as the opposite end of information seeking, others describe it as a distinct construct 

with different predictors [6]. The Risk Information Seeking and Processing (RISP) model by 

Griffin et al. [7], [8] integrates a variety of predictors of risk information-seeking, avoidance 

and processing behaviour. According to RISP, individuals seek and systematically process 

information when perceived information insufficiency hinders their ability to deal with a risk. 

However, a critical shortcoming of the RISP is its missing conceptual definition of 

information avoidance. Although heuristic routes are acknowledged, avoidance behaviour 

remains theoretically underspecified. This has been identified as a key reason for the modelôs 

limited explanatory power, especially when applied to emerging or unfamiliar risks, such as 

those associated with novel energy technologies [9].  
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Thus, to examine the predictors of information seeking and information avoidance in the 

context of alternative fuels, this study investigates the following research questions:   

Å RQ1: Do individual attitudes, perceived benefits and risks of solar fuels, and 
information-related factors predict (a) information seeking and (b) information 

avoidance?  

Å RQ2: Which of these factors are the most significant predictors of (a) information 
seeking and (b) information avoidance?  

Å RQ3: Are information seeking and information avoidance regarding alternative fuels 
empirically distinct constructs, each associated with different predictor variables?  

Building on theoretical insights from existing frameworks, e.g., [7], [10], [11], the following 

research model was proposed.   

 
Figure 1: Research model of information seeking and information avoidance in the context of alternative fuels  

(SF = Solar Fuels, AF = Alternative Fuels)  

METHODOLOGY  

We conducted a quantitative online survey using Qualtrics software (Version February 2025; 

É Qualtrics, Provo, UT). After a thematic introduction and informed consent, the 

questionnaire comprised blocks on sociodemographics, alternative fuel information attitudes 

and behaviour, solar fuel evaluation, and attitudinal factors. All constructs were measured 

with established validated scales or self-developed items based on qualitative pre-studies, 

using six-point Likert scales (1 = strongly disagree, 6 = totally agree). The survey was 

conducted in Germany in February 2025 by a market research agency to ensure 

representativeness in terms of gender, age, federal state, education and area of living. After 

data cleaning, the final sample consisted of N = 518 participants. To analyse the attitudes and 
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perceptions that determine informationseeking or avoidance behaviour regarding alternative 

fuels Partial Least Squares Structural Equation Modelling (PLS-SEM, SmartPLS Version 

4.1.1.2) was employed. This variancebased method was chosen for its suitability for complex 

models with multiple constructs. Following the guideline by Hair et al. [12], we evaluated 

and optimized measurement and structural model quality (Table 1), confirming item 

reliability, internal consistency, construct reliability, convergent validity, and discriminant 

validity.  

RESULTS  

The final model (Figure 2) resulted from the stepwise exclusion of items with loadings below 

.60 and structural paths not meeting quality criteria. Participants reported moderate 

information-seeking (M = 3.20, SD = 1.33) and lowered levels of information avoidance (M 

= 2.57, SD = 1.25) behaviour. In contrast, their information need was slightly elevated (M = 

3.83, SD = 1.32), and attitudes toward information seeking were generally positive (M = 4.06, 

SD = 1.26). Self-reported knowledge of alternative fuel technologies was rather low (M = 

2.53, SD = 1.09). Regarding solar fuels specifically, risk perceptions on both the affective (M 

= 2.74, SD = 1.23) and cognitive (M = 2.97, SD = 1.00) dimensions were lowered, while 

perceived benefits were rated relatively high (M = 4.16, SD = 1.05).   

Table 1. Quality measurement results for PLS model factors (NOI: Number of items; AVE: Average variance 

extracted, CR: Composite reliability, CRA: Cronbachôs alpha), range of construct factor loadings, and 

descriptive statistics (Min, Max, M: Mean, SD: Standard deviation)  

Construct  NOI  AVE  CR  CRA  Factor  
Loadings  
Range  

Min  Max  M  SD  

Environmental Consciousness  4  .689  .870  .849  .740-.880  1  6  4.07  1.18  
Resistance to Change  3  .643  .783  .732  .734-.838  1  6  3.13  1.03  
Institutional Trust for Mobility Change  6  .654  .907  .894  .759-.878  1  6  3.22  1.06  
Climate Conspiracy  3  .716  .829  .804  .828-.861  1  6  2.95  1.36  
Cognitive Risk Perception Solar Fuels  3  .626  .784  .707  .629-.887  1  6  2.97  1.00  
Affective Risk Perception Solar Fuels  4  .838  .937  .935  .902-.925  1  6  2.74  1.23  
Benefit Perception Solar Fuels  4  .727  .877  .874  .827-.879  1  6  4.16  1.05  
Knowledge Alternative Fuels  6  .805  .957  .952  .860-.923  1  6  2.53  1.09  
Information Need Alternative Fuels  6  .799  .951  .949  .877-.928  1  6  3.83  1.32  
Attitude towards Information Seeking Alternative Fuels  7  .772  .954  .950  .820-.916  1  6  4.06  1.26  
Information Overload  3  .774  .929  .858  .803-.919  1  6  3.25  1.22  
Information Seeking Alternative Fuels  3  .914  .954  .953  .952-.958  1  6  3.20  1.33  
Information Avoidance Alternative Fuels  3  .730  .818  .815  .825-.874  1  6  2.57  1.25  

Overall, the model supported our theoretical assumptions, indicating that individual 

attitudinal factors influenced risk and benefit perceptions, which in turn were associated with 

information need and attitudes toward information seekingðboth acting as predictors of 

informationseeking and avoidance behaviours. Additionally, certain exogenous attitudinal 

constructs (e.g., climate conspiracy beliefs) and intervening variables (e.g., perceived 

benefits) demonstrated direct effects on information-related behaviours.   

The model explained 61.5% of the variance in information seeking. The strongest predictors 

were information need (Ç = .469, p < .001), attitude toward information seeking (Ç = .313, p 

< .001), and knowledge of alternative fuels (Ç = .178, p < .001). Notably, knowledge and 

information seeking were positively related, suggesting that participants with greater 

knowledge were more likely to engage in further information seeking, potentially reinforcing 

their knowledge base. In contrast, the explained variance in information avoidance was 

significantly lower, accounting for 37%. Information need (Ç = ï.312, p < .001) and attitude 

toward information seeking (Ç = ï.148, p < .01) emerged as the strongest negative predictors, 

along with perceived benefits (Ç = ï.163, p < .001). Climate conspiracy (Ç = .146, p < .001) 

and information overload (Ç = .114, p < .01) were positively related to avoidance.   
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Figure 2: Structural path model with path coefficients (from bootstrapping with n = 5000 subsamples) for 

alternative fuel information-seeking and avoidance behaviour (* = p <.05; ** = p <.01, *** = p <.001)  

DISCUSSION  

Understanding the psychological drivers of information-seeking and avoidance behaviour is 

essential for shaping effective communication strategies in the context of the mobility 

transition. Our findings indicate that information seeking and avoidance represent two 

distinct constructs. While some predictors were related to both constructs, their effects 

differed in direction and magnitude, explaining considerably less variance in information 

avoidance. Nonetheless, our model explained a higher proportion of the variance in 

information seeking (61.5%) and information avoidance (37%), than reported in the meta-

analysis by Yang et al. [9] (median seeking = 0.52, median avoidance = 0.10). This suggests 

that novel predictors, such as benefit perceptions and climate conspiracy beliefs, offer 

important explanatory value, even within the context of a relatively unfamiliar technology. 

These findings indicate the need for conceptually disentangling information avoidance from 

seeking, which is underspecified in traditional frameworks like the RISP. The results 

emphasise the importance of individual attitudinal factors, which, despite having few direct 

links to the target constructs, exerted a substantial influence through risk and benefit 

perceptions. Further, our findings support the idea that individuals may feel overwhelmed by 

information overload, leading to avoidance behaviours [10].  Enhancing media literacy [6] 

could empower individuals to seek and process information about societally relevant topics. 

Finally, this research underscores the importance of understanding predictors of information-

seeking and avoidance behaviours to enhance public engagement in the energy transition and 

enable informed decision-making about support and acceptance. Future studies should 
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characterize information avoiders to identify their constraints and assess when they might be 

willing to engage in discussions on societal issues like sustainable energy transformation.  
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Extended abstract  

1. Introduction  

Problem Statement. Data-driven tools, products and services have massive technical 

potential to reduce energy consumption [1]. Smart metering and energy management systems 

are prominent examples, but the digitalization of the energy sector goes beyond single 

technologies ï it is a system shift [2]. Sharing data with energy suppliers becomes a stepping 

stone to unlocking potentials for energy efficiency, energy savings, and demand response.  

For private households, the willingness-to-share data is therefore a pre-condition to both 

adoption decisions and usage behavior with regard to energy-saving technologies [3][4]. 

However, the link between data sharing and energy-related behavior has only recently 

garnered attention ï much remains unclear.  

Scope and Objective. This submission examines end consumersô willingness to share data 

in the context of digital tools that support energy-saving behavior. Starting from theory, we 

develop hypotheses regarding data sharing in the context of energy-saving tools. Exploiting 

survey data from Germany, we then study empirically which factors explain the willingness-

to-share data with energy suppliers and how data sharing connects with the intention to use 

energy-saving technologies.  

