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About ReInvent 
In 2030 and beyond, multiple energy vectors (electricity, gas, heat, green molecules) will play a role in an 

interconnected energy system. Increased electrification will support sector integration between end user 

segments. To benefit maximally from the advantages of sector coupling, a fundamental rethinking of market 

design, business models and financing models is needed. ReInvent will define a roadmap for sector coupling in 

Belgium. The ReInvent approach is based on 4 pillars and is a combination of 1) conceptual analysis, 2) sound 

modelling, 3) proofing of concepts by relevant test cases, and 4) an ambitious impact assessment and replication 

strategy. 

The first pillar will analyse the role of different energy vectors (gas, power, heat, green molecules…) in the 

Belgian energy mix. This includes the impact on infrastructure, market design and business models for different 

energy end user groups. Based on discussions with project partners and relevant stakeholders, different 

concepts for both supply-side and demand-side sector integration will be proposed. In addition to the 

operational implications of sector integration, the financial implications in terms of risk, return, and uncertainty 

will be analysed. 

The second pillar will develop the ReInvent modelling and simulation. This multi-sectoral simulation 

environment will capture the different dynamics of different vectors in multiple timeframes, for multiple 

scenarios, for multiple market design options, for multiple services, including different end-use sectors and 

different layers of the physical networks and their interconnection. Innovations modelled in ReInvent aim at the 

overarching goal of augmenting and realizing the potential of sector coupling in providing key flexibility, 

balancing, and adequacy services to the multi-energy system and the electric grid. 

The third pillar will look at a selection of reference test cases that represent main use cases of sector 

coupling/integration. These applications will provide real data that allow proofing of the developed models in 

the second pillar. In addition, the models of the second pillar will provide necessary insights to the test cases 

about the impact of the ReInvent solutions on the operational and financial stability of the presented solution. 

The ReInvent test cases address different vectors, end user segments and applications and are selected based 

on the technologies and applications that will play a central role in a future integrated system but still face 

barriers today that hinder their expected breakthrough. 

The fourth pillar will define a roadmap for improved sector coupling and sector integration for Belgium. This 

includes an impact assessment of a wide roll-out of the solutions for the Belgian energy system, in particular the 

implications for security of supply and system balancing. 
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Executive Summary 
Sector coupling is generally recognized as an important enabler for the energy transition towards climate 

neutrality. In this report, sector-coupling is analysed from a system-level perspective, addressing the scalability 

and replicability potential of the ReInvent test cases in the Belgian context and overall impact assessment for 

the Belgian energy system. We do so for three main aspects of sector coupling: electrification and demand-side 

flexibility, clean molecules and Power2X, and collective energy sharing. The system level perspective provides a 

complementary focus compared to the local-level analyses, by analysing how the test cases could become 

mainstream across Belgium, and the role that sector coupling could play in supporting the broader energy 

transition. These insights are important to understand the system benefits of sector-coupling and envision 

pathways how those benefits could materialize over the medium to long-term. 

The first part of this deliverable (Chapter 2) examines the scalability and replicability potential of the different 

business use cases deployed under ReInvent to understand how local-level sector-coupling initiatives can 

generate impacts beyond the pilot and simulation phases. The analysis shows that sector-coupling solutions 

generally have potential for wider deployment, but that scaling and replication depend on the alignment of 

technical, economic, regulatory and stakeholder-related boundary conditions. Scalability and replicability should 

therefore not be understood as straightforward expansion or duplication of successful pilots. While many of the 

underlying technologies and operational principles are transferable, deployment at larger scale or in new 

contexts typically requires adaptation to local infrastructure, market conditions, regulation and stakeholder 

needs. 

For electrification and demand-side flexibility, the growing deployment of EVs, heat pumps, batteries and 

other controllable electrical assets creates an expanding flexibility potential. Realising this potential at scale, 

however, requires effective coordination of increasingly diverse and distributed resources, and sufficient 

economic incentives for users to participate. Replication across regions and customer groups appears feasible 

because the underlying flexibility principles are broadly transferable, but implementation needs to account for 

differences in asset availability, interoperability, tariffs and flexibility mechanisms, regulation and user 

preferences. 

For collective energy sharing, modularity and economies of scale can support wider deployment by spreading 

fixed costs across more participants and improving opportunities to match local generation and demand. At the 

same time, expansion can increase governance and administrative complexity and may encounter local 

infrastructure constraints. Replication is particularly dependent on the regulatory and market context, as well 

as on locally appropriate governance, contractual and benefit-sharing arrangements. The analysis therefore 

points to a balance between standardisation and local adaptation: common technical and organisational 

solutions can reduce replication efforts, but each project still needs to fit local conditions and provide a 

transparent and credible value proposition for participating stakeholders. 
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For clean molecules and Power2X, scalability and replicability are more strongly conditioned by the 

surrounding infrastructure and market ecosystem. Although technologies such as electrolysers are modular and 

increasingly standardised, scaling requires sufficient renewable electricity and grid capacity, suitable hydrogen 

transport and storage infrastructure, and stable demand from industrial or mobility off-takers. Economic 

viability remains closely linked to high utilisation and sufficiently competitive hydrogen production, while 

permitting and renewable hydrogen requirements can further influence project development. Replication is 

therefore less a matter of reproducing a standard technical configuration than of finding locations where the 

necessary infrastructure, demand, regulatory conditions and stakeholder commitments can be brought 

together. 

The second part of this deliverable (Chapter 3) evaluates the impact and value of sector-coupling, particularly 

for electrification and demand-side flexibility, for Power2X in relation to clean molecules import, and for multi-

energy market design. We generally find significant system benefits from sector-coupling technologies and 

market designs. Demand side flexibility technologies are largely ‘no-regret’ from a techno-economic 

perspective, since they provide high value to the system at low cost. Water heating buffers and flexible EV 

charging, for example, prove highly attractive from a system optimization perspective, reaching the full 

utilization of their maximum potential in every scenario where they are enabled. Other flexibility options, like 

thermal inertia in buildings and the uptake of two-way flexible charging (vehicle to home, building or grid) are 

exploited more moderately up to respectively some 20% and 35% of their maximum potential. Overall, the 

monetary system-level benefits from demand side flexibility are significant, and can be attributed to having 

more VRE integration, lesser imports of power and molecules, lesser battery investment, and more efficient 

heating systems. 

Besides electrification, hydrogen and other clean molecules are found to have an important role in a climate-

neutral Belgian energy system, although significant uncertainty applies. There is considerable uncertainty on the 

drivers of hydrogen demand, such as access to affordable electricity, deployment of CO₂ storage, regulatory 

requirements on renewable hydrogen supply. As a result, hydrogen demand scenarios for Belgium developed 

with TIMES-BE indicate a broad range from some 11 to 30 TWh (out which some 6 TWh being supplied as a 

byproduct, mainly from refineries). Furthermore, there is uncertainty on cost-optimal hydrogen supply routes, 

with different results among the different cases and models (TIMES-BE, NSIM, POMMES). For example, the 

models TIMES-BE and POMMES differ on the cost-optimal domestic supply routes, with notably higher levels of 

electrolysis in POMMES compared to TIMES-BE. To fully appreciate these model differences, further research is 

needed to further analyse differences in electricity prices, commodity prices, weather data and other factors 

affecting competitive domestic production. Overall, first estimates of the value of Power2X for Belgium indicate 

significant system-levels savings from enabling Power2X, albeit smaller to those of demand side flexibility. These 

savings could materialize over a long-term timeframe (2050) and are primarily attributed to enhanced PV 

integration, with reduced needs for imported clean molecules and power.  
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More coordinated energy market designs can be an important enabler for sector coupling. The Belgian 

electricity, gas, hydrogen and heat markets are already physically interconnected through technologies that 

convert energy between carriers. However, these physical interactions are not yet fully reflected in market 

organisation. Differences in trading products, temporal granularity and market arrangements can limit the ability 

of multi-carrier technologies to respond efficiently to signals across energy markets. The results indicate that 

temporal granularity and temporal alignment represent two distinct dimensions of market coordination. Greater 

market granularity, more specifically through shorter day-ahead gas or hydrogen products, consistently 

improves the ability of flexible technologies to respond to changing market conditions and is the main driver of 

the observed profitability gains. Temporal alignment has a smaller effect on annual profitability but can 

substantially influence how flexibility is made available to the balancing market. The magnitude and direction of 

both effects depend strongly on the technology and the combination of markets in which the technology 

participates. These findings therefore support a coordinated approach to market design, in which changes to 

gas, hydrogen, electricity and balancing-market structures are considered jointly rather than independently. 

A methodological objective, finally, was to explore how different system level models can work together in 

a complementary way through a combined model analysis (Chapter 4). An iterative soft-linking procedure was 

tested between the more integrated energy system model TIMES-BE and the more supply-oriented model NSIM, 

covering one iteration of a two-way data exchange. This modelling exercise was valuable as it forces modelling 

teams to critically reflect on modelling assumptions that - in light of uncertainty - may be chosen differently 

between different models. Yet, the exercise is also challenging, first since model coupling is a time-intensive 

process, and second as it remains difficult to arrive at fully consistent model set-ups. Further combined model 

analysis, therefore, could also consider stand-alone model application structured around common research 

questions. Careful analysis of the explanatory factors of differences in model results would reveal critical 

uncertain factors underlying different viewpoints on energy system planning, as a valuable input for further 

scenario analysis and robust policy-making. 
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1 Introduction  
Sector coupling is generally recognized as an important enabler for the energy transition towards climate 

neutrality. In ReInvent, sector coupling is interpreted as a concept to promote the integration of large-scale 

renewable electricity by increasing its direct use or indirect application through transformation into a suitable 

energy carrier, such as heat, gas, and liquids [1]. We consequently highlight three aspects of sector coupling as 

central to the project: electrification and demand-side flexibility, clean molecules and Power2X, and collective 

energy sharing. 

Sector-coupling can be analysed from a local, bottom-up perspective and from a system-level, top-down 

perspective. From the bottom-up perspective, a suite of sector-coupling test cases have been analysed under 

ReInvent, ranging from flexible heating and cooling networks in business parks, to battery operation in energy 

communities, to flexibility provision with a large-scale electrolyser [2]. Main focus points for these analyses 

include optimal design and operation and the viability of business cases. The system level perspective provides 

a complementary focus by analysing how the test cases could become mainstream across Belgium, and the role 

that sector coupling could play in supporting the broader energy transition. These insights are important to 

understand the system benefits of sector-coupling and envision pathways how those benefits could materialize 

over the medium to long-term. 

1.1 Objectives of the Work Reported in this Deliverable 

This deliverable takes a system level perspective, reporting on Tasks 4.1 and 4.2 of the ReInvent project. 

These tasks respectively cover the scalability and replicability potential of the test cases in the Belgian context, 

and the overall impact assessment for the Belgian energy system. 

For each real-life test case, ReInvent defined one or more Business Use Cases (BUCs), which capture the 

specific applications and solutions to be evaluated for their potential wider deployment. The first aim of this 

deliverable is to examine how these BUCs can generate impacts beyond the pilot and simulation phases through 

wider deployment and replication. This requires an understanding of the boundary conditions for scalability and 

replicability of the different BUCs, and how these conditions could be met. For the Scalability and Replicability 

Analysis (SRA), the analysis focuses on a subset of the BUCs evaluated within ReInvent [2]. BUC7 and BUC8 are 

excluded as they focus on wider energy-system impacts related to hydrogen, rather than on individual solutions 

to be scaled or replicated. In addition, BUC11 and BUC12 are excluded as they primarily concern proof-of-

concept (PoC) solutions for smart billing for EV charging. The SRA therefore focuses on the remaining BUCs for 

which scalability and replicability are most relevant. Although the BUCs addressed in ReInvent are diverse, they 

can be clustered under the three main themes as shown in Table 1-1.  
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Table 1-1: Overview of BUCs and how these link to the main topics covered by ReInvent 

BUC Test Case Description Sectors Vectors 
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1 CollecThor Sharing of H/C and providing flexibility 
to the electricity system in a business 
park with a 5GDHC network 

Commercial Heat 
Electricity 

X X   

2 Hybrid 
Energy 
Communities 
(Campina) 

Integration of a BESS in a REC to 
provide flexibility to the electricity 
system 

Residential Electricity X X   

3 Social 
charging 
shared EVs 

Flexibility enhanced car sharing in an 
EC consisting of social housing 

Residential Electricity X X   

4 Hybrid 
Energy 
Communities 
(SeaCoop) 

Integration of collectively owned 
offshore considering DSF/BESS 

Residential 
Renewable 
power 

Electricity X X X 

5 Business 
Citizen 
Energy 
Communities 

Business Citizen Energy Community 
with flexibility solutions 

Commercial Electricity X X   

6 Wind to 
truck 

Local green power to long haul trucks Transport 
Renewable 
power 

Clean 
molecules 
Electricity 

X   X 

9 Large scale 
electrolyzers 

Potential for flexibility provision with a 
large-scale electrolyser 

Residential 
Renewable 
power 

Clean 
molecules 
Electricity 

X   X 

10 Large scale e-
mobility 
uptake B2C 

Potential for flexibility provision with a 
portfolio of EVs 

Transport Electricity X     

 

A second aim is to evaluate the impact and value of sector-coupling, particularly for electrification and 

demand-side flexibility, for Power2X in relation to clean molecules import, and for multi-energy market design.  

A methodological objective, finally, is to explore how different system level models can work together in a 

complementary way through a combined model analysis. 
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1.2 Outline of the Deliverable 

Following this introduction, the deliverable is structured into four main chapters. Chapter 2 analyses the 

scalability and replicability potential of the ReInvent Business Use Cases, identifying the main technical, 

economic, regulatory and acceptance-related boundary conditions for wider deployment. Chapter 3 assesses 

the system-level impact and value of sector coupling, focusing on demand-side flexibility, Power2X and clean 

molecules, and improved coordination of multi-energy markets. Chapter 4 explores the complementary use of 

different energy-system models through a combined model analysis. Finally, Chapter 5 brings together the main 

findings and conclusions. 
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2 Sector coupling from a use case perspective 
This chapter analyses the scalability and replicability potential of the ReInvent Business Use Cases (BUCs), 

examining how they can generate impacts beyond the pilot and simulation phases through wider deployment 

and replication. 

2.1 Approach scalability and replicability analysis 

2.1.1 Methodology 

The assessment builds upon the business use cases defined in ReInvent D3.1 and incorporates insights from 

Reinvent D1.2 (Business models for improved sector coupling) [3]and Deliverable D3.4 (Evaluation of Test Cases) 

[2]. These inputs were used to identify the boundary conditions influencing the scalability and replicability of 

each BUC. To ensure consistency with the assessment framework adopted in D3.4 [2], business use cases 

comprising multiple variants, including flexibility scenarios, were consolidated into a single business use case for 

the purpose of this analysis. 

The boundary conditions were initially identified based on information provided by the BUC owners and 

feedback gathered from relevant stakeholders. This information was further complemented by findings from 

scientific literature to ensure a comprehensive assessment. Each identified boundary condition was 

subsequently assigned to a specific category. Where relevant, the boundary conditions also specify the 

geographical region and/or the particular BUC scenario to which they apply. The categorization framework was 

inspired by methodologies applied in comparable European energy projects that have conducted scalability and 

replicability assessments. 

Once identified and categorised, the boundary conditions were analysed collectively within their respective 

categories. Rather than evaluating each condition independently and calculating an average score, the 

assessment considered the overall influence of each category by examining how the individual conditions 

interact, whether they originate from common underlying causes, and the extent to which they reinforce or 

complement one another. 

Each category was then assessed using a four-level scale ranging from 0 to 3 according to the following criteria: 

• 0 – Not relevant: The category has no or negligible influence on the scalability or replicability of the 

BUC. 

• 1 – Low importance: The category has a limited influence on the scalability and replicability of the 

business use case. 

•  2 – Moderate to high importance: The category has a substantial influence on the scalability and 

replicability of the business use case. 
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• 3 – Critical importance: The category plays a decisive role in determining the scalability and 

replicability of the business use case. 

For each assigned score, a justification was provided. The rationale focused not on explaining the selected score 

in absolute terms, but rather on demonstrating why it was considered more appropriate than the alternative 

scoring options.  

The resulting category scores were subsequently visualised using spider diagrams to facilitate comparison and 

interpretation. Finally, a consolidated summary of the boundary conditions was developed for each business 

use case, providing an overview of the key factors influencing its scalability and replicability potential, which will 

be presented in this chapter. 

2.1.2 Concepts and definitions 

The following definitions are used for the scalability and replicability analysis: 

• Scalability: Scalability in this deliverable refers to the ability of the proposed solutions and results to be 

expanded in scope, size, or operational load in order to meet growing volumes of demand. 

• Replicability: Replicability means the capacity of the project’s methods or models to be duplicated at 

another location (e.g. other region) or another sector, enabling effective knowledge and solution 

transfer. 

• Boundary conditions: Boundary conditions in this scalability and replicability analysis are the set of 

technical, economic, regulatory and stakeholder related factors that define as both the constraints that 

limit expansion or transferability (such as grid capacity, regulations, tariff structures, or resource 

availability) and the enablers that make scaling or replication possible (such as supportive policies, 

market demand, interoperable technologies, or available infrastructure). 

2.1.3 Types of boundary conditions 

Boundary conditions were grouped into three main types: technical, economic, and regulatory and acceptance-

related conditions. Each type comprises several categories designed to capture specific constraints and 

influencing factors. The categories of boundary conditions were inspired by and adapted from other European 

energy projects to ensure comprehensive coverage of the diverse business use cases considered, as well as the 

various boundary conditions associated with them [4] [5] [6]. The types and categories of boundary conditions 

considered in this study are presented in the table below. 
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Table 2-1: Types and categories of boundary conditions for scalability and replicability analysis 

Dimension Type Category Description 

Scalability 

Technical 

Modularity Ability to divide the solution into interconnected 
modules and add new elements. 

Technological 
evolution 

Capability of the technology to support scaling. 

Control and 
communication 
interface 

Management of interactions between components 
(centralized or decentralized). 

Software tools 
Performance of models, databases, and simulations 
when scaling up. 

Infrastructure 
compatibility 

Consistency of the technical framework and 
interactions with the external ecosystem. 

Economic 
Economies of scale Cost evolution when expanding. 
Profitability Growth of profits with scaling. 

Regulatory & 
Acceptance 

Regulation 
Legal and institutional framework influencing the 
size and scope of the project. 

Acceptance 
Degree of stakeholder buy-in (regulators, decision-
makers, users). 

Replicability 

Technical 

Standardization 
Compliance with standards or ability to become 
standardized. 

Interoperability 
Compatibility and plug-and-play functioning 
between solutions and components. 

Integration and 
customization 
(network 
configuration) 

Dependence on existing resources and 
infrastructure. 

Economic 

Business model Viability of the solution in different contexts. 

Profitability 
Sensitivity to macroeconomic variables (discount 
rate, inflation, etc.). 

Market design 
Dependence on the design of the market in which 
the solution operates. 

Regulatory & 
Acceptance 

Regulation 
Alignment with national or local frameworks and 
identification of potential barriers. 

Acceptance Degree of stakeholder buy-in. 
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2.2 Scalability and replicability potential of the BUC 

2.2.1 BUC 1 - 5GDHC network with H/C sharing and flexibility provision 

2.2.1.1 General Information 

ID  Name of Business Use Case(s)  

BUC 1A Collective, cross-sectoral business model for sharing of heat and cooling in a business park with 
a 5th generation district heating and cooling (5GDHC) network  

BUC 1B Collective, cross-sectoral business models for the provision of flexibility to the electricity system 
by a 5GDHC network 

Short description  

CollecThor covers two closely linked applications of a 5th generation district heating and cooling (5GDHC) 
network at Thor Park business park: sharing heat and cooling between buildings, and an extension of the first 
where the connected heat pumps as well as other assets are considered as flexible electrical assets. The 
network is based on aquifer thermal energy storage (ATES) for thermal storage, building-level heat pumps 
for temperature step-ups, and a shared-service model where heating and cooling costs and revenues must 
be allocated fairly among the participating building owners. 

2.2.1.2 Impact of boundary conditions on scalability  

The scale-up potential is defined first by the geography and physics of the network rather than by the 

modular concept alone. Adding buildings only improves the system where those buildings can realistically be 

connected to the 5GDHC architecture, have sufficient heating and cooling demand, and are close enough to 

justify the thermal link. Distance can be partly offset by higher demand, but not eliminated as a constraint. 

Building compatibility also matters: integration is easier where the building can work with low-temperature heat 

exchange and building-level heat pumps, while hybrid or partially upgraded buildings introduce higher costs and 

more uncertainty in future demand. 

