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Executive Summary 

This report presents the outcomes of Work Package 6 (WP6) within the EU Interreg North Sea WaterWarmth Project, 

focusing on governance, innovaƟon, policy frameworks, and stakeholder engagement for the advancement of aqua 

thermal energy (AE) systems in the EU North Sea Region. The project aims to accelerate the transiƟon toward 

sustainable, low-carbon aqua thermal heaƟng and cooling by developing shared strategic knowledge and acƟonable 

pathways for AE deployment across six European countries. 

The central result of WP6 is a co-created vision for aqua thermal energy systems in 2050, supported by country-specific 

and unified transiƟon pathways spanning the period 2025–2050. The vision was formulated with the WaterWarmth 

project partners to elicit individual and group level ideas. To enhance the co-creaƟon process, and to apply an 

innovaƟve mixed methodology approach, GeneraƟve ArƟficial Intelligence (GenAI) was integrated in the process of 

vision formulaƟon. The vision depicts a fair, sustainable, and community-driven heaƟng system in which decentralized 

yet interconnected AE networks are owned and managed by local, non-profit cooperaƟves. These systems ensure 

affordability, resilience, and secure access to clean heat, while safeguarding aquaƟc ecosystems. Technological 

development is another pillar of the vision augmented through smart management systems. 

To operaƟonalize this vision, parƟcipatory pathway development workshops were conducted with project partners 

from Belgium, the Netherlands, and France. The resulƟng pathways idenƟfy phased acƟons across four transformaƟon 

domains: cultural and behavioural change; structural, insƟtuƟonal, and regulatory reform; technological and 

knowledge development; and organisaƟonal, market, and user-pracƟce change. This report was iniƟally intended to 

create a unified EU North Sea region pathway using GenAI to integrate naƟonal perspecƟves into a coherent regional 

Ɵmeline. Due to the limitaƟons of GenAI, recorded as methodological learnings, the pathway for this report is 

presented in text format, outlining the chronological Ɵmeline.  

The pathway outlines three key phases: foundaƟon-building and early pilots (2025–2030), scaling and governance 

integraƟon (2030–2040), and full deployment and system transformaƟon (2040–2050). While the pathway provides a 

logical and acƟonable roadmap, the report acknowledges methodological limitaƟons. These include Ɵme constraints, 

parƟal actor representaƟon, and the exclusion of some analyƟcal dimensions. As such, the pathway is considered an 

interim outcome, with further refinement planned through follow-up workshops and conƟnued stakeholder 

engagement. 

Keywords 

Aqua thermal energy, aqua thermal energy, socio-technical transiƟons, energy system transformaƟons, governance 

frameworks, parƟcipatory methods, visioning, pathways, GeneraƟve ArƟficial Intelligence (GenAI) 
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Introduction 

Interreg North Sea WaterWarmth Project  

The Interreg North Sea WaterWarmth Project,  part of  the Interreg North Sea Programme funded by the European 

Union (EU) and co-funded by the consorƟum project partners, is designed to foster transnaƟonal collaboraƟon in 

pursuit of a sustainable and environmentally responsible future. Central  to the project’s mission is advancing aqua 

thermal energy (AE) as a viable and scalable soluƟon for heaƟng and cooling applicaƟons. The overarching project 

objecƟve is to generate strategic, mulƟ-perspecƟve knowledge to inform and accelerate AE system development within 

the European Union. By promoƟng awareness and facilitaƟng adopƟon among energy cooperaƟves, municipal 

authoriƟes, private enterprises, universiƟes, and other stakeholders, WaterWarmth aims to catalyze the transiƟon 

towards AE systems. Also criƟcal to the project’s ambiƟons include reducƟons in carbon dioxide (CO₂) emissions, 

miƟgaƟon of air polluƟon, diversificaƟon and localizaƟon of energy systems, and enhanced resource efficiency. The 

project, which spans from June 2023 to September 2026, is supported by a budget of nearly €8 million; it is driven by 

a consorƟum of over twenty partners across six EU member states: Belgium, Denmark, France, Germany, the 

Netherlands, and Sweden. Its six work packages address criƟcal dimensions such as opƟmizing local energy system 

development, scaling AE technologies, and streamlining regulatory and permiƫng processes to facilitate AE expansion. 

Work Package 6 

This report presents an outcome of Work Package 6 (WP6) dedicated to the analysis and enhancement of governance 

frameworks, innovaƟon, policy instruments, and stakeholder engagement mechanisms perƟnent to AE development 

in the EU North Sea Region. WP6 employs a mulƟ-methodological approach, integraƟng literature reviews, stakeholder 

interviews, empirical analyses of AE pilot iniƟaƟves, and knowledge co-creaƟon processes with guidance from different 

analyƟcal frameworks. Further documentaƟon and scholarly outputs related to these themes are accessible via the 
project website (https://www.interregnorthsea.eu/waterwarmth).   

Beyond retrospecƟve and diagnosƟc analyses, WP6 adopts a prospecƟve orientaƟon, emphasizing the co-design of 

future AE system visions and the delineaƟon of context-specific pathways to realize these envisioned endpoints. The 

approach is informed by direct contribuƟons from regional and local authoriƟes, academic experts, technology 

developers, and other relevant actors within the AE stakeholder ecosystem. The principal aim of this report is twofold.  

