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Clean molecules trajectories and energy 
system-wide consequences 

Key takeaways 

1. Prioritise clean molecules for aviation, maritime, and hard-to-abate 

industry—not for road transport, buildings, or low-temperature heat. 

2. Support a mix of molecules—hydrogen (green/blue), biofuels, synthetic fuels, CCS-based 

Natural Gas. Though its role is significant in producing derivatives, hydrogen itself represents only 5% of 

total final energy use and around 15-25% of total clean molecule use. 

3. Relaxing regulatory hydrogen requirements in industry increases domestic hydrogen production via 
SMR/ATR with CCS from 0 - 4.1 TWh to 22.3 TWh, resulting in total cost savings of 

around 250 MEUR per year by 2050.  

4. If the 60% renewable hydrogen requirement should be strived for, the energy 

system largely relies on imports of clean molecules and limited domestic production.  

Setting the scene 

What are clean molecules? 

 

Figure 1. Molecules assessed and their categorization in the context of this study.  



The Power of Perspective  

2 

EnergyVille • Thor Park 8310-8320, 3600 Genk - Belgium • info@energyville.be • energyville.be  

The study considers a range of molecules that may play a role in the Belgian energy system, as illustrated in Figure 1. 
The primary focus is on clean molecules, more specifically: 

• For domestic production: (i) Renewable Fuels of Non-Biological Origin (RFNBO) — i.e. renewable hydrogen 
and its derivatives (e.g. ammonia, kerosene, methane, methanol); (ii) low-carbon hydrogen (e.g. blue and pink) 
and their derivatives; and (iii) biofuels and bio-based gases. 

• For imports: the focus is on RFNBO hydrogen and its derivatives1. 

Clean molecules are increasingly seen as a key pillar of the decarbonisation strategy in Europe and Belgium. They play 
a critical role in the energy transition by providing solutions for sectors where direct electrification is technically difficult or 
economically inefficient, such as high-temperature industrial processes (e.g. steel, chemicals, cement) and long-distance 
transport like aviation and maritime shipping. In addition, clean molecules enable the storage, transport, and international 
trade of renewable energy in chemical form, helping to balance energy systems with high shares of variable renewables. 

What is the current strategic policy landscape for clean molecules? 

RED III2 and the broader EU policy framework provide the foundation for Belgium’s energy transition by setting ambitious 
renewable energy targets, accelerating electrification, and promoting renewable hydrogen—particularly within industrial 
clusters and port areas. A key molecule-related target is the achievement of a 60% share of RFNBOs in industrial 
hydrogen consumption by 2050. In parallel, sector-specific regulations such as ReFuelEU Aviation and FuelEU Maritime 
drive the uptake of sustainable fuels—including e-kerosene in aviation and ammonia or e-methane in shipping. This 
transition is further supported by enabling market frameworks, infrastructure development, and economic instruments 
such as the EU ETS, the Carbon Border Adjustment Mechanism (CBAM), and dedicated public funding schemes. 

In Belgium, there is no overarching, coordinated policy framework covering the full spectrum of clean molecules 
(e.g. ammonia, methanol, e-fuels, biomolecules). The Federal Hydrogen Strategy, updated in 2022, primarily positions 
Belgium as a key import and transit hub, with a strong focus on large-scale hydrogen imports, infrastructure development, 
and the creation of a supportive regulatory and market environment, while domestic production is expected to remain 
relatively limited. While the Belgian hydrogen strategy explicitly considers hydrogen derivatives—particularly in the context 
of imports and market development—it does not define dedicated quantitative targets for these. Instead, targets are 
framed at the level of overall hydrogen and hydrogen carrier volumes, infrastructure deployment, and market creation. 

What are current challenges?  

Belgium is making progress in governance, planning, and infrastructure development, with regulatory frameworks under 
preparation and the first elements of a hydrogen transport backbone beginning to materialise3 (FPS Economy, 2024). 

However, delays related to network development persist4, and progress on domestic production remains limited. To date, 

only around 25 MW is under construction, notably through the HyoffWind project (WaterstofNet, 2025). 