The storage layer places an additional boundary around growth. Because ATES relies on suitable local 

aquifers, expansion depends on subsurface capacity as much as on above-ground demand. Environmental limits 

on water use, groundwater levels, and temperature change can define the practical size of the network before 

pricing or contractual questions become decisive. Environmental regulation therefore primarily affects 

scalability through the requirements and permitting conditions associated with the selected storage technology. 

The heat-sharing concept itself is not presented as heavily restricted, but the environmental permitting 

conditions attached to underground storage can directly shape how far the network can be extended. 

The modular design still provides an important advantage. Unlike a highly centralized thermal system, later 

connections do not necessarily face a fundamentally different cost structure from early participants, provided 

the network is planned for staged growth. A minimum initial size remains necessary, and that threshold depends 
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on storage technology, building proximity, and expected CAPEX, but the concept can grow gradually where 

physical conditions align. This makes modularity an enabler rather than a guarantee. 

A larger network also needs stronger operational and settlement capabilities. As more buildings join, 

optimization tools must continue to support low-cost heating and cooling supply while preserving a fair 

allocation of costs and revenues. The challenge is not only calculating efficient thermal flows, but maintaining 

pricing and energy-sharing rules that participants can understand and trust. If settlement becomes opaque or if 

some buildings perceive that the allocation no longer reflects their use of the system, expansion can slow even 

where connection remains technically feasible. 

The flexibility-oriented extension adds a separate layer of complexity. Using heat pumps and other assets as 

flexible electricity assets means that thermal operation, building comfort, network balancing, and aggregator 

requirements all need to be coordinated. This is not the main barrier for expanding the basic heating and cooling 

network, but it becomes more important as the number of buildings and controllable devices grows. The more 

the network is expected to deliver dependable electricity-system services, the more control rules and 

communication interfaces become part of the scale-up risk. 

Participation ultimately connects these constraints. New building owners and users must accept a shared-

service model, common settlement rules, and the operational coordination that comes with the network. Each 

additional building brings its own demand profile, technical constraints, and expectations. Growth is therefore 

most plausible where compatible buildings, suitable storage conditions, manageable permitting, and trusted 

governance are present together. 

Figure 2-1 summarizes how the different boundary conditions influence the scalability potential.  

 

Figure 2-1: Impact of boundary conditions on scalability for BUC 1 
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2.2.1.3 Impact of boundary conditions on replicability  

A new deployment cannot be assessed as a simple transfer of the Thor Park design. The most decisive 

question is whether the local conditions can support the same storage concept and thermal exchange logic. For 

an ATES-based 5GDHC network, this means suitable aquifers, sufficient capacity, proximity to demand, and the 

ability to accommodate future expansion. The design can be adapted, but only within the limits set by local 

geology and the chosen storage technology. 

Environmental regulation follows from this dependency. Underground thermal storage may be constrained 

by rules on groundwater abstraction, water-level changes, and permissible temperature impacts, especially near 

protected natural areas. A site may have a promising demand profile and still be difficult to develop if the storage 

operation is not acceptable from an environmental perspective. Conversely, policy pressure to move away from 

gas-based heating can improve the attractiveness of low-temperature shared thermal networks, provided the 

site-specific permitting conditions can be met. 

The contractual model also needs to be rebuilt around the local participant mix. A replicated network may 

include offices, laboratories, commercial users, housing, public buildings, or industrial consumers, each with 

different thermal profiles and expectations. Previous contracts and settlement templates can reduce effort, but 

they cannot remove the need for site-specific allocation rules, actor roles, responsibilities for future expansion, 

and service-quality agreements. Where flexibility services are included, contracts must also define control rights, 

aggregator involvement, transparency requirements, and the distribution of any flexibility-related impacts or 

revenues. 

Profitability depends on the balance and density of demand more than on the novelty of the technology. A 

location with complementary heating and cooling needs, sufficient demand volume, and suitable storage 

conditions is more likely to support cost-efficient operation. If demand is dispersed, too small, or poorly 

balanced, the economics weaken even when the technical components can be installed. 

The technical transfer barriers are not negligible, but they are not the dominant limitation. Design standards, 

contracting experience, and repeated deployment can make future projects easier, and the basic interaction 

between thermal networks, heat pumps, and building systems can be reproduced. The flexibility extension is 

less straightforward, because the thermal system, controllable heat pumps, building systems, and intermediary 

route to electricity-system services must all align in the new context. 

Replication therefore depends on more than engineering feasibility. Stakeholders must trust the shared 

operation, pricing logic, settlement method, and allocation of responsibilities. Even where geology, demand, 

and permitting are favourable, the model will not transfer well if building owners or users do not believe that 

the costs, benefits, and control rights are fairly distributed. 

Figure 2-2 summarizes how the different boundary conditions influence the replicability potential. 
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Figure 2-2: Impact of boundary conditions on replicability for BUC 1 
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2.2.2.2 Impact of boundary conditions on scalability  

Growth is most naturally organized as a portfolio of site-level projects. Each host location functions as its 

own RES and BESS configuration, with a specific production profile, load pattern, grid connection, metering 

setup, storage size, and operating arrangement. This modular structure allows the cooperative to reuse 

engineering experience, contract templates, optimisation workflows, and settlement logic across projects, 

rather than treating every deployment as entirely new. 

The limitation is that each module is still constrained by its own physical conditions. PV production cannot 

simply be increased where roof space is already saturated, and the useful battery size depends on the amount 

of surplus PV that can be stored or shifted. Local demand matters just as much. A battery only adds value if 

stored energy can later be used, if curtailment can be avoided, or if market conditions make arbitrage 

worthwhile. A stronger grid connection may expand the range of possible operating strategies, but it can also 

require DSO approval and introduce costs that materially affect the business case. 

Regulation and tariffs determine what “good operation” means. Capacity charges, network costs, injection 

compensation, negative-price exposure, and price spreads influence whether the BESS is mainly used for 

curtailment reduction, peak avoidance, arbitrage, or broader value stacking. The same battery can therefore 

have different value depending on the applicable tariff structure and on how the resulting benefits are allocated 

between the host and the cooperative. 

This allocation issue is central to both profitability and acceptance. Curtailment protects the host from 

negative-price exposure but reduces the cooperative’s compensated PV generation. Storage can reduce that 

conflict by absorbing surplus production, but only if the rules for dispatch, cost sharing, and revenue sharing are 

clear. The host must see that battery operation will not impose unfair costs or restrict its choices, while the 

cooperative and its shareholders need evidence that the BESS protects PV value, improves local renewable use, 

reduces emissions, and delivers an acceptable return. 

As the portfolio grows, decision-making also becomes more data- and model-intensive. A single site can be 

analysed through a manageable set of scenarios, but multiple sites multiply the combinations of battery size, 

tariff assumptions, operator models, curtailment logic, arbitrage strategies, and settlement designs. Software 

tools therefore become important not because the equipment is difficult to coordinate, but because the 

cooperative needs a practical way to compare projects and decide where the next investment is justified. 

Control issues are more institutional than technical. PV systems, batteries, meters, and energy management 

systems can generally be coordinated. The more sensitive question is who controls the battery and according to 

which priorities. Scale-up is easier where dispatch rights, operational objectives, and settlement consequences 

are agreed in advance, so that storage does not become a source of tension between the host and the 

cooperative. 
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Figure 2-3 summarizes how the different boundary conditions influence the scalability potential. 

 

Figure 2-3: Impact of boundary conditions on scalability for BUC 2 
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value-stacking opportunities will all influence future deployments. At this stage, they are better treated as 

factors requiring validation rather than as fully demonstrated barriers or enablers. 

Regulation is not expected to block the basic PV and BESS concept, but it can alter the settlement structure 

and the economic attractiveness of a project. Rules around injection, curtailment, behind-the-meter 

arrangements, tariff application, and metering configuration may require adaptation when the model is moved 

to another site. 

The final condition is trust in the investment logic. Cooperative shareholders need to understand why storage 

belongs in a renewable energy project even though it does not generate renewable electricity itself. Host 

organizations need a transparent explanation of how battery operation affects their costs, revenues, and 

operational flexibility. Replication is most plausible where the technical setup is familiar, the host profile is 

similar enough for the business model to transfer, and the value of storage can be explained in terms of avoided 

curtailment, better PV use, CO2 reduction, and fair benefit sharing. 

Figure 2-4 summarizes how the different boundary conditions influence the replicability potential. 

 

Figure 2-4 : Impact of boundary conditions on replicability for BUC 2 
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2.2.3 BUC 3 - Social charging shared EVs 

2.2.3.1 General Information  

ID  Name of Business Use Case(s)  

BUC 3A Collective, cross-sectoral business models for car sharing in an Energy Community consisting of 
social housing 

BUC 3B Collective, cross-sectoral business models for flexibility enhanced car sharing in an Energy 
Community consisting of social housing 

Short description  

Klimaan has 197 domestic solar PV installations in the Otterbeek social housing district in Mechelen. Solar 
power was installed with maximal roof area usage to maximize solar production, resulting in a significant 
amount of excess solar power. 

 BUC 3A: This use case aims to optimize the local self-consumption of excess solar power by installing charging 
infrastructures and coupling it with shared EVs within an energy community. The intention is to increase the 
value of solar power production, optimise the OPEX of the EVs, and thereby lower the costs specifically for 
end-users in a social context.  

 BUC 3B: Dynamically charging the EVs based on pricing impulses and local distribution network conditions 
could add additional value to this business use case. 

2.2.3.2 Impact of boundary conditions on scalability  

The model can grow only if the physical expansion of shared charging is matched by an operaƟonal 

framework capable of managing community energy flows. Adding EVs and charging points is not the most 

difficult step on its own. The larger challenge is coordinaƟng local PV, shared mobility demand, member 

parƟcipaƟon, charging behaviour, and energy allocaƟon in a way that remains workable as the number of tenants 

and transacƟons increases. 

There is a strong economies-of-scale argument. Governance, booking plaƞorms, charging-point operaƟon, 

insurance, simulaƟon tools, and community management all include fixed or semi-fixed costs. Higher uƟlizaƟon 

spreads these costs across more kilometres driven and more shared energy, creaƟng the possibility of a lower 

social charging tariff. That affordability objecƟve is central: the model becomes more aƩracƟve as uƟlizaƟon 

improves, but uƟlizaƟon only improves if the offer is accessible and trusted by tenants. 

The current energy-sharing framework makes this harder. CollecƟve self-consumpƟon requires allocaƟon 

keys, member management, metering data, and market-data processes that are sƟll relaƟvely rigid in Flanders. 

At present, Fluvius relies primarily on predefined allocaƟon keys, with limited support for dynamic management 

of energy communiƟes through automated APIs. In addiƟon, energy sharing is not yet established as a standard 

market process within the Atrias framework. As a result, administraƟve workarounds that may be manageable 

at small scale can become a boƩleneck as the number of tenants, vehicles, charging points, and energy flows 

increases. 
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RegulaƟon introduces further misalignment. Public charging infrastructure is oŌen organized through tenders 

with large operators, so community-oriented charging may require specific municipal support or exempƟons. 

The individual capacity tariff creates another challenge: charging EVs during high local PV producƟon may be 

opƟmal for collecƟve self-consumpƟon, but it can sƟll create a cost-relevant peak at the individual connecƟon. 

The model therefore depends not only on whether shared charging and solar producƟon can be combined, but 

on whether the tariff and infrastructure framework rewards the behaviour the community is trying to encourage. 

User adopƟon is the pracƟcal test of the whole design. Tenants are being asked to shiŌ toward digitally 

booked shared EVs and variable per-use pricing. That involves trust in shared assets, comfort with the booking 

plaƞorm, digital literacy, perceived convenience, and confidence that the service is genuinely affordable. The 

economic case becomes stronger with higher uƟlizaƟon, but higher uƟlizaƟon will not appear unless the service 

first feels reliable and socially appropriate. Scale-up therefore depends on a feedback loop between affordability, 

trust, and parƟcipaƟon. 

Figure 2-5 summarizes how the different boundary condiƟons influence the scalability potenƟal. 

 

Figure 2-5: Impact of boundary conditions on scalability for BUC 3 
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The most binding transfer issue is market design. Small, distributed energy-sharing volumes are vulnerable 

to supplier administrative fees, which can erode the financial benefit before the mobility service has enough 

scale to compensate. This is especially problematic in social housing, where individual savings may already be 

modest. For the flexibility-enhanced variant, the absence of a mature local DSO flexibility market creates a 

second gap: dynamic charging may help the grid technically, but without a clear route to monetize local 

flexibility, that value remains difficult to include in a replicated business case. 

Regulatory conditions make transfer even more context-specific. Flemish restrictions on selling shared 

energy, tariff barriers for neighbourhood batteries behind charging points, limited discounts for local energy 

sharing, and the immature V2G framework all affect how the model can be structured. Moving beyond Flanders 

adds further variation in smart-meter rollout, DSO practices, and tariff treatment. The same concept may 

therefore require substantial redesign before it fits another regional framework. 

Institutional acceptance is not a secondary concern. Each new district needs support from the social housing 

organization that controls rooftop access and tenant engagement, as well as from the municipality that 

influences public-space charging and any exceptions to charging tenders. These actors have their own priorities, 

political timelines, and risk perceptions. Otterbeek can serve as a reference, but it cannot substitute for local 

agreement. As such, replication is strongest where the social and institutional conditions are as convincing as 

the technical ones. The model needs a setting where tenants are willing to participate, local partners actively 

support the arrangement, and the financial structure makes the social value of shared electric mobility visible 

rather than abstract. 

Figure 2-6 summarizes how the different boundary conditions influence the replicability potential. 

 

Figure 2-6: Impact of boundary conditions on replicability for BUC 3 
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2.2.4 BUC 4 - Collective Offshore Wind Integration through Battery Storage 

2.2.4.1 General Information 

ID  Name of Business Use Case(s)  

BUC 4 Integration of collectively owned offshore wind energy production in the electricity grid, by 
means of demand side management at the REC level and the use of a large-scale battery 

Short description  

Sea2Socket aims to connect the electricity production from an offshore wind farm with the electricity 
demand of many households in Belgium, united in a Renewable Energy Community (REC). In the supply chain, 
from sea to socket, profiling and balancing risks have to be tackled in a cost-effective way. Profiling costs 
arise from differences between the wind production forecast and the baseload profile, while imbalance costs 
occur when actual wind production deviates from the forecast, with both costs influenced by increased 
renewable energy in the grid and creating opportunities for flexibility providers. This BUC assesses the impact 
of integrating a large-scale battery to reduce the profiling and imbalance costs associated with offshore wind 
generation when serving residential consumption profiles. 

2.2.4.2 Impact of boundary conditions on scalability  

For BUC4, scalability is primarily constrained by grid infrastructure and connection availability. Physical grid 

congestion and limited connection capacity can restrict the deployment of additional assets alongside offshore 

wind turbines, such as batteries, solar PV, and, more importantly, onshore wind turbines. These constraints may 

therefore limit the extent to which additional renewable generation and flexibility assets can be integrated into 

the system. 

Regulatory evolution is the second key constraint. The removal of citizen participation criteria in offshore 

wind concessions has weakened the position of cooperative models, which now compete in tenders driven 

mainly by price, speed, financial strength, and technical capability. This increases pressure for consolidation 

within SeaCoop and limits access to new offshore developments, shifting expansion toward acquisitions of 

existing assets and diversification into onshore wind and solar PV. At the same time, permitting complexity 

continues to slow onshore wind deployment. 

Investment governance and financial risk appetite form an equally important constraint. Despite a large 

membership base and significant capital mobilisation, large-scale investments, particularly BESS and offshore 

wind, depend on collective approval within cooperative structures. Revenue uncertainty in BESS projects 

reduces willingness to invest, while territorial anchoring of local cooperatives can limit support for projects 

outside their traditional areas. 

In contrast, technical scalability and EMS architecture are enabling factors rather than limitations. Assets can 

be aggregated without structural changes to the EMS, with storage typically modelled as a virtual battery. While 

scaling increases optimisation complexity, it does not affect feasibility, instead requiring more advanced control, 

forecasting, and dispatch strategies as market participation expands. 
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Modularity and economies of scale further support gradual expansion by enabling incremental capacity 

additions and improved operational efficiency, including the progressive insourcing of functions such as 

balancing and maintenance. However, these benefits remain conditional on grid access, regulatory feasibility, 

and member approval. 

In conclusion, BUC4 is technically scalable, but practical expansion is primarily governed by grid constraints, 

regulatory conditions, and cooperative investment dynamics. While modularity and optimisation capabilities 

support growth, the actual pace and scale of deployment depend on grid access, permitting, territorial 

acceptance and risk acceptance to invest in capital-intensive assets. 

Figure 2-7 summarizes how the different boundary conditions influence the scalability potential. 

 

Figure 2-7: Impact of boundary conditions on scalability for BUC 4 

2.2.4.3 Impact of boundary conditions on replicability  
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toward offshore wind projects in neighbouring countries. However, such a shift moves away from the original 

purpose of the use case. 

Third, financial constraints represent a key limitation. Replicating the model requires substantial capital 

mobilisation from a large base of citizens, particularly for offshore wind projects with high upfront costs and 

long development horizons. Although SeaCoop aggregates a broad membership base, securing sufficient 

additional investment across multiple cooperatives remains both time-consuming and uncertain. 

Overall, the replicability of the Sea to Socket model is limited by the combined effect of regulatory, technical, 

and financial barriers. Regulatory uncertainty in concession design strongly reduces the ability to standardise 

cooperative participation, while grid and permitting constraints restrict alternative domestic deployment 

pathways. As a result, expansion tends to be redirected toward less constrained technologies or cross-border 

offshore investments, diluting the original model’s integrated value chain ambition. Together with the 

challenges of mobilising sufficient citizen capital at scale, these factors significantly constrain the replicability 

and consistent deployment of the Sea to Socket framework across projects. 

Figure 2-8 summarizes how the different boundary conditions influence the replicability potential. 

 

Figure 2-8: Impact of boundary conditions on replicability for BUC 4 
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2.2.5 BUC 5 - Business Citizen Energy Communities 

2.2.5.1 General Information 

ID  Name of Business Use Case(s)  

BUC 5A Collective, cross-sectoral business models for Business Renewable Energy Communities (without 
flexibility) 

BUC 5B Collective, cross-sectoral business models for Business Renewable Energy Communities with 
flexibility solutions 

Short description  

Symco Energies is a business citizen energy community (CEC) powered by two wind turbines of 2,35MWp 
producing around 9,000 MWh per year, complemented by 13 MWp of solar capacity and 1.8 MW of 
combined heat and power (CHP) contributed by its members. 50 consumption sites were studied, 
representing 36 enterprises. These entities include public authorities, industrial firms, service-sector 
companies, and hospitals. This Business Use Case also integrates flexibility solutions aimed at optimizing and 
increasing the self-consumption of CEC members. Several approaches are being considered, including 
adapting consumption patterns and adding additional storage capacity within the community. 

2.2.5.2 Impact of boundary conditions on scalability  

When considering scalability, economic boundary conditions, more specifically economies of scale and 

profitability, constitute the primary factors influencing the expansion of citizen energy communities. At small 

scale, fixed costs borne by community members, such as annual membership fees, supplier contract adaptation 

fees, and potential penalties, are often disproportionately high compared with the expected benefits. This can 

effectively offset the advantages of participation and create a significant entry barrier for low-consumption 

actors such as households and SMEs. A similar effect applies at the level of the energy community itself, where 

the initial costs associated with its establishment and operation remain high relative to the limited exchanged 

energy volumes from which the community derives revenues or management fees. 

As the scale of energy exchanges increases, two reinforcing effects emerge. First, a cost dilution effect 

benefits both community members and community managers by spreading fixed operational costs over larger 

exchanged volumes. Second, an energy value amplification effect linked to modularity arises: a greater diversity 

of load profiles, if appropriately selected through prior simulations, increases internal matching opportunities 

and improves self-consumption rates. 

Nevertheless, the practical benefits of economies of scale remain limited by governance and organizational 

constraints. As the number of participants grows, coordination requirements, decision-making procedures, and 

quorum obligations become increasingly complex and increase administrative burdens, thereby indirectly 

limiting the maximum size of the community.  
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Beyond economic and organizational considerations, scaling will only be possible if energy communities 

succeed in convincing risk-averse companies to participate and support their development despite limited 

awareness, perceived complexity, financial uncertainty, and organizational constraints. 