First, pracƟcally, it presents the developed vision and present strategies for development to further the implementaƟon 

of AE  in  the  context of  the  vision in  selected areas  within  the  EU North Sea Region. Second, methodologically, it 

presents and tests an innovaƟve arƟficial intelligence (AI)-assisted anƟcipatory methodology employed in the visioning 

process. Specifically, the report details a process for co-creaƟng a shared vision and delineaƟng country-specific and 

unified decision-making steps required to realize that vision. As this process is sƟll ongoing, the report is an account of 

the complete visioning process and approximately half of the pathway study. It is expected that the complete visioning 

and pathway work will be presented in an academic publicaƟon in the near future (i.e. Summer 2026).  
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Report structure 

The report is organized as follows. The following secƟon describes the theoreƟcal moƟvaƟon and methodological 

jusƟficaƟon for the adopƟon of visioning and pathways development approaches, situaƟng them within the broader 

context of future-oriented strategic planning. This is followed by a detailed account of the WP6 methodological 

framework, which unites convenƟonal co-produced visioning and pathway mapping techniques with generaƟve AI 

(GenAI) to augment the  processes. The report then introduces the co-created AE system vision, succeeded by country-

specific pathway descripƟons for the Netherlands, Belgium, and France. Subsequently, the main components of an 

unified AI pathway for the North Sea Region are presented. The concluding secƟon offers a criƟcal discussion of the 

visioning and pathways outputs, evaluates the strengths and limitaƟons of the employed methodology, and criƟcally 

reflects on the integraƟon of AI as a tool for anƟcipatory governance. 

Approach background & justification  

AnƟcipaƟon & visioning 

A central challenge in acceleraƟng sustainable transiƟons is the tendency of stakeholders to focus on perceived barriers 
in the present, which can inhibit the capacity to conceptualize plausible and desirable alternaƟve futures (Gaziulusoy 
and Ryan 2017). Visioning, along with other related foresight methodologies, is designed to bridge the gap between 
current unsustainable condiƟons and aspiraƟonal future states (ibid). OŌen central to visioning, is the parƟcipatory 
process that facilitates the creaƟon of a shared “representaƟon of a desirable (or inspiraƟonal) future” (Wiek and 
Iwaniec, 2014). Rather than predicƟng or forecasƟng, anƟcipatory approaches,such as visioning, scenario analysis, and 
narraƟve construcƟon, engage with one or mulƟple alternaƟve futures to inform strategic planning and soluƟon design 
(UNDP 2018). Within this framework, a vision serves as an endpoint for a specific, pre-defined temporal horizon (e.g., 
2040, 2075, or 2100), and the use of diverse anƟcipatory methods helps to reduce uncertainty regarding future 
developments.  
  
The rise of visioning in the 1980s and 1990s coincided with the growing adopƟon of systems thinking and parƟcipatory 
engagement methodologies (Wiek & Iwaniec 2014). Among these, sustainable visioning has been recognized for its 
capacity to “put forward transformaƟonal goals, measure progress and build capacity and shared purpose” (Iwaniec et 
al., 2014). Such approaches are frequently applied to themaƟc domains such as energy system transformaƟon and 
urban development. Visioning is not without its faults, however; it has previously been criƟqued for its “lack of 
theoreƟcal and methodological development” (Iwaniec et al., 2014). Even so , efforts over the past approximate decade 
have increased in these areas. Socio Technical Scenarios (STSc), for example, make explicit use of theory i.e. the MulƟ 
Level PerspecƟve and Strategic Niche Management (Geels et al., 2020).  
 

Pathways 

Integral to the visioning process, pathways are employed to delineate a route, or routes required to realize a defined 

future vision. These pathways consist of sequences of acƟons, decisions, intervenƟons, policies, and measures 

idenƟfied through the process, systemaƟcally connecƟng the envisioned future to present realiƟes. They can work 

backwards (e.g., backcasƟng approach; Quist and Vergrat, 2006) from the vision at a stated point in the future, 

conversely, they can work forward from the current societal state to the future vision. Since the 1980s, backcasƟng and 

pathway mapping have evolved to complement visioning, emphasizing the necessary periodic steps and decisions.  
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Within the Interreg North Sea WaterWarmth project, sustainable visioning was used by project parƟcipants to beƩer 

integrate and provide a pathway to scale AE (Interreg North Sea WaterWarmth, 2025). This approach enabled 

parƟcipants to arƟculate their perspecƟves on the future of AE.  

GenAI as a generaƟon aid 

GenAI is rapidly emerging as a transformaƟve technology within research contexts (Blanchard et al. 2025). GenAI is 

reshaping research pracƟces by automaƟng rouƟne tasks, augmenƟng creaƟvity, and enabling advanced data analysis. 

Its strengths include streamlining literature reviews, supporƟng both qualitaƟve and quanƟtaƟve data analysis, and 

facilitaƟng evidence synthesis, thereby democraƟzing access to advanced methodologies and enhancing research 

producƟvity (Bjelobaba et al. 2025). However, GenAI also presents significant challenges: it can perpetuate biases, 

generate inaccurate or fabricated outputs, and it lacks transparency in its decision-making processes. Ethical concerns 

including privacy, copyright, and research integrity are prominent, and excessive reliance on GenAI may erode criƟcal 

thinking and domain experƟse among researchers. Moreover, AI-generated outputs are inherently limited to exisƟng 

knowledge, oŌen lacking the originality and depth characterisƟc of human insight (Cornelissen et al. 2024). UlƟmately, 

while GenAI offers powerful tools for advancing research, its responsible use necessitates ongoing human oversight, 

ethical reflecƟon, and a commitment to maintaining rigorous scholarly standards (Blanchard et al. 2025). 

For this visioning exercise, AI was used primarily to conduct general content analysis to serve the purposes of 

acceleraƟng and opƟmizing the process of integraƟng different parƟcipatory visions into one combined vision. It was 

also used to generate an EU  North Sea Region wide common, broader pathway to that vision. Hence, in this method 

there was  limited use of exisƟng informaƟon and knowledge beyond the ideas arƟculated within project exercises. 

WaterWarmth method description 

The visioning co-creation process 

The co-creaƟon visioning process involves progressing through three steps: individual, group, and analyƟcal, followed 

by step four, the pathway development process, as described below. 

Step 1: Individual visioning  
The iniƟal step of the visioning co-creaƟon process was designed to elicit individual-level perspecƟves and creaƟve 

ideas. ParƟcipants were introduced to the theoreƟcal underpinnings and pracƟcal relevance of visioning for energy 

sustainability through an introductory lecture.  