Increasing evidence points to a potential misalignment between current EU policy frameworks and system-level 
requirements for timely and cost-effective scale-up of clean hydrogen supply as current frameworks heavily prioritise 
RFNBO hydrogen while giving limited consideration to potentially more cost-competitive, low-carbon alternatives, such 
as Carbon Capture and Storage (CCS) enabled hydrogen, particularly in the near to medium term (CREG, 2024; ACER, 
2025). This may slow down large-scale hydrogen deployment, whereas a more technology-inclusive approach could 
accelerate market uptake, reduce system costs, and support the timely development of hydrogen infrastructure (Hydrogen 
Council, 2024). 

At the same time, market demand remains uncertain, particularly among large industrial off-takers5 who would be 

expected to anchor early hydrogen markets. The absence of firm long-term purchase commitments and the still-significant 
cost gap between renewable hydrogen and conventional alternatives are slowing commercial deployment and projects’ 

 

1 PATHS2050 analysis did not consider imports of low-carbon hydrogen or its derivatives. Hydrogen production from imported natural gas via 
existing grid infrastructure has lower transport costs than importing blue hydrogen and can leverage emerging CCS infrastructure in Belgium. 
2 Directive (EU) 2023/2413 of the European Parliament and of the Council of 18 October 2023 amending Directive (EU) 2018/2001, Regulation 
(EU) 2018/1999 and Directive 98/70/EC as regards the promotion of energy from renewable sources, and repealing Council Directive (EU) 
2015/652. 
3 HY4Link, the cross-border hydrogen transport infrastructure initiative by Creos Luxembourg Hydrogen, Fluxys hydrogen, and NaTran has been 
granted Project of Common Interest (PCI) status by the European Commission (Fluxys, 2025). 
4 Fluxys’ hydrogen network project between Ghent and Antwerp faces environmental permitting delays and must adapt to a shifting timeline 
because the anticipated hydrogen demand (e.g., from industrial hydrogen adopters) is not yet materializing as initially assumed (Argus Media, 
2025a). 
5 ArcelorMittal has delayed large DRI investments, especially at its Ghent steelworks, citing economic, market and policy conditions, although it 
maintains long-term decarbonization goals (Argus Media, 2025b). 
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scale-up. This uncertainty of demand risks delaying investment decisions across the value chain, including production, 
infrastructure, and import facilities (CREG, 2024; IEA, 2024; ACER, 2025).  

Scope of the work 

Hydrogen and its derivatives do not evolve in isolation, but as integral components of a broader energy system. Their 
deployment should therefore be evaluated through a system-wide cost optimisation lens, considering how they interact 
with alternative decarbonisation pathways such as bioenergy and CCS. Assessing these interactions and trade-offs is 
essential to determine where hydrogen delivers the greatest value and to identify robust, cost-effective decarbonisation 
strategies. At the same time, cost optimisation alone does not fully determine the preferred pathway —strategic 
considerations such as energy independence, security of supply and resilience can significantly influence outcomes and 
should be explicitly considered. 

Given the emerging gaps between expectations, current policy constraints and practical deployment challenges, a deeper 
assessment of the 60% renewable hydrogen requirement under RED III was developed to better inform future molecule-
oriented strategies. These insights were complemented with an indicative assessment of the transitional role of other 
energy carriers, the role of CCS and specific applications of clean molecules. This all results in recommendations for 
future strategy development.  

What is the solution space of clean molecules under current policy frameworks  and 
the 60% renewable hydrogen requirement? 

This section provides the key messages of the PATHS2050 results (2025 Edition) for Belgian molecule trajectories under 
the scope of identifying the impact of current policy frameworks. The Sankey Diagram of the Reactors scenario is shown 
in Figure 2 as a representative illustration across the analyzed scenarios. More Sankey Diagrams can be consulted in 
Annex.  

Table 1. Belgian clean molecules supply in 2050 for the ROTORS, REACTORS and IMPORTS PATHS2050 
scenarios. 