In conclusion, citizen energy communities can scale effectively, as their scalability is primarily driven by 

economic viability rather than technical limitations. Reaching a minimum critical size is almost a prerequisite, as 

it enables the dilution of fixed costs and improves profitability through higher energy exchange volumes and 

better matching of diversified load profiles. However, beyond an optimal intermediate scale in terms of number 

of members, governance complexity, coordination requirements, and administrative burdens progressively limit 

further expansion. Consequently, organizational efficiency, economic attractiveness, and participant acceptance 

remain the main determinants of scalability.  

Figure 2-9 summarizes how the different boundary conditions influence the scalability potential. 

 

Figure 2-9: Impact of boundary conditions on scalability for BUC 5  

2.2.5.3 Impact of boundary conditions on replicability  

The business model of energy communities is currently structured in such a way that projects face a 

significant cumulative burden of non-physical setup costs. These include legal structuring, administrative 

procedures, contractual arrangements related to regulatory boundary conditions, as well as simulation and EMS 

development costs linked to interoperability and standardisation. Since these elements must largely be 

recreated for each new project, they are highly time-consuming and significantly hinder replicability. 

As such, each category of boundary condition constrains replicability in its own way without necessarily 

having a critical impact individually. However, when combined, these constraints create substantial complexity 
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for the deployment of new projects. In addition, alternative use-case scenarios involving collective batteries are 

currently not feasible in Wallonia due to concerns related to grid stability and uncoordinated operation, thereby 

limiting certain advanced community configurations (e.g., BUC 5b). 

Finally, from the perspective of community members, profitability and economies of scale play an important 

role. Large companies, due to their high levels of energy consumption and/or production, are better able to 

dilute the costs associated with participation in an energy community, thereby improving the economic 

attractiveness of such schemes. However, existing regulatory frameworks restrict their level of control, reducing 

the overall attractiveness and operational flexibility of these arrangements for large companies. 

Overall, the replicability of energy communities remains entirely feasible, except at present for 

configurations involving collective batteries, provided that sufficiently high volumes of exchanged energy can 

dilute the various costs associated with establishing and joining the community.  

Figure 2-10 summarizes how the different boundary conditions influence the replicability potential. 

 

Figure 2-10: Impact of boundary conditions on replicability for BUC 5 
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2.2.6 BUC 6 – Green H2 vs Electricity for Long Haul Trucks 

2.2.6.1 General Information 

ID  Name of Business Use Case(s)  

BUC 6A Cross sectoral business models for long haul trucks on Hydrogen. 

BUC 6B Cross sectoral business models for long haul trucks mobility from local green power. 

Short description  

In the baseline scenario of this BUC (BUC 6A), hydrogen is produced sustainably via electrolysis powered by 
renewable energy. The electricity is supplied by an existing 2 MW wind turbine complemented by a new 1,78 
MWp photovoltaic installation to be built. Both generation assets are located on or near the hydrogen 
refuelling station, which also has a direct grid connection. The renewable electricity is primarily used to 
produce hydrogen for a fleet of ten hydrogen-powered trucks, representing an annual consumption of 
approximately 80–85 tons of hydrogen. The electrolyser, rated at 1.25 MW, is sized accordingly but the 
equipment can make the most of its capacity as it also includes, in addition to the trucks filling station, the 
possibility to sell excess hydrogen to 20–25 MW gas-fired power plants (industrial off-taker) located nearby 
via tube trailers. A high-pressure hydrogen storage system (1057kg) is integrated to balance production and 
demand during periods of low renewable generation. 

In the electric alternative scenario of BUC 6b, the 2 MW wind turbine and the photovoltaic park directly 
supply electricity to a battery energy storage system (BESS), which ensures continuity of supply during 
periods of low renewable generation. The stored energy is then delivered to truck charging stations, 
powering ten electric trucks with performance comparable to hydrogen trucks, each covering approximately 
110,000 km per year. In addition to the heavy-duty charging infrastructure, supplementary EV charging points 
for passenger vehicles could be installed to make use of surplus renewable electricity. 

2.2.6.2 Impact of boundary conditions on scalability  

Wind-to-Trucks faces several important boundary conditions that constrain its scalability, with the main 

limitations arising from infrastructure, regulation, stakeholder engagement, and spatial constraints. 

Firstly, a major infrastructural barrier is the absence of dedicated hydrogen transport infrastructure. As a 

result, hydrogen production must remain closely connected to local demand, since transport via tube trailers 

rapidly becomes uneconomic over longer distances. Consequently, scalability depends heavily on the presence 

of nearby industrial or mobility offtakers willing to adopt green hydrogen solutions. 

Even where additional demand exists, further expansion requires additional renewable electricity generation 

capacity, preferably through local wind or photovoltaic assets. This, however, depends on the availability of 

suitable land, grid access, permitting conditions, and environmental constraints. 

These limitations are further reinforced by regulatory boundary conditions. In particular, increasing 

hydrogen storage capacity may trigger classification under the Seveso III Directive, notably at hydrogen 

thresholds of 5 and 50 tonnes. Such classification entails substantially stricter permitting procedures, extensive 

safety and risk assessments, reinforced inspection obligations, additional land-use planning constraints, higher 
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compliance costs, and longer project development timelines. Together, these requirements reduce the 

attractiveness and feasibility of large-scale expansion. 

Stakeholder acceptance also constitutes a significant scalability barrier. Due to the lack of hydrogen pipeline 

infrastructure, projects remain highly dependent on local actors adopting relatively expensive green hydrogen 

solutions. This dependence slows demand formation, increases market uncertainty, and limits replication 

potential across regions. 

As a consequence, the economies of scale that could theoretically improve project economics are often 

constrained by the combined effects of limited access to low-cost renewable electricity, land scarcity, storage 

requirements, regulatory obligations, and insufficient local hydrogen demand. Therefore, even where physical 

scaling remains technically feasible, these constraints are likely to offset expected cost reductions and may even 

result in underutilised assets, thereby weakening an already fragile profitability. 

Figure 2-11 summarizes how the different boundary conditions influence the scalability potential of. 

 

Figure 2-11:  Impact of boundary conditions on scalability for BUC 6 

2.2.6.3 Impact of boundary conditions on replicability  

The Wind-to-Trucks project faces several structural constraints that significantly limit its replication 

potential. One of the main challenges is its strong dependence on the development of stable local hydrogen 

demand, particularly from transport companies and industrial users. However, the uptake of hydrogen/electric 

trucks remains limited due to their high investment costs, technological uncertainties, and more importantly 

their lower competitiveness compared to diesel trucks, which continue to benefit from mature supply chains, 

extensive refuelling infrastructure, and a reduced effective fuel cost for professional users through the Belgian 

excise-duty reimbursement scheme. In the absence of hydrogen pipeline infrastructure, the project relies almost 
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entirely on local consumption, making long-term stakeholder commitment and demand stability essential. 

Under real market conditions, maintaining such stakeholder engagement remains particularly challenging given 

the fragility and limited competitiveness of the current business model. 

This structural fragility is further amplified by the limited profitability of the current Wind-to-Trucks 

configuration, with production costs generally significantly higher than alternative pathways. Such weak 

economic performance reduces both the attractiveness and the bankability of potential replication projects. 

Furthermore, the business model is highly dependent on obtaining renewable hydrogen certification and 

accessing associated subsidies or market premiums. The RFNBO regulatory framework imposes stringent 

requirements that reduce operational flexibility, increase compliance costs, and create regulatory uncertainty, 

potentially compromising certification eligibility. 

In addition, regulatory and permitting constraints further restrict replication opportunities. Land-use and 

permitting regulations limit the geographical areas suitable for deploying such infrastructure, while additional 

regulatory constraints restrict the use of hydrogen trucks for the transport of dangerous goods. Together, these 

factors reduce both land availability and potential local demand, thereby further constraining the large-scale 

deployment and replication of the Wind-to-Trucks concept. 

In conclusion, the replication of the Wind-to-Trucks concept remains constrained by a combination of 

economic, regulatory, and market-related challenges. The project’s dependence on stable local hydrogen 

demand, coupled with the limited competitiveness of hydrogen mobility solutions and the absence of hydrogen 

transport infrastructure, creates significant uncertainty regarding its long-term viability. These challenges are 

further reinforced by weak profitability, high hydrogen production costs, and the complexity of complying with 

renewable hydrogen certification requirements. At the same time, regulatory and permitting constraints further 

limit deployment opportunities and market accessibility, thereby reducing the replication potential of the Wind-

to-Trucks model. 

Figure 2-12 summarizes how the different boundary conditions influence the replicability potential. 
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Figure 2-12: Impact of boundary conditions on replicability for BUC 6 

 

2.2.7 BUC 9 - Flexibility provision with large-scale electrolyser 

2.2.7.1 General Information 

ID  Name of Business Use Case(s)  

BUC 9 Potential for flexibility provision with a large-scale electrolyser 

Short description  

BUC 9 examines whether the profitability of a large-scale electrolyser can be improved by operating it flexibly 
and providing services to the power system, rather than running it at a constant load. The modelling setup 
considers a 25 MW PEM electrolyser at the Virya facility in Zeebrugge, which sources electricity from an 
offshore-wind Power Purchase Agreement (PPA) and from the day-ahead market, and delivers hydrogen 
through two outlets: tube trailers serving industrial customers at a green-certified premium, and injection 
into the gas grid as a lower-value flexibility outlet. On top of hydrogen sales and surplus-electricity arbitrage, 
the electrolyser offers aFRR down-regulation capacity to the Belgian transmission system operator (Elia). The 
use case assesses how much additional value this flexibility can generate, and how the RFNBO (Renewable 
Fuels of Non-Biological Origin) certification rules constrain it. 

2.2.7.2 Impact of boundary conditions on scalability  

For BUC 9, scalability is constrained most strongly by infrastructure compatibility and by profitability, with 

the remaining boundary conditions - modularity, economies of scale, technological evolution, control and 

communication, software tools, regulation and acceptance - playing meaningful but secondary roles. Because 

the concept creates value through flexible operation rather than sheer size, scaling depends less on the 

technology itself than on whether the surrounding grid, demand and economic conditions allow that flexibility 

to be expanded profitably. 
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Infrastructure compatibility is the binding constraint. Although electrolysis is modular and the Zeebrugge site 

(part of the HyOffWind project) benefits from available industrial land, the grid connection capacity caps how 

much additional electrolyser power can be installed and operated at high load factors. On the demand side, the 

evacuation routes are equally limited: the Fluxys gas grid offers only a low-value injection outlet, constrained to 

roughly 2% blending, and no dedicated hydrogen backbone yet exists for large-volume transport. Both the 

supply-side connection and the demand-side offtake must therefore be secured before capacity can grow. 

Profitability is the second decisive constraint. Flexible operation does improve project economics - aFRR 

participation lifts profit by about 17 percentage points in the unconstrained case and around 7 points under 

hourly RFNBO -  but this value is expected to erode as more flexible assets enter the balancing market. More 

fundamentally, overall profitability remains low even when a green premium is applied: the difficulty of 

competing with fossil-based hydrogen keeps the business case fragile, so additional capacity only pays off where 

high load factors and bankable premium offtake are assured. 

Modularity and economies of scale shape the scaling pathway but cannot override these limits. Electrolysis 

can be expanded in stack increments rather than as a single large investment, and shared balance-of-plant, 

engineering and procurement allow some CAPEX dilution as modules are added. However, these gains are 

demand-validated rather than supply-driven and exhibit diminishing returns: without sustained high utilisation 

backed by local offtake, additional capacity erodes rather than improves unit economics. 

The remaining conditions act as moderate enablers or frictions. Regulation tightens as the asset grows - 

RFNBO hourly temporal correlation and additionality make PPA structuring progressively more complex, with 

the move from monthly netting to strict hourly matching lowering the modelled profit index from 87 to 81 - but 

the rules remain workable. Control-and-communication interfaces and advanced optimisation and EMS 

software become more important as hourly dispatch across PPA wind, day-ahead trading and aFRR bidding 

grows in complexity, yet those interfaces are already standardised in Belgium and better tools cannot remove 

the underlying grid or RFNBO constraints. Continued technological progress in efficiency, stack lifetime and 

module cost will gradually improve unit economics, while acceptance from nearby industrial and mobility 

offtakers - still constrained by hydrogen's cost gap - remains a real but easing demand-side condition. 

In conclusion, BUC 9 is technically scalable thanks to the modular nature of electrolysis, but the practical 

limits are set by grid connection capacity and by weak profitability rather than by the technology itself. 

Expansion is only attractive where additional grid capacity can be contracted and where sufficient high-value 

hydrogen demand exists to keep load factors and margins high; regulation, control, software and acceptance 

shape the pathway but are not, on their own, the binding constraints. 

Figure 2-13 summarizes how the different boundary conditions influence the scalability potential. 
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Figure 2-13: Impact of boundary conditions on scalability for BUC 9 

2.2.7.3 Impact of boundary conditions on replicability  

For replicability, BUC 9 is supported by a high degree of standardisation and interoperability but constrained 

most by integration and customisation, with business-model design, profitability, regulation, market design and 

acceptance all playing moderate roles. The concept is conceptually transferable, but it is not a plug-and-play 

solution. 

At the technology and market-interface level, replication is straightforward. PEM electrolysers are built 

around standardised stack and balance-of-plant modules, and the dispatch optimisation logic is portable to any 

similar asset. Likewise, the interfaces with the Belgian power markets (day-ahead market and aFRR) and with 

the Fluxys gas grid follow established protocols common to any electrolyser site in the country. Standardisation 

and interoperability are therefore essentially solved problems and pose little friction to replication. 

The decisive constraint is integration and customisation. Although the individual components are standard, 

each new site requires substantial site-specific engineering: securing a PPA structured for hourly RFNBO 

compliance, sizing the grid connection against local congestion, arranging gas-grid injection within blending 

limits. This combination has to be re-engineered for every location, which is what prevents the concept from 

being a simple copy-and-paste exercise. 

The commercial dimensions reinforce this site-dependence. The business model rests on a specific 

combination of PPA wind, premium tube-trailer offtake, the gas-grid valve and aFRR participation, and must be 

rebuilt around local PPA terms, offtake anchors and grid tariffs at each site. Profitability is sensitive to local 

conditions so two otherwise identical Belgian sites can yield materially different business cases. Market design 

itself is largely uniform across sites and neither helps nor blocks replication strongly. 

Modularity 
Technological 

evolution

Control and 
communication 

capacities

Software tools

Infrastructure 
compatibility

Economies of 
scale

Profitability

Regulation

Acceptance

0

1

2

3



 

2026 ReInvent Public Page | 42 

 

Finally, regulation and acceptance condition replication without prohibiting it. RFNBO compliance under RED 

III applies equally to every Belgian site, but its bite runs through PPA availability: finding a site with a direct 

renewable connection to obtain exemption from the rules is difficult, PPA offerings are limited. Securing long-

term offtake from local industrial or mobility users remains the binding demand-side condition, given hydrogen's 

persistent cost gap and the absence of a wider pipeline network. Overall, BUC 9 is replicable wherever a well-

matched PPA, adequate grid capacity and a credible anchor offtaker can be brought together - the technology 

transfers easily, but the surrounding integration and commercial conditions determine whether a replicated 

project is viable. 

Figure 2-14 summarizes how the different boundary conditions influence the replicability potential. 

 

Figure 2-14: Impact of boundary conditions on replicability for BUC 9 
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2.2.8 BUC 10 - Flexibility provision with a portfolio of EVs 

2.2.8.1 General Information 

ID  Name of Business Use Case(s)  

BUC 10 Potential for flexibility provision with a portfolio of EVs 

Short description  

The flexibility of electric vehicles (EVs) can significantly contribute to balancing the energy system. This BUC 
focuses on analysing and evaluating the flexibility potential of EVs, as well as the profitability of leveraging 
them for grid services - whether through implicit or explicit participation by EV owners.  With the increasing 
penetration of EVs, their aggregated flexibility is expected to play an important role in maintaining system 
balance. Thus, an accurate estimation of this flexibility potential is essential for planning and operational 
decision-making to ensure reliable grid performance. The technical constraints of the EVs (e.g., charging rate 
and minimum/maximum State-of-Charge (SoC) of the EV battery), behavioural constraints imposed by the 
user’s behaviour and preferences (such as preferred SoC before starting a journey, preferred time of 
charging, charging location etc.) as well as the manufacturer’s recommended usage (recommended 
minimum and maximum EV battery SoC) should be considered for this estimation of EV flexibility potential. 
Ignoring these constraints and limitations can lead to inaccurate assessments of EV flexibility, either 
underestimating or overestimating the available capacity and, at the same time, influencing the utilisation of 
other flexible assets (such as heat pumps (HPs)). This BUC aims to quantify the flexibility potential of EVs 
while accounting for technical, user behavioural, and manufacturer constraints. It also highlights the impact 
of incorporating these constraints on the total cost of users' households, the self-consumption of household 
PV generation, and the impact on the grid in terms of peak consumption due to simultaneous EV charging. 

 

2.2.8.2 Impact of boundary conditions on scalability  

The scalability of BUC 10 should be assessed as the growth of a usable EV flexibility portfolio, not as the 

expansion of a specific data platform. More connected vehicles increase the potential pool of assets, but usable 

flexibility only exists when charging demand can be shifted without compromising mobility needs. Availability 

windows, state of charge, driving-energy requirements, preferred state of charge (SoC) ranges, and charging 

location all determine the real resource. This makes fleet composition a practical scaling constraint. A portfolio 

with many low-consumption users may expand quickly while adding only limited controllable energy. Vehicles 

charged away from home, connected briefly, or kept within narrow SoC limits can also contribute less than their 

number suggests. 

Control reliability then determines whether that flexibility can be trusted. Schedules and control actions need 

timely information on plug-in status, SoC, availability, and user constraints. At small scale, poor data or failed 

commands may remain isolated issues. At portfolio scale, they can weaken delivery reliability or create 

synchronized charging patterns that introduce new peaks instead of relieving system stress. Software tools must 

therefore represent real users and real vehicles. Larger portfolios contain different battery sizes, telemetry 

quality, charging habits, tariff exposure, and manufacturer constraints. Treating EVs as generic grid-connected 
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batteries risks overstating flexibility. ReInvent Deliverable 3.4 results show that behavioural and technical 

constraints materially affect upward flexibility, downward flexibility, consumer costs, and grid interaction [2]. 

The economic case remains strongest where digital access avoids repeated hardware-heavy smart-charging 

installations. Once onboarding, data collection, optimization, dispatch, and validation are in place, additional 

users can be integrated at lower marginal cost. Still, scale only creates value if enough users have shiftable 

energy and see a benefit from participation. Acceptance is therefore part of the scaling mechanism. Drivers need 

to understand the offer, agree to share data, accept some charging control, and trust that their mobility needs 

remain protected. Without sustained consent, the technically available fleet cannot become a dependable 

flexibility resource. Belgian tariff differences also prevent a single national scale-up logic. Flanders, Brussels, and 

Wallonia expose users to different tariff structures and regulatory timelines, so dispatch objectives, savings 

calculations, and user communication need to be adapted regionally.  

Figure 2-15 summarizes how the different boundary conditions influence the scalability potential. 

 

Figure 2-15: Impact of boundary conditions on scalability for BUC 10 

2.2.8.3 Impact of boundary conditions on replicability  

Replication depends on whether the EV flexibility concept can be reproduced in another fleet, region, or 

customer segment. The transferable function is the ability to observe charging behaviour, estimate flexibility 

realistically, control charging where appropriate, validate delivery, and assign value to the result. 

The most immediate technical transfer issue is the vehicle interface layer. The original equipment 

manufacturers (OEMs) differ in exposed data, telemetry quality, update frequency, permissions, and remote-

control functionality. A new brand mix can therefore change both integration effort and confidence in the 

resulting flexibility. Stable and standardized access routes support replication; bespoke connectors or 
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incomplete OEM support increase operational risk. The commercial arrangement must also be rebuilt around 

the target context. EV flexibility can involve drivers, fleet managers, employers, electricity suppliers, BRPs, 

aggregators, charge point operators, and flexibility service providers. The responsibilities for aggregation, 

imbalance exposure, settlement, market access, and user compensation may shift between deployments. A 

contract model that works in one setting cannot be assumed to transfer unchanged. Profitability requires the 

same re-check. Managed charging can reduce consumer costs and improve alignment with PV production, but 

the benefit depends on charging behaviour, PV availability, tariffs, and available flexibility products. A portfolio 

with weak price signals or little shiftable demand may not support participation, even if the technical setup 

works. 

Market design and regulation determine which value routes are open. Dynamic tariffs, distribution-grid 

signals, explicit flexibility products, aggregation rules, baselining, settlement, and multi-location accounting can 

differ by region or customer segment. Within Belgium, the same controlled charging behaviour may produce 

different economic outcomes in Flanders, Brussels, and Wallonia. 