The essenƟal characterisƟcs of robust visions were described to parƟcipants as being “visionary, sustainable, systemic, 

coherent, plausible, tangible, relevant, nuanced, moƟvaƟonal, and shared” (Wiek & Iwaniec, 2014). Following the 

introductory lecture, ample Ɵme was allocated for quesƟons to ensure conceptual clarity and parƟcipant 

understanding of both the visioning process and its intended outcomes. Subsequently, the WP6 convenors established 

clear temporal and spaƟal boundaries for the exercise. Each parƟcipant was tasked to  independently formulate a 

personal vision for themselves and/or society, with the aim of arƟculaƟng broader core values, societal developmental 

states, and other desirable aƩributes of society in a five minute reflecƟve exercise. This exercise was supported by a 

period of silent, mindfulness-inspired contemplaƟon, fostering focused and independent thought. ParƟcipants were 

then alloƩed several addiƟonal minutes to document the key aƩributes of their visions. 
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Step 2: Group deliberation process 
Step 2 involved collaboraƟve vision creaƟon at the group level. It built on the individual outcomes and outputs of the 

individual visioning from the iniƟal step. Prior to the session, parƟcipants were randomly assigned to five groups of five 

to six members, a strategy intended to prevent dominance by any single region or perspecƟve. Each group was 

facilitated by a WP6 team member to maintain focus and ensure producƟve discourse. Groups were provided with 

dedicated spaces, refreshments, and supporƟve materials (e.g., flip charts, pens, paper, wriƩen instrucƟons) to support 

their work. Within the materials included a list of guiding quesƟons based on the socio-technical transiƟons framework. 

These guiding quesƟons drew on the analyƟcal foundaƟon of the work package, which was grounded in the socio-

technical transiƟons framework (cf. Rotmans et al. 2001; Frantzeskaki and de Haan 2009; Geels 2010). This theoreƟcal 

orientaƟon also underpins the visioning acƟviƟes conducted by the group. In parƟcular, and drawing on Geels (2002), 

the mulƟ-level perspecƟve (MLP) on transiƟons was employed to structure the visioning process, enabling parƟcipants 

to develop a holisƟc and nuanced representaƟon of society in 2050. The MLP framework delineates six key regime-

level dimensions: actor networks, techno-scienƟfic knowledge, markets and user pracƟces, culture and norms, 

technology, and policy and regulaƟon. These regime aspects collecƟvely consƟtute the constellaƟon of cultures, 

structures, and pracƟces that define the dominant configuraƟon of societal systems (Frantzeskaki and de Haan 2009). 

Within the visioning exercise, these six dimensions served as analyƟcal guides, assisƟng parƟcipants in systemaƟcally 

idenƟfying the transformaƟons required across criƟcal domains to realize the envisioned future. For each regime 

component, specific guiding quesƟons were formulated to facilitate focused and comprehensive group deliberaƟon. 

Each regime component and guiding quesƟons for the respecƟve visioning groups were defined as follows:   

·       Actor Networks: Who are the actors and networks that should be included to reach your vision? You 

may consider actors that have so far not taken part in any development. What roles do they have? 

·       Techno-ScienƟfic Knowledge: What aspects regarding techno-scienƟfic knowledge (e.g., research 

programs, public informaƟon, pilots, experiments, etc.) are needed to reach the vision? 

·       Markets and User PracƟces: What aspects of how heat is currently used and experienced make it 

difficult for potenƟal end-users to consider and adopt AE (i.e. to create market demand)? What are 

the efficiency and cost-opƟmizaƟon and development in current economic systems? Economic risks of 

AE producƟon, related to financing, or the supply chain. How long does it take for economic return on 

investments to be expected, etc.? For example, consider alternaƟve markets, for example via 

renewable energy communiƟes. 

·       Culture and Norms: What cultures and norms in society generally or in actor-networks specifically 

need to be changed or emphasized in or reach your vision? 

·       Technology: Which aspects of AE technologies/systems need to be considered or redesigned? Are 

there aspects that are important when implemenƟng these systems in the local physical environment 

or in the "energy system environment", for your vision to be fulfilled?   

·       Policy and RegulaƟon: Which sectoral (at the different levels) policies and goals, as well as regulaƟons, 

such as those concerning land ownership, are needed to fulfil your vision?  
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During the group deliberaƟons, groups were granted the flexibility to adopt an approach to their liking: top-down, 

boƩom-up, or mixed. In the top-down approach, groups first arƟculated an overarching vision and subsequently 

mapped the relevant socio-technical regime aspects onto this vision. Conversely, the boƩom-up approach entailed 

beginning with the systemaƟc analysis of regime aspects—such as actor networks, techno-scienƟfic knowledge, 

markets and user pracƟces, culture and norms, technology, and policy and regulaƟon—before synthesizing these 

insights into a comprehensive vision for 2050. Importantly, parƟcipants also integrated individual ideas and prioriƟes 

generated during the iniƟal visioning exercises into the group deliberaƟons, thereby enriching the collecƟve process. 

This structure promoted both diversity of input and cross-group learning. The groups worked through their guiding 

quesƟons on the flip charts during a session lasƟng approximately 75 minutes.  

Upon compleƟon of the session, all materials—including completed tables and other wriƩen outputs—were collected 

and digiƟzed by WP6 researchers to facilitate subsequent analysis. The research team undertook a dual-phase 

analyƟcal process: first, they systemaƟcally reviewed the documents produced during the group sessions, focusing on 

both the overarching vision statements and the inclusion of sociotechnical regime aspects; second, WP6 researchers 

divided into two independent groups to conduct parallel analyses, with the objecƟve of idenƟfying themaƟc similariƟes 

and recurring paƩerns across the various group outputs.   

Step 3: AI-supported synthesis & validation 
The third step of the vision co-creaƟon process  involved synthesizing a unified WaterWarmth project vision for 2050. 