  Scenarios 

  ROTORS REACTORS IMPORTS 

Hydrogen 
Import (TWh)  17 2  6  

Domestic production (TWh)  11 9 10 

Ammonia as 
feedstock 

Import (TWh)  6 6 6 

Domestic production (TWh)  0 0 0 

Ammonia as energy 
carrier 

Import (TWh)  0 2 9 

Domestic production (TWh)  0 0 0 

Synthetic Methane 
Import (TWh)  34  40 58 

Domestic production (TWh)  0 0 0 

Synthetic Kerosene 
Import (TWh)  13  15 15 

Domestic production (TWh)  0 0 0 

Methanol 
Import (TWh)  0  0 0 

Domestic production (TWh)  14 2 0 

 Total for energy (TWh) 95 76 104 

 Import share 74% 86% 90% 
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Figure 2. Molecule flows (TWh) from supply sources to end-use demand in the REACTORS scenario. 

Key message 1 - Electricity generation scarcity and current hydrogen requirements drive Belgium toward import-
based clean molecules. 

On the one hand, structural constraints—such as limited renewable potential and high electricity prices— undermine the 
competitiveness of large-scale domestic Power-to-X. On the other hand, current regulatory frameworks, particularly 
RED III, further reinforce this dynamic. Stringent criteria for RFNBO hydrogen increase production costs, by limiting the 
use of more cost-competitive pathways such as blue hydrogen (SMR/ATR with CCS) and reducing operational flexibility. 
As a result, domestic production is confined to a small amount of renewable hydrogen.These trends are illustrated by the 
different system outcomes across scenarios. In REACTORS, binding RED III targets and high marginal costs of RFNBO 
hydrogen lead to overall limited hydrogen deployment. In ROTORS, renewable hydrogen is indirectly promoted due to 
constraints on CO₂ storage and the need for carbon utilisation pathways to tackle emissions. Due to cost disadvantages 
of RFNBO hydrogen and limits on blue hydrogen eligibility, domestic scale-up remains limited. 

Consequently, the business case for scaling domestic clean-molecule production is weakened and Belgium’s energy 
system increasingly relies on imported hydrogen derivatives—such as e-ammonia, e-methane, and e-kerosene—as the 
dominant supply pathway, creating external dependencies. 

Key-message 2 - Electrification leads, but a smart mix of molecules—fossil, bio-based, and synthetic—fills the 
gaps where it matters most. 

The energy transition is driven by electrification and efficiency, with molecules playing a key targeted and complementary 
role. Fossil fuels—particularly natural gas—decline sharply but still account for around 10–15% of final energy use by 
2050, primarily in high-temperature in energy-intensive industrial processes and for system flexibility through dispatchable 
power generation and balancing services. In these applications, they are increasingly coupled with CCS or replaced by 
clean molecules (see executive summary on CCUS). 

Clean molecules—both bio-based and RFNBO—complement electrification in sectors that are difficult to electrify, 
including international transport and heavy industry (e.g. steel, chemicals, and copper), all of which require high energy 
density fuels or carbon-based feedstocks. Additionally, a small fraction is used for power production. Overall, bio-based 
molecules provide complementary support to synthetic molecules, accounting for around 5% of final energy consumption 
by 2050. Biomethane is primarily used in maritime transport, helping to mitigate the higher costs of e-methane, while solid 
biomass supports industrial applications and CHP generation. If prioritised, biomethane could play a transitional role in 
hard-to-electrify sectors. For instance, If more biomethane were available, heating buildings in large cities could be 
achieved without the need to roll out district heating networks. When combined with CCS, biomass can deliver net-
negative emissions. When looking to RFNBO, e-methane followed by e-kerosene are the largest-volume molecules and 
mainly applied in maritime transport replacing fossil natural gas, and in aviation respectively. It should be noted that 
international transport is typically excluded from national greenhouse gas accounting, and therefore does not directly 
translate into domestic emissions reductions. 
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What are the impacts on clean molecules trajectories by relaxing the current 60% 
hydrogen regulatory requirements? 