2. Methodology 

Theoretical foundation. Based on a review of the applicable literature on data sharing in general, 
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the privacy calculus model [5] is chosen as the conceptual framework. Further reviewing the 

literature on digital tools for energy-saving behavior in particular, this model is extending to 

formulate five hypotheses specific to the willingness-to-share energy data from digital tools. 

Figure 1 shows the hypotheses and the mechanism of transmission from willingness-to-share 

to intention-to-use digital tools.  

 

 
 

Figure 12: Hypotheses regarding the willingness to share data 

Data. The empirical work draws on a representative survey among households in Germany in 

2024. After data cleaning and plausibility checks, the sample comprises 1,240 observations. 

Each variable is represented by multiple items. Control variables include (a) socio-

demographics, (b) household technology (e.g. solar panels, electric vehicles), and (c) 

technology affinity. The survey contains questions on willingness-to-share broken down by 

market actors (e.g. local supplier or international company), and by purpose for data processing 

(e.g. individual benefits, or collective welfare). 

Analysis. Multiple linear regression is used to test the hypotheses. The four explanatory 

variables are tested for two outcome variables: willingness-to-share and intention-to-use (see 

Table 1). Specifications use Huber-White standard errors and a 95% level of confidence. 

Control vectors are used in robustness tests.  

Table 2: Descriptive statistics for regression analysis 

Variable Mean SD Min Max Encoding 
      

willingness-to-
share 

3.344 1.038 1 5 5: high willingness 

intention-to-
save 

3.239 1.094 1 5 5: high intention 

trust 3.375 0.926 1 5 5: high trust level 

protect 3.006 1.109 1 5 5: highly concerned  

interest 3.243 1.040 1 5 5: strong interest 

environ 3.614 0.963 1 5 5: strong environmental identity 

Notes: Statistics are based on full sample of 1240 participants. Short-hand names for 
variables are spelled out in Figure 1. Control variables omitted from table.  
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Additionally, descriptive means estimation and t-tests are conducted to better understand the 

heterogeneity and the mechanism behind the behavioral choices: (a) whether willingness-to-

share differs across market actors and (b) whether the stated purpose for data processing 

matters.  

3. Results  

Regression results. Figure 2 shows the results graphically, with bar heights representing 

coefficients. In Panel (a), the outcome is the willingness-to-share data with the energy 

supplier. All coefficients have the expected signs and are statistically significant. Higher 

trust in the energy supplier is associated with a 0.42 unit increase in willingness-to-share 

data. The result is economically meaningful: relative to the mean outcome 3.34, this 

indicates a 13 % increase. Concerns about data protection are negatively associated: a 1-

unit increase in concerns corresponds to a 0.17-unit decrease in willingness-to-share (5% 

of mean). The coefficients for personal interest and environmental identity are positive, but 

smaller than for trust.  

In Panel (b), the outcome is the intention to use digital technologies, i.e. the reduced-form 

relationship between intention and the predictors (cf. Fig. 1). While the three positive 

relationships are in line with Panel (a), there are two differences. First, concerns about data 

protection are not a significant predictor of intention-to-use. Second, the magnitudes 

diverge: personal interest has the largest relative effect on intention-to-use, whereas 

environmental attitude and trust in energy supplier are now on par. For reference, the 

coefficient on personal interest of 0.38 correspond to a 12% increase evaluated at the mean 

outcome of 3.24.  

 

Figure 13: Regression results displayed as bar plot 
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The empirical results thus support the theoretical basis regarding Hypotheses 1-4. However, 

there is also evidence that transmission from willingness-to-share to intention-to-use is 

more complex than the linear hypothesis that underlies the empirical strategy.  

Additional analysis.  

Figure 3 shows the break-down of the willingness-to-share by two different dimensions. 

Horizontal bars indicate means, capped bars the respective 95% confidence intervals. In 

Panel (a), respondents were asked how likely they would agree to sharing data with different 

actors (1: very unlikely, 5: very likely). The lowest values are obtained for international 

platforms (Google/Amazon, in red), followed by the European Commission. The highest 

values are for regional energy suppliers (blue), followed by cities/municipalities. This 

indicates a preference for local over international actors. In Panel (b), respondents were 

asked how likely they would agree to share data for specific purposes. This break-down by 

purpose shows the lowest value for advertising (red), consistent with the platform result. 

The highest value is for financial savings at home (blue), indicating that personal gains are 

associated with higher willingness to share than the more collective purposes, such was 

public welfare and research projects.  

 

Figure 14: Break-down of willingness to share data 

For both break-downs, the results were also calculated for sub-groups with high and low overall 

willingness-to-share. Interestingly, there are no differences in the relative breakdown, indicating that the 

distribution above is not a reflection of overall willingness-to-share but actually specific to actors and 

purposes.  

4. Conclusion 
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With the increasing availability of digital tools and services in the energy sector, data 

sharing has become a critical factor for the adoption of energy-saving technologies. 

However, there is a substantial research gap understanding how data sharing decisions and 

energy-saving behavior interrelate. The results from this contribution are in support of the 

privacy calculus model: trust in energy suppliers, strong personal interest in digital tools 

and environmental self-identity correspond to higher willingness-to-share data, while data 

protection concern work against sharing. However, the results only translate partly to the 

intention to use digital tools, suggesting that the theoretical basis is more complex than the 

linear relationships modelled in the regression.  

Further work is needed to better understand the full mechanism. Structural equation models 

and the modelling of complex mediation and moderation patterns could help in this process. 

This line of work is also of high policy relevance: with cross-sectoral legislation such as the 

EU Data Act, households are given more control over their data [6]. Whether, how, and why 

they share this data has an impact on how sectoral behavioral policy can work: without data 

sharing, energy savings potentials from digital tools cannot by lifted fully. The break-down 

by actor and purpose indicates two pieces of the puzzle towards a better understanding of 

household behavior in an increasingly digitalized energy system.  
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Extended abstract  

1. Introduction  

Problem Statement.  

Energy communities (ECs) are a key organizational vehicle to foster an energy transition that 

is inclusive and decentralized [1] [2].9 With advances in the EU legal framework, ECs are 

emerging across Europe, but many challenges remain. This contribution addresses two key 

challenges. First, ECs are interdisciplinary by design: they require technical tools, social value 

propositions and viable economic models to function [3][4]. A second, related challenge is the 

complexity of the stakeholder landscape needed for ECs to work and fulfill their potential 

[4][5].  

 
9 We operate with a broad view of ECs  as ñCitizen-driven energy actions that contribute to the clean energy 

transition, advancing energy efficiency within local communitiesò [1] 
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Scope and Objective.  

This contribution provides new insights on these challenges from an interdisciplinary research 

project. Using data from a series of co-creation workshops in four EU countries, we develop a 

deeper understanding of the factors that determine the needs of EC stakeholders and their 

integration into regional energy systems. The workshops address the four main stakeholder 

groups shown in Figure 1 and how these interrelate as ECs grow and develop.  

 

Figure 15: Stakeholder types and their role in ECs 

2. Methodology 

The workshop series took place in four countries in 2025: Germany, Austria, Czechia and 

the Netherlands. The concept employed two co-creation methods: (a) personas (cf. [6]), and 

(b) customer journeys (cf. [7]). Both were built on a common protocol across countries, and 

analyzed with a common reporting template for comparability. Country-specific modifications 

were made to reflect local contexts and situational constraints.  

Personas were first built in interdisciplinary expert workshops based on a common structure of 

attributes, shown in Figure 2. This resulted in an initial list of 32 personas from all four 

stakeholder types (cf. Figure 1). 

 

Figure 16: Contents of persona development 

This pool was taken to the co-creation workshops, for which the target group was people 

currently involved in the establishment and operation of ECs. The participants are 

heterogeneous in the sense that the communities they represent differ widely regarding their 

stage of development and local/regional context.  

In a first step, personas were selected from the pool based on participantsô perceived relevance 

of the personas to the specific needs of their own project. They were encouraged to validate, 

extend/adjust, or discard the personas based on practical experience. In a second step, customer 

journeys for selected personas were developed, which represent a community pathway for each 
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persona as she/he/they engage and develop through the EC.  

The results are analyzed qualitatively, following the structure of Figure 1. For this submission, 

the focus is on the persona validation, i.e. the agreements, adjustments, and disagreements 

between the personas developed by interdisciplinary experts and the perception by the 

practitioners in the local workshops. Particular attention is given to commonalities and 

discrepancies between different countries in order to inform opportunities and constraints for 

transnational learning.  

3. Results  

Households.  

Workshop participants put a high focus on communication behavior for households. 

Participants went into considerable detail regarding the media channels, preferences for 

interaction, and barriers to the adoption of digital interfaces for specific personas. These 

aspects were directly linked to specific needs and requirements for communication 

strategies and supporting technological tools in the energy communities. 

Additionally, participants developed new personas that are tailored to context. Examples are 

the typical big city resident with rising cost of living/housing as the main challenge (Germany), 

the elderly person with sufficient resources but low digital competence, or the single mother 

with limited time to sift through conflicting information online (Austria). Through this, the 

participants stressed that challenges are embedded in householdsô daily life and not confined to 

energy behavior.  

Public actors and institutions.  

Municipalities were emphasized across all countries. However, while they are discussed as 

potential initiators and trust-building institutions in Austria, the municipality is seen as an 

external stakeholder with a potential lack of cooperation in Czechia. In the German 

workshop, there was discussion about why engagement is easier in rural communities than 

cities. For projects in smaller municipalities, the ñmayorò was named specifically as a 

personal representative. In this context, it was also emphasized that best practices from 

other countries can be hard to use in convincing local institutions because they are discarded 

as too different (e.g. learnings from Austria in Czechia). 