To achieve this, all summarized data from the visioning workshop groups were organized according to the six regime-

level aspects. UƟlizing a GenAI tool, the researchers generated concise narraƟve storylines for each aspect, employing 

targeted prompts such as, “Who are the key actor networks in the vision?” and “What goals are achieved in the 

vision?”. These AI-generated descripƟons were then integrated into a single, cohesive vision statement. IniƟally, a 

comprehensive 1,000-word narraƟve was produced; however, recognizing the need for accessibility and clarity, the 

researchers subsequently instructed the GenAI tool to generate a more succinct, 250-word vision for AE development 

in the EU North Sea Region by 2050, ensuring the endpoint descripƟon remained both sufficiently comprehensive and 

user-oriented. 

The synthesized vision was validated by sharing the resulƟng text with parƟcipants through an online survey and an 

online project workshop. The survey showed that the majority of parƟcipants supported the outcome of the vision. An 

online project workshop was convened in October 2025 to solicit further input from project partners. However, due to 

technical difficulƟes and scheduling confusion, aƩendance was limited and no substanƟve comments were received. 

Building on the WaterWarmth 2050 vision prompted by GenAI researchers, a visual representaƟon was created to 

more clearly convey the vision to viewers and support a deeper understanding of its implicaƟons. This image was 

generated using the same GenAI system that produced the original WaterWarmth 2050 vision. Rather than introducing 

new elements, the model was guided by carefully defined parameters and instructed to generate the image using only 

the text from the original vision, ensuring visual consistency with the conceptual framework. 
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Step 4: Pathways co-creation 

The subsequent pathway co-creaƟon focused on country-specific sociotechnical avenues to reach the 2050 vision. This 

was facilitated through an addiƟonal project partner workshop, wherein parƟcipants were reorganized into groups 

primarily by country. This structure acknowledged the disƟnct naƟonal contexts—such as policy frameworks, 

governance structure, permiƫng processes, market condiƟons, and cultural factors—that necessitate tailored 

developmental pathways for each country to achieve the shared vision.  

The workshop took place in November 2025, during the WaterWarmth project partner meeƟng in Kortrijk, Belgium 

and was organised by the WP6 team. The workshop was planned as a conƟnuaƟon of the visioning exercise. The session 

lasted 1-½ hours in total, including an approximate 15-minute vision work recap and explanaƟon of the new task, and 

a one hour and 15-minute pathway co-creaƟon session. For the session, project partners were separated into three 

country groups: Belgium, France and the Netherlands. Two of the groups (i.e., Belgium, the Netherlands) consisted of 

parƟcipants from mulƟple pilots, again with diverse roles in the project (e.g., academics, pilot iniƟators, consultants, 

government officials). The main aim of the session, based on the knowledge and experiences of each parƟcipant, was 

to ensure that each group discuss and idenƟfy acƟons needed for the vision to be achieved for their respecƟve regions 

and countries and how this would contribute to the wider EU North Sea Region vision pathway development.  

Once separated, the partners in their groups were asked to first think of and discuss key global events (i.e. ‘landscape 

events’ in the MLP) that may affect their countries, regions and local areas in the years leading up to 2050 and how 

this would affect the realisaƟon of the vision. To achieve greater specificity and to beƩer facilitate discussions, the 

groups were asked to co-create defining developments from three Ɵme periods: 2025-2030, 2030-2040 and 2040-

2050.  

AŌer the discussion of the key global events, the groups were asked to work on the pathway development towards 

realising the shared 2050 vision. To develop this pathway, the partners had to outline and discuss what needs to be in 

place or achieved (acƟons that need to be taken) in the three respecƟve Ɵme periods for the shared vision to be 

achieved. This was based on a streamlined set of regime level components adopted from the BackcasƟng framework 

(Quist et al., 2011) which is used to explore pathways to reaching desirable futures. The four key focal areas were 

extracted from the collecƟve vision by 2050: 

(i) Cultural and behavioral changes needed to fulfil the vision;  

(ii) Structural, InsƟtuƟonal, Policy and Regulatory changes needed to fulfil the vision;  

(iii) Technological and Knowledge needs to fulfil the vision, and 

(iv) OrganizaƟonal changes/Markets and User PracƟce changes needed to fulfil the vision.  

Throughout the discussions, the groups idenƟfied the acƟons, developmental milestones, and/or policies required 

during each Ɵme period and the key actors necessary to achieve the vision.  

Due to Ɵme limitaƟons, not all the points could be discussed by all the groups. Hence, the decision was made by WP6 

researchers to augment pathway development work through addiƟonal follow-up workshops. The workshops are to 

take place during winter/spring 2026 where the country-specific partners can also invite their local relevant networks 

and communiƟes of pracƟce to present the vision and to discuss and delineate the necessary milestones needed to 

achieve the vision by 2050. These addiƟons will come aŌer the publicaƟon of this report.  
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Unified pathway Ɵmeline using GenAI 

A broader, integrated pathway using inputs from the workshop discussions menƟoned above was meant to be created 

with the help of GenAI. This integrated pathway brings together the contribuƟons from Netherlands, Belgium, and 

France into a single, coherent Ɵmeline across the four above shared transformaƟon domains. Prompts were developed 

using a structured approach that assigned the AI a defined role, clarified the context of the pathway development, 

specified constraints and limitaƟons, and included reference images to guide the visual structure. AŌer defining these 

factors within the AI the GenAI was prompted to “Create an unified pathway Ɵmeline based on the key components in text 

for 2025-2030; 2030-2040, and 2040-2050”. This was done a total of six Ɵmes across three commercial GenAI plaƞorms. 

As the images were unsuccessful they were not included in the study as explained in the methodological reflecƟons 

secƟon below. 