Given the limitations associated with current hydrogen regulatory requirements, a dedicated assessment builds on the 
REACTORS scenario as a baseline, which already incorporates a limited share of low-carbon hydrogen produced via 
ATR and SMR. It examines an alternative configuration in which regulatory constraints on hydrogen production are 
relaxed, enabling a higher share of low-carbon hydrogen to enter the supply mix. This approach enables an evaluation of 
how reduced regulatory barriers could influence deployment levels and facilitate early market development. The main 
results are presented in Table 2 and Figure 3. 

Table 2. Comparison of Hydrogen supply and use as well as overall costs in the REACTORS scenario and the 
Relaxation assessment in 2050. 

  Units REACTORS REACTORS with 
relaxation of regulatory 
hydrogen requirements 

Production H2 domestic from SMR + ATR TWh 2 22 

H2 domestic other TWh 8 8 

H2 Imports TWh 2 0 

Consumption H2 in Steel TWh 0 11 

H2 in Chemical Sector TWh 0 3 

H2 for ammonia for navigation TWh 0 4 

Total system 
costs 

Reduced import costs MEUR/a / 750 

Additional costs (Investments – 
annualized + fixed operational) 

MEUR/a / 500 

Overall savings MEUR/a / 250 

 

Figure 3. Molecule flows (TWh) from supply sources to end-use demand in the REACTORS scenario with relaxed 
hydrogen requirements. 

Relaxing regulatory hydrogen requirements reshapes the REACTORS scenario by shifting the system towards domestic, 
cost-driven hydrogen production and use. Blue hydrogen—produced via SMR/ATR with CCS— becomes the dominant 
hydrogen production pathway increasing to approximately 6 TWh by 2040 and 22 TWh by 2050 for domestic consumption, 
while imports decline to nearly zero. This transition is enabled by the removal of regulatory constraints and results in a 
system that is less dependent on international supply and price volatility. 

At the same time, the availability of this lower-cost hydrogen unlocks substantial new demand in hard-to-electrify industrial 
sectors. Hydrogen use expands significantly in steel (0 → 11 TWh), particularly through DRI processes, and increases in 
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the chemical sector (3 → 6 TWh). This illustrates that hydrogen demand is highly price-sensitive and scales when cost 
conditions improve and policy enables so. 

As a result, hydrogen shifts from playing a limited, niche role in the baseline REACTORS scenario to becoming a structural 
component of industrial decarbonisation, especially in heavy industry. This highlights that policy design is a decisive factor: 
regulatory constraints do not just influence volumes at the margin but determine whether hydrogen remains peripheral or 
becomes system-critical. 

This transformation, however, comes with a strategic trade-off. Increased domestic production requires higher upfront 
investments and a strong reliance on CCS infrastructure. In return, the system benefits from reduced import dependency, 
greater resilience, and improved system cost efficiency. Indeed, the results show that relaxing regulatory constraints 
lowers overall system costs while strengthening industrial competitiveness. 

Crucially, this pathway hinges on the availability and scaling of CCS, as blue hydrogen becomes the backbone of the 
system, accounting for most of the supply. This underscores that hydrogen and CCS policies are deeply interconnected: 
enabling one effectively requires enabling the other. 

The impact of the regulation relaxation is marginal on other molecules with a slight decrease in imported e-methane (from 
40 to 37 TWh), a slight decrease in imported ammonia (8 to 6.1 TWh).  

Key-message 3 - Current regulatory hydrogen requirements restrict the potential for extensive locally produced 
hydrogen use in industry. A relaxation or revision of these constraints could enable blue hydrogen to become 
key feedstock for the chemical sector as from 2035 and as a key energy carrier for the steel sector as from 2040.  

Under current regulatory hydrogen requirements, the high production costs of RFNBO hydrogen limit large-scale uptake, 
while more cost-competitive blue hydrogen pathways remain constrained due to strict regulatory definitions and 
sustainability criteria. This prevents investments in SMR/ATR with CCS despite their technological readiness and prevents 
industrial sectors - such as steel and chemicals - from accessing the large stable and affordable hydrogen volumes they 
require, thereby hindering the scale-up of hydrogen-based decarbonisation pathways.  