Regarding the energy sector, the identified factors diverged across countries based on the 

legislative framework. For example, the Dutch workshop noted that distribution system 

operators were missing from the persona set, which is regionally important due to high grid 

congestion. By contrast, Czech participants named data exchange with mandatory national 

systems as a requirement for progress.  

Private Sector.  

EC leaders discuss the private sector as a partner, but also as a competitor. For example, 

business models supporting energy-saving behavior were mentioned as ñalternativesò with 

lower entry barriers than ECs, especially for personas with high financial motivation and 

time constraints. Economically, the results thus underscore opportunity costs of 

participation between commercial and community-based approaches targeting energy 

behavior.  
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Managers and Operators.  

It was found that managers typically have a dual role in ECs because they are also 

households that participate in the EC. This dual role, which was discussed in several 

workshops, implies that the behavioral aspects of the individual influence their actions as 

an administrator and vice versa.  

The customer journeys also reveal how managers experience two directions of learning. 

While some know the community-related aspects and are challenged with the technical 

aspects, others know energy and technology but are challenged by the social aspects. This 

was made particularly explicit in the Czech workshop, where the participants represented 

ECs that differ in structure. Those coming from a technical perspective put relatively lower 

emphasis on household behavior as a success factor for the overall project.  

4. Conclusion 

Novelty of contribution.  

This submission makes two contributions to the scientific literature. First, personas are 

explored for transdisciplinary collaboration. Personas are established in the behavioral 

sciences / psychology [7], but also in technical disciplines / computer science as a method 

of product development [8]. Bringing these perspectives together allowed the workshop to 

address interdisciplinary needs perspectives. Second, the results provide a deeper 

understanding of the stakeholder complexity through the lens of those who are making ECs 

work in their local context, which is ultimately important to support ECs development and 

growth at a European level.  

Implications.  

The results highlight how behavioral aspects like motivation and habits are seen as key 

success factors from the perspective of those who implement ECs. This is important from a 

practical perspective because it influences the value of technical solutions for ECs, but also 

from a policy perspective in order to improve support measures that foster inclusivity and 

participation through ECs.  

Outlook.  

The workshops were conducted as part of the international research project RENvolveIT, 

funded through the Clean Energy Transition Partnership. The project aim is to build a user-

friendly, need-based toolbox designed to streamline the participation of heterogeneous 

stakeholders in ECs. The workshops were the first step to integrating socio-economic needs, 

technical requirements and legal constraints. This need for inter- and transdisciplinarity is 

critical, but much work remains to be done for addressing the challenges ECs currently face.  
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EXTENDED ABSTRACT  

1. Background and Aims 

Motivating sustainable choices in organisations is challenging due to competing 

priorities, incentives, and multiple stakeholders. The environmental footprint of 

organisational activities is substantial, underscoring the urgency and scale of this problem 

[1]. For instance, listed companies alone are responsible for ~40% of all harmful emissions 

[2]. Interventions in these settings, therefore, possess a disproportionately large potential 

for global climate action.  

Whilst behavioural science has made strides in developing effective ñnudgesò for 

individuals, much less is known about translating those insights to multi-stakeholder 

corporate environments, particularly concerning sustainability [3ï5]. Moreover, behavioural 

nudges are not culturally neutral; their effectiveness depends on how cues like loss, urgency, or 

authority are interpretedðall factors influenced by cultural values [6,7]. Effective interventions 

must therefore account for broader cultural and systemic factors. Within the cultural values 

literature, a prevailing focus has been on using country-level measures, which can often 

overlook significant intra-cultural variations [8ï10]. This study, therefore, adopts 

recommendations for individual-level cultural values, particularly in business settings [8].   

The study addresses these gaps by focusing on the limited understanding of behavioural 

interventions in organisational sustainability and the need for individual-level cultural insights. 

To that end, we partnered with a global organisation seeking to improve sustainability reporting 
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mailto:mnpbcs@bath.ac.uk


Back to table of contents 

197 

and environmental action among its supply chain partners. They are developing a digital 

partnership platform that makes sustainability reporting more transparent to clients. Our 

primary aim was to encourage the partners' willingness to engage with this new platform, 

thereby improving sustainability reporting and scores as a result. This transparency is expected 

to help end-customers consider environmental factors. 

We conducted a cross-cultural experiment to explore how individual-level cultural values 

moderate the impact of different behavioural messaging strategies on decision-makers' 

likelihood of engaging with the digital platform.  

The research specifically tested three types of behavioural messaging, each rooted in 

distinct psychological principles: 

i. Loss Framing: Message emphasising potential losses from inaction 

ii.  Urgency-Exclusivity: Message creating a sense of limited opportunity and 

privileged access 

iii.  Messenger Effect: Message leveraging the perceived authority of the message source 

2. Methodology 

2.1. Experimental Design and Participants 

We ran an online vignette experiment with a between-subjects design [11]. 

Participants included business decision-makers (N=659) from the UK, USA, and India. The 

vignette established all relevant details for participants, including a realistic business 

scenario, organisational priorities, opportunities, and their specific task related to platform 

engagement. Participants were then randomly assigned to receive one of four email 

messages, each featuring a different nudge condition: Loss Framing, Urgency-Exclusivity, 

Messenger Effect, or a neutral Control message.  

2.2. Key Measures 

Following message exposure, participants completed a brief questionnaire. It 

contained 7-point Likert-scale items assessing their behavioural intentions and perception 

of the message. Specifically, Likelihood of Signing Up captured willingness to engage with 

the platform, and Persuasiveness of the Message captured the extent to which the message 

was perceived as convincing.  

Subsequently, participants completed the CVSCALE, a standardised scale to measure 

their individual-level cultural values [8,12]. This scale measured Power Distance, 

Uncertainty Avoidance, Collectivism, Long-term Orientation, and Masculinity. To account 

for pre-existing environmental attitudes, the GREEN scale, assessing green consumer 

attitudes, was also included [13,14]. 

3. Key Findings 

3.1. Persuasiveness of the Messages  
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A Kruskal-Wallis test indicated significant differences in perceived persuasiveness 

across the four conditions (ɢĮ(3)=8.20, p=.0420). The Loss Framing message was rated as the 

most persuasive overall, while the Urgency-Exclusivity message was rated lowest. 

3.2. Persuasiveness as a Mediator between Message Type and Platform Engagement 

PROCESS Model 4 tested whether participantsô perceived persuasiveness of the 

message mediated the effect of message type on platform engagement. Compared to the Control 

group, the Loss Framing condition showed a marginally significant indirect effect on platform 

engagement through persuasiveness (90%CI[0.02, 0.37]), with message persuasiveness 

significantly impacting platform engagement (p<.001). These results suggest that persuasive 

perception drove behavioural intention. For the other two experimental groups (Messenger 

Effect and Urgency-Exclusivity), the mediation models did not yield significant indirect effects. 

3.3. Moderating Effect of Cultural Values on the Effect of Message Type on Platform 

Engagement 

Moderation models (PROCESS Model 1) revealed important insights into the culturally 

dependent nature of nudge effectiveness. The impact of Loss Framing was significantly 

moderated by cultural values. Specifically, its effectiveness decreased among participants 

higher in collectivism (p=.0890) and increased among those higher in long-term orientation 

(p=.0559). Furthermore, the Messenger Effect became more effective as participants' scores 

increased on masculinity (p=.0779) and long-term orientation (p=.0378). 

3.4. Manipulation Checks as Predictors 

Additional robustness check analyses using participantsô nudge perception (manipulation 

check questions) as continuous independent variables supported the findings of the moderation 

analyses and indicated potential additional patterns. For example, perceived messenger 

authority was more predictive of sign-up likelihood in cultures higher in power distance 

(p=.0807). 

4. Implications and Recommendations 

Our findings highlight the importance of culturally attuned behavioural interventions 

in organisational settings. Nudging strategies that succeed in one cultural context may backfire 

or underperform in another. Moreover, by using individual-level cultural metrics, this study 

goes beyond geographic boundaries and offers more granular insight into message tailoring. 

While not all primary effects reached conventional significance threshold at 5%, 

exploratory models using participantsô nudge perceptions as continuous predictors 

supported our theoretical expectations. These analyses revealed more consistent patterns 

and reinforced the broader point that message framing and cultural fit matter for influencing 

sustainability engagement in organisational settings. 

Reduced impact of Loss Framing among collectivists may reflect their preference for 

group harmony and shared responsibility, aligning with the ócushion hypothesisô [15]. Messages 

emphasising individual loss may be less salient or motivating, as individuals might perceive a 

collective safety net or prioritise group well-being over individual risk avoidance [16]. In 

contrast, individuals higher in long-term orientation may respond more strongly to loss framing 
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because they are predisposed to evaluate outcomes over extended time horizons, making the 

potential long-term losses from non-engagement more compelling [17].  

Similarly, the Messenger Effectôs increased effectiveness among participants with higher 

masculinity and long-term orientation aligns with prior findings: masculinity is associated with 

competitiveness and achievement, which may heighten receptivity to status-oriented messages 

from leadership, while long-term oriented individuals may interpret authoritative messages as 

signals of strategic foresight [17,18]. The finding that perceived messenger authority is more 

effective in cultures higher in power distance directly corroborates existing literature on power 

dynamics. In high power-distance cultures, there is a greater acceptance of unequal power 

distribution and a stronger deference to authority figures, making messages from credible 

sources more impactful [19,20]. 