Ethical considerations  

As collaborators in the WaterWarmth project, the WP6 researchers have prioriƟzed adherence to the highest standards 

of research ethics, transparency, and integrity throughout all phases of the work. All research acƟviƟes were conducted 

in alignment with the foundaƟonal principles of respect for persons, beneficence, and jusƟce, as arƟculated in the 

European Code of Conduct for Research Integrity. The increased use of generaƟve AI presents significant challenges 

for researchers. To ensure this is done responsibly, several guidelines have already been issued, such as those from 

UNESCO (Holmes and Miao, 2023). This study takes these into account. The integraƟon of GenAI tools was approached 

with diligence: all AI-generated content was explicitly idenƟfied, and its use was communicated transparently to project 

parƟcipants. The WP6 researchers ensured that GenAI served as a complement to, rather than a subsƟtute for, 

parƟcipant contribuƟons and creaƟve input. Data processed by GenAI systems were managed in strict accordance with 

the General Data ProtecƟon RegulaƟon (GDPR), ensuring compliance with prevailing data protecƟon standards. The 

research team remains vigilant regarding potenƟal biases or inaccuracies introduced by GenAI, insƟtuƟng regular 

reviews and criƟcal assessments to miƟgate such risks. By fostering open communicaƟon, criƟcal reflecƟon, and a 

shared sense of responsibility, the WP6 researchers have sought to establish a research environment characterized by 

ethical rigor, trustworthiness, reliable, transparent research, and a commitment to meaningful innovaƟon. 

 

Process results 

Co-created WaterWarmth vision  

The WaterWarmth 2050 vision based on the  group vision exercises and compiled is presented below: 

By 2050, the North Sea Region has achieved a fair, sustainable, and community-driven energy future built on 

aquathermal energy (AE). Energy is no longer a product sold for profit but a service provided as a human right. 

CommuniƟes own and manage their local heaƟng networks through non-profit cooperaƟves. These networks are 

decentralized but interconnected, ensuring resilience: if one system falters, another supports it. People feel 

unburdened, knowing their warmth is secure, clean, and affordable.  
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The transformaƟon was driven by cross-sectoral cooperaƟon. MunicipaliƟes, social housing organisaƟons,  

waterboards, and acƟvists worked alongside investors and philanthropists to pioneer early projects. Research 

insƟtuƟons and policymakers standardized AE knowledge, creaƟng open and transparent frameworks. By making heat 

extracƟon free and penalizing waste, governments ensured resources were used wisely.  

Technology has advanced to the tenth generaƟon of heaƟng networks. These open-source systems connect rivers, 

aquifers, wastewater, and storage technologies like Aquifer Thermal Energy Storage (ATES) and Borehole Thermal 

Energy Storage (BTES). Smart management and high energy density make them efficient, while environmental 

safeguards ensure harmony with ecosystems. 

Markets have shiŌed. Fossil fuel subsidies vanished, and taxes moved from gas to electricity. Instead  of ownership, 

service models like HeaƟng-as-a-Service and ESCOs became the norm. Investments follow Donut Economy principles: 

equitable, long-term, and ecological. 

Culturally, people embrace inclusiveness and collecƟve achievement. Energy fesƟvals celebrate local milestones. Youth, 

educated from an early age in sustainability, now lead innovaƟons. Sharing resources is natural, reconnecƟng society 

with nature. 

The North Sea Region in 2050 shines as a living vision of eco-posiƟve energy, where technology, policy, and culture 

align to provide warmth for people and the planet. 

 

 

 
 

 

 

 

 

Figure 1. GenAI created image based on AE system co-created vision (including 

adjustments by the authors).   
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Country-specific pathways  

The Netherlands 

The discussion about “cultural and behavioral changes needed to fulfil the vision” in the Netherlands focused on the 

acƟons needed in 2025-2030, such as the emergence of energy communiƟes, more pilot projects to showcase AE and 

other renewable energy technologies and a change in fossil fuel prices, that would inspire increased adopƟon of 

renewables. For 2030-2040 acƟons that would be taken include choosing a resilient poliƟcal stance to convince people 

of resilient, yet sustainable energy services.  

For achieving ‘Structural, InsƟtuƟonal and Regulatory changes needed to fulfil the vision’, acƟons that were idenƟfied 

in 2030-2040 included beƩer management of common goods to fairly opƟmize efficiency and maximize use of 

renewable energy services.   

For achieving the “technological and knowledge needs to fulfil the vision”, the acƟons idenƟfied by the group for the 

2025-2030 Ɵmeline included increased efficiency of AE technology and the adapƟon of AE systems to be used by larger 

installers and more commonly distributed in the heaƟng mix. For the 2030-2040 Ɵmeline, the acƟons idenƟfied by the 

group included upgrading of (AE) technology to new systems as combining and opƟmizing heaƟng source mix to make 

the heaƟng system more resilient towards the advanced stage of development.  

For achieving “organizaƟonal changes,  markets and user pracƟce needs to fulfil the vision”, the acƟons idenƟfied by 

the group for the 2025-2030 Ɵmeline included suggesƟons on RE alternaƟves and an end to fossil fuel subsidies as well 

as commiƫng to policy changes as announced to create stability and trust in policy processes. For the 2030-2040 

Ɵmeline, the acƟons that were outlined included more support for energy communiƟes and conƟnued shiŌ in subsidies 

for fossil fuels.  

The group outlined a list of actors for the menƟoned acƟons as part of this pathway development. The actors include 

voters, poliƟcians, research insƟtutes, industry, start-ups and different levels of government.  

Belgium 

As for the discussions about “cultural and behavioral changes needed to fulfil the vision”, the Belgium group focused 

on the acƟons needed on the different and specified Ɵmelines. For 2025-2030, the group discussed that it would be 

ideal to create a sectoral integraƟon of urban planning and energy/heat/AE energy planning such as making obligaƟons 

at a neighbourhood level for beƩer commitment. Coherence of different strategies and approaches was also seen as 

necessary in order to deliver mulƟ-level collaboraƟon. It was also discussed that front runner AE pilots were important 

during this phase of realising the vision. Tax shiŌs were also seen as necessary at this phase in order to promote 

business case feasibility. For 2030-2040 acƟons that would be taken include the conƟnuaƟon of implemenƟng 

obligaƟons at neighborhood level for beƩer commitment to renewable energy goals.  