User acceptance remains the final condition. A replicated portfolio only becomes useful if participants share 

data, allow managed charging, and stay enrolled long enough for the service provider to rely on the fleet. 

Replication is strongest where data access is standardized, the vehicle mix provides meaningful shiftable load, 

market rules create a clear value signal, and users experience managed charging as a practical benefit rather 

than a loss of control. 

Figure 2-16 summarizes how the different boundary conditions influence the replicability potential. 

 

Figure 2-16: Impact of boundary conditions on replicability for BUC 10 
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2.3 Main insights on scaling and replicability potential 

This subsection summarises the main insights from the SRA according to the three key sector-coupling 

themes addressed in ReInvent: electrification and demand-side flexibility, Power2X (power to gas, liquids and 

heat), and community energy. 

2.3.1 Electrification and demand-side flexibility (DSF) 

1.1.1.1 Scalability  

Electrification changes the scalability question because it turns everyday end-use demand into a potential 

system resource. As transport, heating, and distributed storage become increasingly electric, a growing share of 

consumption can in principle be shifted, coordinated, or temporarily buffered. This creates a broad potential for 

demand-side flexibility: the resource is not limited to a few large assets, but can emerge from many smaller 

devices distributed across households, fleets, buildings, and communities. 

The first condition for scale is therefore the size and composition of the electrified asset base. More EVs, 

heat pumps, electric heating systems, and batteries increase the number of possible flexibility sources, but 

different assets contribute in different ways. EV charging is closely linked to mobility routines and charging 

location. Heating flexibility is shaped by building characteristics, thermal inertia, buffer capacity, and comfort 

limits. Battery operation depends on sizing, metering, and the role the battery plays within the local use case. 

The combined flexibility potential grows when these assets become common, but the contribution of each asset 

category is shaped by its own physical and operational logic. 

A second scaling condition is coordination. At small scale, flexible operation can be optimized around 

individual benefit, such as lower charging costs, improved PV self-consumption, or reduced exposure to peak 

tariffs. At larger scale, those individual optimizations interact. If many users respond to the same price signal, 

EV charging can become synchronized and create new aggregate peaks. If heating flexibility is used beyond 

appropriate levels, savings may be offset by thermal losses or comfort concerns. Demand-side flexibility 

therefore becomes more valuable, but also more complex, as it scales and relies on more distributed resources. 

The relevant question is not only whether devices can respond, but whether their combined response improves 

system operation. 

This increases the importance of realistic modelling and digital control. Flexibility potential can be overstated 

when assets are treated as generic controllable loads. In practice, charging availability, state-of-charge 

preferences, mobility needs, building heat demand, comfort requirements, manufacturer limits, data quality, 

and control reliability all affect what can be delivered. Scalable flexibility requires tools that can capture this 

diversity, estimate the available resource realistically, and coordinate dispatch without creating unwanted 

rebound effects. 
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The economic scaling logic is strongest where flexibility can be enabled through existing device connectivity, 

smart charging, energy management systems, or software-based coordination rather than repeated hardware-

heavy upgrades. Once the main processes for onboarding, data collection, optimization, dispatch, validation, 

and settlement are in place, additional users or devices can often be added at lower marginal cost. However, 

this only supports sustained scale-up if the resulting value is visible and sufficiently shared. System-level savings 

do not automatically translate into user-level willingness to participate. 

Overall, electrification creates a large and expanding flexibility pool, while demand-side coordination 

determines how much of that pool becomes usable. The strongest scalability potential is found where the asset 

base is broad, the flexible operation is technically reliable, the response is coordinated at portfolio or system 

level, and the economic benefits are strong enough to support continued participation.  

2.3.1.1 Replicability 

The replicability of electrification and demand-side flexibility is best understood as a question of translation 

rather than duplication. The underlying principle can be reused widely: electrified demand can be shifted toward 

moments that are cheaper, cleaner, or more useful for the electricity system. The exact implementation, 

however, must be rebuilt around each new setting. A solution designed around one fleet, building stock, tariff 

structure, or energy community cannot simply be copied elsewhere without checking whether the same sources 

of flexibility, conditions and value are present. 

This makes local context the starting point for replication. A mobility-focused application must account for 

vehicle model mix, charging locations, driver routines, data availability, and control permissions. A heating-

focused application depends more strongly on insulation levels, installed heating technologies, thermal inertia, 

available buffers, and comfort expectations. A community or portfolio application adds questions around 

ownership, metering, settlement, and benefit-sharing. These contextual differences shape the amount of 

flexibility that can be offered and the practical effort needed to make it operational. 

Some elements are highly transferable. The logic of using time-varying signals, optimizing controllable 

demand, protecting user constraints, and validating delivered flexibility can be applied across many use cases. 

Interoperable data access, stable control interfaces, standardized communication protocols, and common 

settlement methods can further reduce the work required at each new deployment. Where these elements are 

present, replication becomes closer to adapting a proven model. 

Where they are absent, replication becomes more bespoke. Fragmented data access, inconsistent device 

control, immature flexibility markets at regional and system level, and regional tariff differences can all change 

the business case. The same EV, heat pump, or battery may be technically flexible in several locations, but the 

value of operating it flexibly depends on the surrounding market design. Dynamic retail pricing, capacity tariffs, 
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supplier or BRP optimization, balancing markets, local flexibility mechanisms, and collective energy 

arrangements each create different incentives and different operational priorities. 

The social dimension also changes from place to place. Users may accept flexible operation for different 

reasons: lower charging costs, improved use of local PV, comfort-preserving heating optimization, lower 

community energy costs, or contribution to grid stability. A replicated solution therefore needs a locally credible 

value proposition, not only a technical control strategy. It must explain what is controlled, what remains 

protected, who receives the benefit, and how risks are managed. 

The conclusion for replicability is therefore positive but conditional. Electrification and demand-side 

flexibility can be reproduced across many regions and customer groups because the core principle is general. 

The implementation must still be adapted to local asset characteristics, interoperability conditions, tariff 

structures, market access, data availability, settlement rules, and user motivations. Replication is strongest 

where these local conditions allow the flexibility principle to be transferred without rebuilding the entire 

technical and commercial framework from the ground up. 

2.3.2 Collective energy sharing  

2.3.2.1 Scalability  

When analysing energy sharing use cases, several common boundary conditions influencing scalability can be 
identified.  

Energy sharing activities can benefit from economies of scale, which improve their economic performance 

as the number of participants and assets increases. Indeed, energy sharing schemes often involve significant 

fixed costs related to contractual arrangements, regulatory compliance, administrative processes, and technical 

coordination. Expanding the community allows these costs to be distributed among a larger number of 

participants, improving overall profitability and reducing the cost per member. At the same time, a larger 

community increases opportunities to match local generation with demand, thereby enhancing self-

consumption and maximizing the value of shared energy. 

Furthermore, energy sharing activities are generally highly modular, allowing communities to grow 

progressively through the integration of additional members, consumers, and energy assets. Digital 

infrastructure, such as Energy Management Systems (EMS), can facilitate this expansion by enabling the 

integration of new participants and assets without requiring a complete redesign of the system.  

Despite these enablers, several factors may limit the scalability of energy sharing activities. First, the 

expansion of energy communities can lead to increased governance complexity. As the number of participants 

grows, coordination, communication, and collective decision-making processes become more challenging, 
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potentially increasing administrative burdens and slowing down decision-making processes. This may limit the 

optimal size of a community. 

Moreover, technical infrastructure constraints can restrict further growth. The integration of additional 

renewable generation assets may be limited by available grid capacity, while thermal energy sharing schemes 

may face constraints related to network capacity or available storage flexibility.  

Finally, even when the existing infrastructure can accommodate further expansion, scaling through joint 

investment in additional assets depends on the willingness and financial capacity of participants. The 

development of larger renewable generation and storage assets requires sufficient investment capacity and 

acceptance from existing and potential members, which may become a limiting factor as the scale and 

complexity of projects increase. 

Overall, the scalability of energy sharing activities is primarily determined by their ability to combine 

economic viability, modular system design, efficient governance, stakeholder engagement, and compatible 

technical infrastructure. While these activities are inherently well suited to gradual expansion, their long-term 

growth ultimately depends on balancing increasing operational complexity with the economic benefits 

generated by larger communities. 

2.3.2.2 Replicability 

When analysing the replicability of energy sharing activities, similarly to scalability, we can recognize that they 

are governed by a common set of boundary conditions, although their relative importance varies depending on 

the specific application. The most influential boundary condition is the regulatory and market framework. The 

successful transfer of an energy sharing concept to a new location/region depends on the compatibility of energy 

sharing regulations, tariff structures, permitting procedures and market rules. Differences in these frameworks 

often require substantial adaptations of the business model and may significantly affect its economic viability. 

Beyond regulation, technical and site-specific conditions play a fundamental role in determining whether a 

project can be successfully replicated. Suitable grid capacity, demand characteristics and storage opportunities 

are essential prerequisites for deployment.  

The replicability of energy sharing schemes further relies on the ability to adapt governance structures and 

contractual arrangements to the local context. Ownership models, participant roles, settlement mechanisms, 

and benefit-sharing rules must be tailored to the characteristics and expectations of local stakeholders, ensuring 

a transparent and equitable distribution of costs, revenues, and responsibilities. 
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Similarly, stakeholder acceptance and trust emerge as critical enablers of replicability across all Business Use 

Cases. Successful deployment requires the support of companies, citizens or municipalities who must perceive 

the business model as fair, understandable, and beneficial.  

The analysis also highlights that economic viability remains a prerequisite for replication. The business model 

must remain profitable under local market conditions, with sufficient energy exchange volumes to offset the 

fixed costs associated with project development, operation, and administration. Variations in tariffs and revenue 

streams may therefore substantially influence the feasibility of replication. 

Taken together, the replicability of energy sharing activities depends on the capacity to balance standardization 

and local adaptation. While common enabling conditions, such as supportive regulatory frameworks, digital 

infrastructures, economic viability, and stakeholder engagement, are essential across different contexts, 

successful replication requires tailoring the business model to local technical, economic, and organizational 

realities. Therefore, replicability should not be understood as a direct transfer of an existing model, but rather 

as an adaptive process in which core principles are maintained while implementation approaches are adjusted 

to the specific conditions of each new context. 

2.3.3 Clean molecules and Power2X 

2.3.3.1 Scalability 

The scalability of hydrogen value chains is influenced by the interaction between technical, economic and 

systemic factors. While individual projects may face different constraints depending on their configuration and 

target market, several recurring boundary conditions can be identified across use cases. These conditions 

determine both the potential for expansion and the long-term viability of larger-scale hydrogen deployment. 

Infrastructure compatibility represents the most influential boundary condition. Scaling hydrogen systems 

requires sufficient renewable electricity generation, adequate grid connection capacity, hydrogen transport and 

storage infrastructure, and access to reliable local demand. Since hydrogen transport remains expensive in the 

absence of dedicated pipeline networks, projects generally need to be located close to industrial or mobility off-

takers. Consequently, the availability of suitable infrastructure often determines the maximum feasible scale of 

deployment. 

Closely linked to infrastructure is profitability, which ultimately governs whether additional capacity can be 

economically justified. Although larger installations can benefit from economies of scale through shared 

engineering, balance-of-plant equipment and procurement, these benefits only materialise when high utilisation 

rates and stable hydrogen demand can be maintained. Otherwise, increasing capacity may lead to underutilised 

assets and deteriorating project economics rather than improved competitiveness. 
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The regulatory framework also becomes increasingly important as projects expand. Permitting procedures, 

renewable hydrogen certification requirements, safety regulations and storage obligations generally become 

more complex with increasing project size, resulting in longer development timelines, higher compliance costs 

and greater investment uncertainty. Although these regulations do not necessarily prevent scaling, they can 

significantly slow down project development. 

Stakeholder acceptance and market maturity constitute another important boundary condition. The 

scalability of hydrogen projects depends on industries, transport operators and other consumers being willing 

to adopt green hydrogen despite its current cost premium compared with fossil-based alternatives. Without 

sufficient market uptake, the additional production capacity required for larger projects cannot be economically 

sustained. 

Finally, technological evolution and digital optimisation act primarily as scalability enablers. Continuous 

improvements in electrolyser efficiency, durability and manufacturing costs progressively strengthen the 

business case over time. Likewise, advanced energy management systems, optimisation software and 

communication platforms facilitate the increasingly complex coordination of renewable electricity, hydrogen 

production and electricity market participation as projects grow. However, these technological improvements 

cannot compensate for insufficient infrastructure, limited demand or weak project economics. 

To conclude, the scalability of hydrogen systems depends on the alignment of multiple conditions rather 

than on the availability of the technology alone. Expanding these systems requires the simultaneous 

development of adequate renewable electricity supply, hydrogen infrastructure, viable business models, 

supportive regulatory frameworks and sufficient market uptake. While technological progress and digital 

optimisation can improve operational performance, large-scale deployment will ultimately depend on the 

creation of an ecosystem capable of supporting reliable hydrogen production, distribution and consumption. In 

the transition period towards the development of a mature hydrogen value chain, project design strategies that 

limit exposure to uncertainty can facilitate deployment. For instance, adopting modular expansion approaches, 

as demonstrated in BUC 9, can enable capacity additions to be aligned progressively with infrastructure 

availability and market demand. 

2.3.3.2 Replicability 

Replicating hydrogen-based projects across different locations requires more than the transfer of technical 

solutions. Each project results from a specific combination of energy resources, infrastructure availability, 

market opportunities, regulatory conditions and stakeholder commitments. Analysing replicability therefore 

requires identifying which elements can be standardised and reproduced, and which elements need to be 

redesigned to match local circumstances. 
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A first key boundary condition is infrastructure compatibility and integration. While core technologies such 

as electrolysers, renewable generation assets and associated control systems are increasingly standardised, 

their deployment depends on site-specific conditions. Each new project requires the alignment of renewable 

electricity availability, grid connection capacity, hydrogen storage and transport options, and proximity to 

suitable off-takers. In particular, the absence of hydrogen pipelines means that many projects remain strongly 

dependent on local demand and require a close match between production capacity and consumption 

opportunities. Consequently, replication cannot be achieved through a simple duplication of an existing project 

but requires significant integration and customization for each location. 

The economic viability and business model represent another critical boundary condition. Although technical 

solutions can often be transferred between locations, profitability depends strongly on local parameters, 

including renewable electricity costs, grid tariffs, hydrogen certification opportunities and the presence of 

reliable long-term off-takers. The current cost gap between green hydrogen and fossil alternatives remains a 

major challenge, reducing the attractiveness and bankability of replicated projects. As a result, successful 

replication requires the reconstruction of a viable business model adapted to local market conditions rather 

than the direct transfer of an existing approach. 

Regulatory conditions also strongly influence replication potential. Renewable hydrogen certification 

requirements, permitting procedures, safety regulations and land-use constraints can significantly affect project 

feasibility and development timelines. While regulatory frameworks such as RFNBO (renewable fuel of non-

biological origin) requirements provide a common basis for deployment, their practical implications depend on 

project configuration, renewable electricity sourcing and operational choices. Therefore, compliance strategies 

must generally be reassessed for each new location. 

Market acceptance and stakeholder engagement constitute an additional common boundary condition. 

Replication requires the presence of committed hydrogen consumers, such as industrial users or transport 

operators, willing to adopt hydrogen despite its current cost disadvantage and the limited maturity of associated 

markets. Securing long-term demand is particularly challenging in applications where users face high investment 

costs, technological uncertainty or competition from more established alternatives. Without strong local 

stakeholders and anchor off-takers, replicated projects face significant risks of low utilization and weak 

economic performance. 

Finally, standardization, interoperability and technological progress facilitate replication by reducing 

technical complexity. Standardized components, established market interfaces and improved 

optimization rftools can accelerate project development and reduce engineering efforts. However, 

these elements mainly act as enablers rather than decisive factors, as they cannot overcome 

fundamental limitations related to infrastructure availability, profitability or market maturity. 
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In practice, hydrogen projects are unlikely to be replicated through a fully standardised model. Instead, 

future deployments will most likely rely on the reuse of proven technological components, operational 

approaches and organisational models, combined with significant local adaptation. The replication potential of 

these projects will therefore depend on the ability to identify suitable locations where the required technical, 

economic and institutional conditions can be assembled. 
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3 Sector-coupling from the system perspective 
Various energy and market models have been further developed in the ReInvent project. Each model 

addresses sector-coupling from a specific scope. Together, they provide complementary insights on the impact 

of sector-coupling for the Belgian energy system. This chapter zooms in on these complementary insights from 

different modelling tools, addressing different aspects of sector-coupling. The first section analyses the value of 

sector-coupling in providing demand side flexibility to the power system, comparing heat demand flexibility in 

buildings to EV charging flexibility. Second, main insights are summarized on the role of power2X and clean 

molecules import. Third, an assessment is provided on improved temporal coordination of multi-energy markets 

to facilitate the economic utilization of cross-carrier flexibility. 

3.1 Analyzing future energy demands and flexibility options 

Main Model: TIMES-BE 

TIMES-BE is a bottom-up, technology-rich optimization model of the Belgian energy system, built on the 

TIMES (The Integrated MARKAL-EFOM System) modelling framework. It determines the least-cost configuration 

of the energy system over a multi-decade horizon by simultaneously optimizing investment and dispatch 

decisions across the full value chain, from primary resource supply to final energy service demand, subject to 

technical, policy, and resource constraints. A distinctive advantage of TIMES lies in its ability to optimize 

simultaneously across multiple milestone years rather than a single snapshot in time. This intertemporal 

optimization allows the model to identify the entire cost-optimal pathway of investment and technology 

deployment needed to reach a given environmental goal, such as climate neutrality, capturing how early 

decisions constrain or enable later ones, and ensuring that near-term choices remain consistent with long-term 

targets. A further key strength of TIMES-BE lies in its sectoral granularity: final energy demand is not treated as 

a single aggregate, but is disaggregated by sector (residential, commercial, industry, and transport) and, within 

each sector, further broken down by end-use and characterized in energy service demand terms, making the 

final energy consumption an output of the model rather than an assumption on the input side. 

TIMES-BE is recurrently applied1 under PATHS2050: a VITO/EnergyVille energy-system modelling initiative 

engaging main Belgian energy intensive companies to explore how Belgium can become climate-neutral by 2050 

while keeping the transition affordable and economically resilient [7]. Recent analyses thereby consider three 

main storylines, differing in the level of offshore wind potential, biomass availability, nuclear investment 

possibilities, CCUS potential and energy commodity import costs (Table 3-1). 

 

 

1 Note that a development branch of TIMES-BE version has been applied in ReInvent, given the project focus on methodological 
development. This can result in discrepancies with the TIMES-BE main results reported on the PATHS2050 website.   
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Table 3-1: Main assumptions underlying PATHS2050 storylines [7] 
 

ROTORS REACTORS IMPORTS 

Offshore wind potential: inside 
Belgian territorial waters  

8 GW 8 GW 8 GW 

Offshore wind potential: outside 
Belgian territorial waters  

16 GW 6 GW 6 GW 

Onshore wind potential 20 GW 10 GW 10 GW 

Biomass, - gas and – methane 
availability 

43 TWh/a by 2050 29 TWh/a by 2050 43 TWh/a by 2050 

Nuclear investment 20-year extension of 
2GW up to 2045 

SMR investment max. 
4GW from 2045 
onwards 

20-year extension of 
2GW up to 2045 

1,6 GW Gen III+ 
capacity fixed from 
2040 onwards 

SMR investment from 
2045 onwards, with 
max. 8 GW total new 
capacity 

10-year extension of 
2GW up to 2035 

CCUS availability Available from 2030 
onwards 

Access limited to 
10Mt/a 

Available from 2030 
onwards 

Unlimited access 

Available from 2030 
onwards 

Unlimited access 

Clean molecules import price2 Default: hydrogen 
import at 135 €/MWh 
(~4 €/kg) by 2050 

Default: hydrogen 
import at 135 €/MWh 
(~4 €/kg) by 2050 

Low: hydrogen 
import at 80 €/MWh 
(~2.4 €/kg) by 2050 

 

3.1.1 Flexibility in EV Charging and Heating Demand 

Demand-side flexibility is one of the key sources of sector coupling, since it determines how and when 

different end-use sectors interact with the power system rather than drawing from it independently. Building 

on its granular demand representation, this modelling track focuses on two major sources of demand-side 

flexibility already present, or newly introduced, in TIMES-BE: flexible EV charging and heat flexibility in 

buildings. 