Practically, this means that 1) nudging can be effectively implemented in 

organisational contexts, and 2) business communicators can benefit from tailoring nudges 

to cultural values, especially in global B2B settings. While more confirmatory research is 

required, given some marginal results, the patterns offer important insight and practical 

relevance to business practice. 

Businesses, especially those operating globally, can improve the uptake of 

sustainability-related initiatives by tailoring messages to resonate with culturally relevant 

motivations, such as fear of loss in individualist, long-term oriented cultures, or appeals 

from leadership in power-distant ones. 

To validate these insights, we are now conducting a follow-up online experiment with 

enhanced nudge messages, and a field study with the service provider network of our partner 

company. These upcoming studies will further test whether bolder messaging and real-

world application improve engagement, laying groundwork for scalable, culturally 

adaptable sustainability communication strategies. 
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Extended abstract 

Background 

Community organisations have the potential to accelerate the energy transition by developing 

grass-roots support (where a top-down governmental approach could be met with opposition), 

building capacity within communities, and increasing peer-to-peer collaboration in a shared 

environment. However, motivating and enabling individualsô voluntary participation in these 

organisations is a challenge, despite volunteering having benefits to both the person 

volunteering and broader society. Understanding what motivates people to participate in 

environmental volunteerism and what factors lead to defection can inform programme design 

and improve the rate of participation and retention of volunteers.  

To investigate this issue, we conducted 24 semi-structured interviews with Sustainable Energy 

Community (SEC) volunteers in Ireland. Participants were mostly in leadership roles within 

their SEC and spread geographically across Ireland, with roughly one third in urban areas and 

two thirds from rural. Interviews took place in batches from November 2024 to July 2025, with 

breaks for transcription and analysis. 

Findings 

Our findings relate to processes of volunteer motivation, recruitment, and level of activity of 

individual members and the group. Themes included the motivations of volunteers, the internal 

organisational structure of SECs, their strategic processes, and the external challenges to 

community activism posed by private industry and bureaucratic systems. 

Participants were motivated to add value ï to both the SEC as a member and to the community 

as an SEC. For those hoping to add value as a member, giving back to the community was a 

motivation for participation but not sufficient ï having the ñappropriateò skills or knowledge 

was also necessary. Participants who conceptualised their volunteering behaviour through a lens 

of professional development sometimes applied this expectation to their fellow committee 

members, for example stating that the committee didnôt have the necessary qualifications, skills, 

or expertise to run an effective SEC. This point of view could introduce a hierarchy to 

participation that caused dissatisfaction with ñunqualifiedò members. Having a group of 

volunteers with mismatched motivations for participation was a source of conflict within 

groups, therefore training SEC coordinators to manage inter-personal conflicts may help. 

Some participants felt the gains being realised by their SEC did not match the efforts they were 

making. The cause of this frustration can be grouped into two themes: the invisibility of gains 
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and the lack of a shared vision. The large volume of administrative and desk-based work 

associated with running an SEC before producing ñtangibleò results was at times associated 

with feelings of futility among some participants who felt they were putting hours into the 

project but struggling to account for what they accomplished during that time. On the other 

hand, some participants mentioned that creating a shared vision of the community helped to set 

parameters, choose a direction of action, and attune the SEC with the needs of the wider 

community. Understanding the challenges and opportunities in the area and developing a long-

term strategic vision with other people allowed some SECs to place themselves (or make space 

for themselves) within the context of Irelandôs energy transition while developing their 

community. Encouraging SECs to document their activities and engage with their community 

could improve the visibility of their actions and refine their agenda, prolonging participation. 

The organisational structure of SECs had an impact on both the longevity of the group and the 

individual membersô levels of motivation and fulfilment. Some SECs had a hierarchical 

organisational structure, whereby being the chair meant being a leader, mediator, and 

administrator, the point of contact for mentors and consultants, and having the responsibility of 

translating complex processes to the committee. Some participants believed an effective chair 

was pivotal for sustained SEC activity, in part because they provide continuity and stability that 

allows other members to disengage and reengage. For SECs that subscribed to a hierarchical 

distribution of power, participants described a significant pressure on the chair, and other 

members disengaging with the SEC because of dissatisfaction with the leadership style. For 

SECs with a more horizontal distribution of executive power, democratic or consensus-based 

decision-making ensured group cohesion, but some participants described activities progressing 

slower than they would prefer at times.  

SEC approaches to project and time management also impacted volunteer longevity. 

Participants described different approaches to project management, with some groups focussing 

on one central project, such as retrofitting a community building while others were more 

modular in their approach, with multiple ongoing projects being led by factions of the group. 

Working on one central project with high visibility could help galvanise support around a 

project, but during periods of waiting this resulted in SEC inactivity and sometimes in volunteer 

disengagement. How SEC activities are organised may be a function of the hierarchical 

structure and the size of the SEC. Larger SECs with more horizontal power structures had the 

flexibility to have multiple concurrent activities and allow participants to engage with particular 

projects they were interested in. Supporting SECs during their formation to develop an 

appropriate organisational structure may better equip groups in the long run. 

Participants from well-integrated SECs described how leveraging relationships in the 

community can increase the reach, capacity, and longevity of the group. During periods of low 

participant motivation, well-connected SEC members explained that external commitments to 

other groups would prolong activity and could be reenergising. Participants from areas with 

multiple groups in the same locality compared the ability to see the mechanics of a successful 

SEC to having an unofficial mentor, and described how this relationship inspired action within 

their own SEC. Developing a well-connected network of SECs could reduce duplication of 

effort, allow groups to collaborate and share knowledge, and inspire action. 

Communities participating in the energy transition faced external challenges, with systems and 

markets being in conflict with community at times. Participants described funders timing 

applications inappropriately for volunteers, excessive bureaucratic practices, and programmes 

not being designed with communities in mind. Participants felt that people volunteering their 

time were likely to end their participation in SECs because of unfriendly systems, not because 

they were uninterested in the cause. Some participants asserted that the interests of private 
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industry were at odds with the interests of communities, for example, energy providers had been 

obstructive to power-sharing, businesses had masqueraded as community organisations and 

outbid actual communities for grid access, and businesses had exploited technical loopholes to 

access community funds. Participants expressed feeling demotivated when they realised how 

difficult operating as a community group was within systems not fit for purpose. Restructuring 

grant requirements and conducting a sludge audit could reduce administrative burdens where 

possible and improve community resourcing. 

Conclusion 

This research details some of the dynamics of community volunteer groups and presents 

recommendations for programme design and delivery to improve volunteer experience, group 

organisational structure, strategic processes, and increase participation and retention of 

volunteers. The role of communities as a ñthird pillarò of the energy transition has recently 

come into focus,10 so while we focus on Sustainable Energy Communities (SECs) to explore 

these barriers and drivers of participation, the findings may be applicable more widely to 

community climate action in Ireland and elsewhere. 

  

 
10 Department of Environment, Climate and Communications (2024). Climate Conversation 2023 Report: From 

Individual Action to Collective Engagement 

https://www.gov.ie/pdf/?file=https://assets.gov.ie/297690/9395b1ab-7d7b-4ace-b111-ef77d699f7d5.pdf#page=null
https://www.gov.ie/pdf/?file=https://assets.gov.ie/297690/9395b1ab-7d7b-4ace-b111-ef77d699f7d5.pdf#page=null
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Extended abstract   

Information and communication technology (ICT) has the potential to contribute positively to 

sustainability by reducing energy consumption and conserving raw materials in other sectors 

[1],[2],[3],[4],[5],[6],[7]. However, using ICT also has negative climate and environmental 

impacts due to the sectorôs high energy and natural resource demands (e.g., fresh water, land, 

critical raw materials), e-waste disposal and greenhouse gas (GHG) emissions 

[1],[5],[8],[9],[10],[11],[12],[13]. Despite efforts to mitigate these ICT sectorôs negative 

impacts with technological solutions (e.g., hardware and infrastructure efficiency) [14], the total 

footprint of the ICT sector still contributes roughly 2% to 4% of all global GHG emissions 

[10],[14],[15].  

ICT-related emissions are predicted to increase as gains from efficiency measures are expected 

to decrease[1],[13]. Simultaneously, the sector is expected to reach 21% of global electricity 

demand by 2030 [16], due to more devices, the rise of artificial intelligence (AI) [17] and 

Internet of Things (IoT), and an increase in video streaming [10],[18],[19]. Hence, a shift is 

needed from the current technological, efficiency-oriented solutions [20] towards sustainability 

approaches based on demand reduction via changes in user behaviour (sufficiency) 

[13],[21],[22],[23],[24],[25]. A suitable focus for research on digital sufficiency is video 

streaming, as this is the most common data-intensive online activity [16],[26],[27],[28]. Video 

streaming accounted for 66% of all internet traffic in 2022 [29], thereby contributing 

significantly to the aforementioned environmental impacts [16]. Hence, it is important to look 

at usersô video streaming behaviour and possible ways to change this behaviour in a more 

sufficient way. 

mailto:melanie.klosters@tno.
mailto:luise.schlindwein@tno.nl
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For users to change their behaviour, they must be facilitated in a way that makes these changes 

last [30]. Therefore, more knowledge is needed on usersô drivers and barriers for interacting 

sufficiently with ICT devices and services. Based on the insights from our previous qualitative 

research on video streaming [31], we set up the current quantitative study. Here, we aim to 

investigate the contexts in which audiovisual media are consumed and the underlying 

motivations of users. In the current study, we broadly define video streaming behaviour as: 

streaming content from video streaming platforms, on social media, through commercial video 

on demand platforms and TV programs via a digital connection (live, replay, on demand), 

participating in video calls or video conferences including online learning activities, and (cloud) 

gaming. 