For achieving “Structural, InsƟtuƟonal and Regulatory changes needed to fulfil the vision”, acƟons that were idenƟfied 

in 2025-2030 included having a financial plan for heat transiƟons in the Flanders region as well as developing a phase-

out Ɵmeline for fossil fuels. Due to lack of Ɵme, the discussion did hardly include acƟons needed for the Ɵme lines of 

2030-2040 and 2040-2050.   
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For achieving the “technological and knowledge needs to fulfil the vision”, the acƟons idenƟfied by the Belgium group 

for the 2025-2030 Ɵmeline included a need for clear communicaƟons about AE for future planning, including advanced 

planning towards sustainable heat goals. The acƟons needed also included acceleraƟon of wriƟng off heat grids and to 

learn from geothermal innovaƟon development. Drawing aƩenƟon to permiƫng organisaƟons and engineering 

companies as well as encouraging familiarity with the ESCO models in order to deliver on AE systems. The group also 

encouraged the sharing of best pracƟces, tools as well as exploraƟve and feasibility studies during this Ɵme line.  

For achieving “organizaƟonal changes, markets and user pracƟce needs to fulfil the vision”, the acƟons idenƟfied by 

the group for the 2025-2030 Ɵmeline included fiscal tax shiŌs and integraƟon of regulaƟon in energy infrastructure 

planning. As water is an important component of AE, the groups suggested digital twinning of water systems and 

finding a beƩer soluƟon to the ‘water capture’ fee charged for AE systems water use. During this Ɵmeline, the group 

also idenƟfied a need for an effecƟve investment fund for heat networks that would advance AE as one of the preferred 

sustainable energy services. For the 2030-2040 Ɵmeline, the acƟon that was reemphasized to conƟnue with from the 

previous Ɵmeline, was to find a beƩer soluƟon for the ‘water capture’ fee, which would in turn add value to the water 

treatment processes. The group also suggested integraƟon of regulaƟons on water infrastructure as another acƟon.  

The list of actors that were outlined by the group for the acƟons menƟoned above include Flemish Waterways, the 

Flemish Energy and Climate Agency, municipaliƟes, grid infrastructure companies, poliƟcians, ESCOs, private 

developers as well as the installaƟon and construcƟon sector.  

France 

For France, the pathway development discussion turned to the broader and current societal trends that could inhibit 

movement toward the 2050 vision.  

For this group, the “cultural and behavioral changes needed to fulfil the vision” discussion focused on the acƟons 

needed in 2030-2040, which included creaƟng a people’s assembly to facilitate discussions and propose new policies. 

This would ensure ciƟzens and community involvement in energy decision making.    

With regards to achieving “Structural, InsƟtuƟonal and Regulatory changes needed to fulfil the vision”, this group did 

not have sufficient Ɵme to discuss some points and it was decided that these were to be raised at the follow-up 

workshop session.   

For achieving the “technological and knowledge needs to fulfil the vision”, the acƟons idenƟfied by the group for the 

2025-2030 Ɵmeline included a need for ambiƟon on new technologies as well as tests for compeƟƟons between new 

energy soluƟons. Another acƟon suggested by the group was to develop a solid plan to build new energy labs and 

create interests among the future generaƟons to work in these labs. For the 2030-2040 Ɵmeline, the acƟon idenƟfied 

by the group was to run tests on different technologies and obtain results on what’s feasible and has potenƟal for 

scaling. For the 2040-2050 Ɵmeline, the group agreed on the acƟon to develop soluƟons for global scaling based on 

what has been piloted.  

For achieving ‘organizaƟonal changes, markets and user pracƟce needs to fulfil the vision’, the acƟons idenƟfied by the 

group for the 2025-2030 Ɵmeline included designing strategies to develop and support implementaƟon of local energy 

grid including AE. For the 2030-2040 Ɵmeline, the acƟons that were outlined included iniƟaƟng a period of tests on 

small and medium pilots in ciƟes to show feasibility and adverƟse the projects to raise awareness.  
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Another idenƟfied acƟon was to create local organizaƟons and/or cooperaƟves with relaƟve independence to deliver 

energy services and make their own decisions. Also for this period, an ‘end of period’ was idenƟfied as a period where 

mature policies are implemented based on pracƟcal feedback based on experience from the (pilot) projects. For the 

2040-2050 Ɵmeline, the group idenƟfied large-scale implementaƟon as an acƟon to be taken.    

Unified EU North Sea Region AE pathway  

To formulate a naƟonal co-created unified pathway, we used GenAI, similar to the methodology followed to co-create 

the vision. The Ɵme periods from the exercise as outlined and discussed with the different country groups were 

maintained in this step. Furthermore, subcategories for each Ɵme period were also generated based on the more 

specific categorisaƟons, which can be used to guide specific transiƟon processes on mulƟple fronts. Due to GenAI’s 

inability to generate suitable images, parƟcularly for creaƟng the infographic illustraƟng the pathway development, for 

this report aŌer criƟcal consideraƟon and discussion, a pathway image was therefore not created.   

2025–2030: Laying the FoundaƟons & AcceleraƟng Early AcƟon 

Cultural & Behavioural Change 
● Emergence of energy communiƟes and increased showcasing of AE and renewable technologies; 
● Sectoral integraƟon of urban planning + energy/heat/AE planning;  
● Front-runner AE pilot projects to build familiarity and public trust. 

Structural, InsƟtuƟonal & Regulatory Change 
● Developing a financial plan for heat transiƟon;  
● Establishing a phase-out Ɵmeline for fossil fuels. 

Technological & Knowledge Needs 
● Improving efficiency of AE technologies and adapƟng them for widespread installaƟon; 
● Strengthening knowledge sharing, tools, feasibility studies, and communicaƟons around AE; 
● Increasing ambiƟon and compeƟƟon for new energy technologies; establishing energy labs for future 

innovaƟon. 