For transport, the representation of flexible EV charging and discharging profiles was already relatively 

mature in TIMES-BE [8]. The model explicitly represents the charging infrastructure available to passenger cars, 

 

2 For all clean molecules prices, see https://perspective2050.energyville.be/results/main-edition-2025/assumptions  
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including Smart Chargers and Vehicle-to-Home/Building/Grid (V2H/B/G) solutions, allowing flexible charging to 

reduce peak power demand, lower stationary storage needs, and support renewable integration (Figure 3-1).  

 

Figure 3-1: Design of the charging infrastructure in TIMES-BE for passenger cars [8] 

 

Heating demand flexibility in buildings was added under ReInvent (see [9] for details). The space and water 

heating structures in TIMES-BE have been revised to explicitly represent flexibility for technologies relying on 

time-varying commodities, namely heat pumps, electric heaters, and district heating. For space heating, thermal 

inertia of the building envelope was represented as a storage technology, introducing a new commodity 

‘intermediate heat’ (Figure 3-2). This explicit buffer-inertia link allows the model to shift space heating load 

across the day while respecting comfort constraints, using either storage or the building's own thermal mass as 

flexibility sources. The water heating structure follows a similar logic but omits the thermal inertia component, 

since hot water demand has no equivalent building-envelope storage effect; instead, it relies solely on an 

intraday, building type-specific buffer. 

To support this new flexibility structure, the underlying space heating demand profiles have also been 

revised, to better isolate heating service demand from the thermal inertia effects of the building envelope. To 

this end, the original gas-consumption-based approach was updated towards one based on weather and 

building statistics available on Renewables.ninja3. This resulted in heating demand profiles that are smoother 

and less peaked than the ones based on gas consumption data. 

 

3 https://www.renewables.ninja/ 
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Figure 3-2: Design of the structure for heating flexibility in TIMES-BE 

 

3.1.2 Uptake of demand-side flexibility 

The revised modelling structure produces differentiated results on how flexibility technologies are adopted 

once made available in the model. We distinguish three flexibility levels as follows:  

 Full flexibility: all flexibility options enabled4 

 No flexibility: all flexibility options disabled 

 Partial flexibility: only specific flexibility options enabled, i.e. water heating buffers for heating 

flexibility and flexible charging (without V2H/B/G) for EV charging flexibility 

Demand side flexibility technologies are largely ‘no-regret’ from a techno-economic perspective, since they 

provide high value to the system at low cost. This implies technology uptake is often close to the maximum 

potential as specified in the model (Table 3-2 and Table 3-3). Water heating buffers, for example, prove highly 

attractive, reaching the full utilization of their maximum potential in every scenario where they are enabled. 

Similarly, the uptake of flexible EV charging reaches close to full utilization once enabled, as the surplus cost of 

charging assets is easily outweighed by the system cost reductions for other technologies (e.g. batteries). 

Yet, techno-economic uptake barriers do apply. Thermal inertia in buildings, for example, is exploited 

moderately, at around one third of its full potential, as using thermal-inertia flexibility goes to the cost of 

increased thermal losses. Space heating buffers are generally not selected in any scenario, since space heating 

buffers remain too costly to compete. These adoption patterns also interact with building insulation choices: 

optimal insulation levels are found to be significantly lower when space-heating flexibility is available, since the 

ability to shift demand during critical hours reduces overall heating costs and weakens the economic case for 

additional envelope investment. Similarly, the uptake of two-way flexible charging (vehicle to home, building or 

 

4 Under full heating flexibility, heating technologies can operate in a flexible manner, but within a range of plus 50% and minus 50% of 
the baseline heating demand. 
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grid) is not exploited to the full extent. An uptake level of roughly 20% would be cost-optimal; the point at which 

system benefits saturate in comparison to the additional cost of compatible charging infrastructure. 

Table 3-2: Uptake of demand side flexibility technologies for space and water heating  
(WH = water heating, SH = space heating) under the full sensitivity range from no to full flexibility potential. 

All scenarios based on the ROTORS story 
 

Heating Techs 
[GW] 

Insul. 
[Mm2] 

Heat Flex Technologies [GW] Heat Flex [%] 

  Total 
(WH) 

Total 
(SH) 

Total (SH) Buffers 
(WH) 

Thermal 
Inertia 

Buffers 
(SH) 

Buffers 
(WH) 

Thermal 
Inertia 

Buffers 
(SH) 

Full flexibility 9.0 46.6 316.5 8.8 15.7 0.0 98% 34% 0% 

Partial flexibility 8.8 62.2 666.0 8.7 0.0 0.0 99% 0% 0% 

No flexibility 8.1 64.1 641.4 0.0 0.0 0.0 0% 0% 0% 

 

Table 3-3: Uptake of demand side flexibility technologies for EV charging 
 under the full sensitivity range from no to full flexibility potential. All scenarios based on the ROTORS story 

 
EV chargers capacity [GW] EV Flex [%] 

 
Unflex Flex Flex + 

V2H/B/G 
Total Flex Flex + 

V2H/B/G 

Full flexibility 0.1 13.8 3.3 17.2 100% 19% 

Partial flexibility 0.2 11.0 0.0 11.3 98% 0% 

No flexibility 11.3 0.0 0.0 11.3 0% 0% 

3.1.3 System Cost Savings  

Beyond technology adoption patterns, flexibility also delivers measurable system-wide cost savings. 

Regarding heat flexibility, Figure 3-3 compares the fully flexible scenario (i.e. full flexibility on both space and 

water heating) against the no-flexibility scenario for each PATHS2050 storyline in terms of undiscounted 

annualized system costs. The comparison shows that heat flexibility – under the relaxed flexibility constraints 

chosen in the model - could unlock savings ranging from 2.5 to 5 B€/year across the milestone years analysed, 

growing from roughly 1.8-2.3 B€/year in 2030, to 3.2-3.8 B€/year in 2040, and reaching 5.3-6 B€/year by 2050, 

or close to 1% of Belgian GDP. Most of these savings stem from lower investment needs in insulation and heating 

technologies, as flexible operation may lower the energy costs for heating buildings by shifting to periods of low 

electricity prices. This, in turn, could lower the cost-optimal level of building insulation. In 2030 and 2050, 

however, roughly half of the savings also originate from the supply side. Supply-side system-cost savings are 

driven by reduced imports of fossil fuels and clean molecules (‘Other Import/Export’ in Figure 3-3), and – mostly 

under the IMPORTS and REACTORS storylines - lower requirements for dispatchable capacity and grid 

investments.  
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Figure 3-3: Undiscounted annualized savings for heat flexibility  
(system cost difference between fully flexible scenario, and no flex one, for each storyline), by cost 

component 

 

Figure 3-4: Undiscounted annualized savings for EV flexibility  
(system cost difference between fully flexible scenario, and no flex one, for each storyline), by cost 

component [8]. 
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In comparison with EV flexibility (Figure 3-4), we find the total net heat flexibility saving potential to be 

significantly higher, and for different cost components. Whereas savings from EV flexibility are attributed mostly 

to reduced battery investment, heating flexibility contributes strongly to a more efficient heating system, with 

at the same time less insulation needs and lower heating costs. Moreover, EV charging flexibility enables PV 

integration, while with space heating flexibility less PV investment is needed. This suggests EV charging flex is 

better suited to shift charging loads to day-time periods (e.g. with flexible office charging), while space heating 

flexibility offers a more general shift to periods of low electricity prices, including during night-time periods.  

3.2 Analysing the role of Power2X and import 

3.2.1 What drives hydrogen demand? 

Main Model: TIMES-BE 

In PATHS2050 [7], electrification is considered the backbone of the energy transition, particularly for 

transport, buildings and other low-temperature heating needs that are relatively easy to electrify. Yet, clean 

molecules are essential for a climate-neutral Belgian energy system, to fill the ‘hard-to-electrify’ gap. Hydrogen 

and derivatives such as ammonia, methanol, e-methane and e-kerosene are particularly important for high-

temperature industry, chemical feedstocks, aviation and shipping. In the recent PATHS2050 deep-dive on 

Molecules [10], a distinction is made between different types of Clean Molecules (Figure 3-5). Clean molecules 

first encompass the renewable molecules, biofuels and biogases on the one hand, and Renewable Fuels of Non-

Biological Origin (RFNBOs) on the other. The latter typically includes green hydrogen produced via renewable 

electricity and electrolysis, and its derivatives (e.g. ammonia, kerosene, methane, methanol). Not renewable, 

yet low-carbon molecules include hydrogen (and its derivatives) based on nuclear electricity (‘pink’) and natural 

gas with CCS (‘blue’). The distinction is relevant since from a cost-optimization perspective – and in a country 

like Belgium – domestic production of low carbon molecules is more viable than the production of RFNBOs. 

 

Figure 3-5:Categorization of (Clean) Molecules [10] 
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Belgium’s supply of clean molecules is expected to rely heavily on imports, more than power-to-X, particularly 

to meet the growing demand for decarbonized international transport fuels. Domestic production of green 

hydrogen via electrolysis powered by renewable energy is expected to be small, due to limited cost 

competitiveness. However, under certain conditions domestic production can become attractive. In the PATHS 

ROTORS scenario, for example, domestic hydrogen production plays a relatively large role with some 5 TWh5 of 

electrolysis-based hydrogen in 2050 (Figure 3-6). Main drivers include ample access to affordable electricity and 

a limit on CO₂ storage (max 10 Mta, Table 3-1). The latter drives a significant yearly hydrogen demand of some 

11 TWh for methanol synthesis, which in turn is used as a feedstock for plastics and for international transport. 

Yet, the largest share of hydrogen demand above is covered by pipeline import, as a more cost-effective option. 

A further potentially significant driver is relaxing the regulatory constraints on green hydrogen supply that – 

under current EU regulation – requires that 60% of hydrogen used in industry, at Member-State level, be 

supplied as RFNBOs by 2035. This requirement de facto constrains domestic hydrogen production, as it needs 

to compete with green hydrogen produced cheaper elsewhere. Relaxing this requirement – as applied under 

the REACTORS storyline – drives domestic blue hydrogen production based on natural gas with CCS (Table 3-7). 

In this case, domestic hydrogen production would outcompete imported hydrogen although still significant 

volumes of clean molecules import would be needed to meet international transport demand. 

 
  

 

5 In addition, hydrogen is also produced domestically as a by-product in industrial processes such as refining and chlorine production, 
contributing in all scenarios up to 6 TWh to the national hydrogen supply. 
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Figure 3-6: Molecules flows (TWh) from supply sources to end-use demand in 2050  
for the relatively hydrogen rich scenarios ROTORS and REACTORS with relaxed hydrogen regulatory 

requirements 

3.2.2 Representation of energy supply chains and infrastructures 

Main Model: North-Sea Integration Model (NSIM) 

The North Sea Integration Model (NSIM), developed by Fluxys, is a multi-energy optimization model designed 

to assess the role of integrated energy infrastructures in achieving a carbon-neutral energy system. The model 

simultaneously optimizes investments and operation across multiple energy carriers in order to supply a given 

demand scenario.  The modelled energy carriers include electricity, methane, hydrogen, ammonia, methanol, 

oil derivatives and CO₂ transport networks. NSIM covers Belgium and nine neighbouring North-West European 

countries, allowing the representation of cross-border energy exchanges, offshore renewable resources, 

hydrogen production pathways, storage facilities and import routes. NSIM combines hourly operational 

modelling over a whole year with long-term infrastructure optimization to identify cost-efficient system 

configurations under climate neutrality constraints. 
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Figure 3-7: Schematic representation of the NSIM modelling framework 

A key strength of NSIM is its detailed representation of energy supply chains and infrastructures. Unlike 

models primarily focused on energy demand and technology uptake, NSIM explicitly captures the interactions 

between offshore wind development, electricity networks, hydrogen production, hydrogen transport 

infrastructure, CO₂ transport and storage, and international energy trade. This enables a comprehensive 

assessment of how electricity and molecules can jointly contribute to the decarbonisation of the energy system. 

The analyses performed with NSIM highlight the systemic role of Power-to-Gas as an essential enabler of 

deep decarbonisation. The results show that hydrogen provides flexibility between sectors by connecting 

renewable electricity production with industry, transport and energy imports, while also offering opportunities 

for large-scale and long-duration energy storage. Analyses demonstrate that integrated planning of electricity, 

hydrogen and CO₂ infrastructures can reduce overall system costs and facilitate the integration of large volumes 

of offshore renewable energy (for details see [2]).  

NSIM is highly complementary to energy system planning models like TIMES-BE. While TIMES-BE provides a 

detailed representation of the Belgian energy demand sectors and identifies cost-optimal technology pathways 

for the energy transition, NSIM offers a much more detailed representation of the supply side, including 

international infrastructure development, cross-border energy exchanges, offshore energy hubs and hydrogen 

supply chains. TIMES-BE helps determine the future demand for hydrogen and renewable fuels within Belgium, 

whereas NSIM assesses how these energy carriers can be produced, transported, imported and integrated into 

the broader North-West European energy system. Together, the two models provide a comprehensive 

assessment of the role of Power-to-Gas by linking detailed national demand projections with infrastructure and 

supply-chain considerations at regional scale. 
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3.2.3 Impact of European hydrogen infrastructure on the Belgian energy system 

Main Model: POMMES-EU 

POMMES is a Python modelling framework for multi-horizon planning and operation of multi-energy systems 

under a cost-minimization objective. It is modular in both geographical scope and temporal granularity. On this 

basis, a POMMES-EU model instance was built coupling the European electricity and hydrogen system towards 

2050. Results below come from a single-horizon 2050 run, with hourly operations, covering 27 countries so that 

cross-border electricity and hydrogen exchanges are captured. Capacity expansion is bounded for (mostly 

renewables, nuclear and hydrogen underground storage) by technology-specific potentials (mostly based on 

TYNDP2024/PEMMDB assumptions) while methane reforming, other dispatchable capacity and batteries may 

expand freely. Belgian demands and renewable potentials were adapted to match PATHS2050 assumptions, 

keeping the results comparable with the TIMES-BE and Integration analyses of this report. Full assumptions are 

documented in [2].  

Three European infrastructure scenarios are compared. ISO has no hydrogen backbone and therefore no 

underground storage, no extra-European imports, and SMR+CCS limited by TYNDP2024 carbon-capture 

assumptions. EHB adds the hydrogen backbone and underground storage and releases the CCS cap but still 

excludes extra-European imports. EHB+I additionally allows extra-European imports, with volumes optimized by 

the model. Because Belgian hydrogen demand in 2050 is highly uncertain (32 TWh in the PATHS2050 ROTORS 

scenario6 against about 96 TWh in the TYNDP2024 Distributed Energy scenario) the reference demand was 

scaled by two and three in each scenario. These Belgian variations barely affect European-wide results and are 

therefore examined at Belgian level only. 

The hydrogen demand scenario used here is the PATHS Main Edition 2025 ROTORS scenario, time horizon 

2050, as adopted for the combined model analysis (Section 4.2). Its 32 TWh comprises 7.3 TWh of industrial final 

energy, 6.7 TWh for refineries and petrochemicals (the full hydrogen requirement, not netted for by-product 

supply) and 3.3 TWh of ammonia for international maritime bunkers, together with 8.6 TWh of methanol and 

6.1 TWh of imported ammonia reported under the TYNDP hydrogen category. TYNDP2024's Distributed Energy 

figure is dominated by international shipping, 45 of its 96 TWh attributed to transport. Excluding bunkering from 

both datasets narrows the gap from a factor of three to roughly 1.8, so the headline difference is largely an 

artefact of how bunkering is attributed rather than of industrial hydrogen ambition. The two sources also differ 

in accounting boundary: the most recent ROTORS scenario (Figure 3-6) shows a single international transport 

node of 52.7 TWh, met almost entirely by imported e-molecules — 34.4 TWh e-methane, 12.4 TWh e-kerosene, 

some 5.9 TWh methanol — of which only 3.3 TWh surfaces as Belgian hydrogen demand. TYNDP2024 instead 

 

6 PATHS Main Edition 2025. Following TYNDP2024 methodology, this number includes final energy and non-energy consumption of 
ammonia and methanol 
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books international shipping fuel, largely ammonia, as domestic demand, which is why 44.7 of its 96 TWh sits in 

that category. 

 

Figure 3-8: Hydrogen demand (inc. ammonia and methanol) by sector in Belgium in 2050 
PATHS2050 ROTORS (32 TWh) compared with the TYNDP2024 Distributed Energy scenario (96 TWh). 

Excluding international maritime bunkers, the two datasets differ by a factor of about 1.8 (28.7 vs 51.3 TWh). 

 

 

Figure 3-9: Hydrogen system yearly dispatch, hydrogen price and backbone exchanges in 2050 in Belgium 
for the ISO, EHB and EHB+I scenarios under reference (x1), doubled (x2) and tripled (x3) hydrogen demand 

Under ISO, increments of Belgian hydrogen demand are mostly met with additional electrolysis (Figure 3-9). 

The incremental electricity demand is absorbed by saturating the solar PV potential and by higher electricity 

imports (Figure 3-10), pushing electricity prices from around 75 to nearly 95€/MWh and hydrogen prices from 

2.9 to 3.7€/kg. At such levels, hydrogen-based decarbonization of Belgian industry loses competitiveness against 

neighbours with better access to low-cost supply, and unabated SMR progressively re-enters the mix as a cost 

relief valve (a detrimental outcome from an emissions standpoint). 
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The electricity system carries much of that strain (Figure 3-10): the additional electrolyzer load spreads into 

the dispatch through higher imports, saturated solar output and shifts in gas turbine utilization and biogas 

allocation. Eventually, the cost of an electricity centred hydrogen supply is ultimately shared with all electricity 

consumers.  

The picture changes markedly once network infrastructure and CCS access are available. Under EHB, 

hydrogen prices remain close to 2.5€/kg across all demand levels, because incremental demand is largely 

absorbed by SMR+CCS and by backbone exchanges rather than by more electrolysis. Notably, at the reference 

hydrogen demand of 32 TWh, Belgium reaches over 95% domestic self-sufficiency at prices nearly as competitive 

as the import-heavy cases, indicating that sufficiency and cost-competitiveness are not mutually exclusive at 

moderate demand. 

 

Figure 3-10: Electricity system yearly dispatch in 2050 in Belgium, for the ISO, EHB and EHB+I scenarios 
under reference (x1), doubled (x2) and tripled (x3) hydrogen demand 

Even under EHB+I, with cheap extra-European imports landing in Spain and Italy, a non-negligible share of 

Belgian electrolysis and SMR+CCS remains competitive: domestic assets coexist with imports rather than being 

crowded out. As demand scales up, however, imports increasingly dominate the Belgian mix. This mirrors the 

European picture, where backbone, underground storage and expanded CCS access cut total system cost by 11% 

relative to ISO, while extra-European imports ultimately account for a quarter of hydrogen supply. 

Two insights follow for Belgium. First, infrastructure availability rather than demand ambition is the decisive 

lever: the same hydrogen demand can be served near 2.5€/kg with a backbone and CCS access, or up to 3.7€/kg 

without them. Furthermore, that difference is passed on to industry and, through electricity prices, to other 

consumers. Sectoral hydrogen targets are therefore best conditioned on infrastructure milestones. Second, 

electricity and hydrogen cannot be planned separately, since hydrogen demand growth spreads into electricity 

prices and biogas allocation.  
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Because hydrogen demand is exogenous in POMMES-EU, the comparison with PATHS2050 can only be drawn 

on the supply side. In the PATHS2050 deep-dive on molecules, hydrogen demand is modelled endogenously 

through an integrated system optimisation co-optimized over demand- and supply-side technologies. Resulting 

hydrogen demand ranges from some 10.7 TWh in REACTORS to 29.5 TWh once the RFNBO requirement in 

industry is relaxed, so the 32 TWh reference used here sits just above the highest level PATHS2050 reaches 

endogenously. One finding is nonetheless consistent between the models. Where extra-European imports are 

allowed, they take a large share of Belgian supply: some 17 of 32 TWh under EHB+I, against 16.9 of 27.8 TWh in 

ROTORS. The models differ, however, in what drives domestic supply: in POMMES-EU it is infrastructure, with 

Belgium largely self-sufficient under ISO and EHB and losing domestic share only once extra-European imports 

are allowed. On the other hand, in the PATHS2050 scenarios, the low electricity prices needed for cost-

competitive electrolysis-based domestic hydrogen are generally lacking. Therefore, regulation is the driver, with 

domestic production of blue hydrogen becoming competitive only once the RFNBO requirement in industry is 

relaxed. 