Using the Theory of Planned Behavior (TPB) [32],[33] as framework, we quantitatively 

investigated Dutch citizensô video streaming practices and intentions for more sufficient use. 

We conducted an online survey among a representative sample of 2060 Dutch participants aged 

13 to 94 years old. With the survey, we researched participantsô use of video streaming, their 

intention to stream less, their attitude towards video streaming, the subjective norm regarding 

video streaming, and their perceived behavioural control over their own video streaming. 

Additionally, we asked for awareness of negative consequences of their screen time on 

sustainability and health, personal values, and possible alternative activities for video 

streaming.  

Our results show that video streaming is deeply embedded in daily routines, with 

smartphones being the most commonly used device (44%), followed by (smart) TVs (26%). 

Streaming mostly takes place in solitary contexts and is motivated by desires to relax, be 

entertained, or escape daily stress. Most participants perceive one to four hours of daily 

screen time as normal, with 31% identifying two to three hours as normal. Almost two third 

of respondents (65%) reported doing other activities during screen time, such as household 

chores, waiting, and traveling on public transportation. Among teenagers aged 13 to 15 

years old, more than half (52%) said that they are not allowed to video stream during 

homework or dinner, making it the most common rule in households. 

Only 16% of all participants indicated a clear intention to reduce their screen time over the 

next three months, with the strongest intention to do so on social media (31%) and the 

weakest intention to reduce streaming TV programs (13%). More participants have the 

intention to reduce screen brightness (50%) than to compromise on display size (22%) or 

video quality (16%). 

Regression analyses revealed participantsô intention to video stream less was predicted by 

TPB constructs, F(3, 1817) = 30.66, p < .001, adj. RĮ = .047. Attitude towards screen time 

was negatively associated with intention to reduce (ɓ = -0.297, p < .001), where a positive 

attitude towards video streaming results in a weaker intention to reduce. Surprisingly, 

perceived behavioural control and subjective norms showed no significant predictive 

effects. Awareness of the negative consequences of streaming and personal values showed 

stronger associations, F(1, 1861) = 87.29, p < .001, adj. RĮ = .044. Greater awareness of the 

environmental and social impacts of streaming significantly increased the intention to 

stream less. Motivations for reducing screen time are a digital detox (ɓ = 0.15, p < .001, 

adj. RĮ = .035) and saving energy (ɓ = 0.17, p < .001, adj. RĮ = .032). The explained variance 

of these predictors in intention range between 4,7% and 3,2%, and are thus very low, 

suggesting there are other important predictors for intention to stream less. 

Moreover, we observed demographic differences. Generations significantly differ in their 

intention to reduce screen time, F(2, 1859) = 7.13, p < .001, ɖĮ = .007. The óbaby boomer 
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generationô (60+ years old) intends more strongly to reduce screen time than óGenZô (aged 

16-29) and óGenX/Millennialsô (aged 30-59; Table 1). Generations also differ in a digital 

detox (F(2, 2059) = 36.51, p < .001, ɖĮ = .03) and saving energy (F(2, 2059) = 10.60, p < 

.001, ɖĮ = .01) as motivations to reduce. A digital detox and saving energy motivates mostly 

younger generations to reduce their screen time (Table 1).  

Additionally, unemployed/retired participants reported a significantly stronger intention to 

reduce their screen time than those employed/in education, t(1815) = 3.34, p < .001, d = 

0.17 (Table 1). A digital detox as motivation to reduce (t(1441) = 5.10, p < .001, d = 0.24) 

was less prominent among unemployed/retired participants than those employed/in 

education (Table 1). However, saving energy as motivation to reduce (t(2006) = -.09, p = 

.928) was equally important for unemployed/retired participants and participants who are 

employed or in education. 

Moreover, participants living together without child(ren) expressed a stronger intention to 

reduce their screen time than those living alone or together with child(ren), F(2, 1826) = 3.74, 

p = .024, ɖĮ = .004 (Table 1). A digital detox (F(2, 2022) = .92, p = .397) and saving energy 

(F(2, 2022) = .09, p = .910) as motivations to reduce were equally important for participants 

living alone and living together with, or without child(ren) (Table 1). 

Table 1. Means and Standard Deviations of Intention to Video Stream Less, and Digital Detox and Saving 

Energy as Motivations to Video Stream Less 

 
Intention  

to reduce 
Digital detox Saving energy 

 M SD M SD M SD 

Generation       

   óGenZô (aged 16-29)a 3.3 1.2 2.8 1.7 2.5 1.5 

   óGenX/Millenialsô (aged 30-59)b 3.3 1.3 2.3 1.6 2.2 1.4 

   óBaby boomerô (60+ years old)c 3.5 1.3 1.9 1.4 2.1 1.3 

Employment status       

   Unemployed/retiredd 3.5 1.3 2.0 1.5 2.2 1.3 

   Employed/in educatione 3.3 1.2 2.4 1.6 2.2 1.4 

Household situation       

   Living alonef 3.3 1.3 2.2 1.6 2.2 1.4 

   Living together without child(ren)g 3.4 1.3 2.3 1.6 2.2 1.4 

   Living together with child(ren)h 3.2 1.2 2.3 1.5 2.2 1.4 

Note. N = 2060. an = 420. bn = 929. cn = 514.  dn = 530. en = 1288. fn = 480. gn = 851. hn = 496. 

These findings suggest, to reach digital sufficiency, interventions and policies should go 

beyond the efficiency focus and instead emphasize personal and environmental benefits of 

less screen time. Interventions increasing awareness of the negative environmental and health 

impacts of streaming may be more effective than those relying on social norms or perceived 

control. Messaging should be tailored to age: younger users may better respond to 

environmental frames and appeals of digital detox than older users. Moreover, applying 

behavioural insights into designing digital services provides perspective for óbright patternsô 

(design practices prioritizing user goals and well-being, making users do things they meant 

to do) as opposed to dark patterns, to encourage sufficient use.  
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Extended abstract. A more efficient use of resources is required to mitigate climate change. 

In this respect, Mycelium-Bound Composites (MBCs) offer the advantage that their substrate 

can be made from lignocellulosic agricultural or residual waste (e.g., rice straw, corn husk, 

hemp shives, and waste wood) with comparatively low greenhouse gas (GHG) emissions [1, 

2]. Furthermore, this innovative biobased material can be used for a wide range of application 

areas at different price segments [3]. Although the material is still in an early stage of 

development, understanding which MBC-based applications are most likely to gain consumer 

acceptance would allow product developers, prospective marketers, and decision-makers to 

target marketing campaigns that may increase the visibility and sales of material-specific 

products. Due to the yet limited market launch and popularity of MBC-based products [4], the 

question of consumersô most favored applications from the material has not yet been fully 

analyzed [3]. Along with this, the characterization of more and less interested consumers in 

material-specific applications remains unclear as well.  

To address these questions, two empirical studies were carried out. The first study (qualitative) 

was based on explorative focus group research with 56 consumers in several German regions 

using a semi-structured interview guideline. Two samples of MBC were shown to demonstrate 

the material-related properties. After showing these examples, the questions were centered on 

the topic of the respondentsô most favorable applications. The consumer insights obtained were 

analyzed with qualitative content analysis using the software MaxQDA [5]. The second study 

was designed to verify the qualitatively gained results by means of an online survey with 

German consumers between 18 and 75 years. This sample was close to being representative to 

the German population, since a quota technique regarding age, gender, and household income 

levels was used. Without considering straightliners along with obviously careless responses [6], 

http://www.cs.tum.de/
mailto:jonas.krauss@tum.de
https://orcid.org/0009-0006-7251-1688
mailto:klaus.menrad@tum.de
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3,084 participants were acquired through the survey in early 2025. The following statistical 

assessment was carried out with the software package SPSS IBM Statistics (version 29.0.1.0).  

By analyzing the focus group discussions from the first study, the content analysis included an 

initial frequency assessment of words [5]. Table 1 shows the frequency of wordings related to 

MBC-based product categories. Accordingly, the highest use potential of mycelium-bound 

material was indicated by focus group participants for building applications (especially for in-

built insulation material, but also more visible products such as interior wall coverings), 

followed by furniture and packaging equipment. To validate these exploratory results, purchase 

intentions of specific MBC-based applications such as packaging, furniture, and building 

products (e.g., thermal insulation and interior walls) were integrated into the survey for their 

subsequent use as dependent variables.  

Table 1: Word frequencies on MBC-based product categories from the focus group discussions. 

 
Based on the consumer responses from the online survey, three binary logistic regression 

models were estimated to identify predictors of purchase intentions across three MBC-based 

product categories (furniture, building materials, packaging). Aligning with previous consumer 

segmentation studies on low-carbon products [7-9], demographic characteristics such as gender, 

age, income, and residential size were included as predictors in each model and treated as 

dummy variables. A sufficiency orientation indicator (directly measured by the statement: ñI 

would give up some goods for a cleaner environmentò [10]) was added as a further independent 

variable. Buyers served as the reference group in each binary regression model. Accordingly, 

higher odds ratios (Exp[B]) indicated a greater likelihood of group membership among buyers. 