Blue hydrogen remains a potential option for supplying high-temperature heat in the chemical sector. This could help 
chemical companies avoid the relatively high capital and operational costs of CCS faced by smaller firms. However, in 
2050, the use of blue hydrogen is constrained by residual emissions. Expanding its application to additional end uses 
would therefore reduce its availability for sectors such as steel and is therefore not selected for heat in the chemical 
sector. 

Key-message 4 - Relaxing regulatory hydrogen requirements in industry yields cost savings of around 250 MEUR 
per year by 2050.  

Relaxing hydrogen requirements and enabling CCS deployment reshapes Belgium’s 2050 energy system. Hydrogen 
production shifts to natural gas-based ATR, reaching up to 3 GW (hydrogen output). While these installations entail 
annualized costs of approximately €0.5 billion, they reduce import costs by €0.75 billion, even accounting for additional 
natural gas consumption. As a result, imports of clean molecules decline by 7 TWh and costs savings of around 
250 MEUR are achieved.  

Before 2045, blue hydrogen amounts to 1 GW capacity and is primarily used in petrochemicals, including refinery 
feedstocks and ammonia production, with limited use of hydrogen in the power sector to provide system flexibility. Blue 
hydrogen is a viable option before 2045 but does not deliver significant cost reductions in this period. Three factors explain 
this: biomethane and biomass already play a substantial role by 2040; on-site CCS in industry offers lower-cost abatement 
with acceptable residual emissions; and hydrogen infrastructure remains a hurdle. 

Policy recommendations - What insights from PATHS 2050 modelling can inform future 
strategy building?  

Based on the PATHS2050 modelling, the following policy recommendations can guide future strategy development:  

• Support a mix of molecules—hydrogen (green/blue), biofuels, synthetic fuels; prevent reliance on a single 
pathway. 

• Consider technological neutrality for hydrogen supply - ground Belgium’s hydrogen policy in realistic cost 
and system constraints, and apply regulatory flexibility (via EU implementation or changes to EU regulations) to 
enable domestic low-carbon hydrogen production. This supports mid-term industrial emission reduction and 
facilitates early-stage derisking of the required CO₂ and H₂ infrastructure. 

• Make CCS an early priority - by accelerating CO₂ transport/storage and cross-border value chains; treat CCS 
as complementary to domestically produced hydrogen (see executive summary on CCUS).  
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• Shift from a “hydrogen-first” approach to system optimization - prioritize clean molecules only in cost-
effective sectors like steel, chemicals, high-temp heat, aviation and shipping; avoid excessive use where 
electrification works. This implies that they are not expected to play a significant role in sectors where direct 
electrification is more efficient, such as road transport, buildings and low-temperature industrial heat. 

Supported by other studies, we also derive the following insights: 

• Plan infrastructure for integrated molecule systems - ammonia cracking, hydrogen and CO2 networks, 
methane networks (repurpose gas grids), port-based conversion hubs- to enable carrier flexibility. 

• Prioritize demand creation, for instance, by using Contracts for difference and long-term supply agreements, 
to drive industrial uptake; focus on demand signals over capacity targets. 

• Manage import dependency: diversify sources/carriers, build strategic partnerships and monitor price volatility. 
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Annex 

Sankey Diagrams 

The following Sankey charts depict the molecule supply and demand flows for each of the scenarios. 

 

Figure 4. Molecule flows (TWh) from supply sources to end-use demand in the ROTORS scenario. 

 

 
Figure 5. Molecule flows (TWh) from supply sources to end-use demand in the REACTORS scenario. 
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Figure 6. Molecule flows (TWh) from supply sources to end-use demand in the IMPORTS scenario. 

 

 

Figure 7. Molecule flows (TWh) from supply sources to end-use demand in the REACTORS scenario with relaxed 
hydrogen requirements. 
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