OrganisaƟonal, Markets & User PracƟce Change 
● Ending fossil-fuel subsidies and commiƫng to stable policy signals;  
● Introducing fiscal tax shiŌs to support sustainable heat systems;  
● Deploying digital twin models for water systems, addressing AE water-capture fees; 
● Designing strategies for local energy grids including AE. 
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2030–2040: Scaling, IntegraƟon & Governance TransiƟon 

Cultural & Behavioural Change 
● Establishing ciƟzens’ assemblies for parƟcipatory policymaking;  
● ConƟnued implementaƟon of neighbourhood-level energy obligaƟons; 
● AdopƟng a resilient poliƟcal stance that supports stable, sustainable energy services. 

Structural, InsƟtuƟonal & Regulatory Change 
● Improved management of common goods to opƟmise renewable energy use;  
● Further development of water-infrastructure regulaƟon. 

Technological & Knowledge Needs 
● SystemaƟc tesƟng and evaluaƟon of different energy technologies to idenƟfy scalable soluƟons;  
● Upgrading AE technologies and opƟmising heaƟng-source mixes for resilience.  

OrganisaƟonal, Markets & User PracƟce Change 
● Ongoing reform of AE water-capture tariffs;  
● Strengthening energy communiƟes and expanding pilot-based learning;  
● Launch of small–medium city pilots, followed by policy refinement. 

2040–2050: Full Deployment & Long-Term TransformaƟon 

Cultural & Behavioural Change 

● CiƟzens’ parƟcipatory structures mature as part of long-term governance.  

Structural, InsƟtuƟonal & Regulatory Change 

● Mature policies implemented based on decades of pilot tesƟng.  

Technological & Knowledge Needs 

● Global scaling of technologies proven viable in earlier phases.  

OrganisaƟonal, Markets & User PracƟce Change 
● Large-scale deployment of AE systems and local energy grids;  
● Full transformaƟon of energy systems and markets inspired by mature policy frameworks. 
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Reflections 

The Vision 

The result of the WaterWarmth visioning process shows an inspiraƟonal vision for aquathermal energy  systems in the 

North Sea Region in 2050. The co-created vision emphasises a future heaƟng system that is fair, sustainable, and 

strongly community-driven. More specifically, local communiƟes own and manage decentralized yet interconnected 

heaƟng networks through non-profit cooperaƟves, ensuring resilience, affordability, and secure access to clean 

heaƟng. It furthermore shows a robustness in the system development: if one system experiences disrupƟon, others 

can provide support, reinforcing system reliability. 

Technological development plays a central role in the vision. Open-source heaƟng networks will integrate rivers, 

aquifers, wastewater, and energy storage through smart management systems that opƟmize efficiency while 

safeguarding ecosystems. These technologies are supported by standardised and openly shared knowledge 

frameworks developed by researchers and policymakers. The vision also emphasizes transformed markets and 

governance structures. Fossil fuel subsidies have been eliminated, taxaƟon has shiŌed from gas to electricity, and 

service-based models have replaced tradiƟonal ownership. Investments follow Donut Economy principles (Raworth 

2017), prioriƟzing long-term social equity and ecological sustainability. Culturally, collecƟve values, inclusiveness, and 

environmental stewardship are normalized, reinforced through educaƟon, local energy celebraƟons, and youth 

leadership. Overall, the result is an integrated sociotechnical system in which technology, policy, markets, and culture 

align to provide sustainable warmth and cooling for both people and the planet. 

Pathways 

The country-focused co-creaƟon process produced a unified, parƟcipatory pathway for broader scale transiƟon to AE 

systems for the region; it was structured across the three Ɵme periods from 2025 to 2050. In the iniƟal phase (2025–

2030), the focus was on laying foundaƟons through cultural and behavioural change, early pilot projects, improved 

knowledge sharing, and the establishment of financial plans, policy meta plan and regulatory signals, including 

fossil-fuel phase-out Ɵmelines and fiscal reforms. For the second phase (2030–2040), emphasis is on scaling and 

integraƟon, with strengthened energy communiƟes, neighbourhood-level obligaƟons, ciƟzens’ assemblies, and 

improved governance of common goods such as water infrastructure, alongside systemaƟc tesƟng and opƟmisaƟon of 

AE technologies. Finally, in the last phase (2040–2050), AE systems push towards full deployment, supported by 

parƟcipatory governance structures, established policy frameworks, and scalable technologies. Across all phases, the 

pathway highlights the alignment of technology, policy, markets, and user pracƟces to enable resilient local energy 

grids and a complete transformaƟon of heaƟng systems, posiƟoning aquathermal energy as a cornerstone of 

long-term, sustainable energy transiƟons. 
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Result reflections 

This report reflects on the robustness and validity of the co-created vision and pathways developed through the 

project’s parƟcipatory process. The analysis focuses on the inclusiveness of the vision, the methodological constraints 

encountered, and the implicaƟons these factors may have on the unified pathway. 

The resulƟng vision and pathways were primarily shaped by project parƟcipants, which may have introduced a degree 

of bias. In parƟcular, the vision appears oriented toward a local, collaboraƟve, not-for-profit economic perspecƟve. This 

raises quesƟons regarding whether the vision would have differed had addiƟonal societal actors beyond the project—

such as commercial stakeholders or actors with profit-oriented interests—been involved. Although parƟcipants were 

given opportuniƟes to comment on the vision, it remains unclear whether it is fully supported by all involved parƟes. 

The country-specific and unified pathways represent interim outcomes of an ongoing process. The co-creaƟon sessions 

were limited in duraƟon, with follow-up sessions planned. Consequently, the current unified pathway, while providing 

a logical and acƟonable roadmap for advancing AE development, may evolve significantly as further engagement and 

refinement occur. Its long-term robustness therefore remains to be assessed. 