As shown in Table 2, the pseudo determination coefficient varied by product category, with the 

furniture model showing the highest explanatory power (Nagelkerkeôs RĮ = 0.267). Across all 

models, female respondents as well as individuals aged 40ï59 and over 59 were consistently 

less likely to belong to each application-specific buyer group. Conversely, consumers with a 

strong sufficiency orientation were significantly more likely to belong to the group of 

prospective buyers for all product categories. This effect was observed for potential buyers of 

MBC-based packaging (Exp[B] = 1.741), furniture (Exp[B] = 2.106), and building components 

(Exp[B] = 1.752). Besides that, the respondentsô income played a significant role in predicting 

the group membership of potential buyers in relation to MBC-based packaging and building 

products. Accordingly, individuals from middle-income (ú2.000 to 4.000 ú net household 

income level) and higher-income groups were more likely among the MBC-based packaging 

and building product buyers. By contrast, residential size did not emerge as a significant 

predictor in any of the models. Table 3 gives a detailed overview of these results. 

Table 2: Determination Coefficients of the models. 

Packaging equipment

(frequency: 71)

Furniture

(word frequency: 72)

Building products

(word frequency: 207)



Back to table of contents 

212 

 
2 Log-Likelihood Cox & Snell R2 Nagelkerkes R2 

Packaging 1793.561a .086 .128 

Furniture 595.593a .186 .267 

Building Products 1680.469a .103 .149 

Table 3: Regression coefficient B and odd ratio scores (Exp[B]) of each model 

 

Coefficient 

B 

(Packaging) 

Exp[B] 

Packaging 

Coefficient 

B 

(Furniture) 

Exp[B] 

(Furniture) 

Coefficient 

B (Building 

products) 

Exp[B] 

Building 

products 

 Age (40-59) -.288 .750* -.757 .469*** -.407 .665*** 

Age (>59) -.573 .564*** -1.542 .214*** -.569 .566*** 

Income (ú2,000-

ú4,000) 

.465 1.592*** .408 1.505 (n.s.) .639 1.894*** 

Income (> ú4,000) .583 1.792*** .197 1.217 (n.s.) .890 2.434*** 

Gender (female) -.186 .830 (n.s.) -.581 .560*** -.629 .533*** 

Sufficiency 

Orientation 

.555 1.741*** .745 2.106*** .561 1.752*** 

Res. Size (2,000 - 

<5,000) 

.142 1.153 (n.s.) -.488 .614 (n.s.) .101 1.106 

(n.s.) 

Res. Size (5,000 - 

<20,000) 

.077 1.080 (n.s.) -.360 .697 (n.s.) .172 1.188 

(n.s.) 

Res. Size (20,000 -

<50,000) 

.173 1.189 (n.s.) .026 1.027 (n.s.) .173 1.189 

(n.s.) 

Res. Size (50,000 -

<100,000) 

.128 1.136 (n.s.) -.069 .934 (n.s.) .070 1.072 

(n.s.) 

Res. Size (100,000 -

<500,000) 

.357 1.429 (n.s.) .093 1.098 (n.s.) .091 1.095 

(n.s.) 

Res. Size (500,000 or 

more) 

.387 1.473 (n.s.) .566 1.760 (n.s.) .244 1.276 

(n.s.) 

Intercept -.824 .439*** -2.684 .068*** -.794 .452*** 

n.s. = not significant; *p < 0.05; **p < 0.03; ***p < 0.01. 

From a scientific perspective, the findings partially diverge from previous studies on other low-

carbon products. As a similarity, younger respondents showed a higher tendency to accept the 

new emerging material and to use it as a substitute for various product categories [7]. However, 

unlike previous findings that have revealed a higher acceptance of women in this context [7, 9], 

the considered MBC-based products within this study were more appealing to male consumers. 

From a marketing perspective, the findings show that individuals with stronger sufficiency 

orientation were likely to express interest in buying MBC-based product substitutes, 

particularly in the furniture domain. Accordingly, future consumer research on this material 

may benefit from applying theoretical perspectives on post-consumerism and anti-

consumption. 

Beyond consumersô intentions to purchase different MBC-based products, their willingness to 

sacrifice in exchange for different goods made from this low-carbon material has not been 
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assessed. Therefore, analyzing consumersô willingness to pay for MBC-based packaging, 

furniture, and building products is proposed as an interesting but challenging future research 

avenue. 
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Extended abstract 

This paper examines the decision-making processes and governance of Dutch homeowner 

associations (HOAs, or VvEs - Verenigingen van Eigenaren - in Dutch) in the context of 

energy efficient renovations. In the Netherlands, HOAs represent a significant yet 

underutilised framework for democratising the energy transition, encompassing 143,835 

registered associations managing nearly 1.2 million dwellings - approximately a quarter of 

the Dutch private housing stock [1]. This research explores how plural ownership models 

can support just transitions to net-zero economies, by positioning HOAs as hybrid 

institutions transcending traditional public-private dichotomies [2] rather than laggard 

governance structures, in an effort to minimize barriers in their EER decision-making 

process. 

The urgency of addressing HOAs in the energy transition cannot be overstated. With the 

European Union's ambitious climate targets requiring a 55% reduction in emissions by 2030 

and climate neutrality by 2050, the residential sector's transformation is critical. HOAs 

present unique challenges compared to single-family homeowners, as decision-making 

involves multiple stakeholders with potentially divergent interests, financial capacities, and 

motivations [10]. Understanding these complexities is essential for developing targeted 

policy interventions and support mechanisms that can unlock the retrofit potential of this 

substantial housing segment. 

https://orcid.org/0000-0003-0929-1812
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Our theoretical framework synthesises Community Wealth Building (CWB) principles [3] 

with socio-technical transitions theory [4,5,6] to analyse how HOAs' institutional 

characteristics - democratic governance, collective financial responsibility, and long-term 

asset management - align with community wealth building objectives. CWB emphasizes 

local ownership, democratic participation, and wealth retention within communities, 

principles that naturally align with HOA structures. By examining HOAs through this lens, 

we reveal how existing collective ownership models can be leveraged for transformative 

sustainability outcomes while ensuring equitable distribution of benefits and burdens. 

The socio-technical transitions perspective allows us to understand HOAs as part of a 

broader regime of housing provision and energy consumption, subject to both niche 

innovations and landscape pressures [4]. We employ stakeholder analysis methods [7] to 

map decision-making networks and systems thinking approaches [8,9] to visualise causal 

relationships between governance structures, retrofit decisions, and community outcomes. 

This integrated approach enables us to identify leverage points where interventions can most 

effectively catalyse change within HOA decision-making processes. 

Prior studies, building on various data & methods (or combinations of such), reveal complex 

implementation pathways. Such pathways are shaped by a multitude of different aspects, 

including but not limited to household characteristics, behavioural factors, building 

characteristics [10], financial, legal, social, and technical barriers [11], as well as 

governance and institutional logics and transaction costs [12,13]. Research has shown that 

HOAs face additional complexities compared to individual homeowners, including the need 

for collective agreement (often requiring over 70% approval rates), coordination challenges, 

and the "weakest link" problem where the least motivated or financially capable member 

can block progress [13]. 

Our empirical investigation draws on a mixed-methods approach combining both qualitative 

and quantitative data, enabling triangulation of findings and comprehensive understanding 

of HOA retrofit dynamics [8]. Primary data collection includes: (1) a literature review 

examining international best practices and theoretical frameworks for collective decision-

making in energy retrofits. (2) Two different survey datasets (n=200-300 each) of Dutch 

residents being HOA members, collected in 2024 & 2025, examining attitudes & 

preferences regarding energy retrofits, experiences & expected barriers in EER decision-

making, socio-demographics & socio-economics, behavioural characteristics, and peer 

influence. (3) semi-structured interviews with HOA board members and other 

stakeholders/experts conducted in 2025, exploring decision-making processes, barriers, and 

successful retrofit strategies.  

The stakeholder analysis and group model building workshops planned for Q4 2025 will 

contextualise, discuss, and synthesize the previously collected data. These workshops will 

bring together 15-20 participants including HOA board members, property managers, 

energy advisors, municipality representatives, and policy makers. Using the Group Model 

Building (GMB) methodology [8], participants will collaboratively develop causal loop 

diagrams that represent the systemic interdependencies affecting HOA retrofit decisions. 

Employing behavioural systems mapping [9] allows to identify feedback loops, delays, and 

unintended consequences within HOA decision-making processes. This participatory 

approach ensures that the resulting models reflect the lived experiences and tacit knowledge 

of practitioners while maintaining scientific rigor. 

Our systems approach aims to account for the fact that interventions targeting single factors 

in isolation are unlikely to succeed; and instead identifies pathways for coordinated 
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strategies addressing multiple leverage points simultaneously show greater promise. This 

way, our research should uncover how HOA retrofit decisions are influenced by complex 

interactions between individual-level factors (e.g., environmental attitudes, financial 

capacity), collective-level dynamics (e.g., social cohesion, leadership quality), and 

institutional arrangements (e.g., voting rules, professional support).  

This research contributes to emerging scholarship on community-based sustainability 

transitions and institutional innovation for just transitions. By examining HOAs through a 

CWB lens, combining socio-technical transitions and systems thinking, we reveal how 

existing collective ownership structures can be mobilised for transformative change. Our 

findings have important policy implications, addressing governance capacity, social 

dynamics, and decision-making processes, beyond solely financial incentives. 