At comparable volumes, the domestic routes thus differ: SMR/ATR with CCS supplies some 22.3 TWh in the 

relaxed PATHS2050 case, whereas electrolysis leads under POMMES-EU’s EHB scenario at roughly 21 TWh. This 

reflects the relative cost of domestic hydrogen rather than the availability of infrastructure. This could be partly 

driven by natural gas prices assumptions - around ~25€/MWh in PATHS2050 (based on WEO 2024) against 

~35€/MWh in POMMES-EU (based on WEO 2025) – although this cost difference alone is not expected to close 

the cost gap between blue and green hydrogen in TIMES-BE. To fully appreciate these model differences, further 

research is needed to analyse in detail differences in electricity prices, commodity prices, weather data and 

other factors affecting competitive domestic production.   

 

3.3 Modelling Integrated Multi-Energy Market Designs 

The increasing integration of electricity, gas, hydrogen and heat systems creates a growing need for 

coordination between energy markets. Multi-carrier technologies such as gas-fired power plants, combined heat 

and power plants and electrolysers operate across different energy carriers and are therefore simultaneously 

exposed to market structures that were largely designed independently. Differences in temporal granularity are 

particularly relevant: electricity markets increasingly operate with short trading intervals, whereas gas products 

(and potentially future hydrogen products) are structured over considerably longer delivery periods. These 

differences can constrain the ability of multi-carrier technologies to coordinate their positions across markets 

and respond efficiently to short-term market signals. 

Building on the market barriers and coordination concepts identified in Chapter 2 of ReInvent Deliverable 

1.2 [3] this section quantitatively assesses two specific changes aimed at improving the temporal coordination 

of the markets: increasing the temporal granularity of day-ahead gas and hydrogen products and changing the 
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starting time of the gas and hydrogen day. Their impact is assessed for three representative sector-coupling 

technologies: a gas-fired power plant (GFPP), a combined heat and power plant (CHP), and an electrolyzer, using 

VITO's market optimization and flexibility valuation model. The analysis focuses on the resulting changes in asset 

profitability and balancing-market participation, providing a quantitative assessment of whether greater 

temporal granularity and improved alignment between market timelines can facilitate the economic utilization 

of cross-carrier flexibility. 

3.3.1 Model description 

The VITO's market optimization and flexibility valuation model determines the optimal operating and 

market-participation strategy of an asset by maximizing its economic value across the considered energy 

markets while respecting its technical and operational constraints. Market participation is co-optimized, 

allowing the generation, consumption and available flexibility of the asset to be dynamically allocated across the 

different markets included in each configuration. This framework therefore captures both the direct economic 

value obtained in individual markets and the interactions and opportunity costs that arise when an asset 

participates simultaneously in multiple markets.  For this analysis, the framework is applied to three 

technologies representing different forms of sector coupling: a GFPP, a CHP, and an electrolyzer. The GFPP links 

the gas and electricity systems, the CHP additionally couples electricity and gas operation with heat production, 

while the electrolyzer links the electricity and hydrogen systems. The technologies differ in their operational 

constraints and can therefore respond differently to changes in market design.  

Table 3-4 Main technical characteristics of the technologies considered in the market-model simulations. 

Characteristic GFPP (CCGT) CHP Electrolyzer 

Main energy conversion 
Gas → 

electricity 
Gas → 

electricity + heat 
Electricity → 
hydrogen 

Maximum electricity 
production/consumption 

875 MW 
production 

320 MW 
production 

25 MW 
consumption 

Minimum electricity 
production/consumption 

260 MW 
production 

0 MW 
production 

5 MW 
consumption 

Minimum heat output – 50 MW – 
Maximum heat output – 205 MW – 

Minimum hydrogen output – – 3.10 MW 
Maximum hydrogen output – – 16.63 MW 

Ramp-up/down limit 3,000 MW/h 100 MW/h 40 MW/h 
Can shut down Yes Yes No 

 

As shown in Table 3-4, the three technologies have substantially different operational characteristics. The 

GFPP has a large operating range and high ramping capability, allowing electricity production to respond strongly 

to market conditions. The CHP is additionally constrained by its heat-production requirements, with heat output 

maintained between 50 and 205 MW, limiting the extent to which its operation can be driven exclusively by 
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electricity and gas-market signals. The electrolyzer is an electricity-consuming asset operating between 5 and 

25 MW, whose electricity consumption determines hydrogen production. These differences in operational 

constraints and flexibility are important for interpreting the results, as they influence the extent to which each 

technology can exploit changes in the temporal design of the gas or hydrogen markets. 

The model simultaneously optimizes the asset's operation and its positions in the markets available under 

the considered market configuration. These include the day-ahead (DA) electricity market, automatic Frequency 

Restoration Reserve (aFRR), the DA gas market, DA hydrogen market, the within-day gas market and hydrogen 

markets. Note that there is no DA and within-day markets for Hydrogen at the moment, but given the expected 

future developments, those markets are assumed to have a design similar to the markets for gas. For aFRR, both 

upward and downward capacity reservation and energy activation are represented. In the underlying modelling 

framework, balancing capacity reservation and activation are treated separately, with capacity committed over 

predefined reservation periods and activation represented at the operational simulation resolution. This makes 

it possible to assess not only the effect of market-design changes on total asset profitability, but also their impact 

on the amount of flexibility reserved and activated in the balancing market. 

3.3.2 Simulation framework 

The simulations are performed over a one-year optimization horizon, from September 2024 to September 

2025, with a temporal resolution of 15 minutes. This resolution is used to represent asset operation and market 

interactions throughout the simulation period. The simulations use historical market data over the considered 

period to represent electricity and gas-market conditions. Electricity-market inputs, including DA electricity and 

balancing-market data, are obtained from ENTSO-E and Elia [11, 12, 13, 14], while gas-market prices are based 

on the EEX prices for the Belgian ZTP hub, using the European Gas Spot Index (EGSI) for the day-ahead gas market 

and the Within-Day Reference Price (WDRP) for the within-day gas market [15]. As liquid DA and within-day 

hydrogen markets do not currently exist, hypothetical hydrogen markets are represented in the model assuming 

a temporal market structure similar to that of the gas market. The corresponding hydrogen prices are 

synthetically generated based on the production costs of green and grey hydrogen, providing a representation 

of potential future hydrogen-market price conditions. 

The market optimization is performed under perfect foresight, meaning that the market prices and other 

exogenous market information considered by the model are assumed to be known in advance over the relevant 

optimization horizon. This allows the model to determine the economically optimal operation and market-

participation strategy for each technology under the considered market conditions. Consequently, the results 

should be interpreted as the maximum economic value that could have been captured under the model 

assumptions, rather than as the profitability of a bidding strategy operating under real-world forecast 

uncertainty. The perfect-foresight assumption is applied consistently across all scenarios and therefore provides 

a common basis for comparing the alternative market designs. This approach is consistent with the general 
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implementation of the market optimization framework, in which perfect foresight is used to estimate an upper 

bound on the economic value of flexibility. 

The objective of the sensitivity analysis is to assess how greater temporal granularity and alternative starting 

times in the DA gas and hydrogen markets affect asset operation, profitability and balancing-market 

participation. Two dimensions of market design are varied systematically: the duration of the DA gas or hydrogen 

product and the starting hour of the corresponding gas or hydrogen day. 

Three product durations are considered: 

 24 hours, representing the current/reference design;  

 12 hours; and  

 6 hours.  

For each duration, three starting hours are evaluated: 

 06:00, representing the current/reference starting hour;  

 03:00; and  

 00:00.  

The combination of these assumptions results in nine market-design variants for each market configuration. 

Scenarios are denoted as sXX_lYY, where sXX represents the starting hour and lYY the product duration. For 

example, s06_l24 corresponds to a product starting at 06:00 with a duration of 24 hours and constitutes the 

reference market design, while s24_l06 represents a 6-hour product starting at midnight. 

The sensitivity analysis is performed for three market-participation configurations for each technology. For 

the GFPP and CHP, the configurations progressively introduce participation in the electricity DA market, gas DA 

market, aFRR, and within-day gas market, with revenues from heat bilateral contracts additionally considered 

for the CHP. For the electrolyzer, the configurations combine participation in the electricity and hydrogen 

markets with aFRR. Table 3-5 presents the market configurations considered per technology. Within each 

market configuration, all nine combinations of starting hour and product duration are simulated while keeping 

the remaining modelling assumptions unchanged. This isolates the effect of the temporal design of the gas or 

hydrogen market. 
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Table 3-5 Market configurations considered for each technology. 

Technology Market configuration Markets considered 
GFPP da_e + da_g DA electricity + DA gas 

da_e + afrr + da_g DA electricity + aFRR + DA gas 
da_e + afrr + da_g + wd_g DA electricity + aFRR + DA gas + within-day gas 

CHP da_e + da_g + heat DA electricity + DA gas + heat 
da_e + afrr + da_g + heat DA electricity + aFRR + DA gas + heat bil.contract 
da_e + afrr + da_g + wd_g + 
heat 

DA electricity + aFRR + DA gas + within-day gas + heat 
bilateral constract 

Electrolyzer da_e + da_h2 DA electricity + DA hydrogen 
da_e + afrr + da_h2 DA electricity + aFRR + DA hydrogen 
da_e + afrr + da_h2 + wd_h2 DA electricity + aFRR + DA hydrogen + within-day hydrogen 

 

The main reference scenario is s06_l24, corresponding to the current 06:00 starting hour and 24-hour 

product duration. Results are primarily evaluated relative to this reference, allowing the effect of each market-

design modification to be distinguished from differences in absolute profitability between technologies and 

market configurations. The analysis considers both economic indicators, including annual profit and its 

decomposition across market components, and balancing indicators, including upward and downward aFRR 

activation and reserved capacity.  

An important feature of the simulation framework is that the different markets retain their respective 

temporal structures. DA electricity trading and aFRR energy activation are represented at a 15-minute 

resolution, whereas aFRR capacity is reserved in fixed 4-hour blocks starting at midnight. The temporal structure 

of the DA gas and hydrogen markets varies according to the scenarios considered, with product durations of 24, 

12 or 6 hours and starting times of 06:00, 03:00 or 00:00. Consequently, changing the start time or duration of 

the gas and hydrogen products also changes their temporal alignment with the electricity and balancing markets. 

The simulations therefore capture two related aspects of improved market coordination: increased temporal 

granularity, through shorter gas and hydrogen products, and cross-market temporal alignment, through 

alternative starting hours. This distinction is important for interpreting the results: shorter products increase the 

frequency at which gas or hydrogen positions can be adjusted, whereas changing the starting hour alters how 

these positions align with the 15-minute electricity and aFRR activation intervals and, particularly, with the fixed 

4-hour aFRR capacity-reservation blocks. 

Figure 3-11 summarizes the overall simulation framework and the interactions between its main 

components. The technology characteristics, available markets and alternative gas and hydrogen market designs 

constitute the main model inputs. For each combination, the optimization determines the optimal asset 
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operation and market decisions, from which the economic and flexibility indicators used in the subsequent 

analysis are derived.  

 

Figure 3-11 Overview of the market optimization and simulation framework. 

3.3.3 Impact on profits 

This section assesses how changes in the temporal design of the DA gas and hydrogen markets affect the 

annual profitability of the GFPP, CHP and electrolyzer. The analysis considers both the magnitude of the resulting 

change in total annual profit and the market components through which this change is realized, allowing the 

effects of product granularity and market-day alignment to be distinguished. Particular attention is also given to 

how access to additional markets, such as aFRR and within-day trading, influences the value that each 

technology can obtain from the alternative gas and hydrogen market designs. 

3.3.3.1 GFPP 

The impact of the modifications on GFPP profitability is summarized in Figure 3-12, which reports annual 

profit relative to the corresponding s06_l24 reference scenario (gas day starting at 06:00 with a 24-hour 

product). The results show that shortening the DA gas-product duration is the main driver of profitability 

improvements. For da_e+da_g, the 6-hour configurations increase profit to 117.88–120.69% of the reference, 

compared with 103.27–113.16% for the 12-hour configurations. The same pattern is observed with aFRR 

participation: 6-hour products yield 111.73–113.97% for da_e+afrr+da_g and 110.86–113.99% for 

da_e+afrr+da_g+wd_g, while 12-hour products provide smaller improvements of approximately 102–109%. 
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Figure 3-12 Annual GFPP profit across gas-market designs and market participation combinations.  
Annual profit is expressed as a percentage of the corresponding reference scenario (s06_l24: gas day 

starting at 06:00 with a 24-hour product). 

The gas-day start time has a smaller and less systematic effect, and its impact depends on product duration. 

For 24-hour products, changing the start time provides no improvement, with profits remaining at 98.83–99.78% 

of the reference. For 12-hour products, a 06:00 start consistently performs best (108.37–113.16%), whereas for 

6-hour products both 06:00 and 24:00 generally outperform 03:00, with only small differences between them. 

Thus, the value of changing the start time is conditional on product duration, whereas the benefit of shortening 

the gas product is consistent across market combinations. The relatively limited effect of shifting the gas-day 

start from 06:00 to 24:00 can be explained by the fact that the change primarily shifts the temporal boundaries 

of the gas products rather than increasing the frequency at which the GFPP can adjust its gas position. Over the 

full simulation horizon, the plant's underlying fuel requirement and electricity-market opportunities remain 

largely unchanged, and gas positions can be redistributed across consecutive gas products. Consequently, 

aligning the gas-day start with midnight provides only limited additional value. This is reflected in the very similar 

profitability of s06_l06 and s24_l06: for example, profits amount to 120.67% and 120.69%, respectively, for 

da_e+da_g, and 113.95% and 113.97% for da_e+afrr+da_g. In contrast, shortening the product duration from 

24 h to 12 h or 6 h increases the frequency at which gas positions can be adjusted, providing substantially greater 

flexibility and therefore a stronger profitability effect. 

Figure 3-13 provides a complementary perspective by showing the best-to-worst profitability range for each 

market combination. Unlike Figure 3-12, profits are expressed relative to a common da_e+da_g s06_l24 

benchmark, allowing differences in overall profitability across market combinations to be observed. The 

da_e+da_g case shows the largest sensitivity to gas-market design, with profits ranging from 99% to 121%, a 

spread of approximately 22 percentage points. This decreases to 17 percentage points for da_e+afrr+da_g (111–
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128%) and 16 percentage points for da_e+afrr+da_g+wd_g (113–129%). Hence, participation in additional 

markets is associated not only with a higher overall profit level but also with lower sensitivity of GFPP 

profitability to the gas-market configuration. 

The extremes shown in Figure 3-13 further support the importance of product duration: all best-performing 

configurations use a 6-hour product, whereas all worst-performing configurations use a 24-hour product. The 

optimal starting hour, however, varies across market combinations, again indicating that start time is a 

secondary and more context-dependent design parameter. 

 

Figure 3-13 GFPP annual profit range across gas-market designs and market participation combinations 
The figure shows the best- and worst-performing gas-market configurations, with annual profit expressed 

relative to the da_e+da_g s06_l24 benchmark. 

Finally, Figure 26 summarizes the maximum benefit that can be obtained from gas-market reform within 

each market combination. Relative to the respective s06_l24 reference, the maximum annual-profit 

improvement amounts to approximately +20.7% for da_e+da_g and +14.0% for both aFRR-enabled 

configurations. The lower incremental gain in the aFRR-enabled cases indicates that GFPP profitability becomes 

less dependent on gas-market design when additional market opportunities are available, although the benefit 

of increased gas-market granularity remains substantial. 
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Figure 3-14 Maximum improvement in GFPP annual profit from gas-day reform  
by market participation combination. Values represent the percentage increase in annual  

profit  of the best-performing gas-market configuration relative to the corresponding s06_l24 

 
To better understand the drivers behind these profitability improvements, Table 3-6 decomposes the profit 

difference between the best-performing gas-market configuration and the corresponding s06_l24 reference 

across the different market segments. For da_e+da_g, the improvement is explained by positive contributions 

from both DA electricity (+9.80 percentage points) and DA gas (+10.89 pp). When aFRR participation is included, 

DA electricity remains the largest contributor (+9.15 pp), followed by DA gas (+4.11 pp), while the net 

contribution from aFRR is comparatively small. When within-day gas trading is also available, the decomposition 

changes substantially: the large positive contribution from DA gas (+48.24 pp) is largely offset by a negative 

contribution from within-day gas (−43.89 pp), resulƟng in a much smaller net contribuƟon from gas trading. 

Overall, the decomposition indicates that the profitability gains from gas-market reform arise primarily through 

changes in the GFPP's electricity and gas-market positioning (i.e., in the DA markets) rather than through a 

substantial increase in the contribution from aFRR. 

Table 3-6 Decomposition of the GFPP annual-profit improvement  
between the best-performing gas-market configuration and the corresponding s06_l24 reference scenario. 
Values represent percentage-point contributions to the change in total annual profit, normalized by the 

absolute total annual profit of the reference scenario.  

Market combination /Market 
segment 

aFRR 
down 

aFRR 
up 

DA 
electricity 

DA 
gas 

Within 
day gas 

da_e+da_g  [best: s24_l06] - - 9.80% 10.89% - 
da_e+afrr+da_g  [best: s24_l06] 1.08% -0.37% 9.15% 4.11% - 
da_e+afrr+da_g+wd_g  [best: s06_l06] 0.98% -0.32% 8.99% 48.24% -43.89% 
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3.3.3.2 CHP 

The CHP results confirm the main qualitative finding obtained for the GFPP: shortening the DA gas-product 

duration improves profitability, whereas changing the gas-day starting hour has a considerably smaller effect. 

However, the magnitude of the improvement is substantially lower for the CHP, indicating that the value of 

increased gas-market granularity depends strongly on the operational characteristics of the asset. Figure 3-15 

shows annual CHP profit relative to the corresponding s06_l24 reference scenario. For da_e+da_g+heat, 

reducing the gas-product duration to 6 hours increases annual profit to 104.52–104.66% of the reference 

scenario, while 12-hour products result in a smaller increase of 101.79–102.46%. The same pattern is observed 

with additional market participation. With aFRR, 6-hour products yield 103.56–103.64%, compared with 101.42–

101.98% for 12-hour products. When within-day gas trading is also included, the corresponding ranges are 

102.81–103.50% and 101.07–101.46%, respectively. 

 
Figure 3-15 Annual CHP profit across gas-market designs and market participation combinations. 

Annual profit is expressed as a percentage of the corresponding reference scenario (s06_l24: gas day 
starting at 06:00 with a 24-hour product). 

The effect of the gas-day starting hour is particularly limited for the CHP. For a 6-hour product, for example, 

da_e+da_g+heat profitability varies only from 104.52% at 03:00 to 104.66% at 24:00. With aFRR, the 

corresponding range narrows further to 103.56–103.64%. For 24-hour products, changing the starting hour also 

produces virtually no improvement, with results remaining around 100% of the reference. Hence, as for the 

GFPP, changing the starting hour mainly shifts the timing of the gas-product windows, whereas shortening the 

product increases the frequency at which the CHP can adjust its gas position. It is this additional temporal 

granularity, rather than the alignment of the gas-day boundary itself, that generates most of the economic 

benefit. 

The magnitude of this benefit is nevertheless considerably smaller than for the GFPP. The maximum annual-

profit improvement reaches approximately +4.7% for da_e+da_g+heat, decreasing to +3.6% with aFRR and 
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+3.5% when aFRR and within-day gas trading are both available. By comparison, the corresponding 

improvements for the GFPP reached approximately +20.7% without aFRR and around +14% with aFRR 

participation. This indicates that the GFPP is substantially more sensitive to gas-market granularity than the CHP. 

A likely explanation lies in the heat-production requirement of the CHP: its operation cannot respond exclusively 

to electricity and gas-market opportunities, which limits the extent to which additional gas-market flexibility can 

be exploited. 

The profit decomposition in Table 3-7Table 3-7 Decomposition of the CHP annual-profit improvement  

between the best-performing gas-market configuration and the corresponding s06_l24 reference scenario. 

Values represent percentage-point contributions to the change in total annual profit, normalized by the absolute 

total annual profit of the reference scenario. provides further insight into these differences. For the best 

da_e+da_g+heat configuration, the improvement is mainly associated with the profits from heat production 

(+4.3 percentage points), while changes in DA electricity (+0.1 pp) and DA gas (+0.3 pp) are small. With aFRR 

participation, heat production again provides the largest positive contribution (+4.7 pp), while DA electricity 

contributes +0.9 pp and DA gas −2.3 pp. When within-day gas trading is included, the decomposition reveals 

substantial redistribution between the two gas-market segments. The positive contribution from DA gas (+38.4 

pp) is largely offset by the negative contribution from within-day gas (−40.3 pp). Consequently, these values 

should not be interpreted independently as gains or losses generated by gas-market reform; rather, they 

indicate that the reform substantially changes where gas transactions and their associated value are allocated, 

while the net effect on total CHP profitability remains modest. 