 

Methodological reflections 

Approach strengths 

There are several reflecƟons that stem from the methodology that was used for the study. They are divided into insights 

for the co-creaƟon process and reflecƟons on the use of GenAI. Although no direct comparison was made with AI-

assisted coding, the process proved fast, taking under half an hour to one hour to generate the vision.  

Co-creaƟon process 

The WaterWarmth project revealed that both visioning and pathway development processes require significant Ɵme 

commitment from parƟcipants. As WP6 was only alloƩed limited Ɵme slots during the two respecƟve face-to-face 

partner meeƟngs, scheduling ample Ɵme during these meeƟngs for groups to work together was not possible. 

PracƟcally, this led to abbreviated introducƟon lectures from WP6 iniƟators and shortened group work sessions for 

each of the meeƟngs, as especially for the Kortrijk partner meeƟng where the first part of the pathways creaƟon took 

place. Although the visioning co-creaƟon work created ample material to generate the vision, the country-specific 

parallel pathway co-creaƟon sessions only produced scaƩered pathways, missing key developmental aspects. For the 

WP6 pathways work, addiƟonal sessions have been planned for the near future. However, this has meant several 

months delays in the process as well as significant resources needing to be devoted to the arrangement of the planning 

processes.    

A key take-away message from the different sessions is to allow sufficient Ɵme for discussions and the visions and 

pathways co-creaƟon processes. It is suggested that this is done within single sessions as it can also be difficult to 

assemble the same group members for any follow up co-creaƟon sessions.  
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GenAI use 

The use of GenAI as a tool demonstrated that it was an efficient way to process the informaƟon from the respecƟve 

groups into the visions and pathways. The Ɵme to do the work varied from several minutes for simple tasks to roughly 

thirty minutes to generate the 2050 vision. This can be seen as significantly faster than convenƟonal coding techniques 

that are commonly used in academia. However, no aƩempts were made in this study to compare Ɵme differences and 

the outputs of the two approaches.  

The use of GenAI did, though, reveal that it is not without its flaws. First, similar to insights from Blanchard et al. (2025), 

it is difficult to determine if what GenAI generated holds to academic standards for measurement validity and reliability.  

GenAI proved to be unsuitable for flawless image generaƟon. The original vision image it created with the prompts 

given had illustraƟons of Aquifer and Borehole Energy Storage (ATES and BTES) instead of an AE system, hence the 

need for adjustments by the authors (Figure 1). The image generaƟon deficiencies were also observed when creaƟng 

the infographic illustraƟng the pathway development. This became evident aŌer six unsuccessful aƩempts to generate 

the pathway development infographic across three different commercial AI plaƞorms. Prompts were developed using 

a structured approach that assigned the AI a defined role, clarified the context of the pathway development, specified 

constraints and limitaƟons, and included reference images to guide the visual structure. However, despite these inputs, 

the Gen AI sƟll struggled to follow the assigned roles, constraints, and other instrucƟons. Despite this systemaƟc 

method, the generated images were inefficient and unsuitable for academic use. Each version contained at least 15 

spelling and numerical errors, along with inaccuracies in Ɵme frames and color labelling. These issues prevented the 

figures from meeƟng academic reporƟng standards. This was, at minimum, the case for the commercial plaƞorms used 

in this work. As the AI-generated images did not contribute any addiƟonal value to the study, they were not included 

in the report. 

Conclusion  

This report provides valuable insights on a mulƟ-methodological approach adopted for a 2050 vision and pathway 

development for mainstreaming  aquathermal energy in the EU North Sea Region. Methodologically, the report has 

presented an innovaƟve, arƟficial intelligence (AI)-assisted methodology employed in the visioning process whereby a 

set of co-created primary data was qualitaƟvely analysed and the results used to co-generate the overarching vision as 

a final output. 

The report started by describing the theoreƟcal moƟvaƟon and methodological jusƟficaƟon for the adopƟon of 

visioning and pathway development approaches, situaƟng them within the broader context of future-oriented strategic 

planning. The report draws aƩenƟon to the co-creaƟon power of visioning that results in a shared representaƟon of a 

desirable future. The method that the WP6 team developed and used is based on the following steps:  The AE vision 

for the North Sea region was developed in a group process, it was then unified in an AI-assisted single vision 

development process including vision illustraƟon, on-line verificaƟon, and finally a first step into the naƟonal (Belgium, 

the Netherlands and France) socio-technical pathway development process was carried out. The subsequent and final 

step, however, falls outside the scope of this report and will be presented in a subsequent publicaƟon. 
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The shared 2050 North Sea vision regarding aquathermal energy systems was presented in this report. It depicts a fair, 

sustainable, and community-driven heaƟng system in which decentralized yet interconnected AE networks are owned 

and managed by local, non-profit cooperaƟves. The country-specific decision-making steps needed to realize this vision 

are developed through a pathway development process. 

The report takes this further by linking the visioning process to socio-technical pathway development of aqua thermal 

energy systems, which focuses on sequences of acƟons in specific phases or Ɵmelines needed to connect the 

envisioned future to the present realiƟes. For this project focus, pathways outline three key phases: 

foundaƟon‑building and early pilots (2025–2030), scaling and governance integraƟon (2030–2040), and full 

deployment and system transformaƟon (2040–2050). As part of pathway development, country-focused co-creaƟon 

processes focused on outlining the acƟons needed for these three key phases. 

In conclusion, this report has illustrated the significance of bringing together various co-creaƟon processes in projects 

focusing on new energy innovaƟons such as aquathermal energy. By collecƟng and compiling insights from the different 

project partners represenƟng a wide range of actors from the Western North Sea Region, including municipaliƟes, 

research and project developers, community pracƟƟoners, as well as technical experts – this report illustrates that 

when these insights are combined with AI analysis and co-generaƟon, meaningful vision and pathway development 

processes can be produced. This co-creaƟon methodology can also be useful for policy makers who are in the process 

of, or considering developing policy vision, goals and pathways, parƟcularly in the domain of renewable energy. 
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