The methodological innovation of combining behavioural systems mapping with 

participatory research methods offers a template for studying other complex socio-technical 

systems where collective decision-making intersects with sustainability imperatives. As 

cities worldwide grapple with decarbonizing their housing stocks while ensuring social 

equity, understanding the behavioural complexities of collective ownership models 

becomes increasingly vital for achieving inclusive and effective climate action. 
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Extended abstract 

Improving the energy performance of existing buildings is critical to achieving the European 

Unionôs legally binding goal of net-zero emissions by 2050. Buildings account for around 40% 

of final energy use and 36% of energy-related CO  emissions, yet roughly 75% of the EUôs 

building stock remains energy inefficient [1ï3]. Despite large-scale fiscal instruments like the 

Renovation Wave, the building sector remains critically off-track for 2030 targets: between 

2015 and 2022, CO  emissions decreased by 14.7% against the required 27.9% [4, 5]. This gap 

underscores the need to better understand the behavioral drivers and barriers that shape 

renovation decisionsðparticularly in the residential sector, where homeowner heterogeneity 

calls for more targeted policy design to accelerate mitigation of housing-related emissions [6ï

8]. Our study explores how contextual, social, and psychological factors influence a set of 

energy-efficient renovation (EER) behaviors classified as thermal insulation in the Austrian 

region of Styria. 

Methodology 

Sampling and data collection. We partnered with Energie Agentur Steiermark to survey 

Styrian homeowners who sought energy consulting or subsidies for EER measures between 

2013ï2023. Of 30,000 invitations, 2,841 households (9%) responded in JuneïJuly 2023. 

Excluding renters, incomplete responses, and out-of-region entries yielded a final sample of 

1,787 homeowners across age groups, income/education levels, and building vintages/types. 

Survey instrument. The online questionnaire comprised seven modules: screening, EER 

history, EER intentions, information and social influences, household context (e.g., building 

characteristics, life events), psychological constructs (e.g., environmental attitudes, building 

perceptions), and socio-demographics. 

Statistical analysis. We followed a three-phase analysis. First, we conducted descriptive 

statistics and bivariate ANOVA tests to identify preliminary differences between adopters and 

non-adopters. Second, we built a Partial Least Squares Structural Equation Model (PLS-SEM) 

to estimate direct and mediated effects of latent constructs on insulation behavior. The model 

(Figure 1) draws from established socio-psychological theoriesði.e., Theory of Planned 

mailto:simon.ladinocano@epfl.ch.
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Behavior [9], Diffusion of Innovations [10], and Value-Belief-Norm [11]. Measurement 

reliability (composite reliability > 0.70) and convergent validity (AVE > 0.50) were confirmed. 

Nonparametric bootstrapping (10,000 subsamples) was run to assess path significance. Third, 

we performed Permutation Multigroup Analysis (PERM-MGA; 5,000 subsamples) to test 

differences in parameter estimates across socio-economic status (SES) (Low vs. High) and life 

stage (Generation 1946ï1964 vs. post 1965) groups, revealing behavioral heterogeneity among 

homeowners. 

 

Figure 17. Theoretical model to understand EER behavior. 

Results 

Context is determinant. The descriptive analysis reveals that adopters and non-adopters of 

thermal insulation differ mainly in contextual variables. Insulation adopters report significantly 

older dwellings than non-adopters (p < 0.001). Adopters perceived stronger renovation needs 

based on building characteristics (M = 3.67 vs. 2.94 on a 5-point scale; p < 0.001). Similarly, 

we observe differences in social variables related to the use of informationðe.g., adopters more 

often used the internet (M = 3.45 vs. 2.8) and personal contact with social peers (M = 3.9 vs. 

2.95) to gain EER-related knowledge (p < 0.001). 
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Figure 18. PLS-SEM path diagram for thermal insulation behavior. Constructs with insufficient 

measurement validity were excluded. 

What drives EER? In our PLS-SEM (Figure 2), Perceived Need emerges as the most 

powerful predictor of EER behavior (ɓ = 0.539; p < 0.001). This underscores the importance 

of physical and contextual cuesðe.g., building condition, household situationðin 

motivating action. Access to Information significantly influences insulation (ɓ = 0.346; p < 

0.001), showing that reliable, socially reinforced EER-related knowledge enables renovation 

[7]. Attitudes toward EER have weaker but still significant effects (ɓ = 0.279; p < 0.001), in 

line with evidence that pro-environmental values and norms strengthen EER intention but are 

insufficient to overcome the intention-behavior gap [6]. Finally, Perceived Investment Cost 

is positively associated to insulation (ɓ = 0.178; p < 0.01), suggesting that the more 

homeowners understand the upfront costs and long-term benefitsðsuch as energy savings 

and comfort gainsðthe more likely they are to adopt [12]. 

Homeowner heterogeneity matters. Using PERM-MGA, we reveal that SES significantly 

moderates the drivers of insulation behavior. Perceived Need is over twice as influential for 

Low-SES vs. High-SES homeowners (ɓ = 0.860 vs. 0.388; p < 0.01). Conversely, Information 

Channels are more important for High-SES. For this group, their effect is four times larger 
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than for Low-SES (ɓ = 0.440 vs. 0.110; p < 0.05). Regarding life stage, Attitude towards EER 

have stronger effects among Generation 1946ï1964 (ɓ = 0.373 vs. 0.122; p < 0.05). 

Meanwhile, Building Age influence on thermal insulation is stronger for post-1965 

generations (ɓ = 0.889 vs. 1.174; p < 0.001). These differences also reflect the stronger 

mediated effect of pro-environmental values and norms among older homeowners. 

 

Figure 19. Importance-Performance Maps (IPMA) visualizing PERM-MGA results. The labeled 

constructs correspond to those with significant differences in total effect. 

Discussion and policy implications 

The goal of our study was to measure the effect of contextual, social, and psychological drivers 

on thermal insulation behavior among Austrian homeowners and to analyze variation by SES 

and life stage. Our findings confirm that behavioral drivers are not uniform. We observe that 

Perceived Need remains the strongest predictor of insulation uptake, especially among 

Low SES homeowners, whose decisions respond primarily to building-related deficiencies. In 

contrast, High SES homeowners tend to make knowledge driven decisions, underscoring the 

importance of reliable, timely information across all EER project phases [13].  

We also find that influences on EER behavior change across generational lines. 

Generation 1946ï1964 are more value driven and less dependent on contextual cues than 

younger cohorts. This suggests that pro environmental motivations strengthen in later life 

stages [14]. These patterns show that the predictors of EER behavior vary systematically with 

SES and life stage, reinforcing the need to move beyond one-size-fits-all policies in favor of 

tailored interventions that recognize group-specific capacities and motivations [15, 16]. 

Accordingly, we recommend: 

¶ Strengthening local advisory services via one-stop shops bundling technical advice, 

subsidies, and streamlined applicationsðovercoming gaps on information and technical 

support over the project lifecycle [17]. 

¶ Expanding high-quality information access for High-SES homeownersðe.g., through 

ROI calculators and personalized energy consulting. 

¶ Activating legacy-focused messaging for Generation 1946ï1964 to engage pro-

environmental norms and intergenerational responsibility in EER uptake [18]. 
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Our findings align with the research agenda by [16], who call for impact-oriented research that 

investigates high-agency groups capable of triggering rapid change dynamicsðnamely, 

activists, affluent individuals (here, High-SES), and Generation 1946ï1964. This targeting of 

actors with greater access to resources and information is grounded in the notion that they can 

become change agents for their social peers, amplifying change through social contagion [19, 

20].  

Limitations and future research 

Our sample may overrepresent proactive individuals, as it includes homeowners already 

engaged in advisory services. Future research should assess whether our findings generalize to 

broader populations. Longitudinal or experimental designsðe.g., agent-based modelingð

could further test whether targeting potential change agents fosters broader EER adoption. 

Conclusion 

This study advances understanding of the heterogeneity underlying EER behavior at the 

household level, specifically regarding thermal insulation among Austrian homeowners. By 

identifying which factors matter mostðand for whomðwe contribute to more effective, 

evidence-based climate policy. Instead of one-size-fits-all strategies, we argue for tailored 

interventions that activate homeowners best positioned to adopt and spread EER. Our findings 

echo calls for combining universal incentives with targeted interventions to accelerate positive 

change for sustainability.  
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Extended abstract 

Background 

There is an increasing realisation that energy efficiency measures aimed at ñgreeningò 

consumption are not enough to address our climate and ecological crises. Instead, we must 

complement efficiency measures with radical reductions in absolute consumption levels, 

particularly amongst the highest consumers. ñSufficiencyò is a term used to describe this 

aim of reducing absolute consumption while ensuring decent living standards for all people 

[1]. Strong policy measures across sectors are needed to create conditions that both facilitate 

and solicit changes in how we interact with our environments to reduce consumption. Some 

sufficiency-oriented policies have been in place for some time even if they havenôt been 

labelled as such (e.g. active travel infrastructure), whereas other measures have yet to be 

widely implemented (e.g. vehicle mass tax). 