Table 3-7 Decomposition of the CHP annual-profit improvement  
between the best-performing gas-market configuration and the corresponding s06_l24 reference scenario. 
Values represent percentage-point contributions to the change in total annual profit, normalized by the 

absolute total annual profit of the reference scenario. 

Market combination /Market segment aFRR 
down 

aFRR 
up 

DA 
electricity 

DA gas heat 
contract 

Within 
day gas 

da_e+da_g+heat  [best: s24_l06] 
  

0.10% 0.30% 4.26% 
 

da_e+da_g+heat+afrr  [best: s24_l06] 0.45% -
0.13% 

0.87% -2.26% 4.71% 
 

da_e+da_g+heat+afrr+wd_g   
[best: s06_l06] 

0.32% -
0.08% 

0.59% 38.38% 4.54% -40.25% 

 

3.3.3.3 Electrolyser 

The electrolyzer results reinforce the general importance of increasing market temporal granularity, but also 

reveal a substantially stronger interaction between hydrogen-market design and participation in other flexibility 

markets. Figure 3-16 shows annual electrolyzer profit relative to the corresponding s06_l24 reference scenario. 

As for the GFPP and CHP, shortening the product duration provides a substantially larger profitability benefit 
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than changing the start of the market day. However, the magnitude of this effect differs considerably depending 

on whether the electrolyzer participates in aFRR or not.  

For the da_e+da_h2 market configuration, the impact of shortening the hydrogen DA product is particularly 

pronounced. Six-hour products increase annual profit to 139.86–145.33% of the reference, while 12-hour 

products result in 113.67–123.72%. In contrast, changing the start time while retaining a 24-hour DA product 

has virtually no effect, with annual profit remaining between 99.44% and 100.00% of the reference. The best-

performing configuration is s24_l06, reaching 145.33%, corresponding to an improvement of approximately 

+45.3% relative to s06_l24. When aFRR participation is available, shorter hydrogen products remain beneficial, 

but their incremental value decreases substantially. For da_e+afrr+da_h2, 6-hour products result in 107.99–

108.04% of the reference and 12-hour products in 103.36–103.96%. A very similar pattern is observed when 

within-day gas trading is also available: 6-hour products yield 107.65–107.83%, while 12-hour products yield 

103.21–103.68%.  

As for the other technologies, the hydrogen-day starting hour has little influence when the product duration 

remains at 24 hours. However, its interaction with shorter products is more visible for the electrolyzer than for 

the CHP. Without aFRR, for example, profitability for a 6-hour product ranges from 139.86% at 03:00 to 145.33% 

at 24:00, while for a 12-hour product it ranges from 113.67% at 24:00 to 123.72% at 06:00. There is therefore 

no single starting hour that systematically maximizes profitability across product durations. Product duration 

remains the dominant parameter, but the optimal starting hour depends on the product length and market 

participation combination. With aFRR participation, this start-time sensitivity becomes considerably smaller, 

with the three 6-hour configurations differing by less than half a percentage point. 

 

Figure 3-16 Electrolyzer profit by hydrogen-market design and market participation combination. 
Annual profit is expressed as a percentage of the corresponding reference scenario (s06_l24). 
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The contrast between market combinations is summarized in Figure 3-17. The maximum annual-profit 

improvement reaches +45.3% for da_e+da_h2, compared with only +8.0% for da_e+afrr+da_h2 and +7.8% when 

within-day gas trading is additionally available. This indicates that access to aFRR strongly reduces the sensitivity 

of electrolyzer profitability to hydrogen-market design. When participation of aFRR is unavailable, greater 

hydrogen-market granularity represents a major source of additional flexibility and value. When aFRR is 

available, the electrolyzer has additional opportunities to monetize its operational flexibility, and the marginal 

benefit associated with reforming the hydrogen-market temporal structure is considerably smaller. 

 

Figure 3-17 Maximum improvement in electrolyzer annual profit from hydrogen-market reform  
by market participation combination. Values represent the percentage increase in annual profit of the best-

performing hydrogen-market configuration relative to the corresponding s06_l24 reference scenario. 

The profit decomposition in Table 3-8 provides further insight into the mechanisms behind these differences. 

Without aFRR, the profitability improvement in the best-performing da_e+da_h2 configuration is dominated by 

the DA hydrogen component, which contributes +41.3 pp, supplemented by a +4.0 pp contribution from DA 

electricity. The large overall improvement is therefore closely associated with changes in the value captured 

through hydrogen production and sales under the shorter hydrogen-product configuration. The decomposition 

changes markedly when aFRR participation is available. For the best da_e+afrr+da_h2 configuration (s03_l06), 

the hydrogen component contributes only +2.3 pp, while substantial changes are observed in the aFRR-related 

components, including +9.6 pp for aFRR-up and −4.1 pp for aFRR-down . A similar pattern is observed when 

within-day gas trading is included: the DA hydrogen contribution remains relatively small (+2.6 pp), while the 

aFRR-related components account for larger positive and negative changes. These results indicate that, once 

balancing-market participation is available, changes in the optimal operation induced by hydrogen-market 

reform are increasingly reflected in aFRR participation rather than predominantly in the hydrogen component 

itself.  
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Table 3-8 Decomposition of the electrolyzer annual-profit improvement  
between the best-performing hydrogen-market configuration and the corresponding s06_l24 reference 

scenario. Values represent percentage-point contributions to the change in total annual profit, normalized by 
the absolute total annual profit of the reference scenario. 

Market combination /Market 
segment 

aFRR 
down 

aFRR up 
Day- 

ahead 
electricity 

Day- 
ahead 

hydrogen 
Within day hydrogen 

da_e+da_h2 [best: s24_l06]   4.00% 41.30%  

da_e+afrr+da_h2 [best: s03_l06] -4.00% 9.60% 0.10% 2.30%  

da_e+afrr+da_h2+wd_h2 [best: 
s03_l06] 

-3.90% 8.50% 0.40% 2.60% 0.20% 

 

3.3.4 Impact on system flexibility 

The changes in gas- and hydrogen-market design also affect how the three technologies participate in the 

balancing market. Figure 3-18 and Figure 3-19 show aFRR activation and capacity reservation, respectively, 

relative to the corresponding s06_l24 reference scenario. While shorter gas and hydrogen products generally 

improve profitability across all three technologies, their impact on balancing-market participation differs 

substantially. In particular, a distinction emerges between aFRR activation, which reflects the flexibility actually 

activated, and capacity reservation, which reflects the flexibility committed to the balancing market. 

For the GFPP, shorter gas products are associated with lower aFRR activation. With 6-hour products, aFRR-

up activation falls to approximately 92–94% of the reference, compared with around 99–100% for 12-hour 

products and 100–102% for 24-hour products. A similar and slightly stronger pattern is observed for aFRR down, 

where activation falls to 90–91% for 6-hour products and 95–97% for 12-hour products, while the 24-hour 

configurations remain around 100–102%. Thus, although shorter gas products substantially improve GFPP 

profitability, this does not translate into greater activation in the balancing market. This is consistent with the 

profitability decomposition presented above, which showed that most of the economic gain is associated with 

changes in DA electricity and gas-market positioning rather than an increased contribution from aFRR. 

The CHP shows considerably less sensitivity. aFRR-up activation remains between approximately 98 and 

100% of the reference across all configurations, while aFRR-down activation remains around 99–101%. Changes 

in gas-market timing therefore have almost no effect on the amount of CHP flexibility actually activated. This 

limited response is consistent with the CHP profitability results, where the benefits of shorter gas products were 

also considerably smaller than for the GFPP. The heat-production requirement constrains the CHP's ability to 

reorganize its operation in response to changes in gas-market timing and therefore also limits changes in its 

balancing-market behaviour. 

A different pattern is observed for the electrolyzer. Here, shorter hydrogen products systematically increase 

aFRR activation. With 6-hour products, aFRR-up activation rises to approximately 110–111% of the reference 
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and aFRR-down activation to around 108%. Moreover, the differences between starting hours are small for a 

given product duration. For example, aFRR-up activation with a 6-hour product is 111%, 110% and 111% for 

starts at 03:00, 06:00 and 24:00, respectively. This indicates that, for activation, hydrogen-product duration is 

substantially more important than the starting hour. The result also complements the profitability 

decomposition, which showed that once aFRR participation is available, changes induced by hydrogen-market 

reform are increasingly reflected in balancing-market participation. 

The effect on aFRR capacity reservation is more complex and generally more sensitive to market timing, as 

shown in Figure 3-19. For the GFPP, particularly large variations are observed. Depending on the configuration, 

aFRR-up capacity ranges from 56% to 122% of the reference and aFRR-down capacity from 59% to 127%. For 

example, with a 6-hour gas product, upward capacity reservation increases from 56–62% with a 03:00 start to 

84–91% with a 06:00 start and 84–90% with a 24:00 start. The CHP again exhibits a more moderate response: 

upward capacity reservation varies approximately between 83 and 101%, while downward reservation remains 

within roughly 95–104%. For the electrolyzer, upward capacity reservation is also sensitive to the starting hour. 

With a 6-hour hydrogen product, it amounts to only 90–92% with a 03:00 start, but rises to 113% with a 06:00 

start and 113–115% with a 24:00 start. Changes in downward electrolyzer capacity are smaller, generally 

remaining between approximately 98 and 107%. 

The stronger sensitivity of capacity reservation to the market-day starting hour can be explained, by the 

temporal alignment between the DA and within day markets and balancing markets. In the model, aFRR capacity 

is reserved in fixed 4-hour blocks starting at midnight, whereas the gas and hydrogen products considered here 

start at 00:00, 03:00 or 06:00 and have durations of 6, 12 or 24 hours. Changing the start time and product 

duration therefore changes how gas or hydrogen trading intervals overlap with the fixed aFRR capacity blocks. 

This can affect assests ability to simultaneously manage the short term-market position and commit operational 

flexibility to aFRR. The effect is particularly visible for the GFPP and electrolyzer, where capacity reservation can 

vary substantially between configurations with the same product duration but different starting hours. The 

results therefore suggest that cross-market temporal alignment matters more for capacity reservation than for 

total annual profitability or actual aFRR activation. 

3.3.5 Discussion 

The results across profitability and balancing-market participation reveal a consistent but technology-

dependent impact from the suggested changes. Across all three technologies, shortening the DA product 

duration is considerably more influential than changing the starting hour of the market day. In particular, a 6-

hour DA gas or hydrogen product is the preferred option across all technology and market-participation 

configurations, with the best-performing profitability scenario consistently relying on the shortest product 

duration considered. Shorter products increase the frequency at which gas or hydrogen positions can be 

adjusted and therefore improve the coordination between gas/hydrogen procurement or production and 
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electricity-market operation. By contrast, changing the starting hour mainly shifts the boundaries of otherwise 

unchanged market intervals, explaining its comparatively limited effect on annual profitability. 

The magnitude of the economic benefit nevertheless differs substantially between technologies. The CHP is 

least sensitive to increased market granularity, with a maximum profitability improvement of approximately 

4.7%, compared with approximately 20.7% for the GFPP and 45.3% for the electrolyzer in the configurations 

without aFRR. This difference reflects their operational characteristics. The CHP's heat-production requirement 

constrains its ability to reorganize operation in response to market conditions, whereas the GFPP can exploit 

shorter gas products more directly to coordinate fuel procurement with electricity generation. The electrolyzer 

exhibits the strongest response when operating without aFRR, indicating a particularly high value from 

coordinating electricity consumption and hydrogen production over shorter market intervals. 

Access to additional markets also reduces the marginal value of the proposed changes. For the GFPP, the 

maximum profitability improvement decreases from approximately 20.7% without aFRR to around 14% with 

aFRR participation, while for the electrolyzer the reduction is considerably stronger, from 45.3% to 

approximately 8%. This suggests that gas and hydrogen-market granularity and access to balancing markets 

provide partly alternative mechanisms through which operational flexibility can be monetized. This finding also 

has implications for different types of market participants. Assets or market participants that do not have access 

to, or are unable to participate in, multiple short-term and balancing markets may derive particularly large 

benefits from greater granularity in the gas or hydrogen market itself. Conversely, participants able to optimize 

their positions across several markets can already monetize part of their flexibility elsewhere and therefore 

obtain a smaller incremental benefit from the proposed changes. Nevertheless, the positive profitability effect 

observed across the different market configurations indicates that shorter gas and hydrogen products remain 

beneficial even when additional market opportunities are available. Consequently, the design of one market 

cannot be considered entirely independently of the opportunities available in other markets. 

Importantly, however, higher profitability from shorter products does not imply a uniform increase in 

balancing-market participation. The technologies respond in very different ways. For the GFPP, shorter gas 

products increase profitability while reducing aFRR activation; for the CHP, activation remains almost 

unchanged; and for the electrolyzer, shorter hydrogen products increase both upward and downward activation. 

This shows that greater market flexibility can either substitute for, coexist with, or facilitate balancing-market 

flexibility depending on the operational characteristics of the asset. The economic value of market modifications 

should therefore not be interpreted directly as an increase in the volume of balancing flexibility supplied to the 

system. 

A further distinction emerges between aFRR activation and capacity reservation. Activation is primarily 

affected by product duration and shows relatively little sensitivity to the market-day starting hour. Capacity 

reservation, in contrast, can vary substantially with both start time and product duration, particularly for the 



 

2026 ReInvent Public Page | 83 

 

GFPP and electrolyzer. This difference can be linked to the temporal structure of the markets. Because aFRR 

capacity is reserved in fixed four-hour blocks starting at midnight, changing the boundaries of the gas or 

hydrogen products changes their alignment with these balancing-market blocks. The ability to commit capacity 

is therefore affected not only by the amount of operational flexibility available, but also by whether gas and 

hydrogen market commitments and balancing-market reservation intervals are temporally compatible. If 

shorter gas or hydrogen products are introduced, the interaction with the temporal granularity of balancing-

capacity products should therefore also be considered. In particular, investigating shorter aFRR capacity-

reservation periods (e.g., 1-hour instead of 4-hour blocks) could determine whether finer balancing products 

improve cross-market alignment and allow assets to make greater use of the flexibility created by shorter 

products. 

Taken together, the results indicate that temporal granularity and temporal alignment represent two distinct 

dimensions of market coordination. Greater market granularity (more specifically a 6h DA product) consistently 

improves the ability of flexible technologies to respond to changing market conditions and is the main driver of 

the observed profitability gains. Temporal alignment between DA and balancing markets has a smaller effect on 

annual profitability but can substantially influence how flexibility is made available to the balancing market. The 

magnitude and direction of both effects depend strongly on the technology and on the combination of markets 

in which it participates. These findings therefore support a coordinated approach to market design in which gas, 

hydrogen, electricity and balancing-market structures and modifications are considered jointly rather than 

independently. In this context, further increasing the granularity of balancing-capacity products represents a 

relevant next step for assessing whether the benefits of shorter gas and hydrogen products can be 

complemented by better temporal coordination with the balancing market. 
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Figure 3-18: Upward and downward aFRR activation across market combinations and scenarios.  
Activation is expressed as a percentage of the corresponding s06_l24 reference scenario. 
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Figure 3-19: Upward and downward aFRR reservation across market combinations and scenarios. 
 Capacity reservation is expressed as a percentage of the corresponding s06_l24 reference scenario. 
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4 Combined model analysis of sector-coupling 

4.1 Relevance and approach 

Each energy system model discussed in Chapter 3 has its specific scope, strengths and limitations. This 

suggests added value can be gained by exploiting synergies between different models. For example, whereas 

TIMES-BE offers an explicit, sector-resolved representation of final energy demand, models like NSIM and 

POMMES provide a considerably more detailed representation of hydrogen and synthetic molecule import 

routes, and associated prices. Moreover, any modelling exercise requires assumptions on uncertain parameters 

like energy import costs. Applying models in a combined model analysis enables critical cross-evaluations of 

those assumptions, possibly leading to improved and more consistent representations. 

To explore the synergies of a combined model analysis, TIMES-BE and the North-Sea Integration Model have 

been linked in an iterative manner to assess the impact of sector-coupling. The linkage works in two directional 

steps. First, the sector-specific final energy demands for Belgium generated by TIMES-BE are passed to NSIM as 

an input, updating its demand-side assumptions. Second, the resulting run of NSIM produces refined supply 

routes and prices for hydrogen and other synthetic molecules, which are then fed back into TIMES-BE to update 

its import prices, quantities, and potentials for these commodities. This iterative exchange allows each model 

to retain its own area of specialization while ensuring internal consistency between demand and supply-side 

assumptions. 

 

Figure 4-1: terative TIMES-BE–North Sea model linkage for sector-coupling assessment 
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4.2 Updated reference scenarios 

The PATHS 2050 ROTORS scenario (ROTORS25) was selected as the main reference to test the iterative 

approach. The main criterion was that – among the different PATHS scenarios - it features the most significant 

role of hydrogen in Belgium, both in terms of demand and domestic production. 

4.2.1 Updated results from Fluxys North Sea Integration Model (NSIM) 

 

As a first step in the iterative approach, the Belgian demand assumptions in the North Sea Integration Model 

(NSIM) were updated using the sectoral energy demands obtained from the PATHS2050 ROTORS25 scenario7 

[7]. The original NSIM simulations were based on the Distributed Energy (DE2024) scenario from the ENTSOs' 

TYNDP 2024. Replacing the Belgian demand assumptions with ROTORS allows the assessment of a more 

consistent integrated scenario while maintaining the detailed representation of European energy infrastructure 

available in NSIM. 

Figure 4-2 compares the original DE2024 demand assumptions with the updated Belgian ROTORS25 demand. 

The largest differences are observed for hydrogen and its derivatives (ammonia and methanol), which partly 

relate to a substantially lower allocation of international maritime transport demand to Belgium in ROTORS25. 

Whereas in ROTORS25 this (lower) demand is fulfilled mostly via imported e-methane, under the original NSIM 

runs this demand was fulfilled with similar shares of methane, liquids, and clean molecules. To avoid modifying 

the overall demand balance of the ten-country NSIM model, the reduction in Belgian international transport 

demand was redistributed across the nine remaining countries. Further main differences apply in industry, with 

mainly for steel and chemicals a significantly higher clean molecules demand in DE2024 compared to ROTORS25. 

All other model assumptions were kept identical to the original NSIM simulations, including renewable 

potentials, nuclear capacity assumptions, CCS availability8, and the requirement for carbon neutrality at the 

aggregated North-West European level.  

 

7 Data from the Main Edition 2025 
8 A main difference in model set-up concerns CCS availability, with a CCS limit under ROTORS25, which is not adopted under NSIM. 
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Figure 4-2: Comparison of Belgian final energy and feedstock demand assumptions used in NSIM  
for the Distributed Energy (DE2024) and ROTORS scenarios (excluding biofuels). 

 

The updated demand assumptions were subsequently used to perform a new NSIM simulation. The resulting 

Belgian energy balances are presented in Figure 4-3 and compared with the original Distributed Energy case. As 

expected, the lower demand for hydrogen derivatives in ROTORS leads to lower absolute volumes of hydrogen 

production, ammonia imports, methanol imports and CO₂ capture activities. Nevertheless, the overall supply 

structure remains remarkably similar between both scenarios. 

In both cases, hydrogen is produced predominantly through autothermal reforming of methane combined 

with carbon capture and storage (ATR-CCS), indicating that under the common cost and infrastructure 

assumptions of the model, this pathway remains more competitive than large-scale electrolysis in Belgium. 

Similarly, ammonia and methanol continue to be supplied predominantly through imports, reflecting the lower 

transport costs associated with liquid molecules compared to hydrogen. The main effect of the demand 

reduction is therefore a proportional decrease in the quantity of molecules handled by the system rather than 

a structural change in the optimal supply mix. 

A noteworthy difference appears in the electricity sector. The NSIM-ROTORS scenario exhibits a larger 

contribution from gas-fired power plants compared to the original Distributed Energy scenario. Although annual 

generation from combined-cycle gas turbines approximately doubles, from around 5 TWh to 10 TWh, the overall 

contribution remains limited compared with renewable generation, nuclear production and electricity imports. 

This reflects a different balance between domestic electricity supply and molecule demand rather than a 

structural shift towards gas-based electricity generation. 
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Figure 4-3: Comparison of Belgian annual energy balances obtained with NSIM  
for the Distributed Energy (top) and ROTORS (bottom) demand scenarios. 

 

Beyond annual energy balances, NSIM also provides detailed hourly import and export profiles together with 

the associated marginal prices. Figure 4-4 illustrates a typical electricity interconnection flow. Since all countries 

are optimized simultaneously, cross-border exchanges emerge endogenously from the model and therefore 

reflect both infrastructure constraints and generation costs in neighbouring countries. The marginal value of 

imports can be derived directly from the shadow price of the exporting region and provides an estimate of the 

import cost faced by Belgium. 