Sufficiency-oriented policies challenge widely accepted values of consumerism and 

unfettered economic growth [2]. As such, there is a risk that implementation of such policies 

is faced with opposition, and there has been a suggestion that the term ñsufficiencyò itself 

could be viewed negatively. Opposition is especially likely among those with most 

influence over climate policy and associated discourses (politicians, corporate decision 

makers and lobbyists, journalists, economists, senior civil servants), as these are likely to 

be among those consuming the most and thus more affected by sufficiency measures. For 

context, in the UK, the top 10% of earners account for almost three times the amount of 

carbon than people in the bottom 30%; they use more energy flying than the bottom 20% 

use in total [3]. 

On the other hand, public support for climate action in a general sense is unequivocally 

widespread ï a recent survey of 130,000 people from 125 countries found that 89% demand 

intensified political action, and 69% report willingness to contribute 1% of their personal 
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income to fighting climate change [4]. This high level of support is commonly 

underestimated ï the same participants believed that only 43% of other people in their 

countries would do the same and other research has shown that politicians severely 

underestimate public desire for climate action [5]. Further, a common feature of many 

sufficiency policies is that they come with co-benefits in other domains (e.g. health, 

housing, poverty alleviation), which may serve to increase support. 

Determinants of policy support 

Research to date has tended to focus on the intrinsic characteristics of sufficiency-oriented 

policies that influence support. Sufficiency policy is more likely to be supported when 

focused on fair, equitable implementation, and where it is perceived as effective [6]. Support 

for stricter policies such as taxing above-average living space or a meat tax has been shown 

to be lower than support for softer policies such as meat-free days in canteens in multiple 

European countries [7]. 

There has been less focus on extrinsic factors affecting support, however, namely how 

sufficiency policies are presented and communicated. When sufficiency policies are framed 

as ñovercomingò issues rather than ñpunishingò behaviours, support is greater [7], but other 

potentially important sufficiency policy characteristics remain unaddressed. For instance, 

despite the existence of co-benefits for many sufficiency policies, the extent to which 

emphasising these affects policy support has not been studied. Consideration of co-benefits 

of climate policies is generally lacking in policymaking [8]. 

People tend to favour maintaining the current state of affairs over changing it [9]. The effect 

of this ñstatus quo biasò on support for sufficiency policies is also understudied. It may be 

that a new policy measure might be less susceptible to status quo bias if people are aware 

of its successful implementation elsewhere.  

The present study 

This study uses an online survey experiment to measure support for a set of energy 

sufficiency policies under different conditions in a representative sample of the Irish 

population.  

Using a between-subjects experimental design, we investigate whether support for energy 

sufficiency policies is greater or lesser when these are presented as measures to reduce 

energy demand compared with when emphasis is instead placed on their co-benefits. We 

also investigate whether support differs depending on other features of the policy in 

question (e.g. degree of restrictiveness, target behaviour) or how it is presented (e.g. 

highlighting where policies have already been successfully implemented). 

Alongside individual support for policies, we also measure perceived effectiveness and 

whether participants would publicly express their private support or opposition to policies. 

We also record political orientation, various sociodemographic variables, and measures of 

current energy consumption behaviours to control for personal impact of the policies that 

are presented. 

As well as providing the first comprehensive measure of public support for energy 

sufficiency policies in Ireland, we provide more generalisable evidence on the relative 

support for sufficiency polices depending on how these are presented. Future work can build 
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on these results to compare attitudes of policymakers and climate experts towards the same 

policies. 
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INTRODUCTION  

The decarbonization of the residential energy system is pivotal to the energy transition [1] 

because residential energy consumption accounts for 25.2% of total consumption across the 

EU. The behind-the-meter (BTM) systems located at residences or in commercial buildings 

involve the production and consumption onsite, with the advantages of positively impacting 

the integrity and stability of the electricity network in front of the meter on the utility side, 

and further facilitating the transition to low-carbon residential energy consumption [2]. The 

BTM technologies mainly include rooftop solar photovoltaic (PV) systems to supplement the 

energy supply, electric vehicles (EVs) and heat pumps (HPs) to electrify residential transport 

and heating to adjust householdsô energy usage.  

To force the adoption of the BTM technologies, the drivers and barriers for each individual 

technology have been widely explored. Primary determinants are financial factors (e.g., 

disposable income, grants, etc.); other determinants include social-psychological factors, 

demographic factors, building characteristics, etc. While existing studies provide valuable 

insights into household preferences for individual BTM technologies, such as PV [3], EV [4], 

and HP adoption [5], there are three critical limitations: (i) limited attention to the shifts in 

householdsô preferences for BTM technologies over time, (ii) insufficient attention to 

characteristics of preference formation across different BTM technologies, and (iii) 

inadequate consideration of the priority of different technology adoption.  

Net zero climate goals require very widespread and almost simultaneous adoption of multiple 

BTM technologies ï not one or two in isolation. This is a household BTM energy transition, 

occurring in parallel to an energy transition at grid-scale. The main questions addressed in 

this paper are (i) whether there is evidence that such a transformation is underway and (ii) 

what are the characteristics of those who are likely to participate in the energy transition and 

those who are not. The findings will be helpful in better understanding energy transition at the 

residential level, and further be beneficial for planning home energy transition from a systemic 

perspective.   
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METHODS  

This study compared householdsô preferences for BTM energy transition based on survey data 

from 2018 and 2024, and explored householdsô preferences heterogeneity by combining the 

latent class analysis (LCA) with an interpretable machine learning, XGBoost. The survey 

questionnaire in the two years includes three parts with a similar framework: (i) demographic 

questions for general respondents, (ii) building, retrofitting, energy sources, and energy bill 

information, (iii) householdsô attitude to and status quo of HPs, solar PVs, EVs, and different 

tariffs.  

RESULTS  

A three-class model provides the best fit for the data of this study based on the AIC, BIC, and 

maximum log-likelihood. 48% and 53% of the respondents are predicted to belong to the 

ambivalent class in 2024 and 2018 survey data. 20% and 33% of respondents are predicted to 

belong to the enthusiast class in 2024 and 2018 survey data. And 32% and 14% of respondents 

are predicted to belong to the resistant class in 2024 and 2018 survey data (Table 1). While 

there are 6.67% and 5.21% EV adopters, 8.82% and 4.80% PV adopters, 7.10% and 3.56% 

HP adopters in 1225 and 1208 respondents in 2024 and 2018, respectively.  

Although the actual adopters increased over time, indicating progress in the energy transition, 

the declining proportion of the enthusiast class reflects the rebound effect, which should be 

noticed and prevented. Moreover, the decreasing proportion of the ambivalent class also 

reflects the progress of energy transition, as households know more about home energy 

technologies and energy transition over time.  

Table 1. The conditional item response probabilities in the three classes over time 

  

Answers  

2024 survey data  

(Observation number = 664)  

2018 survey data  

(Observation number = 924)  

enthusiast  resistant  ambivalent  enthusiast  resistant  ambivalent  

Predicted  class  

memberships  
0.20  0.32  0.48  0.33  0.14  0.53  

Maximum log-

likelihood:  

-2736.751    -3821.57   

AIC:  5549.50    7719.14   

BIC:  5720.44    7902.64   

Based on the normalized weighted sum of the likelihood of adopting each technology (Figure 

1a and 1b), the probability of householdsô energy transition is similar over time in a specific 

class.   
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(a)                                                             (b) 

Figure 1. Householdsô likelihood of home energy transition 

Conditional item response probabilities are presented for each of the three latent classes, 

which are labelled based on their respective likelihoods of adopting specific technologies, 

reflecting household preferences for specific CETs, as shown in Figure 2. Householdsô 

enthusiasm for PVs remains significant and substantial, for EVs increased, but for HPs 

decreased over time  

(Figure 2a). In the resistant class, they showed less resistance to PVs, and more resistance to 

EVs, with over 60% very unlikely to purchase an EV in both years. Their resistance to HPs 

decreased over time (Figure 2b). Households showed the most ambivalence to HPs in both 

years, with over 60% likely to be neutral or donôt know. And they showed less ambivalence 

to EVs over time (Figure 2c). 

 

(a)                                                                    (b) 
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(c)  

Figure 2 Householdsô likelihood of adopting each technology 

Demographic, building and heating, psychological and social factors differ in diverse 

households, which can help interpret householdsô preferences and adoption of home energy 

transitions (HETs). In terms of demographic factors, age contributes significant SHAP values 

across all three classes. The age of respondents shows a negative correlation with their 

preferences for energy transition (Figure 3a). Educational level of respondents shows a 

positive correlation with their preferences (Figure 3b). The houseowners with property built 

after 2005 show an enthusiasm for energy transition (Figure 3c). The higher the bi-monthly 

electricity bill, the more enthusiastic for energy transition (Figure 3d). Householdsô annual 

income and property type donôt show a significant impact on their types of energy transition.  

(a)  
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(b)  

(c)  

(d)  

Figure 3. Distribution of SHAP values across different attributes 

According to the TAM [6], householdsô intention and behaviour of acceptance of technology 

are affected by three aspects: i. perceived usefulness (PU), ii. perceived ease of use (PE), and 

iii. attitude towards using (A), as shown in Figure 4. In 2018 households cared more about 

the compatibility of PV and EV (Figure 4a). In 2024 they still cared about the compatibility 

of EVs, but less about the compatibility of PVs (Figure 4b). Households care more about the 

installation difficulty of HPs and PVs in 2024. Especially, households reported more 

consideration about the reliability of EVs in 2024 than in 2018.  












































































































































































































































































































































































































































































































































































































































































































































