 

 

Figure 4-4: Example of hourly electricity imports and associated marginal prices derived from NSIM  
for a representative interconnection. 

 

The same approach applies to hydrogen and other molecules exchanged between neighbouring countries. 

Figure 4-5 presents an example of hydrogen imports from the far North Sea zone. Similar hourly profiles and 

marginal prices are available for all modelled interconnection points and can be used to characterise both the 

availability and cost of imported molecules. 
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Figure 4-5: Example of hourly hydrogen imports and associated marginal prices  
derived from NSIM for a representative hydrogen interconnection. 

 

In addition to exchanges within North-West Europe, NSIM explicitly represents imports from overseas 

production hubs. These remote hubs are co-optimized together with the European system, allowing the model 

to determine both optimal import volumes and corresponding production and transport costs. Such results 

provide additional information regarding the competitiveness of imported hydrogen, ammonia, methanol and 

other clean molecules under different geographical sourcing options. 

 

 

Figure 4-6: Modelled production and transport costs for molecules imported from overseas hubs  
in the NSIM framework. 
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4.2.2 Updated results TIMES-BE  

The complete set of hourly import profiles, import capacities and marginal prices generated by NSIM were 

made available for use in the subsequent TIMES-BE analysis. This data was processed in the following way. For 

hydrogen import by pipeline, hourly hydrogen imports and associated marginal prices were transformed to bi-

hourly price curves associated with the representative days in TIMES-BE. For other the maritime import costs, 

TIMES-BE annual average import price assumptions were replaced with the ones calculated with NSIM. 

Electricity import prices were used as a comparison. Implementing alternative electricity prices proved difficult 

as TIMES-BE already endogenizes electricity imported volumes and costs via temporally explicit cost curves 

reflecting import and export prices as a function of traded volumes. 

Applying the Integration model's prices to TIMES-BE changes the cost landscape for hydrogen and synthetic 

molecules compared to the original TIMES-only assumptions. For most commodities, in particular hydrogen 

delivered by pipe, methanol, ammonia, eDiesel, eMethane, and eKerosene, the NSIM-derived prices in 2050 fall 

between, or below, the two original ‘Default’ (e.g. for ROTORS) and ‘Low’ (for IMPORTS) TIMES scenario 

assumptions (Table 3-1). In general, NSIM prices land closer to the IMPORTS price level, thus smoothing out 

some of the larger discrepancies previously seen between ROTORS and IMPORTS. NSIM electricity import prices, 

on the other hand, sit slightly above the original TIMES ROTORS assumptions. 

 

 

Figure 4-7: Average import fuel and electricity prices comparison across scenarios (2050) 

These revised price signals translate into materially different outcomes once fed back into TIMES-BE. Four 

scenarios are shown (Figure 4-8), including the original ROTORS25 scenario, the ROTORS – NEW scenario based 

on the TIMES-BE development branch used under REINVENT, the ROTORS – NSIM scenario that consequently 

substitutes default with NSIM molecules import process, and the REFERENCE scenario, which on top applies 

partial flexibility. Hydrogen demand increases (Figure 4-8a) with new demands come into the mix, including for 

ammonia production (substituting for ammonia import) and chemicals. In terms of hydrogen production (Figure 
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4-8b), ROTORS-NSIM shows a marked increase of both electrolysis-based hydrogen and pipeline imports. 

Concerning the imports of other synthetic molecules (Figure 4-8c): the new ROTORS run with NSIM prices shows 

– despite a decrease of ammonia imports - an increase in total import volumes relative to the original runs, 

higher contributions from e-Methane and e-kerosine , and an emerging share of methanol imports. 

a) 

 
 
b) 

 
 
c) 

 
Figure 4-8: Comparison of a) hydrogen demand, b) hydrogen supply, and c) other clean molecules import  

under scenarios with TIMES default import prices (ROTORS_2025 & ROTORS – NEW) and import prices from 
NSIM (ROTORS – NSIM & REFERENCE) 
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4.3 Sector coupling scenario results 

The final analysis of this chapter brings together the two flexibility dimensions, heating flexibility and EV 

charging flexibility, alongside a dedicated assumption on power-to-X (P2X) cost development, to assess how 

they impact the design of the energy system by 2050, with a special focus on the local production of clean 

molecules. 

4.3.1 Scenario design 

Demand-side flexibility here combines two components, EV charging flexibility and heating flexibility. The 

former aims at quantifying the maximum penetration of flexible EV chargers as well as vehicle-to-grid (V2G)-

enabled ones. The uptake ranges from a "No Flex" case where neither smart charging nor V2G is available, 

through a "Reference" case with more moderate and gradually increasing shares (following the projections from 

the Elia Adequacy and Flexibility study 2026-20369, interpolated with the results of the survey by TML for 

205010), up to a "High Flex" case in which smart charging is already fully available from 2030 onward and vehicle-

to-grid uptake follows a more optimistic scenario drafted starting from the aforementioned survey, climbing 

progressively from a negligible share in 2030 to around 70% by 2050 (Figure 4-9). Heating flexibility similarly 

ranges from “No Flex” to Reference flex where only flexibility for water heating is allowed, to High flex with full 

flexibility for heating technologies, allowing to range between plus 50% and minus 50% of the baseline heating 

demand. 

 

Figure 4-9: Maximum uptake of flexible EV chargers for different scenario choices  

 

The sensitivity analysis on P2X is focused here specifically on the power-to-hydrogen step, being it the crucial 

step for local clean molecules generation. While for the NoP2X scenarios, the assumption is simply the one to 

exclude this kind of technologies, for the High P2X scenarios, electrolyzer investment costs (covering alkaline, 

 

9 https://www.elia.be/en/electricity-market-and-system/adequacy/adequacy-studies 
10 https://epocbelgium.be/sites/epoc/files/2.2.2.2%20Vanp%C3%A9e%20et%20al.%20V2G%20market%20potential.pdf 
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PEM, and SOE technologies) is assumed to halve by 2040 and 2050 relative to the Reference cost trajectory 

(Figure 4-10). This reflects an accelerated cost-reduction pathway for electrolyzer technologies compared to the 

more conservative Reference case. 

 

Figure 4-10: Electrolyzer cost per type and scenario choice option 

 

Based on these assumptions, four extreme combinations were run, crossing the presence or absence of 

demand-side flexibility (Flex vs. NoFlex) with the presence or absence of accelerated P2X cost reduction (P2X vs. 

NoP2X), reflecting the full range from weak to strong sector-coupling. The REFERENCE scenario is also included 

as a reference point to the extreme cases, and to allow a quantification of the system cost gains and losses. 

Table 4-1: Extreme scenario cases ranging from weak to strong sector-coupling 
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4.3.2 Results and discussion 

The results confirm the expected direction: system costs increase in the cases without demand-side 

flexibility, which emerges as the dominant driver of cost savings, and further increase when P2X cost reduction 

is also unavailable. Comparing undiscounted annualized savings relative to the Reference scenario across the 

four extreme cases in 2030 and 2050 provides several useful insights. 

In 2030, savings remain modest and relatively similar across the cases with equal demand-side flexibility, 

with a more significant difference between the scenarios with high and low demand-side flexibility. This is 

expected, since demand flexibility options cost reductions have had time to diverge substantially from the 

Reference case this early in the horizon. 

By 2050, the picture changes considerably. The two flexible cases (Strong sector-coupling and Demand-side 

flex only) show markedly higher savings compared to the two non-flexible cases (Weak sector-coupling and P2X 

only), which show negative savings relative to the Reference scenario. This confirms that demand-side flexibility, 

rather than P2X cost assumptions, is the primary lever driving system cost reductions by mid-century. 

Looking at the cost components behind these savings, the high-flexibility cases benefit substantially from 

lower investment needs in insulation and heating technologies, as well as meaningful savings in batteries as a 

source of flexibility, and dispatchable power plant capacity. This is partially counterbalanced by higher 

investments in EV chargers and PV capacity. 

The non-flexible cases, by contrast, show negative contributions concentrated in "Other Import/Export" and 

dispatchable power plants, indicating that the absence of flexibility forces the system into costlier import 

positions (for both fossil and clean fuels) and higher reliance on dispatchable generation to cover peak demand. 

Interestingly, the Weak sector-coupling case in 2050 shows the largest negative swing in "Other Import/Export", 

reinforcing that the combined absence of both flexibility and cheap P2X technology compounds the system's 

reliance on costly imports rather than domestic, flexible solutions. 
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Figure 4-11: System cost savings and additional expenditure of sector-coupling scenarios  

compared to the REFERENCE scenario 

Note that hydrogen demand under the ROTORS storyline is partly driven by the CCS limit of 10Mt per year, 

which in turn drives hydrogen demand for methanol synthesis. Therefore, additional scenario variants were 

generated by relaxing the constraint on Carbon Capture and Storage (CCS) potential in the ROTORS storyline for 

the scenarios that could not rely on P2X. Unlocking a higher CCS potential gives the model more room to 

decarbonize domestically rather than relying on imported clean molecules, which in turn may reduce the volume 

of clean molecule imports needed in 2050.  

Looking at hydrogen production and imports by source across the extreme cases (Figure 4-12), a clear 

substitution pattern emerges depending on P2X availability and CCS constraints. When P2X is enabled and 

electrolyzers are cheap, domestic hydrogen production (via PEM and alkaline electrolysis) reaches around 7 TWh 

in 2040 and roughly 15 TWh/year by 2050. When P2X is disallowed, this volume is replaced by pipeline imports. 

The picture changes substantially, however, once CCS is unconstrained: in the No CCS Limit variants, the overall 

need for hydrogen production and import, as the availability of lower-cost domestic decarbonization via CCS 

displaces the need for clean hydrogen and clean molecules. 



 

2026 ReInvent Public Page | 97 

 

 

Figure 4-12: Hydrogen supply for all sector-coupling scenarios (year 2050) 

 

Figure 4-13: Hydrogen demand for all sector-coupling scenarios (year 2050) 

 

Concerning centralized hydrogen storage capacity, finally, we observe that disabling P2X removes domestic 

electrolysis and shifts supply toward imported hydrogen instead, consequently removing the need for hydrogen 

storage capacity (Figure 4-14). For other scenarios, tanks storage capacities come into play, mostly so for the 

reference case. This suggests that the need for tank storage is correlated with both P2X, as well as the level of 

demand-side flexibility and the overall level of hydrogen demand. But its precise role as a flexibility provider in 

the energy system needs to be addressed in future research. 
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Figure 4-14: Hydrogen tank storage capacity by scenario 

 

4.4 Benefits and challenges of a combined model analysis 

We conclude this section with a methodological reflection on the main added values and challenges of 

combing different models in the analysis. In general, combining different types of models in a consistent analysis 

is important to bridge different strands of knowledge. This holds, for example, for combining energy and 

economy models to capture the interaction between energy system and macro-economic development [16]. 

Different ways of combining models can be envisaged, ranging from applying models separately, to iterative 

model-linking procedures, to model integration [17]. 

The combined analysis tested in this chapter has stayed within the realm of the energy system. It focused on 

bridging different types of energy system optimization models, i.e. a more integrated model (TIMES-BE) co-

optimizing demand and supply, and more supply-side oriented models (NSIM, POMMES) based on exogenous 

demand projections, but with a broader geographical scope and higher detail for representing energy supply 

chains and infrastructures. The methodological approach followed the rationale of iterative soft-linking, 

covering one iteration of a two-way data exchange between the two models. 

During this exercise, the modelling teams encountered several methodological and practical challenges. First, 

iterative soft-linking is a rather time-intensive process that requires significant effort for understanding the 

different modelling approaches, for comparing model inputs and results (with generally different sector 
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disaggregation), and preparing data-exchanges in the right formats. Secondly, more fundamental challenges 

relate to model consistency. Although the different model assumptions can be aligned to some extent, there 

are limits to this alignment, amongst others due to the sheer number of potentially relevant assumptions 

adopted over significant model development periods. A concrete consistency issues encountered in linking 

TIMES-BE and NSIM is the adoption of different weather years, which may significantly affect results, and is 

difficult and time-intensive to modify. Another consistency issue arose from differences in geographical scope. 

While the demand side projections offered by TIMES-BE only cover Belgium, remaining North-Sea countries 

followed original TYNP projections, which dampened the potential impact of demand-side changes on supply-

side model results. Moreover, this may imply limited coherence of demand-side projections between Belgium 

and other North-Sea countries. 

Yet, the modelling exercise was also valuable. In general, it forces modelling teams to critically reflect on 

specific modelling assumptions, when other models suggest alternative plausible assumptions. In the concrete 

application described above, for example, TIMES-BE offers alternative demand projections for hydrogen and its 

derivatives with generally lower industry demands compared to the TYNDP2024 Distributed Energy scenario. 

Vice-versa, substituting TIMES-BE clean molecules import price assumptions with NSIM output significantly 

drives up modelled hydrogen demand. The POMMES model finds relatively large shares of domestic electrolysis 

compared to TIMES-BE, which spurs reflection on the specific drivers behind. Yet, further research is needed to 

analyse those model differences in detail, whether related to electricity generation potentials and costs, energy 

commodity prices, weather data, model structure and scope and other factors affecting competitive domestic 

production. Overall, allowing experts to learn from other models and other experts contributes to an improved 

global knowledge in the industry. 

From this perspective, further combined model analysis would be beneficial, which could also be based on 

stand-alone model application. Such an analysis could be structured around specific research questions, for 

example on the cost-optimal level of domestic green hydrogen in Belgium, or on the role of offshore electrolysis. 

Consequently, addressing these questions from the perspective of different models, with careful analysis of the 

explanatory factors of differences in model results, would lead to insights into main controversies: the critical 

uncertain factors underlying different viewpoints on energy system planning. This, in turn, could provide 

valuable insights to maintain a broad scope of plausible futures in further scenario design. 
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5 Conclusion: main impacts of sector-coupling 
In this report, sector-coupling was analysed from a system-level, top-down perspective. The first aim of this 

deliverable has been to examine the scalability and replicability potential of the different business use cases 

deployed under ReInvent, to understand how local-level sector-coupling initiatives can generate impacts beyond 

the pilot and simulation phases. A second aim has been to evaluate the impact and value of sector-coupling, 

particularly for electrification and demand-side flexibility, for Power2X in relation to clean molecules import, 

and for multi-energy market design. A methodological objective, finally, was to explore how different system 

level models can work together in a complementary way through a combined model analysis. 

Scalability and replicability potential of the business use cases 

Concerning the scalability and replicability potential of the business use cases, the analysis shows that sector-

coupling solutions generally have potential for wider deployment, but that scaling and replication depend on 

the alignment of technical, economic, regulatory and stakeholder-related boundary conditions. Scalability and 

replicability should therefore not be understood as straightforward expansion or duplication of successful pilots. 

While many of the underlying technologies and operational principles are transferable, deployment at larger 

scale or in new contexts typically requires adaptation to local infrastructure, market conditions, regulation and 

stakeholder needs. 

For electrification and demand-side flexibility, the growing deployment of EVs, heat pumps, batteries and 

other controllable electrical assets create an expanding flexibility potential. Realising this potential at scale, 

however, requires effective coordination of increasingly diverse and distributed resources, and sufficient 

economic incentives for users to participate. Replication across regions and customer groups appears feasible 

because the underlying flexibility principles are broadly transferable, but implementation needs to account for 

differences in asset availability, interoperability, tariffs and flexibility mechanisms, regulation and user 

preferences. 

For collective energy sharing, modularity and economies of scale can support wider deployment by spreading 

fixed costs across more participants and improving opportunities to match local generation and demand. At the 

same time, expansion can increase governance and administrative complexity and may encounter local 

infrastructure constraints. Replication is particularly dependent on the regulatory and market context, as well 

as on locally appropriate governance, contractual and benefit-sharing arrangements. The analysis therefore 

points to a balance between standardisation and local adaptation: common technical and organisational 

solutions can reduce replication efforts, but each project still needs to fit local conditions and provide a 

transparent and credible value proposition for participating stakeholders. 

For clean molecules and Power2X, scalability and replicability are more strongly conditioned by the 

surrounding infrastructure and market ecosystem. Although technologies such as electrolysers are modular and 
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increasingly standardised, scaling requires sufficient renewable electricity and grid capacity, suitable hydrogen 

transport and storage infrastructure, and stable demand from industrial or mobility off-takers. Economic 

viability remains closely linked to high utilisation and sufficiently competitive hydrogen production, while 

permitting and renewable hydrogen requirements can further influence project development. Replication is 

therefore less a matter of reproducing a standard technical configuration than of finding locations where the 

necessary infrastructure, demand, regulatory conditions and stakeholder commitments can be brought 

together. 

The impact and value of sector-coupling at system level 

The system-level impact assessment on sector-coupling has analysed the value of different sector-coupling 

options, which generally have significant system benefits. Demand side flexibility technologies are largely ‘no-

regret’ from a techno-economic perspective, since they provide high value to the system at low cost. Water 

heating buffers and flexible EV charging, for example, prove highly attractive from a system optimization 

perspective, reaching the full utilization of their maximum potential in every scenario where they are enabled. 

Other flexibility options, like thermal inertia in buildings and the uptake of two-way flexible charging (vehicle to 

home, building or grid) are exploited more moderately up to respectively some 20% and 35% of their maximum 

potential. Overall, the monetary system-level benefits from demand side flexibility are significant, and can be 

attributed to having more VRE integration, lesser imports of power and molecules, lesser battery investment, 

and more efficient heating systems. 

Besides electrification, hydrogen and other clean molecules are found to have an important role in a climate-

neutral Belgian energy system, although significant uncertainty applies. There is considerable uncertainty on the 

drivers of hydrogen demand, such as access to affordable electricity, deployment of CO₂ storage, regulatory 

requirements on renewable hydrogen supply. As a result, hydrogen demand scenarios for Belgium developed 

with TIMES-BE indicate a broad range from some 11 to 30 TWh (out which some 6 TWh being supplied as a 

byproduct, mainly from refineries). Furthermore, there is uncertainty on cost-optimal hydrogen supply routes, 

with different results among the different cases and models (TIMES-BE, NSIM, POMMES). For example, the 

models TIMES-BE and POMMES differ on the cost-optimal domestic supply routes, with notably higher levels of 

electrolysis in POMMES compared to TIMES-BE. To fully appreciate these model differences, further research is 

needed to further analyse differences in electricity prices, commodity prices, weather data and other factors 

affecting competitive domestic production. Overall, first estimates of the value of Power2X for Belgium indicate 

significant system-levels savings from enabling Power2X, albeit smaller to those of demand side flexibility. These 

savings could materialize over a long-term timeframe (2050) and are primarily attributed to enhanced PV 

integration, with reduced needs for imported clean molecules and power.  

More coordinated energy market designs can be an important enabler for sector coupling. The Belgian 

electricity, gas, hydrogen and heat markets are already physically interconnected through technologies that 



 

2026 ReInvent Public Page | 102 

 

convert energy between carriers. However, these physical interactions are not yet fully reflected in market 

organisation. Differences in trading products, temporal granularity and market arrangements can limit the ability 

of multi-carrier technologies to respond efficiently to signals across energy markets. The results indicate that 

temporal granularity and temporal alignment represent two distinct dimensions of market coordination. Greater 

market granularity, more specifically through shorter day-ahead gas or hydrogen products, consistently 

improves the ability of flexible technologies to respond to changing market conditions and is the main driver of 

the observed profitability gains. Temporal alignment has a smaller effect on annual profitability but can 

substantially influence how flexibility is made available to the balancing market. The magnitude and direction of 

both effects depend strongly on the technology and the combination of markets in which the technology 

participates. These findings therefore support a coordinated approach to market design, in which changes to 

gas, hydrogen, electricity and balancing-market structures are considered jointly rather than independently. 

We conclude with main methodological reflections on ways in which different system level models can work 

together in a complementary way. An iterative soft-linking procedure was tested between the more integrated 

energy system model TIMES-BE and the more supply-oriented model NSIM, covering one iteration of a two-way 

data exchange. This modelling exercise was valuable as it forces modelling teams to critically reflect on modelling 

assumptions that - in light of uncertainty - may be chosen differently between different models. Yet, the exercise 

is also challenging, first since model coupling is a time-intensive process, and second as it remains difficult to 

arrive at fully consistent model set-ups. Further combined model analysis, therefore, could also consider stand-

alone model application structured around common research questions. Careful analysis of the explanatory 

factors of differences in model results would reveal critical uncertain factors underlying different viewpoints on 

energy system planning, as a valuable input for further scenario analysis and robust policy-making. 
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